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TELEVISION SYNCHRONIZING & TIME BASE CIRCUIT 
USING EF42, ECC34 & EL38. No. 1. 

Previous article~S have, 
in general, been con
cerned with one valve or 
one circuit stage ; it 

. frequently happens that 
more complex problems are encountered in combining a 
number of valves and stages to make a complete equipment 
and this article and the next three deal with television 
receiver synchronizing and time base circuits. A practical 
circuit with complete operating and constructional details is 
given as an illustration of the solution of this type of problem. 
The circuit, though employing only five valves for all the 
functions of synchronizing, scanning, and E.H.T. deriv,ation, 
and being economical in components, will be found to give 
excellent stability of synchronization under conditions of 
interference and will also give good linearity. 

A block schematic diagram in Fig. 1 gives the valve and 
stage arrangement. It will be seen that the functions of 
frame output amplifier and line blocking oscillator are carried 

prohibitive size. A eircuit and valve must, therefore, be 
provided which supply this magnetizing current of parabolic 
form and the load current of linear form. 

If the output valve has a high output impedance (e.g. a 
pentode) the grid potential waveform will be substantially 
the same shape as the anode current waveform. On the 
other hand, if the output valve has a low output impedance 
(e.g. a triode) the grid potential waveform will be substantially 
the same shape as the anode potential waveform, which is 
linear during the scan. · · 

The potential waveform obtained from most time base 
oscillators has an exponential form such that the slope decreases 
during the scan while the waveform of the total valve current 
should increase in slope during the scan. It is evident that 
the correction needed to produce the correct grid potential 
waveform will be easier when a triode or low impedance valve 
is used. Conversely, when a given degree of correction is 
available a triode valve will allow a greater proportion of the 
current to be parabolic in form and a smaller transformer can 

---------r--------T--------T--------~ 
then be employed. Furthermore, one of the 
most convenient and effective methods of wave-Synchroni3ing I Frame Time Base I Line Time Base I E.H.T. Supply 

C. •.,; I I I form correction uses potential negative feedback 
which reduc@s the effective output impedance of 
the valve in addition to conferring the other 
advantages of negative feedback. Negative 
feedback of approximately 5:1 should be used 
With all frame time bases to reduce the effects of 
microphony in the output valve which otherwise · 
would need to he more rigidly constructed and 
its cost would be greater. From the poiBt of 
view of microphony a low fl. triode is also better 
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FIG. I. Line Scan I 
out in one valve envelope. This avoids the risk of non
interlace which would attend the combination of the line 
blocking oscillator with the frame blocking oscillator or frame 
synchrosizing pulse separator. The triode used for frame 
synchronizing pulse separation gives an amplified pulse and a 
very steady hold as a result. Thus, this arrangement gives a 
better performance than one using a diode or double diode for 
ser rating the frame synchronizing pulse and a separate valve 
for the line time base oscillator, and is more economical in 
valves and components. 

The frame output valve is transformer coupled to the deflector 
coils. As with all frame output transformers it is not possible 
·to make the magnetizing current negligible compared with 
the load current without using a core and windhigs of 

vs 
~ EYSt 

1-----·--
than 

·f.H.T. if no 
the tri 

a high slope pentode as a blocking oscillator. Hence, 
limitation such as a low value H.T. line is imposed, 
odes of the ECC34 have great advantages for frame 
circuits, and the use of double-triodes has enabled time base 

the econo mical arrangement of Fig. I to be employed. 

Reprints of this report from the Mullard Laboratories, together 
with full transformer and coil winding data can be obtained 
from the address below. The complete circuit will be given in 
the next issue uf the" Wireless World". 
MULLARD ELECTRONIC PRODUCTS LTD., 
TECHNICAL PUBLICATIONS DEPARTMENT, 
CENTURY HOUSE, SHAFTESBVRY AVE., W.C.l 

(MVM IO.S) 
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synchronizing pulse separation gives an amplified p Jse and a 
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sep rating the frame synch] nizing pulse and a separate valve 

the line tune base oscillator, and is more economical in 
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The frame output valve is transformer coupled to the deflector 
coils. As with all frame output transformers it is not possible 
to make the magnetizing current negligible compai d with 
the load current without using a core and windings of 

prohibitive size. A circuit and valve must, therefore, be 
pro- ided vhich s pply this magnetizing current of parabolic 
form and the load current of linear form. 

If the output v live has a high output impedance (e.g. a 
pentode) the grid potential waveform will be substantially 
the same si pe as the anode current waveform. On th 
other hand, if be output valve has a low output impedance 
(e.g. a tnode) the grid potential waveform will be substantially 
the same shape as the anode potential waveform, which is 
linear during the scan. 

The potential waveform obtained from most time base 
oscillators has an exponential form such that the slope decreases 
< iring the scan while the waveform of the total valve current 
should increase in slope during the scan. It is evident that 
the correction needed to produce the correct grid potential 
waveform i .J1 be easier when a triode or low impeda ce valve 
is used. Conversely, when a given degree of correction is 
available a triode valve will allow a greater proportion of the 
current to be parabolic in form and a smaller transformer can 
 i   then be employed. Furthermore, one of the 

I T SuddIv I most convenient and effective methods of wave- rP / | form correction uses potential negative feedback 
j which r educes the effective output impedance of 

the valve in addition to conferring the other 
advantages of negative feedback. Negative 
feedback of approximately 5:1 should be used 
with a] frame time bases to reduce the effects of 
nucrophony in the output valve which otherwist 
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 J its cosl would be greater. From the point of 
view of microphony a low p. triode is also better 

than a high slope pc d tode as a blocking oscillator. Hence, 

E.H.T. ^110 suet as a low value H.T. line is imposed, 
the triodes of the ECC34 have great advantages for frame 

time base circuits, and the use of double-triodes has enabled 
the economical arrangement of Fig. 1 to be employed. 

! Milliard 

Reprints f this report from the Milliard Laboratories, together 
with j ill fi nsformer and coil winding data can be obtained 
from th address elow. The complete circuit will be given in 
the next issue of the " Wireless World ". 
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TH~ m9:e obyious purpose ?fa :adio exhibi
. tlon Is stnctly commercml; It acts as a 

. convenient shop window, and the commer
cial exhibitor hopes to recoup himself for a con
siderable expenditure-of time, effort and money 
-by an immediate increase in sales. _Taking the 
long-term view, the aim should be to encourage 
the widest possible section of the public to take an 
intelligent and serious interest in all branches of 
radio. And to those already u in the game" an 
annual exhibition should be a kind of focal point 
of the year. · 

JN our view, pre-war exhibitions failed lament-
ably in all these respects. They were -too 

specialized, and concentrated mainly on "selling" 
broadcasting-which was already sold-rather 
than - on selling equipment, or, on the broader 
issue, showing the year's progress in all branches 
of the industry; True, there were some signs of 
improvement m 1939; the fi~sco of the exhibition 
of that year was in no way the fault of the organ
izers, but was due to the fact that it coincided with 
the outbreak of war. -Broadly speaking, however, 
it was not until the first post-war exhibition of 
1947, which came under the wing of the Radio 
Industry Council (itself a war-time creation) that 
the exhibition took on what we think to be the 
right shape. It proved a great success, and did 
much to re-establish in the eyes . of the world the 

· prestige of the British radio industry, and to offset 
much of the harm that had been do~e by ill-ad
vised delays in permitting the p~blication of 
detailed technical information on war-time devel
opments. Attendances at the 1947 exhibition 
reached record figures; true, some of that attend
ance comprised '' exhibition addicts '' and so was · 
not of any great value, but we know from our own 
observation that there was a very high proportion 
of deeply interested _and serious visitors, including 

users and would-be users of every kind of radio and 
radio-like equipment. 

Radiolympia, 1949, follows the essential pattern 
of its immediate predecessor of 1947. In spite of 
one or two regrettable defaults, the show which 
will have opened when this appears in print should 
be adequately representative of all branches of 

· radio and its offshoots, and there is little to criticize -
in its general plan. Though it may be urged that 
television is given undue prominence, the organ
izers could hardly do otherwise at a time when our 
national service is inprocess, at long last, of being 
extended, and with further extensions in prospect. 

So far as can be judged at present, there is a lack 
of the more serious kind of educational exhibit 
which, we suggest, would be a highly desirable 
feature. Developments in our field are still so 
rapid that tpere is small wonder that the layman, 
even of the best informed type, can hardly be ex
pected to know what radio can (and cannot) do 
for him. To some small extent the exhibits of the 
various non-commercial bodies and Government 
departments fill this gap, but the kind of thing we 
have in mind would be of a rather more detailed 
nature, and might well be presented by the vario-us 1 

industrial organizations. 

ELSEWHERE in this issue we present informa-
tion which, it is hoped, will serve as a con

venient guide to the visitor to Olympia, and, at 
the same time, will be of some value to readers, 
including those overseas, who are unable to go to 
the show. In addition to a plan of the exhibition, 
with lists of exhibitors, we give in tabular and 
graphical form a quick-reference index to the 
stands on which the various classes and types of 
radio and electronic equipment are to be seen. 
This information is as complete as possible up to 
the time of going to press. In our next issue we 
hope to give a detailed review of the show. 
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MAGNETIC RECORDING 
-

T HE general theory of mag
netic recording has already 
been cbvered in this 

journal,* a1<1d it is the purpose of 
the present article to cover the 
more practical aspects and to 
draw attention to some of the finer 
points of technique, now that tape 

COIL 
WIN~ING 

THIN 
GH-PERMEA~tlln 

I.AMINATIONS · 

AUX'ILIARY 
AIR GAP 

Fig. I. Essential features of a 
magnetic recording head 

and wire are a~ailable, e.g., from 
E.M.I. Factocies, Ltd., Hayes, 
Middlesex, and Wkek (Elec
tronics), Deansbrook Road, Edg-

, ware. 
HeQds (General): Modern mag

netic heads are made in ring or 
toroidal forni. Usually the rings 
are cut in half and each half fitted 
with a coi1 (Fig. I). The halves 
are then damped together with 
non-magnetic spacin2 shims to 
give two accurately dimensioned 
gaps. The magnetic recording 
medium is arranged to lie in con
tact with the outer face of the core 
for about T6th of an inch on eiA:her 
side of one of the gaps. Di:ff.erent 
gap widths are used for the erase, 
record and playback heads, typi
cal val-ues being 20 mil, I mil and 
l mil respectively (I mil=o.oorin).. 

Heads for use with tape are 
generally made from a stack of 
5 mil ring laminations, the thin 
gauge being necessary to rednce 
eddy-current losses at high fn~
quencies.. Heads vary from lin to 
Iin outside diameter, with abou.t 
lin wall. High- permeability 
nickel-iron alloy, such as Mu
metal or Permalloy-C. is used, as 
it is essential to have the low.est 
posiible reluctance at the pole
piece tips for a sharply defined 

* "Magpetie Record1ag," G. :t-. Ashman, 
Aug. 1944, fl. 226. 

"The 9:e11man Magnetophon,'' R. A,. P()wer, 
June 1946, .p. ItS· 

magnetic field. Laminations are 
clamped together and the gap 
e?ges ground straight and square. 
'f.he tape contact area is also 
smoothed. Finally the lamina
ti€>-ns are annealed to restore maxi
mum permeability . and then 
cemented solidly together. A 
hard materi-al, such as beryllium
copper, is used for the shims to 
prevent rou:mding of the gap 
edges. 

Less efficient tape heads may be 
IJlil.de by ben-ding two lin wide 
strii_>s of 15-mil material into 
sema-circular shape. The loss in 
effici<mcy occurs mainly at low 
frequencies owing to the low iron/ 
c_opper ratio, so that these heads 
are more suitable for use at low 
tape speeds, where, as will be 
se.en, the bass response is rela
tively greater.. These heads work 
quite w~U un-annealed, but there 
is a comparativ.e treble loss of 
about an octave. 

A hea'd for wire recording is 
very similar, but consi'sts of . a 
single-ri:n;g lamination, about 10 

mil thick, clamped between non
magnetic side pieces. These side 
pieces at~ bevelled so as to form a 

4 0 . --

", P.LAYBA<=K EQUALIZATION 
'...._ FOR)lO'i,' SPEED 

"'<, · ... 
50 

. 
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give better magnetic contact with 
the round surface. It is not neces
sary for a head to be of perfect 
ring form. Rectangular lamina
tions may be used, with a curved 
edge or a felt pad to keep the 
medium in contact with the gap. 
But it is important to keep the 
head symmetrical and the coils 
identical ; an astatic head picks 
up much less hum, which is a 
very real problem in magnetic 

· recording. 
Coils may be of high or low im

pedance according to circuit re
quirements. Low impedances 
have the advantage that self
supporting · coils of thicker wire 
may be used. The playback head, 
however, must be of high imped
ance, or used with a step-up trans
former, for maximum voltage out
put to be developed. 

Erase Head.-A fairly wide gap 
is used iri the erase head so that 
the erasing field spreads suffi
ciently for each pDint of the pass-

. ing wire or tape to be ·subjected to 
a hundred or so gradually decreas
ing demagnetizing cycles. But the 
gap must not be too large or the 
maximum value of the field will 
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Fig. 2,. Typical constant-current response curves with playback equiliza
tion for two different tape spe~ds. 

V sle:t leadio.g down to the e,dge of 
the lamination. The wire runs on 
th~ edge of the lamination and a 
sh,allbw groove ,is usually provided 
to keep the wire central and to 

not be enough to saturate the 
medium, and · previous recordings 
will not be erased completely. To 
obtain sufficient erase current the 
inductance of the erase head 1s 

, . 
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MAGNETIC RECORDING 

THE general theory of mag- 
netic recording has already 
been covered in this 

journal,* and it is the purpose of 
the present article to cover the 
more practical aspects and to 
draw attention to sotne of the finer 
points of technique, now that tape 

TOP SLIGHTLY. 
FLATTENED 

COIL / 
WINDINGS 

THIN 
HIGH-PERMEABHITT 

LAMINATIONS 

AUXILIARY 
AIR GAP 

Fig. 1. Essential features of a 
magnetic recording head 

and wire are available, e.g,, from 
E.M.I. Factories, Ltd., Hayes, 
Middlesex, and Wkek (Elec- 
tronics), Deansbrook Road, Edg- 
ware. 

Heads (General) j Modern mag- 
netic heads are made in ring or 
toroidal form. Usually the rings 
are cut in half and each half fitted 
with a coil (Fig. 1). The halves 
are then clamped together with 
non-magnetic spacing shims to 
give two accurately dimensioned 
gaps. The magnetic recording 
medium is arranged to lie in con- 
tact with the outer face of the core 
for about ^Vth of an inch on either 
side of one of the gaps. Different 
gap widths are used for the erase, 
record and playback heads, typi- 
cal values being 20 mil, 1 mil and 
| mil respectively (1 mil = 0.001 in).. 

Heads for use with tape are 
generally made from a stack of 
5 mil ring laminations, the thin 
gauge being necessary to reduce 
eddy-current losses at high fre- 
quencies. Heads vary from Jin to 
lin outside diameter, with about 
Jin wall. High - permeability 
nickel-iron alloy, such as Mu- 
metal or Permallby-C, is used, as 
it is essential to have the lowest 
possible reluctance at the pole- 
piece tips for a sharply defined 

♦ "Magpetic Recording," G. L. Ashman, 
Aug. r944. P- 236. 

"The Gesemau Magnetqphon,'' R. A. Power, 
June 1946, p. 195. 

magnetic field. Laminations are 
clamped together and the gap 
edges ground straight and square. 
The tape contact area is also 
smoothed. Finally the lamina- 
tions are annealed to restore maxi- 
mum permeability and then 
cemented solidly together. A 
hard material, such as beryllium- 
copper, is used for the shims to 
prevent rounding of the gap 
edges. 

Less efficient tape heads may be 
made by bending two Jin wide 
strips of 15-mil material into 
semi-circular shape. The loss in 
efficiency occurs mainly at low 
frequencies owing to the low iron / 
copper ratio, so that these heads 
are more suitable for use at low 
tape speeds, where, as will be 
seen, the bass response is rela- 
tively greater-. These heads work 
quite well un-annealed, but there 
is a comparative treble loss of 
about an octave. 

A head for wire recording is 
very similar, but consists of a 
single-ring lamination, about 10 
mil thick, clamped between non- 
magnetic side pieces. These side 
pieces ate bevelled so as to form a 

N PLAYBACK EQUALIZATION 
FOR SLOW SPEED ^.1 / I II 

give better magnetic contact with 
the round surface. It is not neces- 
sary for a head to be of perfect 
ring form. Rectangular lamina- 
tions may be used, with a curved 
edge or a felt pad to keep the 
medium in contact with the gap. 
But it is important to keep the 
head symmetrical and the coils 
identical; an astatic head picks 
up much less hum, which is a 
very real problem in magnetic 
recording. 

Coils may be of high or low im- 
pedance according to circuit re- 
quirements. Low impedances 
have the advantage that self- 
supporting coils of thicker wire 
may be used. The playback head, 
however, must be of high imped- 
ance, or used with a step-up trans- 
former, for maximum voltage out- 
put to be developed. 

Erase Head.—A fairly wide gap 
is used in the erase head so that 
the erasing field spreads suffi- 
ciently for each point of the pass- 
ing wire or tape to be subjected to 
a hundred or so gradually decreas- 
ing demagnetizing cycles. But the 
gap must not be too large or the 
maximum value of the field will 

TAPE AT 
30"/SEC. 

TAPE AT 7 '/zVsEC 
WIRE AT ZA'/SEC. 

100 200 S00 1,000 2,000 5,000 10,000 
FREQUENCY (c/s) 

Fig. 2,. Typical constant-current response curves with playback equiliza- 
tion for two different tape speeds. 

V slot leading down to the edge of not be enough to saturate the 
the lamination. The wire runs on medium, and previous recordings 
the edge of the lamination and a will not be erased completely. To 
shallow groove is usually provided obtain sufficient erase current the 
to beep the wire central and to inductance of the erase head is 
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By DESMOND ROf (Birmingham Sflund Reproducers) 

often tuned to the frequency of 
the ultrasonic oscillator by means 
of a series condenser. It is quite 
common for an erase head to run 
warm. 100 ampere-turns is a 
typical energizing value. Radio
metal is better than Mumetal for 
erase heads. 

Recording Head.-. In recording 
with modern ' ' ultrasonic bias,'' 
the actual flux density recorded 
depends on the instantaneous 
value of the magnetizing :field at· 
the moment the medium leaves 
the gap and passes into the rela
tively :field-free region of the rear 
pole-piece. Hence the actual gap 
width is of less importance than 
the rapidity of the decay of the 
magnetic field at the rear gap 
edge. It is important, therefore, 
that the rear edge be sharp and 
square, and the material fully 
annealed for lowest reluctance if 
the maxtmum high ·· frequency 
response is to be recorded. 

the recording head; that is, on 
the recording ampere-turns. c~m
stant recording current, there
fore, produces constant peak :flux. 

On playback the voltage in
duced.in the playback head is pro:. 
portional to the rate of change of 
flux, and as the flux reversal is 
clearly more rapid at higher fre
quencies, owing to the shorter 
wavelength, the playback output 
rises with frequency at a rate of 
6 db per octavfi. However, at very 
high frequencies the minute mag
nets representing individual cycles 
become very short 
and of a size com
parable with the 
thickness of the wim 
or tape. Conse
quently the well
known demagneti~ar
tion of short mag-

selective overload. Howevoc, 
most o£ the equili.mtion has to be 
applied during playback. Be~ 
tween 18 db and 30 db of bass 
boost at Ioo cIs is required, 
according to the recbrding speed. 
Treble boost is u-sually obtained 
by means of a damped tuned cir
cuit, which more c-losely compl,e
meats the recording curve. 

A typical playba<;k equalizer 
circuit is shown in. Fig. 3· Owing 
to the large am-ount of bass boost 
used on playback, great care has 
to be taken to shield the playback · 
head from magnetic hum pick-up. 
On& or more screening cans of 
high-permeabili•ty alloy may be 
needed, and the head should be 
spaced as far as possible from 
drive motors and mains trans
formers . 

Distortion.-Superimposition of 
a steady high-frequency tone upon 

IOOk!l 

Playback Head.-For good 
treble response on playback, 
'' scanning '' loss must be a mini
mum, so the playback gap is 
made very narrow, about ! to i 
mil. The gap should not be too 
narrow or else efficiency will be 
lowered due to the magnetic flux 
from the medium leaking back 
acros the gap instead of . going 
through the pick-up coils. Pole
pieces are slightly tapered to 
the point . where they meet the 
medium, so that the actual amount 
of parallel gap is small. In the 
case of wire heads, it is usual to 
clamp the two pole-pieces, remove 
the spacer and soft solder the pole 
tips in position. 

Fig. 3· Playbaek equalizer drcuit for low-speed recording. 

Frequency Response.-In any 
sound recording system, to 
obtain the maximum signal-to
noise ratio, there should be equal 
likelihood of overload at all fre
quencies. In magnetic re£ording 
the overload point is set by the 
saturation level of the magnetic 
medium. Saturation is indepen
dent of freqa~ncy, and depends 
only on the magnetizing :field of 

nets occurs, resulting in con
siderable high-frequency attenua
tion . A typical playback response 
curve of a constan± current 
recmding is shown in Fig. 2. 

It should be noted that this curve 
is more or less constant in shape 
for a given wire or tape, and with 
changes in recording speed merely 
shifts proportionately, parallel to 
the 6 db per octave line. 

Constant current in the record
ing head is obtained by feeding it 
from a coRstant-voltage high
resistance source, or through a 
series resistance from a source of 
low resistance. Magnetic record
ing requires a power of only 
about 10 mW, so the resulting 
power transfer l()SS is not impor
tant. In recording, some treble 
boost and a little bass boost may 
be as~ without tisk of frequen~y-

the audio signal while recording 
on . a completely unmagnetized 
medium has been found to pro
duce a linear magnetic recording 
characteristic of greater volume 
range than previous methods, to
geth6r with much less background 
Il<)ise. The frequency of this 
"ultrasonic bias" is not im
portant, but it is usual to choose 
a value at least five times the 
highest audio frequen:y, to pre
vent audible beat notes with the 
si.gn<lll. The opti·mum amplitude 
of the bias varies with different 
wires, tapes and recording heads. 
Fortunately, it is easily found by 
exper1mcmt and is not very critical. 

Using muSic as a test !'ligna!, as 
the ' ' bias '' is increased from zero,. 
distortion rapidly diminishes, 
whM.e the volume output rises to a 
maxi:l'rlM?l. Abov-e this point, any 
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often tuned to the frequency of 
the ultrasonic oscillator by means 
of a series condenser. It is quite 
common for an erase head to run 
warm. 100 ampere-turns is a 
typical energizing value. Radio- 
metal is better than Mumetal for 
erase heads. 

Recording Head.—In recording 
with modern "ultrasonic bias," 
the actual flux density recorded 
depends on the instantaneous 
value of the magnetizing field at - 
the moment the medium leaves 
the gap and passes into the rela- 
tively field-free region of the rear 
pole-piece. Hence the actual gap 
width is of less importance than 
the rapidity of the decay of the 
magnetic field at the rear gap 
edge. It is important, therefore, 
that the rear edge be sharp and 
square, and the material fully 
annealed for lowest reluctance if 
the maximum high frequency 
response is to be recorded. 

Playback Head.—For good 
treble response on playback, 
"scanning" loss must be a mini- 
mum, so the playback gap is 
made very narrow, about £ to £ 
mil. The gap should not be too 
narrow or else efficiency will be 
lowered due to the magnetic flux 
from the medium leaking back 
across the gap instead of going 
through tfie pick-up coils. Pole- 
pieces are slightly tapered to 
the point where they meet the 
medium, so that the actual amount 
of parallel gap is small. In the 
case of wire heads, it is usual to 
clamp the two pole-pieces, remove 
the spacer and soft solder the pole 
tips in position. 

Frequency Responsfe.—In any 
sound recording system, to 
obtain the maximum signal-to- 
noise ratio, there should be equal 
likelihood of overload at all fre- 
quencies. In magnetic recording 
the overload point is set by the 
satmration level of the magnetic 
medium. Saturation is indepen- 
dent of frequency, and depends 
only on the magnetizing field of 

the recording head; that is, on 
the recording ampere-turns. Con- 
stant recording current, there- 
fore, produces constant peak flux. 

On playback the voltage in- 
duced in the playback head is pro- 
portional to the rate of change of 
flux, and as the flux reversal is 
clearly more rapid at higher fre- 
quencies, owing to the shorter 
wavelength, the playback output 
rises with frequency at a rate of 
6 db per octave. However, at very 
high frequencies the minute mag- 
nets representing individual cycles 
become very short 
and of a size com- ( T~ 
parable with the J 
thickness of the wire . > > 

, ^ 470kn< > 
ortape. Conse- < — 
quently the well- ' ^ 
known demagnetizar l-£- 
tion of short mag-  . Ss4--- 

selective overload. However, 
most qf the equilization has to be 
applied during playback. Be- 
tween 18 db and 30 db of bass 
boost at 100 e / s is required, 
according to the recording speed. 
Treble boost is usually obtained 
by means of a damped tuned cir- 
cuit, which more closely comple- 
ments the recording curve. 

A typical playback equalizer 
circuit is shown in Fig. 3. Owing 
to the large amount of bass boost 
used on playback, great care has 
to be taken to shield the playback 
head from magnetic hum pick-up. 
One or more screening cans of 
high-permeabili'ty alloy may be 
needed, and the head should be 
spaced as far as possible from 
drive motors and mains trans- 
formers. 

Distortion.—Superimposition of 
a steady high-frequency tone upon 

Q'ZSflF 

iO-ZSflf ]o-ooi,uF 

Fig. 3. Playback equalizer circuit for low-speed recording. 

nets occurs, resulting in con- 
siderable high-frequency attenua- 
tion. A typical playback response 
curve of a constant current 
recording is shown in Fig. 2. 
It should be noted that this curve 
is more or less constant in shape 
for a given wire or tape, and with 
changes in recording speed merely 
shifts proportionately, parallel to 
the 6 db per octave line. 

Constant current in the record- 
ing head is obtained by feeding it 
from a constant-voltage high- 
resistance source, or through a 
series resistance from a source of 
low resistance. Magnetic record- 
ing requires a power of only 
about 10 mW, so the resulting 
power transfer loss is not impor- 
tant. In recording, some treble 
boost and a little bass boost may 
be used without risk of frequency- 

the audio signal while recording 
on a completely unmagnetized 
medium has been found to pro- 
duce a linear magnetic recording 
characteristic of greater volume 
range than previous methods, to- 
gether with much less background 
noise. The frequency of this 
"ultrasonic bias" is not im- 
portant, but it is usual to choose 
a value at least five times the 
highest audio frequency, to pre- 
vent audible beat notes with the 
signal. The optimum amplitude 
of the bias varies with different 
wires, tapes and recording heads. 
Fortunately, it is easily found by 
experiment and is not very critical. 

Using mu£ic as a test signal, as 
the '' bias '' is increased from zero, 
distortion rapidly diminishes, 
while the volume output rises to a 
maximum. Above this point, any 
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Magnetic Recording Technique
further increase in '' bias '' begins 
to reduce the volume level, and 
aspecially the high frequencies, 
although some further reduction in 
distortion may oc~ur. A corn
promise has to be effected between 

Fig. 4· Suggested circui~ 
for high-frequency bias 
oscillator, with connec
tions to heads. 120 
turns on a single 
lamination gives 
about ImH. o·os,ut 

FROM 15ll 
15ll AMPLIFIER 

I VOLT LEVEL 

0- 0·5~ 
THERMAL M'~rER 

\ 

RECORDING 
HEAD 

ERASE 
HEAD 

good high-frequency response and 
low distortion. Too high "bias" 
also makes erasure more difficult. 
Care must be taken during these 
tests to keep the recording level 
well below the ove:doad point. 
Fig. 4 shows a typical oscillator cir
cuit and connections. 

Noise.-·!£ a demagnetized wire 
or tape is run over a demagnetized 
playback head, clearly no signal 
voltages can be induced . If, 
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however, the medium is first
passed over, say, a permanent 
Il).ag1;1et, then every discrete mag
netic particle becomes magnetized 
and capable of inducing a noise 
voltage. For low noise levels it 

o·oos,uF 

47kll 

30kc/s OSCILLATOR 

has been found that the diameter 
of these individual particles 
should not exceed about o.ooorin, 
that the size must be uniform and 
"clumping" of particles pre
v-ented. It is important to note 
that noise not only occurs when 
there is some permanent mag

netic influence, but also during re
cording. Each cycle of signal is 
really an integration of noise volt
ages so that, although a. bad speci-

men of wire or tape may be quiet 
when a.c.-erased, the noise-be
hind-the-signal on recording may 
be large, and impart a disagree
able fuzziness to the reproduc
tion. The permanent-magnet 
test is a good one for checking the 
quietness of wires and tapes. 

Assuming a quiet medium, un
necessary noise is often caused by 
slight permanent magnetization of 
the playback head. This may be 
demagnetized by applying '' bias '' 
to it from the oscillator and reduc
ing this slowly to zero. Noise can 
also be caused by asymmetry of 
the "bias" waveform, which, in 
effect, produces a slight permanent 
magnetization. Even- harmonic 
distortion of th.e oscillator must be 
reduced to a minimum, and in this 
connection, to reduce loading 
effects, a Class "A" buffer am.Pli
fier is often interposed between 
oscillator and erase head, which 
generally requires rather a high 
power for complete erasure. 

While the foregoing notes are 
by no means exhaustive, they 
should at least enable the experi
menter to obtain satisfactory re
sults from the start. As with other 
systems of recording, perfection 
involves further careful experi
ment and measurements on the in
dividual equipment in use. 

TELEVISION RECEIVER KIT concomitants of the extremely low 
price of this kit-£!7 17s. 

THIS receiver is ·?old as ~ kit of 
parts by Premier Radw Com

pany, 167, Lower CJapton Road, 
London, E.5, and an assembled 
model has been tested. There are 
·separate vision- and sound-channel 
receivers, the former comprising four 
r.f. stages, diode dete~tor, . v.f. 
stage, d.c. restorer and phase-split
ter, while the latter has two r.f. 
stages, double-diode-triode detector 
and a.f. amplifier, and a pentode 
output stage. The vision rec~iver 
is designed for single-sicleband 
operation on the London transmis
sions, the sidebands remote from the · 
sound channel being selected so t.hat 
rejectors ?-re not needed. · 

The tube is a 6-in electrostatic 
with a gree·n screen and operates 
at about 2.3 kV. Each time base 
comprises a tran£itron-Mill~r inte
grator with a paraphase stage. Two 
valves are us:ed for sync separation. 
The power supply is of the usual full
wave type, with a voltage-doubler 
using metal rectifters for e.h.t. 

On test the apparatus functioned 
well, the deiinition and synchroniz
ing being good. The brightnE~ss is 
hardly sufficient for daylight view-

ing but is satisfactory for a darkened 
room. To anyone accustomed to the 
average television receiver, the 
small size of the picture and the 
green screen are unpleasant, b.ut 
they are both things to which one · 
rapidly becomes accustomed and 
must be considered as the inevitable 

ELECTRONIC 
COUNTER 

''Scale - of - ten'' 
counter reco.rding 
up to 999,999 im
pulses, and pre
amplifier for use 
with Geiger-Muller 
tubes, made by Lab
gear, Willow Place, 
Fair Street, Cam
bridge. · A stabilized 
e.h. t. unit for the 
tube bias is also 

available. 

The construction appears simple 
and comprises merely the assembly 
and wiring of the parts. The initial 
adjustments are few and do not 
appear to be at all difficult. A 
booklet describing the construction is 
available from the firm. A magnify
ing lens can be supplied at£! Igs 6d. 
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Magnetic Recording Technique— 
further increase in '' bias '' begins 
to reduce the volume level, and 
especially the high frequencies, 
although some further reduction in 
distortion may occur. A com- 
promise has to be effected between 

however, the medium is first- 
passed over, say, a permanent 
magnet, then every discrete mag- 
netic particle becomes magnetized 
and capable of inducing a noise 
voltage. For low noise levels ft 

Fig. 4. Suggested circuF 
for high-frequency bias 
oscillator, with connec- n 
tions to heads. 120 
turns on a single 500 U 
lamination gives 
about xmH. o-os^fI 
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RECORDING 
HEAD 

good high-frequency response and 
low distortion. Too high " bias " 
also makes erasure more difficult. 
Care must be taken during these 
tests to keep the recording level 
well below the overload point. 
I g. 4 shows a typ. cal oscillator cir- 
cuit and connections. 

Noise.—If a demagnetized wire 
or tape is run over a demagnetized 
playback head, clearly no signal 
voltages can be induced. If, 

JOkc/s OSCILLATOR 

has been found that the diameter 
of these nd'vidual particles 
should not exceed about o.oooiin, 
that the size must be uniform and 
'clumping '' of particles pre- 
vented. It 3 important to note 
that noise not only occurs when 
there is some permanent mag- 

netic influence, but also during re- 
cording. Each cycle of signal is 
really an integration of noise volt - 
ages so that, although a bad speci- 

men of wire or tape may be quiet 
when a.c.-erased, the noise-be- 
hind-the-signal on recording may 
be large, and impart a disagree- 
able fuzziness to the reproduc- 
tion. The permanent-magnet 
test is a good one for checking the 
quietness of wires and tapes. 

Assuming a quiet medium, un- 
necessary noise is often caused by 
slight permanent magnetization of 
the playback head. This may be 
demagnetized by applying '' bias '' 
to it from the oscillator and reduc- 
ing this slowly to zero. Noise can 
also be caused by asymmetry of 
the '"bias" waveform, which, in 
effect, produces a slight permanent 
magnetization. Even - harmonic 
aistortion of the oscillator must be 
reduced to a minimum, ana in this 
connection, to reduce loading 
effects, a Class "A " buffer ampli- 
fier is often nterposed between 
osv. llator and erase head, which 
generally requires rather a high 
power for complete erasure. 

While the foregoing notes are 
by no means exhaustive, they 
should at least enable the experi- 
menter to obtain satisfactory re- 
sults from the start. As with other 
systems of recording, perfection 
involves further careful experi- 
ment and measurements on the in- 
dividual equipment in use. 

TELEVISION RECEIVER KIT 

THIS receiver is' sold as a kit of 
parts by Premier Radio Com- 

pany, 167, Lower Clapton Road, 
London, E.5, and an assembled 
model has been tested. There are 
separate vision- and sound-channel 
receivers, the former comprising four 
r.f. stages, diode detector, v.f. 
stage, d.c. restorer and phase-split- 
ter, while the latter has two r.f. 
stages, double-diode-triode detector 
and a.f. amplifier, and a pentode 
output stage. The vision receiver 
is designed for single-sideband 
operation on the London transmis- 
sions, the sidebands remote from the 
sound channel being selected so that 
rejectors are not needed. 

The tube . 5 a 6-in electrostatic 
with a green screen and operates 
at about 2.3 kV. Each time base 
comprises a transitron-Miller inte- 
grator with a paraphase stage. Two 
valves are used for sync separation. 
The power supply is of the usual full- 
wave type, w h a voltage-doubler 
using metal rectifiers for e.h.t. 

On test the apparatus functioned 
well, the definition and synchroniz- 
ing being good. The brightness is 
hardly sufficient for daylight view- 

" ing bul s satisfactory for a darkened 
room. To anyone accustomed to the 
average television ' receiver, the 
small size of the picture and the 
green screen are unpleasant, but 
they are both things to which one • 
rapidly becomes accustomed and 
must be considered as the inevitable 

ELECTRONIC 

COUNTER 

" Scale - of - ten " 
counter recording 
up to 999,999 im- 
pulses, and pre- 
amplifier for use 
with Geiger-Muller 
tubes, made by Lab- 
gear, Willow Place, 
Fair Street, Cam- 
bridge." A stabilized 
e.h.t. unit for the 
tube bias is also 

available. 

concomitants of the extremely low 
price of this kit—£17 17s. 

The construction appears simple 
and comprises merely the assembly 
and wiring of the parts. The initial 
adjustments are few and do not 
appear to be at all difficult. A 
booklet describing the construction is 
available from the firm. A magnify- 
ing lens can be supplied at ^1 19s 6d. 
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HIGH-QUALITY AMPLIFIER: 
New Version (Continued from page 287 of August issue) 

M OST power amplifiers in
tended for sound repro
duction are designed to 

have a uniform response to fre
quencies within the audible range, 
and 1t is the aim of designers of 
pickups, )Tiicrophones and ioud
speakers to give similar character
istics to their products. · This re
presents an attempt to fulfil one 
of the conditions for the creation · 
of a perfect replica of the original 
sound and provides a common 

. basis for the design of individual 
units, which, when· connected to
gether; will provide . a complete 
channel with a uniform gain/ 
frequency characteristic. 

Considerations of an engineer
ing nature sometimes 

By D. T. N. WILLIAMSON 

(Ferranti Research Laboratories) 

from the ideal is a very thorny 
and subjective one. It provokes 
much heated, dogmatic, and 
usually very unscientific discus
sion, and is beyond the scope of 
the present article. It must suffice 
to say that the matter is one ~n 
which the individual must exer
cise his own judgment and act 
accordingly. 

In order that he may have 
scope to do this, a pre-amplifier 
designed to be used in conjunction 
with gramophone recordings and 

have occurred in that portion. 
Since it is impossible to determine 
the nature and amount of phase 
distortion by listening to a trans
mission, and since it is not usual 
for much attention to be paid to 
this form of distortion at the re· 
cording or transmitting end, there 
would seem to be little justifica
tion for the inclusion of pf1ase 
correcting networks in domestic 
equipment. In the case of a 
sound reproducing system which 
is· completely under the control of 
the user, particularly if stereo
phonic, phase distortion should 
not be allowed to occur if the 
:finest possible quality is to be ob
tained. This is especially true at 

low frequencies, where 
make it desirable, and 
even essential, to 
depart from this ideal 
of a uniform response 
in certain sections of 
equipment, and quite 
frequently the use of 
inferior equipment or 
long and unsuitable 
transmission 1 i n e s, 

·~-------------------------------------------------------------- · 
considerable time 
delays are involved. 
Low phase distortion 
is best achieved by 
designing a system 
with a bandwidth con
siderably greater than 
the audible r a n g e, 
but where this is not 
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leads to an undesirable departure 
from uniformity. In cases like 
this, other "equalizer" units 
have to be inserted in the chan-

. nel to provide characteristics 
which are the inverse of those of 
the offending section, so remedy
ing the defect. 

When listening conditions de
part from the ideal-and this, un
fortunately, happens frequently 
since most rooms are unsuitable 
auditoria for. the reproduction of 
orchestral music at realistic in
tensities-it is sometimes bene
ficial to modify the frequency re
sponse characteristic of the equip
merit in an attempt to compensate 
for the more obvious defects in the 
room acoustics. The word 
"attempt., is used ·advisedly, 
since only very complex equaliza
tion could ever hope to provide 
accurate compensation for room 
acoustics. This question of the 
frequency compensation which is 
desirable when conditions depart 

radio . transmissions should there
fore be capable of providing vari
able compensation for such de
fects as are likely to occur in the 
source, and are capable of being 
ameliorated. In addition, :fixed 
compensation must be provided 
for deviations fr.om a uniform re
sponse which are deliberately in
troduced in gramophone records. 

The degree of complication 
which is worthwhile in such a 
unit must be considered. In 
theory, it is possible to compen
sate precisely for deficiencies in 
the amplitude I frequency and 
phase I frequency response charac
teristics, but the equipment to do 
this is complicated and expensive. 
When a considerable portion of 
the channel is outside the control 
of · the listener, as is the case 
when reproducing records or 
broadcast transmissions, he has 
no means, apart from the sensi
tivity and training of his ears, of 
determining the defects which 

possible compensation 
may be provided. 

Consideration of the causes of 
·frequency distortion leads to the 
conclusion that it is normal for the · 
levels at the ends of the spectrum 
to be accentuated or attenuated 
progressively with respect to the 
level at middle frequencies and a 
form of compensation to correct 
this fulfils most requirements. It 

. is not possible to lay down hard 
and fast rules about the amount 
of compensation necessary, but 
rates of attenuation or accentua
tion greater than 6 db/ octave are 
not usually required. · 

As it is often desirable to change 
the amount of compensation dur
ing a programme without calling 
attention to the fact, methods 
v:shich give continuous control 
over the response are to be pre
ferred to switched. systems, unless 
the latter are graded in very :fine 
steps. 

The use of inductors to provide 
gain/frequency compensation is 
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HIGH-QUALITY AMPLIFIER: 

Ofl {Continued from page 287 of August issue) 

MOST power amplifiers in- 
tended for sound repro- 
duction are designed to 

have a uniform response to fre- 
quencies within the audible range, 
and it is the aim of designers of 
pickups, microphones and loud- 
speakers to give similar character- 
istics to their products. This re- 
presents an attempt to fulfil one 
of the conditions for the creation 
of a perfect replica of the original 
sound and provides a common 
basis for the design of individual 
units, which, when connected to- 
gether,- will provide , a complete 
Channel with a uniform gain / 
frequency characteristic. 

Considerations of an engineer- 
ing nature sometimes 
make it desirable, and 
even essential, to ! 
depart from this ideal J 
of a uniform response ! L/6S 
in certain sections of ] 
equipment, and quite ! Arix 
frequently the use of j 
inferior equipment or ! 
long and unsuitable !  
transmission lines, 
leads to an undesirable departure 
from uniformity. In cases like 
this, other "equalizer" units 
have to be inserted in the chan- 
nel to provide characteristics 
which are the inverse of those of 
the offending section, so remedy- 
ing the defect. 

When listening conditions de- 
part from the ideal—and this, un- 
fortunately, happens frequently 
since most rooms are unsuitable 
auditoria for. the reproduction of 
orchestral music at realistic in- 
tensities—it is sometimes bene- 
ficial to modify the frequency re- 
sponse characteristic of the equip- 
ment in an attempt to compensate 
for the more obvious defects in the 
room acoustics. The word 
"attempt" is used advisedly, 
since only very complex equaliza- 
tion could ever hope to provide 
accurate compensation for room 
acoustics. This question of the 
frequency compensation which is 
desirable when conditions depart 

By D. T. N. WILLIAMSON 

(Ferrant/ Research Laboratories) 

from the ideal is a very thorny 
and subjective one. It provokes 
much heated, dogmatic, and 
usually very unscientific discus- 
sion, and is beyond the scope of. 
the present article. It must suffice 
to say that the matter is one in 
which the individual must exer- 
cise his own judgment and act 
accordingly. 

In order that he may have 
scope to do this, a pre-amplifier 
designed to be used in conjunction 
with gramophone recordings and 
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radio . transmissions should there- 
fore be capable of providing vari- 
able compensation for such de- 
fects as are likely to occur in the 
source, and are capable of being 
ameliorated. In addition, fixed 
compensation must be provided 
for deviations from a uniform re- 
sponse which are deliberately in- 
troduced in gramophone records. 

The degree of complication 
which is worthwhile in such a 
unit must be considered. In 
theory, it is possible to compen- 
sate precisely for deficiencies in 
the amplitude / frequency and 
phase / frequency response charac- 
teristics, but the equipment to do 
this is complicated and expensive. 
When a considerable portion of 
the channel is outside the control 
of the listener, as is the case 
when reproducing records or 
broadcast transmissions, he has 
no means, apart from the sensi- 
tivity and training of his ears, of 
determining the defects which 

have occurred in that portion. 
Since it is impossible to determine 
the nature and amount of phase 
distortion by listening to a trans- 
mission, and since it is not usual 
for much attention to be paid to 
this form of distortion at the re- 
cording or transmitting end, there 
would seem to be little justifica- 
tion for the inclusion of phase 
correcting networks in domestic 
equipment. In the case of a 
sound reproducing system which 
is' completely under the control of 
the user, particularly if stereo- 
phonic, phase distortion should 
not be allowed to occur if the 
finest possible quality is to be ob- 
tained. This is especially true at 

low frequencies, where 
  considerable time 

j delays are involved. 
/ ! Low phase distortion 

ana < is best achieved by 
.! designing a system 

"lllfc i with a bandwidth con- 
1 siderably greater than 
j the audible range, 

- , where this is not 

possible compensation 
may be provided. 

Consideration of the causes of 
frequency distortion leads to the 
conclusion that it is normal for the 
levels at the ends of the spectrum 
to be accentuated or attenuated 
progressively with respect to the 
level at middle frequencies and a 
fonn of compensation to correct 
this fulfils most requirements. It 
is not possible to lay down hard 
and fast rules about the amount 
of compensation necessary, but 
rates of attenuation or accentua- 
tion greater than 6 db/octave are 
not usually required. 

As it is often desirable to change 
the amount of compensation dur- 
ing a programme without calling 
attention to the fact, methods 
TOhich give continuous control 
over the response are to be pre- 
ferred to switched systems, unless 
the latter are graded in very fine 
steps. 

The use of inductors to provide 
gain/frequency compensation is 
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High-Quality Amplifier-
to be deprecated as, apart from 
possible troubles due to resonance 
effects and non~linearity, they are 
very liable to pick up hum from 
stray alternating magnetic fields, 
especially if they are air-cored. 
Metal- or dust-cored toroids are 
less troublesome in this respect, 
but are expensive and not readily 
obtainable. 
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MIN. MAX MIN. MAX 
The curves rna y 
be shifted bodily 
along the hori-

rattle or buzz often accompany
ing transient sounds such as piano
forte music. This type of distor
tion is commonly caused by minor 
discontinuities in the transfer 
characteristic and is frequently 
a.ssociated with Class "B" ampli
fiers. 

BASS 

RISE 

Fig. s. Basic frequency compen
sation circuit. Typical . values 
(for use after an EF37, triode
connected) are : R40, 25ok.O, 
log ; R411 Iook.O ; R42, 6.8k.O ; 
R43 , rok.O ; R44, rook.O lmear. 
C20, 150pF max. ; C21, o.oip.F, 

.C22 e.05p.F ; C231 IooopF. 

Frequency Compensation.-Fig. 
5 ·shows a simple compet;1sation 
circuit which will ~ccomplish bass 
and treble accentuation and 
attenuation without the use of in
ductors. The controls consist of 
two potentiometers, each asso
ciated with a changeover switch. 
Consider the low frequency con
trols R 40 and S2 • When R 40 is 
fully anticlockwise (minimum re- · 
sistance) the response to fr.e
quencies below I,ooocfs is uni
form. If the switch s2 is set to 
"rise," as R 40 is rotated clock
wise, the amplitude/ frequency 
characteristic will rise at low fre
quendes to the maximum shown 
at A in Fig. 6. If S2 is set to 
"fall" and R 40 rotated clockwise 
from minimum position, progres
sive low-frequency attenuation 
will be introduced, up to the 
maximum shown at B. In a simi
lar manner, by the use of R 44 and 
S

3 
the high-frequency response is 

eontinuously variable from a level 
response to the extremes shown at 
C and D with the values given. 

TREBLE 
zontal axis by 
modifying t h e 
capacitance 
values as shown 
by the arrows in 
Fig. 6. 

The attenua
tion introduced by the net
work when controls are at the 
level position is 24 db, and the 
network must, of course, be 
introduced into the system at a 
signal level such that the valve 
feeding it is not 
overloaded. 

Low· Pass 
Filter.- The 
majority of 
medium - wave 
broadcast trans-
missions, when 
reproduced with 
wide-range equip-
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UJ 

~0 
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Recording and processing de
fects, record wear and imperfect 
tracing by the pickup produce a 
similar type of distortion from 
gramophone records. 

The most offensive frequency 
components of the rattle or 
buzz are generally present at 
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Fig. 7· Basic filter circuit. 

ment, exhibit a most objec
. tionable form of non-linear dis
tortion. This takes the form of a 

fllEQUENCY 

Fig. 8. Characteri$tics of circuit 
of Fig. s~ 

the extreme upper end of the 
audible spectrum, and spread 
downwards as the severity of the 
effect increases. Fortunately, the 
concentration of this type of dis
tortion into the extreme upper end 
of the spectrum makes it possible 
to effect considerable improve
ment by removing or reducing the 
energy in the signal at these fre
quencies. A low-pass filter with 
a cut-off frequency variable be
tween the Jimits of 5 and , 13 kc 1 s 
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High-Quality Amplifier— 
to be deprecated as, apart from 
possible troubles due to resonance 
effects and non-linearity, they are 
very liable to pick up hum from 
stray alternating magnetic fields, 
especially if they are air-cored. 
Metal- or dust-cored toroids are 
less troublesome in this respect, 
but are expensive and not readily 
obtainable. 
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curves of circuit of Fig. 5. 
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Fig. 5. Basic frequency compen- 
sation circuit. Typical values 
(for use after an EF37, triode- 
connected) are : R^, 25okD, 
log ; R41, lookft ; R42, 6.8k^ ; 
R43, rokfi ; R44, iookn linear. 
^20* I50PF max. ; C21, o.oi/iiF, 

C22 ®.05/LiF rooopF. 

Frequency Compensation.—Fig. 
5 shows a simple compensation 
circuit which will accomplish bass 
and treble accentuation and 
attenuation without the use of in- 
ductors. The controls consist of 
two potentiometers, each asso- 
ciated with a changeover switch. 
Consider the low frequency con- 
trols R40 and S2. When R40 is 
fully anticlockwise (minimum re- 
sistance) the response to fre- 
quencies below 1,000c/s is uni- 
form. If the switch S2 is set to 
"rise," as R40 is rotated clock- 
wise, the amplitude /frequency 
characteristic will rise at low fre- 
quencies to the maximum shown 
at A in Fig. 6. If S2 is set to 
"fall" and R40 rotated clockwise 
from minimum position, progres- 
sive low-frequency attenuation 
will be introduced, up to the 
maximum shown at B. In a simi- 
lar manner, by the use of R44 and 
S3 the high-frequency response is 
eqntinuously variable from a level 
response to the extremes shown at 
C and D with the values given. 

  Fig- 6. 
The 

introduced by 

The curves may 
be shifted bodily 
along the hori- 
zontal axis by 
modifying the 
capacitance 
values as shown 
by the arrows in 

attenua- 
the net- tion introduced by the net- 

work when controls are at the 
level position is 24 db, and the 
network must, of course, be 
introduced into the system at a 
signal level such that the valve 
feeding it is not 
overloaded. i 
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majority of rf 
medium -wave ^ 
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missions, when 
reproduced with 
wide-range equip- t < 90° 

Fig. 7. Basic filter circuit. 

ment, exhibit a most objec- 
tionable form of non-linear dis- 
tortion. This takes the form of a 

rattle or buzz often accompany- 
ing transient sounds such as piano- 
forte music. This type of distor- 
tion is commonly caused by minor 
discontinuities in the transfer 
characteristic and is frequently 
associated with Class " B " ampli- 
fiers. 

Recording and processing de- 
fects, record wear and imperfect 
tracing by the pickup produce a 
similar type of distortion from 
gramophone records. 

The most offensive frequency 
components of the rattle or 
buzz are generally present at 
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11 B » n =20 
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FREQUENCY 

Fig. 8. Characteristics of circuit 
of Fig. 5. 

the extreme upper end of the 
audible spectrum, and spread 
downwards as the severity of the 
effect increases. Fortunately, the 
concentration of this type of dis- 
tortion into the extreme upper end 
of the spectrum makes it possible 
to effect considerable improve- 
ment by removing or reducing the 
energy in the signal at these fre- 
quencies. A low-pass filter with 
a cut-ofi frequency variable be- 
tween the limits of 5 and i3kc/s 
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and a fairly high rate of attenua
tion above the cut-off frequency 
is a great asset in securing the best 
possible aural result from indiffer
ent transmissions or recordings. 

Although it is practicable to 
provide a filter with a c_oritinu
ously variable cut-of£ frequency, 
the expense and complication are 
not normally justified and a 
switched selection of frequencies is 
satisfactory. To attain the high 
attenuation rates necessary to se
cure satisfactory results a normal 
resonant-section type of filter 
could be used, but this carries 
with it the disadvaia.tages asso
ciated with the use of inductors. 

An alternative type of filter 

FREQUENCY 

Fig. 9· Modification of basic 
filter characteristic produced by 

additional phase shift. 

using only resistive and capacitive 
elements based on the parallel-T 
network1 is capable of giving very 
satisfactory results. Briefly, the 
principle of this filter is as fol
lows. In Fig. 7 is shown an ampli
fier feeding a parallel-T null net
work, the output from the net
nark being fed back to the input 
)f the amplifier. Such a system 
has amplitude and phase charac
teristics of the general shape 
shown in Fig. 8. By altering the 
loop gain of the amplifier, it is 
possible to produce a resonance 
characteristic of any desired de
gree of sharpness. 

If now a lagging phase shift is 
introduced into the amplifier, for 
example, by connecting the capa
citor C from grid to earth, it will 
be seen that the total phase shift 
due to network and amplifier just 
below resonance will be greater 
than 90° and the feedback volt-· 
age will have a positive compon
ent, whilst above resonance a 
greater negative component will 
exist. The effect of this is to un-
1 Thiessen, G. ]. ., R-C Filter Circuits." 

journal of the Acoustical Society of 
America. Vol. 16, No. 4, pp. 275-279 
April, 1945 . 

.. --

balance the amplitude character
istic as shown in Fig. g. A rise 
in response occurs just before the 
resonance frequency due to the 
positive component of feedback, 

u.J 
> 

and above the 
r e s o n a n t fre
quency the re
sponse rises to a 
fraction of its 

FREQUENCY 

Fig. Io. Final low-pass charac
teristic resulting from addition of 

external R-C attenuator. 

value below resonance and then 
falls off due to the attenua
tion produced by the capacitor C. 

The addition of a further R -C 
attenuating network external to 
the circuit will produce a fre
quency response characteristic as 
shown in Fig. ro . The similarity 
of this curve to the response of a 
resonant element L-C filter will 
readily be appreciated. There is 
a practical limit to the rate of 
attenuation which cari be: achieved 
with a single stage, s'ince the 
attenuation rate and the level to 
which the response rises above the 
frequency of maximum attenua
tion are interrelated. Thus a high 
rate of attenuation is achieved 
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a minimum attenuation above 
cut-off of nearly 30 db, which is 
quite satisfactory. By cascading 
a number of these filter stages any 
desired attenuation characteristics 
may be achieved, and high-pass 
filters may be similarly formed by 
the addition of leading phase shift 
to the amplifier. 

A filter designed on these lines, 
with five switched positions giv
ing nominal cut-off frequencies of 
5 · 7, ro and I3kcjs and a 
"linear" position is incorporated 
in the final circuit. The perform
ance is shown in Fig. I I . 

Gramophone Pre-amplifier. -
The arrangements just described 
are generally all that is necessary 
to compensate for defects in radio 
transmissions. For record repro
duction, however, additional fixed 
compensation is required. The 
nature of this compensation will 
depend on the recording charac
teristic and the type of pickup 
used. 

For reasons now too well known 
to require repetition, lateral disc 
recordings are usually cut with a 
groove amplitude which is propor
tional to signal below some arbi
trarily selected frequency in the 
300-400 c / s region and with a 
lateral groove velocity which is 
proportional to signal above this 
frequency. To improve signal/ 
noise ratio it is now common prac
tice to increase the level recorded 
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Fig. u. Measured overall response of low-pass -filter, in conjunction 
with pre-amplifier circuit to be described in a subsequent instalment. 

with simplicity only at the expense 
of a low ratio of response below 
cut-off to peak response above 
cut-off. However, a rate of 
attenuation of 40 db I octave can 
be obtained from one stage with 

at high frequencies. This is par
ticularly effective, since the noise 
energy per cycle increases with 
frequency due to the structure of 
the record material. In Fig. I2 is 
shown the recording characteristic 
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and a fairly high rate of attenua- 
tion above the cut-off frequency 
is a great asset in securing the best 
possible aural result from indiffer- 
ent transmissions or recordings. 

Although it is practicable to 
provide a filter with a continu- 
ously variable cut-off frequency, 
the expense and complication are 
not normally justified and a 
switched selection of frequencies is 
satisfactory. To attain the high 
attenuation rates necessary to se- 
cure satisfactory results a normal 
resonant-section type of filter 
could be used, but this carries 
with it the disadvantages asso- 
ciated with the use of inductors. 

An alternative type of filter 

FREQUENCY 

Fig. 9. Modification of basic 
filter characteristic produced by 

additional phase shift. 

using only resistive and capacitive 
elements based on the parallel-T 
network1 is capable of giving very 
satisfactory results. Briefly, the 
principle of this filter is as fol- 
lows. In Fig. 7 is shown an ampli- 
fier feeding a parallel-T null net- 
work, the output from the net- 
work being fed back to the input 
of the amplifier. Such a system 
has amplitude and phase charac- 
teristics of the general shape 
shown in Fig. 8. By altering the 
loop gain of the amplifier, it is 
possible to produce a resonance 
characteristic of any desired de- 
gree of sharpness. 

If now a lagging phase shift is 
introduced into the amplifier, for 
example, by connecting the capa- 
citor C from grid to earth, it will 
be seen that the total phase shift 
due to network and amplifier just 
below resonance will be greater 
than go0 and the feedback volt-' 
age will have a positive compon- 
ent, whilst above resonance a 
greater negative component will 
exist. The effect of this is to un- 

1 Thiessen, G. J. R-C Filter Circuits." 
Journal of the Acoustical Society of 
America. Vol. 16, No. 4, pp. 275-279 
April, 1945. 

balance the amplitude character- 
istic as shown in Fig. 9. A rise 
in response occurs just before the 
resonance frequency due to the 
positive component of feedback, 

and above the 
resonant fre- 

\ quency the re- 
5 \ sponse rises to a 
^ I fraction of its 

FREQUENCY 

Fig. 10. Final low-pass charac- 
teristic resulting from addition of 

external R-C attenuator. 

value below resonance and then 
falls off due to the attenua- 
tion produced by the capacitor C. 

The addition of a further R-C 
attenuating network external to 
the circuit will produce a fre- 
quency response characteristic as 
shown in Fig. 10. The similarity 
of this curve to the response of a 
resonant element L-C filter will 
readily be appreciated. There is 
a practical limit to the rate of 
attenuation which can be. achieved 
with a single stage, since the 
attenuation rate and the level to 
which the response rises above the 
frequency of maximum attenua- 
tion are interrelated. Thus a high 
rate of attenuation is achieved 

a minimum attenuation above 
cut-off of nearly 30 db, which is 
quite satisfactory. By cascading 
a number of these filter stages any 
desired attenuation characteristics 
may be achieved, and high-pass 
filters may be similarly formed by 
the addition of leading phase shift 
to the amplifier. 

A filter designed on these lines, 
with five switched positions giv- 
ing nominal cut-off frequencies of 
5. 7, 10 and i3kc/s and a 
"linear" position is incorporated 
in the final circuit. The perform- 
ance is shown in Fig. 11. 

Gramophone Pre-amplifier. — 
The arrangements just described 
are generally all that is necessary 
to compensate for defects in radio 
transmissions. For record repro- 
duction, however, additional fixed 
compensation is required. The 
nature of this compensation will 
depend on the recording charac- 
teristic and the type of pickup 
used. 

For reasons now too well known 
to require repetition, lateral disc 
recordings are usually cut with a 
groove amplitude which is propor- 
tional to signal below some arbi- 
trarily selected frequency in the 
300-400 c / s region and with a 
lateral groove velocity which is 
proportional to signal above this 
frequency. To improve signal/ 
noise ratio it is now common prac- 
tice to increase the level recorded 

€ -10 FILTER POSITION 

FREQUENCY (c/s) 

Fig. II. Measured overall response of low-pass filter, in conjunction 
with pre-amplifier circuit to be described in a subsequent instalment. 

with simplicity only at the expense 
of a low ratio of response below 
cut-off to peak response above 
cut-off. However, a rate of 
attenuation of 40 db / octave can 
be obtained from one stage with 

at high frequencies. This is par- 
ticularly effective, since the noise 
energy per cycle increases with 
frequency due to the structure of 
the record material. In Fig. 12 is 
shown the recording characteristic 
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High-Quality Amplifier-
used by Decca. The E.M.I. char
acteristic does not differ substan
tially at low frequencies but the 
rise above 3,000 c / s is absent. It 
is proposed to use the Decca char
acteristic as a basis for design. 
When playing E.M.I. recordings, 
one fixed capacitor in the pre
amplifiers to be described later may 
be switched out of circuit, giving a 
level response. Alternatively the 
gramophone pre-amplifier may be 
left unchanged and correction pro
vided by means of the variable 
treble control in the tone compen
sation unit. This, when C20 is set 
to roo pF and R 44 (Fig. 5) ad
vanced by one quarter of maxi
mum rotation, gives almost per
fect correction. 
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sound systems is of such vital hn
portance that a few remarks of 
a general nature will not be out 
of place at this juncture. 

It is an unfortunate fact that 
improvements -in microphones and 
pickups in the direction of wider 
frequency range and absence of 
other forms of distortion are 
almost invariably achieved at the 
expense of the electrical output. 
This does not necessarily mean 
that the efficiency of the trans
ducer is reduced by the other im
provements, but merely that it re
moves less energy from the . 
acoustical field or from the record 
groove which actuates it, causing 
less disturbance of this field, or 
less wear of the record groove. 

There is, however, a limit to 
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Fig. 12. Decca recording characteristic. 

The majority of pickups, with 
the exception of piezoelectric 
types, give an electrical output 
which is proportional to the lateral 
velocity of the stylus. The out
put of such a pickup when play
ing a Decca recording will be of 
the form shown in Fig. 12, with 
ordinates of voltage instead of 
velocity. A pre-amplifier suitable 
for such a pickup should have a 
frequency characteristic which is 
the inverse of this. 

Some desirable properties of a 
pickup pre-amplifier are:-

r. Low noise level. · 
2. ·Low distortion at signal 

levels likely to be encountered 
with pickups in common use . 

3· Sharp attenuation below 
20 c / s to suppress turntable 
rumble, etc. 

4· Provision for varying the 
gain electrically. 

Noise LeveL-The attainment 
of a low noise level in high-quality 

this tendency set by the noise 
generated by thermal agitation in 
the transducer and its auxiliaries 
and by the noise produced in the 
first valve of the amplifier . . It is 
desirable in a wide-range, high
quality sound system to attempt 
to maintain a peak signal f noise 
ratio of at least 70 db. This 
figure represents the best that can 
be achieved with a direct cellulose 
disc recording when everything is 
" just right," and it is to be ex
pected that the standards of com
mercial disc recordings will ap
proach this level when improved 
techniques are combined with new 
disc materials. A well-designed 
magnetic tape recorder will give 
a signal/ noise ratio of 70-80 db, 
and the increasing use of this type 
of equipment will doubtless give 
impetus to the research necessary 
for the achievement of similar 
standards in other forms of re
cording. With a signaljnoise 

ratio of 70 db, a sound reproduc- 
ing system with a frequency re
sponse flat to 2o,ooo c 1 s operat
ing at a realistic volume level pro
duces, in the absence of a signal, 
noise which is just audible as a 
very gentle rustle and is com
pletely inoffensive. 

Most modern microphones and 
pickups are electromagnetic, 
although there is a tendency for 
microphone design to gravitate 
towards carrier-operated capacitor 
types . · These have problems of 
their own and will not be treated 
here. Electromagnetic micro
phones and pickups are manufac
tured with impedances ranging 
from a few milliohms to several 
thousand ohms, but are normally 
used in conjunction with a trans-
former which raises the impedance 
to a suitably high value to match 
the input impedance of a valve. 

For obvious reasons it is desir
able to make this secondary im
pedance as large as possible-say 
several megohms-since the volt
age output from the . transducer 
will increase simultaneously, re
ducing the gain required from the 
electronic equipment and the 
amount of noise contributed by it. 

It is not practicable, however, 
to increase the secondary imped
ance much beyond o.r MO if a 
flat frequency response is required 
from the transformer over the 
audible range. 

The noise generated by thermal 
agitation in a o.r MO resistor at 
room temperature is about 6 p. V 
for a bandwidth of 2o,ooo c / s. To 
this must be added the noise pro
duced in the first valve of the 
amplifier. By careful design and 
construction, and by the use of a 
suitable valve, the noise from all 
causes, including ' mains hum, can 
be reduced to a value equivalent 
to about 3 p. V at the grid, but 
under normal conditions a figure 
of 5 p.V is fairly representative. 
The total noise may be taken as 
the square root of the sum of the 
squares of these values, or about 
8 JAV. To obtain a signal/noise 
ratio of 70 db, then, the peak sig-

. nal must be 70 db above this level, 
say 25 mV r.m.s . . The pre-ampli
fier should have sufficient gain to 
enable the main amplifier to be 
fully loaded by a signal -at this 
level. 

The choice of a valve type for 
the first stage must be made care
fully. In . theory, for equal gain 
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rise above 3,0000/3 is absent. It 
is proposed to use the Decca char- 
acteristic as a basis for design. 
When playing E.M.I, recordings, 
one fixed capacitor in the pre- 
amplifiers to be described later may 
be switched out of circuit, giving a 
level response. Alternatively the 
gramophone pre-amplifier may be 
left unchanged and correction pro- 
vided by means of the variable 
treble control in the tone compen- 
sation unit. This, when C20 is set 
to 100 pF and R44 (Fig. 5) ad- 
vanced by one quarter of maxi- 
mum rotation, gives almost per- 
fect correction. 

sound systems is of such vital im- 
portance that a few remarks of 
a general nature will not be out 
of place at this juncture. 

It is an unfortunate fact that 
improvements in microphones and 
pickups in the direction of wider 
frequency range and absence of 
other forms of distortion are 
almost invariably achieved at the 
expense of the electrical output. 
This does not necessarily mean 
that the efficiency of the trans- 
ducer is reduced by the other im- 
provements, but merely that it re- 
moves less energy from the 
acoustical field or from the record 
groove which actuates it, causing 
less disturbance of this field, or 
less wear of the record groove. 

There is, however, a limit to 
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The majority of pickups, with 
the exception of piezoelectric 
types, give an electrical output 
which is proportional to the lateral 
velocity of the stylus. The out- 
put of such a pickup when play- 
ing a Decca recording will be of 
the form shown in Fig. 12, with 
ordinates of voltage instead of 
velocity. A pre-amplifier suitable 
for such a pickup should have a 
frequency characteristic which is 
the inverse of this. 

Some desirable properties of a 
pickup pre-amplifier are : — 

x. Low noise level. 
2. Low distortion at signal 

levels likely to be encountered 
with pickups in common use. 

3. Sharp attenuation below 
20 c / s to suppress turntable 
rumble, etc. 

4. Provision for varying the 
gain electrically. 

Noise Level.—The attainment 
of a low noise level in high-quality 

this tendency set by the noise 
generated by thermal agitation in 
the transducer and its auxiliaries 
and by the noise produced in the 
first valve of the amplifier. It is 
desirable in a wide-range, high- 
quality sound system to attempt 
to maintain a peak signal/noise 
ratio of at least 70 db. This 
figure represents the best that can 
be achieved with a direct cellulose 
disc recording when everything is 
"just right," and it is to be ex- 
pected that the standards of com- 
mercial disc recordings will ap- 
proach this level when improved 
techniques are combined with new 
disc materials. A well-designed 
magnetic tape recorder will give 
a signal/noise ratio of 70-80 db, 
and the increasing use of this type 
of equipment will doubtless give 
impetus to the research necessary 
for the achievement of similar 
standards in other forms of re- 
cording. With a signal/noise 

ratio of 70 db, a sound reproduc- 
ing system with a frequency re- 
sponse flat to 20,000 c/s operat- 
ing at a realistic volume level pro- 
duces, in the absence of a signal, 
noise which is just audible as a 
very gentle rustle and is com- 
pletely inoffensive. 

Most modern microphones and 
pickups are electromagnetic, 
although there is a tendency for 
microphone design to gravitate 
towards carrier-operated capacitor 
types. These have problems of 
their own and will not be treated 
here. Electromagnetic micro- 
phones and pickups are manufac- 
tured with impedances ranging 
from a few milliohms to several 
thousand ohms, but are normally 
used in conjunction with a trans- 
former which raises the impedance 
to a suitably high value to match 
the input impedance of a valve. 

For obvious reasons it is desir- 
able to make this secondary im- 
pedance as large as possible—say 
several megohms—since the volt- 
age output from the transducer 
will increase simultaneously, re- 
ducing the gain required from the 
electronic equipment and the 
amount of noise contributed by it. 

It is not practicable, however, 
to increase the secondary imped- 
ance much beyond o.xMfi if a 
flat frequency response is required 
from the transformer over the 
audible range. 

The noise generated by thermal 
agitation in a o.xMfi resistor at 
room temperature is about 6 yV 
for a bandwidth of 20,000c/s. To 
this must be added the noise pro- 
duced in the first valve of the 
amplifier. By careful design and 
construction, and by the use of a 
suitable valve, the noise from all 
causes, including mains hum, can 
be reduced to a value equivalent 
to about 3 yV at the grid, but 
under normal conditions a figure 
of 5 yV is fairly representative. 
The total noise may be taken as 
the square root of the sum of the 
squares of these values, or about 
8yV. To obtain a signal/noise 
ratio of 70 db, then, the peak sig- 
nal must be 70 db above this level, 
say 25 mV r.m.s.. The pre-ampli- 
fier should have sufficient gain to 
enable the main amplifier to be 
fully loaded by a signal at this 
level. 

The choice of a valve type for 
the first stage must be made care- 
fully. In theory, for equal gain 
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the noise level in a triode stage is 
lower than that produced by a 
pentode, since the pentode has an 
additional noise component due to 
electron partition between screen 
and anode. In fact, however, 
there are no high-gain triodes 
commercially available with the 
requisite characteristics and elec
trode structures for low-noise 
operation. A valve designed for 
such conditions should have a 
rigidly braced . electrode structure 
to reduce microphony and a 
balanced "double helical" heater 
construction to minimize the alter
nating field surrounding the 
cathode . The Mullard EF37 has 
this construction and, connected 
as a pentode, the noise levels men
tioned earlier are obtainable. Be
fore commencing work, the reader 
who is not familiar with the tech
nique of high-gain amplifier con
struction should consult an article . 
on this subject. 2 • 

3 Considerable 
reduction of residual hum may 
usually be obtained by demagnet
izing the valve. 4 In order to 
obtain the best signal/noise ratio, 
the principle which should be fol
lowed, when valve noise is the 
limiting factor in high-gain ampli
fiers, is to put the whole of the 
available signal into the valve 
grid, and to . provide any fre
quency compensation which may 
be necessary after the signal has 
been amplified. By this method 
valve noise is included in any 
attenuating operations which may 
be performed and the overall sig
nal noise ratio is improved. 

Low D istortion. - Numerous 
methods of providing a response 
which varies with frequency are 
possible and, of c,ourse, each 
method has advanhtges and dis
advantages. Where the response 
has to be continuously variable 
the method which gives greatest 
simplicity of control usually 
triumphs. Other things being 
equal, however, methods which 
employ selective negative feed
back are to be preferred,· as cir
cuits of this natur~ generally have 
a high signal-handling capacity 
and non-linear distortion is kept 
to a minimum. In a pickup pre-

2 Baxandall, P. J., "Hum in High Gain Am
plifiers." Wireless Wo-rld, Vol. 53, No. 
Z, pp. 57-61, February, 1947. 

s Dickerson, A. F., "Hum Redudion." 
Electronics, Vol. 21, No. 12, p. 112, De
cember, 1948. 

·' Correspondence. Electronic Engineering, 
Vol. 20, No. 245, p. 235, July, 1948; No. 
248, p. 339, October, 1948; NQ. 250, p. 
406, December, 1948. 

amplifier this may be of import
ance where pickups with widely 
varying output levels are to be 
used. 

H igh . Pass Characteristic. -
Gramophone motors tend to pro
duce vibrations which can cause 
unpleasant rumbling noises in a 
wide-range system. Although the 
energy contained in the I I rumble '' 
components may be relatively 
low, the frequency is also very 

_low, and consequently loud
speaker cone movements of high 
amplitude may be caused. If the 
driving coil should move out of 
the region of uniform flux-density, 
the whole spectrum being repro
duced will be distorted in a par
ticularly unpleasant manner. Dis
tortion in the output transformer 
is also possible. 

This situation can be improved . 
materially by the insertion of a 
high-pass filter with a cut-off fre
quency of about zo c 1 s and a 
fairly rapid attenuation below cut-

\ off. At these low frequencies , 
such filters are conveniently com
posed of resistance-capacitance 
networks and may . be incorpor
ated irt the bass-compensation pre
amplifier. 

Electrical F ading Control. -
When the pickup is placed on, or 
removed from, the disc the gain 
must be reduced to avoid un
pleasant noises . While this may 
be done by a mechanical poten
tiometer the method is clumsy 
and does not facilitate rapid re
cord changing. It has been found 
convenient to employ an electrical 
method in which the gain of one 
of the stages is reduced to zero at 
the flick of a switch by a bias volt
age applied and removed by 
means of a network with a suit
able time constant. 

(To be continued) 

RADIATION 
MONITOR 

Both visual and aural 
indication of pulses from · 
a Geiger-Muller tube are 
given in this instrument, 
the meter being arranged 
to indicate"rate of count" . 
A stabilized power supply 
is included and the over
all accuracy is within 
± I per cent. Alpha and 
beta-gamma probe units 
are available. The makers 
are Airmec Laboratories, 
High Wycombe, Bucks. 
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NEWS FROM THE CLUBS 
Bir~ingham.-The annual dinner of 

t~e M1dland Amateur Radio Society 
w~ll .be held at the Imperial Hotel, 
B1rmmgham, on October 15th, at 6.3o. 
Sec.: A. W. Rhodes, 135, Woolmore 
Road, Birmingham, 23, Warwicks. . 

Eastbourne.-Meetings of the East
bourne and District Group of the 
R.S .G.B. _are held 9n the first Friday 
of each month at the Friends' Meet
ing House, Wish Road, Eastbourne. 
Sec. : R . F. Nugent, Field House Wind
mill Hill, nr. Hailsham, Sussex.' 

Luton and District Radio Society 
meets each Monday at 7.30 at Surrey 
Street School. Sec.: H . S. E. Radford 
37, Wilsden Avenue, Luton, Beds. ' 

:Richmond.-The formation of the 
Richmond and District Radio Society is 
proposed and the inaugural meeting will 
be held at the Station Hotel, Richmond, 
at 7.30 on October 5th. 

Southend.- The fortnightly meetings 
of the Southend and District Radio 

. Socie~y recommence on October 7th at 
7.15 m Room r, at the Municipal Col
lege. Sec.: }. H. Barrance, M.B.E. 
(G3BU]), 49, Swanage Road, Southend
on-Sea, Essex. 

Southport. - In addition to the 
monthly m eetings of the · Southport 
Radio Society, which are held on the 
third Monday in each month at 8 p .m. 
at the headquarters, 38a Forest Road 
the club premises are open every Mon~ 
day and Wednesday evening. Sec, : 
F. H. P. Cawson, II3 Waterloo Road, 
Southport, Lanes. 

Spen Valley Radio and Television 
Society meets on alternate Wednes
days at the Temperance Hall, Cleek
heaton at 7.30.- The subjects to be dis
cussed at the meetings on October rzth 
and z6th are " Measurements and the 
Radio Amateur" and "Some Aspects 
of Television." Sec.: N . Pride, roo 
Raikes Lane, Birstall, nr. Leeds, Yorks. 

Sunderland.-Meetings of the Sunder
land Radio Society are held at Pros
pect House, Prospect Row. On October 
rgth, B. A. Holden, M.A., will speak 
on " Quality Disc Reproduction '{ and 
on October 26th J. M. Carter, B.Sc., 

· will demonstrate the Wright and 
Weaire magnetic tape :recorder. Both 
meetings begin at 8 p.m. Sec.: C. A. 
Chester, 38 Westfield Grove, . High 
Barnes, Sunderland. 
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the noise level In a triode stage is 
lower than that produced by a 
pentode, since the pentode has an 
additional noise component due to 
electron partition between screen 
and anode. In fact, however, 
there are no high-gain triodes 
commercially available with the 
requisite characteristics and elec- 
trode structures for low-noise 
operation. A valve designed for 
such conditions should have a 
rigidly braced electrode structure 
to reduce rrxrophony and a 
balanced '' double helical'' heater 
construction to minimize the alter- 
nating field surrounding the 
cathode. The Mullard EF37 has 
this construction and, connected 
as a pentode, the noise levels men- 
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fore commencing work, the reader 
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a high signal-handling capacity 
and non-linear distortion is kept 
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s Ba andall, P. J., " Hujn in High Gain Am- 
plifiers." WitHess World, ^ol. 53, No. 
2, pp. 57-61, February, 1947. 3 Dickerson, A. F., " Hum Reduction." 
Electronics, Vol. 21, No. 12, p. 112, De- 
cember, 1948. 

'' Correspondence. Electronic Engineering, 
Vol. 20, No. 245, p. 235, July, flM; No. 
248, p. 339, October, 1948: No. 250 p. 
406, December, 1948. 
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duce vibrations which can cause 
unpleasant rumbling noises in a 
wide-range system. Although the 
energy contained in the " rumble " 
components may be relatively 
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ticularly unpleasant manner. Dis- 
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is also possible. 

This situation can be improved 
matenVlly by the insertion of a 
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quency of about zoc/s and a 
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posed of resistance-capacitance 
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Electrical Fading Control. — 
When the pickup is placed on, or 
removed from, the disc the gain 
must be reduced to avoid un- 
pleasant noises. While this may 
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MICROWAVE L.ENSES 
A General Survey of the Three Main Types 

By C. SUSSKIND, M.Eng., B.Sc., Assoc.Brit.I.R£. 

(Yale University, U.S.A.) 

RADIO waves are essentially 
of the same nature as light 
waves. Both are electro

magl!etic radiation phenomena 
which differ merely in frequency. 
At microwave frequencies (A.g., in 
radar work) the wavelengths-and 
hence the antenna dimensions
are of the order of only a few 
centimetres. Accordingly, certain 
optical analogies suggest them
selves. The most widely used 
device for producing a beam of 
light, for instance, is the parabolic 
mirror; if the source is located 
at the focus, the rays will be 
reflected parallel to the axis. This 
arrangement will work equally 
well for microwaves, provided a 
conducting surface is substituted 
for the mirror. 

The parabolic " dish " antenna 
has certain .disadvantages, how
ever: the source is in the path of 
the beam and distorts it by 
virtue of a shadow effect, in 
addition to interference intro
duced as a result of forward 
radiation directly from the 
source; there is ample oppor
tunity for radiation in the back
ward direction, past the reflector, 
with the attendant loss of energy 
and possibility of interference 
with nearby radiators ("cross
talk") ; some energy is reflected 
back into the feed and may 
disturb the source; and further
more, the tolerances required in 
the construction of the reflector 
are very small; 

These difficulties can be 
obviated if the reflector is replaced 
by a large lens112' 3, maq.e of 
glass, polystyrene, or some oth~r 
dielectriG material, and placed m 
front of the source.. The source, 
which is no longer in the beam 
path, is now made to radiate in 
the forward direction ; the two 
ffiirfaces give the designer an 
additional degree of freedom ; the 
possibility . Qf distortion due to 
warping is greatly reduced ; and 

it can be shown4 that the toler
ances required are four to five 
times greater than for the para
bolic reflector. 

The solid lens may, on the other 
hand, present a considerable mis
match at its surface, and conse
quently cause loss of gain and 
interference (scattering). This mis
match may be reduced by the use 
of quarter-wavelength sheets: the 
lens . surfaces are covered . by a 
sheet consisting of another dielec
tric, the thickness of which is 
adjusted so that the waves re
flected from it and from the 
surface proper cancel out. 4 

A more serious · disadvantage of 
the solid dielectric lens is its 
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weight : a lens of a size useful in 
practical applications would be 
very heavy indeed. To circum
vent this difficulty, Kock5 ' 6 in 
America and Rust 7 in Britain 
ha ~e each independently suggested 
the use of parallel-plate con
figurations. 

Metal Plate Lenses 
Two semi·infinite, parallel metal 

strips constitute a very simple 
form of waveguide. The velocity 
with which a surface of constant 
phase propagates (phase velocity) 
between pQ..rallel plates of separa
tion h is given by 

. Vo (I) 

where v 0 is the phase velocity in 
free space, m the order of the 
mode being propagated, and .\the 
wavelength. The wave will be 
propagated without attenuation 
only if 

- mi. 
h >-.. (2) 

2 

Thus the phase velocity v:P between 
the plates is always greater than 
the velocity u0 in free space. If a 
set of parallel plates (arranged 

. parallel to the direction of electric 
intensity E) having the shape 
shown in Fig. I (a) is used, it is 
seen that the phase velocity will 
be increased along paths where the 
plates are wide, and unaffected 
where the plates have zero width. 
Thus the equiphase surfaces 
(shown dotted), spherical to the 
left of the lens, will emerge as 
planes from the lens ; this is the 

(b) 

y 

f 

.}(t-x) 2 + ; 2 x t 
-----'-- + - = -

V0 Vp V0 

x 2
(1- ,f)- ztx (t- n)+y2 = 0 

(ElLIPSE) 

Fig. r. Metal plate lens element. 

c_ondition which will yield maxi
mum gain and directivity. 

To determine the contour of 
this lens, the times required fer 
two point~ on the same equiphase 
surface to travel along two 
different paths (of. Fig. I (b)) are 
equated. Using the terminology 
of optics, the ratio of the two 
phase velocities 

n = v'P ="-/I - (mt-.)2 .. (3) 
V 0 ~ 2h 

may be considered to represent ar 
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MICROWAVE LENSES 

A General Survey of the Three Main Types 

By C. SUSSKIND, M.Eng., B.Sc., Assoc.Brit.l.R.E. 

(Yale University, U.S.A.) 

RADIO waves are essentially 
of the same nature as light 

* waves. Both are electro- 
magnetic radiation phenomena 
which differ merely in frequency. 
At microwave frequencies (e.g., in 
radar work) the wavelengths—and 
hence the antenna dimensions— 
are of the order of only a few 
centimetres. Accordingly, certain 
optical analogies suggest them- 
selves. The most widely used 
device for producing a beam of 
light, for instance, is the parabolic 
mirror; if the source is located 
at the focus, the rays will be 
reflected parallel to the axis. This 
arrangement will work equally 
well for microwaves, provided a 
conducting surface is substituted 
for the mirror. 

The parabolic " dish " antenna 
has certain disadvantages, how- 
ever : the source is in the path of 
the beam and distorts it by 
virtue of a shadow effect, in 
addition to interference intro- 
duced as a result of forward 
radiation directly from the 
source; there is ample oppor- 
tunity for radiation in the back- 
ward direction, past the reflector, 
with the attendant loss of energy 
and possibility of interference 
with nearby radiators (" cross- 
talk ") ; some energy is reflected 
back into the feed and may 
disturb the source ; and further- 
more, the tolerances required in 
the construction of the reflector 
are very small. 

These difficulties can be 
obviated if the reflector is replaced 
by a large lens1'2'3, made of 
glass, polystyrene, or some other 
dielectric material, and placed in 
front of the source,. The source, 
which is no longer in the beam 
path, is now made to radiate in 
the forward direction ; the two 
surfaces give the designer an 
additional degree of freedom ; the 
possibility oi distortion due to 
warping is greatly reduced ; and 

it can be shown4 that the toler- 
ances required are four to five 
times greater than for the para- 
bolic reflector. 

The solid lens may, on the other 
hand, present a considerable mis- 
match at its surface, and conse- 
quently cause loss of gain and 
interference (scattering). This mis- 
match may be reduced by the use 
of quarter-wavelength sheets : the 
lens . surfaces are covered by a 
sheet consisting of another dielec- 
tric, the thickness of which is 
adjusted so that the waves re- 
flected from it and from the 
surface proper cancel out.4 

A more serious disadvantage of 
the solid dielectric lens is its 

, \ \ \ti! 
, \N \ \ml 

. \ \ \ \ \ \ Af 

1)11 1 1 I ! II- 

-v ' / " ' ' I I 
-// 1J < 1 /if 

/ / / / ' M 

s / / mi 

weight: a lens of a size useful in 
practical applications would be 
very heavy indeed. To circum- 
vent this difficulty, Kock5'6 in 
America and Rust7 in Britain 
have each independently suggested 
the use of parallel-plate con- 
figurations. 

Metal Plate Lenses 

Two semi-infinite, parallel metal 
strips constitute a very- simple 
form of waveguide. The velocity 
with which a surface of constant 
phase propagates (phase velocity) 
between parallel plates of separa- 
tion h is given by 

where i>0 is the phase velocity in 
free space, m the order of the 
mode being propagated, and A the 
wavelength. The wave will be 
propagated without attenuation 
only if 

Thus the phase velocity v^ between 
the plates is always greater than 
the velocity ii0 in free space. If a 
set of parallel plates (arranged 
parallel to the direction of electric 
intensity E) having the shape 
shown in Fig. i(a) is used, it is 
seen that the phase velocity will 
be increased along paths where the 
plates are wide, and unaffected 
where the plates have zero width. 
Thus the equiphase surfaces 
(shown dotted), spherical to the 
left of the lens, will emerge as 
planes from the lens ; this is the 

^ *v- 

V/mX\2 

1 \2h) 

J(f-x)1 + yz v = 

Vo Vp v0 

x2(l- r/) - Zfx[\~ri)+yz - 0 
(ELLIPSE) 

Fig. 1. Metal plate lens element. 

condition which will yield maxi- 
mum gain and directivity. 

To determine the contour of 
this lens, the times required fcr 
two points on the same equiphase 
surface to travel along two 
different paths (of. Fig. i(b)) are 
equated. Using the terminology 
of optics, the ratio of the two 
phase velocities 

■-iWFiy-'" 
may be considered to represent ar 
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equivalent index of refraction. 
(Note that n<I for this con
struction.) The equation obtained 
for the contour of a lens element 
is that of an ellipse. If -the 
spherical wave emerging from a 
point source is to be converted 
into a plane wave by passing 
through the lens, an ellipsoid of 

Fig. 2. Metal plate lens for 
,\ = 3 em. 

revolution is actually required. 
· The system may, of course, be 
used conversely as a receiver 
antenna by · allowing a plane 
wave. to impinge upon the flat 
surface and to be focused to a 
point. 

A metal plate lens constructed 
at the Dunham Laboratory of . 
Electrical Engineering, Yale 
University, is shown in Fig. 2. 

This lens, designed for operation 
at 3 em, has a focal length of 
18!,\, an aperture of II,\ (and 
hence an /-number of 5/3), and 
an effective · index of refraction 
n =- o.6. 

The most obvious disadvantage 
of the metal plate lens is evident 
from equation (3) : it is the 
dependence of the equivalent index 
of refraction on the wavelength 
(or frequency). Experimental re
sults5 show that a useful band
width of not more than 5 per cent 
of the operating frequency can be 
achieved. This important . limita
tion has led to the development of 
a broad-band lens at the Bell 
Telephone LaboratoriesB'9'lo, in 
which so-called artificial dielec
trics are utilized. 

Artificial-Dielectric Lenses 
. When an ordinary dielectric is 

placed into an electric field E, 
the dielectric is polarized to the 
extent P = N aeE, where N is 

the number of molecules per unit 
volume, and a, the polarizability 
(always positive). It is customary 
to define a displacement vector 
D = EE = E0E + p · where E is 
the perl11ittivity of the dielectric 
and Eo the permittivity of free 
space (Eo = 8.85 x I0-12 farad/ 
metre in the m.k.s. system of 
units). Thus the permittivity is 
given by 

E =Eo+ Na6 • • (4) 
and the dielectric constant is 
given by the ratio 

E a6 
tc, = - = I + N- (5) 

Eo Eo 
Similarly, the magnetic per

meability is given by 
p.=p.0 +Nam (6) 

where 1-'o is the permeability of 
free space (p.0 = 41r X 10- 7 henry/ 
metre in the m.k.s. system) and 
am the magnetic polarizability 
(may be positive or negative). 
The relative permeability is given 
by the ratio 

1-' am 
tcm = - = I + N- ( 7) 

1-'o 1-'o 
The polarizabilities a6 and am 

can be calculated for various 
geometric configurations; their 
values may be found in many 
advanced textbooks. The general 
shape of a molecule is usually 
assumed to be spherical ; for a 
sphere, a6 = 41rE 0a3 and am = 
- 21rp.0a3 where a is the sphere 
radius. 

The index of refraction is given 
by 

n = v tc6 tcm (8) 
and is independent of frequ,ency in 
the region where the wave
length is large compared 
with the size of the particles 
and the spacing between 
them. 

It is found that an analo
gous artificial dielectric can 
be constructed · by repro
ducing the molecular struc
ture on a macroscopic scale ; 
such a diel~etric may consist 
of a · lattice of metal spheres 
having a radius and separa
tion which . are small com-
pared with the wavelength. 

Fig. 3· Artificial-dielectric lens .. 
(cross-section) 

The artificial dielectric will have 
the properties described by equa
tions (4) to (8), inclusive. Thus a 
lens like that in Fig. 3(a) may be 
constructed from small metal 

3/1 

spheres supported as shown. Thu, 
lens will haye the shape and 
action of a solid dielectric lens. 
and yet retain the weight advan
tage of the metal plate lens. 
Furthermore, the arti:fi.cial.:dielec
tric lens will have an index of 
refraction n = v 0fv which is 
essentially independent of fre
quency, except in the range where 
the size ·and separation of the 
elements become comparable with 
the wavelength. 

To determine the contour of 
this lens, a procedure similar to 
that described in the case of the 
metal plate lens is followed. A 
comparison of paths (cf. Fig. 3{b)) 
yields the equation of a hyperbola; 
to transform the spherical waves 
emanating from a point source 
into plane waves, a hyperboloid 
of revolution is needed. It should 
be noted that the index of refrac
tion n = v 0fv 11 will be greater 
than . 1 for artificial dielectrics, 
since here v0 >v11•· This relation
ship accounts for the difference 
between the shapes of the metal 
plate lens previously described 
and the artificial-dielectric lens. 
The action of the latter is to delay 
the portion of the wavefront 
passing through the middle of the 
lens with respect to that passing 
through the edge, and this lel'l.s is 
therefore sometimes de.3ignated 
as a " delay lens." 

The index of refraction of an 
artificial dielect:-'\c consisting . of 
small sphern; (radius a) is given, 
from equatk 1J. (8), by 

"":"":'--'::-:---:---=-----,:-;--:::' 
n='\f{I +41rNa3}(I -21rNa3

) (9 

(a) 

~(t+x)z + yz . t x 
---:-:--"-- = - + -

V0 V0 Vp 

xl(n2-l) + ztx(n- d-y2 = o 
(HYPERBOLA) 

where N is the number of spheres 
per unit volume. It is seen that 
the value of n is reduced by the 
factor introduced in the second 
bracket under tho radical. This; 
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equivalent index of refraction. 
(Note that «<i for this con- 
struction.) The equa .on obtained 
for the contour of a lens element 
is that of an elhpse. If the 
spherical wave emerging from a 
point source is to be converted 
into a plane wave by passing 
through the lens, an ellipsoid of 

Fig. 2. Metal plate lens for 
A = 3 cm. 

revolution is actually required. 
The system may, of course, be 
used conversely as a receiver 
antenna by allowing a plane 
wave, to impinge upon the flat 
surface and to be focused to a 
point. 

A metal plate lens constructed 
at the Dunham Laboratory of 
Electrical Engmeering, Yale 
University, is shown in Fig. 2. 
This lens, designed for operation 
at 3 cm, has a focal length of 
18^A, an aperture of 11A (and 
hence an /-number of 5/3), and 
an effective index of refraction 
n = 0.6. 

The most obvious disadvantage 
of the metal plate lens is evident 
from equation (3) : it is the 
dependence of the equivalent index 
of refraction on the wavelength 
(or frequency). Experimental re- 
sults5 show that a useful band- 
width of not more than 5 per cent 
of the operating frequency can be 
achieved. Vhis important ,lin; " ta- 
tion has led to the development of 
a broad-band lens at the Bell 
Telephone Laboratories8'9'10, in 
which so-called artificial dielec- 
trics are utilized. 

Artificial-Dielectric Lenses 

When an ordinary dielectric is 
placed into an electric field E, 
the dielectric is p larized to the 
extent P = NaeE, where N is 

the number of molecules per unit 
volume, and ae the polarizability 
(always positive). It is customary 
to define a displacement vector 
D = eE = e0E + P where e is 
the permittivity of the dielectric 
and e0 the permittivity of free 
space (e0 = 8.85 x 10-12 farad/ 
metre in the m.k.s. system of 
units). Thus the permitt ty is 
given by 

t Na^ .. • • (4) 
and the dielectric constant is 
given by the ratio 

k. = 1 = 1 + N-* .. (5) 
eo €o 

Similarly, the magnetic per- 
meability is given by 

ft = fi -f N(im . • (6) 
where fi0 is the permeability of 
free space {fi0 = 4* X 10-7 henryy 

metre in the m.k.s. system) and 
am the magnetic polarizability 
(may be positive or negative). 
The relative permeabihty is given 
by the ratio 

,m = Jt = 1 + N> .. (7) 
Mo Po 

The polarizabilities ae and am 

can be calculated for various 
geometric configurations; their 
values may be found in many 
advanced textbooks. The general 
shape of a molecule is usually 
assumed to be spherical; for a 
sphere, ae = 47rc0o3 and am — 
— 2irfi0a

z where a is the sphere 
radius. 

The index of refraction is given 

by   
w = /KeKm • • ' • (^) 

and is independent of frequency a 
the region where the wave- 
length is large compared 
with the size of the parLcles $ 
and the spacing between /II 
them. L ]? 

It is found that an analo- n II 
gous artificial dielectric can , r 
be constructed by repro- I j I 
ducing the molecular struc- J 
ture on a macroscopic scale; ¥ A 
such a dielectric may consist * 
of a lattice of metal spheres ( 
having a radius and separa- 
tion which , are small com- ,-H—11 
pared with the wavelength. 1 

tig. 3. Artificial-dielectric lens 
(cross-section) 

The artificial dielectric will have 
the properties described by equa- 
tions (4) to (8), inclusive. Thus a 
lens like that in Fig. 3(a) may be 
constructed from small metal 

spheres supported as shown. This 
lens will haye the shape and 
action of a solid dielectric lens, 
and yet retain the weight advan- 
tage of the metal plate lens. 
Furthermore, the artifi a dielec- 
tric lens will have an index of 
refraction n = v0lvp which is 
essentially independent of fre- 
quency, except in the range where 
the size and separation of the 
elements become comparable with 
the wavelength. 

To determine the contour of 
this xens, a procedure similar to 
that described in the case of the 
metal plate lens is followed. A 
comparison of paths {cf Fig. 3(b)) 
yields the equation of a hyperbola; 
to transform the spherical waves 
emanating from a point source 
into plane waves, a hyperboloid 
of revolution is needed. It should 
be noted that the ndex of refrac- 
tion n = v0lvp wiD. be greatei 
than 1 for artificial dielectrics, 
since here v0>vii. This relation- 
ship accounts for the difference 
between the shapes of the metal 
plate lens previously described 
and the artificial-dielectric lens. 
The action of the latter is to delay 
the portion of the wavefront 
passing through the middle of the 
lens with respect to that passing 
through the edge, and this lens is 
therefore sometimes designated 
as a " delay lens." 

The index of refrac on of an 
artificial dielectric consisting of 
small spherrs (radius a) is g /en, 
from equatic 1 (8), by  

w = y'(i + 477-Aa3)(i —2irNa3) (9 

 ' , Jif+x)* - f > x 
V0 

+ Vp 

l) + 2/x(n - O-y1 = 0 . 
(hyperbola) 

where N is the number of spheres 
per unit volume. It is seen that 
the value of n is reduced by the 
factor introduced .1 the second 
bracket under the radical. This 
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Microwave Lenses-
reduction can be eliminated if 
particles are used which are thin 
in the direction of propagation, 
and thus do not disturb the 
magnetic field. For such elements 
the ·index of refraction is given 
simply by 

I 

n=v~ee= /I+Nae .. (IO) ,'\.f €o 
The spheres of Fig. 3(a) are 

replaced by thin metal discs 
lying in vertical planes which are 
normal to the plane of the paper. 
Such a lens was first proposed by 
Kock8• The discs may be made 
of copper foil and affixed to thin 
slabs of polystyrene foam.* The 
polarizability of a disc of radius a 

Fig. 4· Artificial-dielectric 
lens (metal strip type) being 

assembled. 

is given by· ae = I6£ 0a3/3 and the 
index of refraction is accordingly 

n =~I + 1
3

6 
a3N (II) 

where N is the number of discs 
per unit volume. This lens, like 
the lens consisting of spherical 
elements, will beam waves of any 
arbitrary polarization, provided 
the elements are arranged isotro
pically. 

If waves of only a single polari
zation need be considered, metal 
strips may be substituted for the 
discs. With reference to Fig. 3, 
these strips would extend hori
zontally, standing on edge in a 
vertical plane normal to the plane 
of the paper. One way of con
structing such a lens is to stack 
" Styrofoam " slabs as shown in 
Fig. 4· Each slab is milled to accept 

* This material, known commercially as 
"Styrofoam " and I!lanufactured by the Dow 
Chemical Company, has found wide application 
in antenna work because it is very light (yet 
comparatively rigid) and has a dielectric constant 
which differs only very slightly from that of 
ireespace. 
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metal strips of varying lengths 
(cf. Fig. 5) and arranged to give 
the desired hyperbolic contour. 
The polarizability of a strip of 

Fig. 5· Element or metal strip 
type lens. 

width d is given by :18 = 7T£ 0d2/4 
and the index of refraction is 
therefore 

n = ..JI + ~d2N (12) 

where N is now the number of 
strips per unit area, looking on 
edgewise. 

The assembled lens is shown in 
Fig. 6; designed for operation at 
3 em, it has a focal length of 17 ~ 

. and an index of refraction ·of 
n = I.375· 

The Bell Telephone Company's 
microwave relay systems at present 
utilize both the metal plate and 
the artificial-dielectric Hms : the 
former on the New York-Boston 
line, and tbe latter on the New 
York-Chicago line. 

Path-Length Lenses 
Since · the above was written, 

still another type of delay lens 

Fig. 6. Artificial-dielectric lens 
fully assembled. 

has been developed at the Bell 
Telephone Laboratories: the path
length lens11• This lens, which has 
the over-all hyperbolic contour of 
Fig. 3(b), comprises corrugated 
metal plates arranged horizontally, 
...;>r fiat plates supported at an 

angle with the horizontal. Either 
arrangement serves to "delay" 
the part of the wavefront passing 
through the centre of the lens with 
respect. to that passing through 
the edge, thus giving focusing 
action. The main advantage of 
the new lens, as compared with 
the delay lens previously described, 
is simpler construction. The 
path-length lens retains the broad
band characl:eristics of the earlier 

, type and even improves upon 
them at the high-frequency end by 
eliminating dispersion and refrac
tion ; the only requJrement is 
that the verticp.l spacing between 
the plates must be smaller than 
>..jz for the highest frequency 
desired. 
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"Electrons in Triodes," the second 
of a series of educational booklets being 
produced by Ediswan, is now available 
gratis to radio societies, - education 
authorities and other bona fide bodies. 
This 48-page booklet outlines briefly 
the historical development · of the 
triode and gives an explanation of its 
working principles. The first booklet 
in the series covered diodes and subse
quent issues will deal with screened 
grids, pentodes, beam tetrodes, fre
quency changers and multiple diodes. 
Requests for copies should be sent to 
the Ediswan Electric Co., 155, Charing 
Cross Road, London, W.C.2 .. 
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Microwave Lenses— 
reduction can be eliminated if 
particles are used which are thin 
in the direction of propagation, 
and thus do not disturb the 
magnetic field. For such elements 
the index of refraction is given 
simply by 

i + N- 

The spheres of Fig. 3(a) are 
replaced by thin metal discs 
lying n vertical planes which are 
normal to the plane of the paper. 
Such a lens was first proposed by 
Kock8. The discs may be made 
of copper foil and affixed to thin 
slabs of polystyrene foam.* The 
polarizability of a disc of radius a 

Fig. 4. Artificial dielectric 
lens (metal strip type) being 

assembled. 

is given by - ae = i6e0a3/3 and the 
index of refraction is accordingly 

w = ^ : + ''' (II) 

where JV is the number of discs 
per unit volume. This lens, like 
the lens consisting of spherical 
elements, v 11 beam waves of any 
arbitrary polarization, provided 
the elements are arranged isotro- 
pically. 

If waves of only a single polari- 
zation need be considered, metal 
strips may be substituted for the 
discs. With reference to Fig. 3, 
these sti ps would extend hori- 
zontally, standing on edge in a 
vertical plane normal to the plane 
of the paper. One way of con- 
structing such a lens is to stack 
" Styrofoam " slabs as shown in 
Fig. 4. Each slab is milled -o accept 

' Tt.. m ena known commercially as 
"Styroff " and manufactured by the Dow 
Chemical Company, has found wide application 
n antenna work because it is verj ight (yet 

comparatively rigid) and has a dielectric anstant 
which differs only very slightly from that of 
tree space. 

metal sb ps of vanTng lengths 
{cf. F'g. 5) and arranged to give 
the desired hyperbolic contour 
The polarizaoi'ity of a strip of 

Fig. 5. Element or metal strip 
type lens. 

width d is given by jte = 7re0af2/4 
and the index of refraction is 
therefore 

n = + ~d2N .. (12) 

where iV is now the number of 
strips per unit area, looking on 
edgewise. 

The assembled lens is shown in 
Fig. 6; designed for operation at 
3 cm, it has a focal length of 17 A 
and an ndex of refraction of 
n = I-375- 

The Bell Telephone Company's 
microwave relay systems at present 
utihze both the metal plate and 
the artificial-dielectric lens: the 
former pn the New York-Boston 
line, and the latter on the New 
York-Chicago line. 

Path-Length Lenses 

Since the above was written, 
still another type of delay lens 

Fig. 6. Artificial-dielectric lens 
fully assembled, 

has been developed at the Bell 
Telephone Laboratories ; the path- 
length lens11. This lens, which has 
the over-all hyperbolic contour of 
Fig- 3(t>). comprises corrugated 
metal plates arranged horizontally, 
-or flat plates supported at an 

angle with the horizontal. Either 
arrangement serves to delay " 
the part of the wavefront passing 
through the centre of the lens with 
respect- to that passing through 
the edge, thus giving focusing 
action. The main advantage of 
the new lens as compared with 
the delay lens previously described, 
is simpler construction. The 
path-length lens retains the broad- 
band characteristics of the earlier 

• type and even improves upon 
them at the high-frequency end by 
eliminating dispersion and refrac- 
tion ; the only requirement is 
that the vertical spacing between 
the plates must be smaller than 
A/2 for the highest frequency 
desired. 
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9 Kock, W. E., " Artificial 
dielectric lenses for microwaves." 
Bell Lab Rec., V61 26, p. 145, 1948. 

10 Kock, W. E., " Broadband lens 
antenna for microwaves," Elec- 
tro '"ics, Vol. 21, p. 108 (April), 1948. 

II Kock, W. E., " Path-length 
microwave lenses," Proc. I.R.E., 
Vol. 37, p. 852, 1949. 

" Electrons in Triodes," the second 
of a series of educational booklets being 
produced by Ediswan, is now available 
grr Is to radio societies, • education 
authorities and other bona fide bodies. 
This 48-page Kooklet outlines briefly 
t ic historical development of the 
trio< and gives an explanation of its 
working principles. The first booklet 
in the series covered diodes and subse- 
quent issues wil1 deal with screened 
grids, pentodes, beam tetrodes, fre- 
quency changers and multiple diodes. 
Requests for copie: should be sent to 
tre Ediswan Electric Co., 155, Charing 
Cross Road, London, W,C.2. 
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AT LAST-
BETTER ALL~DRY MINIATURES . 

Battery Beam Tetrode 

Battery Pent. Vari-Mu 

Type Heater Anode Screen 

Num- Application Voltage Voltage 

ber Volts Amps. Normal Normal 

IT4 Batt. Pent. Vari-Mu 1.4 0.05 90 67.5 

IRS Heptode F.C. 1.4 0.05 90 67.5 

IS4 Batt. Beam Tetrode 1.4 0.1 90 67.5 

ISS Batt. Diode Pen 1.4 0.05 90 67.5 

3S4 Batt. Beam Tetrode 1.4 0.1 90 67.5 
2.B 0.05 

3V4 Batt. Beam Tetrode 1.4 0.1 90 90 
2.B 0.05 

* Conversion Conductance in Micromhos. 

GREATLY advanced engineering techniques 

have enabled us to produce ALL-DRY 

Miniatures that are better in every way. Every 

valve is individually RECEPTION TESTED 

and bears this identifiable seal. 
BRIMAR ALL-DRY Miniatures are suitable for 

every modern All-Dry Portable. 

Full details of their char!lcteristics are shown in 

the table above. 

OR I MAR 
ALL-DRY MINIATURES 

,, 

Grid Anode 
Voltage Curre 
Normal mA 

0/-16 3.5 . 

0/-14 1.6 

-7 7.4 

0 1.6 

-7 7.4 

-4.5 9.5 

Screen Impedance/ 
Current Ohms 

mA 
' 

1.4. 500,000 

3.2 600,000 

1.4 100,000 

0.4 600,000 

1.4 100,000 

2.1 100,000 ' 

STANDARD TELEPHONES AND CABLES LIMITED, FO.O 

Conduc- Optimum Power 
tance Load Output 
mA/V Ohms Watts 

0.9 

300* 

I.SB BOOO 0.27 

0.63 . • 
I.SB BOOO 0.27 

2.15 10000 0,27 

• 
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AT LAST- 

BETTER ALL-DRY MINIATURES 

d 

W ^ 

v\s^0 

et 
6 A e/?f Battery Beam Tetrode otfe 

6® tt0 after "A® 
eafT) Battery Pent. Vari-Mu 

d err At® 0ye 

Application 
Type 
Num- 
ber 

IT4 Batt. Pent. Vari-Mu 

IRS Heptode F.C. 
154 

IS5 

Power 
Output 
Watts 

0.05 

1.4 I 0.05 

67.5 0/-I6 

67.5 0/-I4 

H 
1.4 0.05 

1.4 0.1 
2.8 0.05 

1.4 500,000 | 

3.2 600,000 | 300* 

100,000 | 1.58 

ni ill 1 • 

3V4 Batt. Beam Tetrode 2.8 | 0.05 

* Conversion Conductance in Micromhos. 

REATLY advanced engineering techniques 
have enabled us to produce ALL-DRY 

Miniatures that are better in every way. Every 
valve is individually RECEPTION TESTED 
and bears this identifiable seal. 
BRIMAR ALL-DRY Miniatures are suitable for 
every modern All-Dry Portable. 
"Full details of their characteristics are shown in 

the table above. 

BRIMAR 

ALL-DRY MINIATURES 

100,000 1.58 8000 0.27 

100,000 2.15 10000 0.27 

a. 

^0% 

STANDARD TELEPHONES AND CABLES LIMITED, FOOfSCRAY, SIDCUP, KENT. 
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NEW 

Anti Two NEW 

'QUALITY' MICROPHONES 

M I C n Incorporates a sin tercel 
insert which is more sensitive than 
sound-cell type : substantially 
flat response from 40 to 6,ooo c.p.s. 

MIC 16 Incorporates the well
known floating sound-cell construction. 
Flat response from 30 to Io,ooo c.p.s. 

~ireless ~orld October, I949 

PRESENTS 

F .IDELITY 

The GP. 20 MICROCELL PICK-UP 

The GP. 20 crystal pick-up establishes new standards 

in pick-up design. With provision . for interchangeable 

pick-up head for " long-playing"' records it has the 

foHowing unique advantages ; 

* 20 times greater outpuUhan comparable magnetic types. 

* Automatic b~ss-boost - can be fitted to any domestic 
radio without additional equalisers. . 

* Needle talk and motor rumble negligible. 

* Record wear virtually eliminated. 

* Unbreakable and non-hygroscopic crystal element. 

* Permanent sapphire stylus eliminates needle-change. 

PRICE £2 • 10 • 0 plus 21/Sd. P.T. 

* SEE THEM AT RADIOLYMPIA • STAND 7 DEMONSTRATION ROOM D.IO 

Other acos products: GP. 10 Crystal pick-up- a general purpose mol;lel with patented unbreakable 'crystal 

11ssembly. GP. 12 High Fidelity model pick-up with permanent sapphire stylus and excellent performance. 

GP. 7 Magnetic pick-up head for soundbox replacement. GP. 6 Magnetic pick-up, good performance with rob\lst 

construction. RH. I Disc cutter~head- good performance and modest price for the amateur. RH. 2 High quality 

cutter-head which requires no equaliser circuit. 

COSMOCORO • LIMI. TED • ENFIELD • MID OX • 
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U 

PRESENTS 

FIDELITY 

And two new 

'QUALITY' MICROPHONES 

MIC 22 Incorporates a sintercel 
insert which is more sensitive than 
sound-cell type: substantially 
flat response from 40 to 6,000 c.p.s. 

MIC 16 Incorporates the well- 
known floating sound-cell construction. 
Flat response from 30 to 10,000 c.p.s. 

The GP. 20 MICROCELL PICK-UP 

The GP. 20 crystal pick-up establishes new standards 

in pick-up design. With provision for interchangeable 

pick-up head for "long-playing" records it has the 

following ur *que advantages; 

20 times greater output than comparable magnetic types. 

^ Automatic b^ss-boost — can be fitted to any domestic 
radio without additional equalisers. 

■Jc Needle talk and motor rumble negligible. 

Record wear virtually eliminated. 

Unbreakable and non-hygroscopic crystal element. , 

4c Permanent sapphire stylus eliminates needle-change. 

PRICE £2 ■ 10 • 0 plus 21/5d. P.T. 

4c SEE THEM AT RADIOLYHPIA • STAND 7 DEMONSTRATION ROOM D.IO 

Other acos products: GP. 10 Crystal pick-up — a general purpose moijel with patented unbreakable crystal 
assembly. GP. 12 High Fidelity model pick-up with permanent sapphin stylus and excellent performance. 
GP. 7 Magnetic pick-up head for soundbox replacement. GP. 6 Magnetic pick-up, good performance with robust 
construction. RH. I Disc cutter-head — good performance and modest price for the amateur. RH. 2 High quality 
cutter-head which requires no equaliser circuit. 

COSMO CORD LIMITED E N F I E L D M I D D X . 
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AIR RADIO 
New -V.H.F. Equipment Shown at Farnborough 

T HE exhibition of aircraft 
equipment, which accom
panies the flying display 

held by the Society of British 
Aircraft Constructors at Farn
borough, Rants, revealed an in
terestingly new development in 
the field of v.h.f. radio equipment 
for use in aircraft. Hitherto 
most makers have provided a 
number of alternative channels in 
the one set with some simple form 

Control Unit of Murphy I40-
channel v.h.f. transmitte~-

receiver. In each case one 
knob selects the whole number
and another the decimal part 

of the operating frequency. 

of selecting switch. In recent 
years the tendency has been fQr 
more · and more channels to be 
made available, but this year 
some makers have decided to 
anticipate future requiremen~s and 
provide the maximum number 
possible in the allotted band of 
u8 to r32Mcjs. 

At present the channel separ
ation is fixed at 2ooKcjs, which 
allows for 70 channels and equip
ment giving this .number was 
shown by Standard Telephones. 
The send and receive frequencies 
are crystal · controlled on all 
channels, but individual crystals 
are not used ; indeed, it would 
be uneconomical so to do and 
the circuit is so arranged that 
24 crystals are made to provide 
all the necessary frequency 
~egging. 

On the control box, which 
contains the crystals, are two 
switches, one marked in whole 
numbers of Mcfs from II8 to r3r 
and the other in decimal fractions 
of o.r, 0.3, etc., up to o.gMcfs. 
Selection of the operating channel 
is then made by setting the 
switches to the frequency re
quired, for example, r2o.r, r24.5 
and so on. 

To facilitate channel seleG_tion 
and a void the need for retuning 
circuits, wide-band inter-stage 
couplings are usually employed. 
The Standard jo-channel set uses 
two wide-band transmitter units 
to cover the r4-Mcjs band, the 
remote control unit selecting the 
appropriate transmitter. One re
ceiver unit only is m;ed. 

Murphy were showing a multi
channel v.h.f. set also, but in 
this case they have anticipated 
future needs to the extent of 
providing r4o channels with roo
Kc/s separation. Crystal control 
of both the send and receive fre
quencies is adopted and here 
again comparatively few crystals 
suffice for all purposes,. 

Channel selection is made on the 
basis of the frequency required, 
two switches being employed for 
the transmitter and two foy the 
receiver. One selects the whole 
number of the frequeney between 

Plessey PTR6I lightweight air
craft v.h.f. equipment providing 
six crystal-controlled channels. 

Ekc.o airport installation consist
ing of two transmitters, two 
receivers, power supplies and re-

mote control panel. 

u8 and r3IMcjs, while the other 
selects the decimal fraction. 

The transmitter circuits are, 
in this case, divided into 7 bands 
of 2Mcjs each, while the receiver 
has 5 bands of 3Mcjs and the 
switching automatically selects 
the required cryitals and, _ by 
remote contool, the appropriate 
transmitter and receiver bands. 

A v .h.f. transmitter-receiver 
covering a con3iderably wider 
fn;quency range was shown by · 
Ekco. It has been develqped 
for the Ministry of. Supply and i<> 
capable of prqviding, by rerp.ote 
control alone, some 3r2 c;hannels 
spaced r80Kcjs apart in the band 
roo to 156Mcjs or z8r channels 
with 2ooKcjs s.pacing. The equip
ment is divided into five · units 
compnsmg aerial unit, frans
mittar-receiver, main Gontroller 
and power-1nqdulator r_espectively. 
In addition Ekco had some light
weight v.h.f. equipments pro-
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New V.H.f. Equipment Shown at Farnborough 

tt - f 

THE exhibition of aircraft 
equipment, which accom- 
panies the flying display 

held by the Society of British 
Aircraft Constructors at Farn- 
borough, Hants, revealed an in- 
terestingly new development in 
the field of v.h.f. radio equipment 
for use in aircraft. Hitherto 
most makers have provided a 
number of alternative channels in 
the one set with some simple form 

Control Unit of Murphy :40- 
channel v.h.f. transmitter- 
receiver. In each case one 
knob selects the whole number- 
and another the decimal part 

of the operating frequency. 

of selecting switch. In recent 
years the tendency has been for 
more and more channels to be 
made available, but this year 
some makers have decided t < 
anticipate future requirements and 
provide the maximum number 

ossible in the allotted band of 
118 to 132MC/S. 

At pr sent the channel separ- 
ation h fixed at zooKc/s, which 
allows for 70 channels and equip- 
ment giving this number was 
shown by Standard Telephones. 
The send and receive frequencies 
are crystal controlled on ad 
channels, but individual crystri! 
are not used, indeed, it would 
be uneconomical so to do and 
the circuit is so arranged fhat 
24 crystals are made to provide 
All the necessary frequency 
pegging. 

On the control box, Which 
contains the crystals, are two 
switches, one marked in whole 
numbers of Mc/s from 118 to [31 
and the other in decimal fractions 
of 0.1, 0.3, etc., up to o.qMc/s. 
Selection of the operating chanrel 
is then made by setting the 
switches to the frequency re- 
quired, for example, 120.1, 124.5 
and so on. 

To facilitate channel selection 
and avoid the need for retuning 
circuits, w; le-band inter-stage 
couplings are usually employed. 
The Standard 70-channel set uses 
two wide-band transmitter units 
to cover the 14-Mc/s band, the 
remote control ui t select ig the 
appropriate transmitter. One re- 
ceiver unit only is used. 

Murphy were showing a multi- 
channel v.h.f. set also, but in 
this case they have ant' ipated 
future needs to the extent of 
providing 140 channels with 100- 
Kc/s separation. Crystal comxol 
of both the send and receive fre- 
quencies is adopted and here 
again comparative^ few crystals 
suffice for all purposes,, 

Channel select di Is made on the 
basis of the frequency required, 
two switches being employed for 
the transmitter and two for the 
receiver. One selects the whole 
number of the frequency between 

> 9 j 

Plessey PTR61 lightweight air- 
craft v.h.f. equipment p wid ig 
six crystal-controlled channels. 

Ekco airport installation consist- 
ing of two transmitters, two 
receivers, power supplies and re-, 

mote control panel. 

118 and 131MC/S, wl le the other 
selects the decimal fraction. 

The transmitter circuits are, 
in this case, divided into 7 bands 
of 2Mc/s each, while the receiver 
has 5 bands of sMc/s and the 
switching automatically selects 
the required crystals and, _ by 
remote control, the appropriate 
transmitter and receiver bands. 

A v.h.f. transmitter-receiver 
covering a considerably w ler 
frequency range was show b; 
Ekco. It has been develqped 
for the Ministry 1 f Supply and is 
capable of prqviding, by remote 
control alone, some 312 qhannel 
spaced iSoKc/s apart n the band 
100 to 156MC/S or 281 channels 
with 200KC/S spacing. The equip- 
ment is divided into five units 
comprising aerial unit, trans- 
mitter-receiver, main controller 
and power-modulator respectively. 
In addition Ekco had some light- 
weight v.h.f. equipments pro- 
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Air Radio-
viding up to 21 channels by the 
movement of a single switch. 

There was a new v.h.f. air
craft set shown by Plessey known 
as the PTR61 and which has been 
designed for use where small 
size and low weight are of first 
importance, .with simplicity of 
operation a close second. Six 
spot frequencies, all crystal con
trolled, in the band II6 to 132Mcjs 
are provided, but as crystals can 
be changed easily in the air 
many more channels are poten
tially available. A single control 
suffices to tune simultaneously 
both the transmitter and the 
receivet . The set gives intercom 
facilities for three positions in the 
aircraft. 

For airport use Plessey were 
showing a single-channel crystal 

Redifon 300-watt airport trans':! 
mitter designed for ease of trans

port. 

controlled r.ec.ejver cov~ring 1;r6.to 
I.32Mcjs, while another set of a 
somewhat si~ilar kind was seen 
on the Ekco ~tand. These sets 
are primarily for r-ack mounting 
wit)l sepa.r~te receivers permanent
ly set" up on tb.e vatip.us fr~
q u.encies • used by th~ airport 
where they are i.nstalled. 

Other . v.h.f. equipment seen 
this year ·was a twin -channel 
tral}smitter and receiver in rack . .. 

~ireless ~orld October, I949 

form for airports made by Ekco, 
a so-watt twin-channel trans
mitter, with both transmitters 
taking the same modulation, 
shown by Standard and a IOo-watt 
twin transmitter working on spot 
frequencies in two bands, one 
being n6 to 132Mcjs and the · 
other z.s to 13Mcjs. The last 
mentioned is a Plessey product 
known as the PT16. 

Whilst the predominating in
terest was in the new v.h.f. 
equipment the Gther aspects of 
aircraft communications and radio 
navigation were not entirely for
gotten. For example, Cossor 
Radar had an improved GEE 
ground station and a new minia
ture GEE receiver designed 
especially for small aircraft and 
very simple to operate. All the 
information needed to fly along 
a GEE lattice line is given by a 

. visual " left-right " pointer indica
tor. 

Also for air navigation Ferranti 
showed a prototype vocsion of a 
new Consol and Radio Range 
Receiver, combining alsD facilities 
for r .t. reception in the band 22S 

to SioKcjs. It is a miniature set 
measuring 4 >< 8 x stin only. 

Another aid to air navigation 
was the Cloud and Collision 
Warning · Radar operating in the 
centimetre band made by Ekco. 
Clouds up to 40 miles away are 
clearly visible on the display unit. 

High-power ground transmitters 
for point-to-point communication 
for use as aircraft beacons and for 
long-distance communication with 
aircraft in the medium and high 
frequency bangs, were shown this 
year. Redifon had a 300-watt 
transmitter which, while extre;nely 
robust, can readily be separated 
into three self-contained units 
each under 2oolb in weight. 
This should help i;.o selv~ some of _ 
the difficulties often met with 
when moying heavy equipment to 
remote airfields. 
-~·An output ~f 300 watts is alfio 

given 'J?y tp.e new Cossor Radar 
a_irport trans_mitter which is 
capable of operation over the 
b~nd, r. .s to 20 Mc-js using either 
telephony or c.w. or m.c.w. tele,.. 
graphy. 

A new communi~ations ree.eiver 
£pr grQund use was shown by 
Redifon in the form of a j lNlior 
versiqn of tP,e Rso set. Housed in 
the same cabinet and h~virtg 
most of ~he dist,inctive features 

of this set, it differs primarily in 
the frequency coverage provided. 
In the RsoA, as it is called, the 
coverage is from sBsKcjs to 
32Mcjs in five ranges and one i.f. 
amplifier ~nly is needed, which 
in this case is 46sKcjs. 

Mar~oni AD94 lightweight air
craft communication receiver. 

Another recently introduced 
communications set, designed for 
use in _ aircraft, is the Marconi 
AD94 which is described as a 
high discrimination set in view 
of the small increments of cali
bration actually appearing on the 
extremely long moving tape scales. 
Calibrations are made at intervals 

- of ioKcjs, but much closer reading, 
and ·setting, than . this is possible. 
It covers 2 to 18.sMcjs and ISO 
to SioKcjs. 

For medium and high fre
quency operation in aircraft Mar
coni was showing, among other 
apparatus, a new high-power 
transmitter, the ADio7 giving 
between 100 and 1so watts output 
on ten sppt frequencies in the 
band 2 to I8.s Mcjs and Io to 
rzo watts from 320 to 25oKc/s. 
A qo-watt I 2-channel aircraft 
transmitter for a similar service 
was included in the Standard 
r.ange of aircraft sets. The fre
quency range is 2.8 to 18Mcjs. 

'' WIRELESS WORLD '' DIARY 

ALL available c<?pies of the Wire
less World D1ary for 1950 are 

being distributed by I zth October 
to newsagents and booksellers. The 
new edition of this usefv.l pocket
sized boo,k contains an So-page refer
ence section of technical data and 
general information which has _again 
been revised. New an_d more cop.
venient valve base table.s show the 
conn~ctions of over 6oo valves, and 
v .h.!. aerial data for the orojected 
new B.B.C. services are given. The 
price of the Diary is 3s 4!d, includ
mg purchase tax. 
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Air Radio— 
viding up to 21 channels by the 
movement of a single switch. 

There was a new v.h.f, air- 
craft set shown by Plessey known 
as the PTR61 and which has been 
designed for use where small 
size and low weight are of first 
importance, with simplicity of 
operation a close second. Six 
spot frequencies, all crystal con- 
trolled, in the band 116 to 132MC/S 
are provided, but as crystals can 
be changed easily in the air 
many more channels are poten- 
tially available. A single control 
suffices to tune simultaneously 
both the transmitter and the 
receive^. The set gives intercom 
facilities for three positions in the 
aircraft. 

For airport use Plessey were 
showing a single-channel crystal 

# A 1 
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Redifon 300-watt airport trans- 
mitter designed for ease of trans- 

port. 

controlled receiver covering 116, to 
i,32Mc/s, while another set of a 
somewhat similar kind was seen 
on the Ekco stand These sets 
are primarily for rack mounting 
with separate receivers permanent- 
ly set" up on tbe various fr; - 
quencies 'used by the airport 
where they are installed. 

Others v.h.f, equipment seen 
this year was a twin-channel 
transmitter and receiver in rack 

form for an ports made by Ekco, 
a 50-watt twin-channel trans- 
mitter, with both transmitters 
taking the same modulation, 
shown by Standard and a 100-watt 
twi 1 transmitter woiking on spot 
frequencies in two bands, one 
being xx6 to 132MC/S and the 
other 2.5 to 13MC/S. The last 
mentioned is a Plessey product 
known as the PT16. 

Wh ist the predominating in- 
terest was in the new v.h.f. 
equipment the other aspects of 
aircraft communications and radio 
navigation were not entirely for- 
gotten. For example, Cossor 
Radar had an improved GEE 
ground station and a new minia- 
ture GEE receiver designed 
especially for small aircraft and 
very simple to operate. All the 
information needed to fly along 
a GEE lattice line is given by a 
visual " left-i "ght " pc nter idica- 
tor. 

Also for air navigation Ferranti 
showed a prototype version of a 
new Consol and Radio Range 
Receiver, combining also facilities 
for r.t. reception in the band 225 
to 510KC/S It is a miniature set 
measuring 4 x 8 x 5Jin only. 

Another aid to air navigation 
was the Cloud and Collision 
Warning Radar operating in the 
centimetre band made by Ekco. 
Clouds up to 40 miles away are 
clearly visible on the display unit. 

High-power ground transmitters 
for point-to-point communication 
for use as aircraft beacons and for 
long-distance communication with 
aircraft in the medium and high 
frequency bands, were shown this 
year. Redifon had a 300-watt 
transmitter which, while extremely 
robust, can readily be separated 
into three self-contained units 
each under 2001b in weight. 
This should help i^o solve, some of . 
the difficulties often met with 
when moying heavy equipment to 
remote airfields. 

An output of 300 watts is also 
given by tlxe new Cossor Radar 
airport transmitter which is 
capable of operation over the 
band 1.5 to 20 Mc*/s using eithei 
telephony or c.w. or m.c.w. tele- 
graphy. 

A new communications receiver 
for ground use was shown by 
Redifon in the form of a junior 
version of the R50 set. Housed in 
the same cabinet and having 
xnost of the distinctive features 

of this set, it 
the frequency 
In the R.50A, 
coverage is 
32MC/S in five 
amplifier only 
in this case is 

differs primarily in 
coverage provided, 
as it is called, the 
from 585KC/S to 
ranges and one i.f. 
is needed, which 

465KC/S. 

Marconi AD94 lightweight air- 
craft communication receiver. 

Another recently introduced 
communications set, designed for 
use 11 aircraft, is the Marconi 
AD94 which is described as a 
high discrimination set in view 
of the small ncremehts of cali- 
bration actually appearing on the 
extremely long moving tape scales. 
Calibrations are made at intervals 
of xoKc/s, but much closer reading, 
and setting, than this is possible. 
It covers 2 to 18.5MC/S and 150 
to 510KC/S. 

For medium and high fre- 
quency operation in aircraft Mar- 
con was showing, among other 
apparatus, c- new high-power 
transmitter, the AD 107 giving 
between 100 and 150 watts output 
on ten spox frequencies in the 
band 2 to 18.5 Mc/s and 10 to 
120 watts from 320 to 25oKe/s. 
A 140-watt 12-channel aircraft 
transmitter for a similar service 
was included in the Standard 
range of aircraft sets. The fre- 
quency range is 2.8 to i8Mc/s. 

"WIRELESS WORLD1' DIARY 

ALL available copi-es of the Wire- 
less World Diary for 1950 are 

being distributed by 12th October 
to newsagents and booksellers. The 
new edition of this useful pocket- 
sized boqk contains an 80-page refer- 
ence section of technical data and 
general information which has again 
been revised. New and more con- 
venient valve base tables show the 
connections of over 600 valves, and 
v.h.f. aerial data for the orojected 
new B.B.C. services are given. The 
price of the Diary is 3s 4^d, includ- 
ing purchase tax. 
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MAINS-BATTERY TURNTABLE 
THE public address operator 

finds, in general, a wide 
variety of apparatus from which he 
may choose to suit his needs. If, 
however, he wishes to reproduce 
gramophone records through a 
mobile public address system, such 
as a loudspeaker van, he is forced 
either to purchase a turntable 
which will operate directly from a 
battery supply, or to use one with 
a clockwork motor which requires 
frequent rewinding. 

The ordinary a .c. mains induc
tion turntable forms a part of the 
equipment of most public address 
engineers, and it can quite simply 
be operated by means of a special 
vibrator pack from a 12-volt car 
battery. This device has several 

Suitable 
A .. Simple 
/or Public 

Circuit 
Address Work 

By /. C. HUTCH£SON, M.A. 

motor to the vibrator, into one 
which is·resistive or capacitive. 

It is well known that the break
ing of a current in an inductive cir
cuit causes high e.m.f.s to be set 
up, and in this case if Cis omitted 
heavy sparking occurs at the 
vibrator con,tacts. If C is inserted, 

INDUCTION 
MOTOR 

\ \ 
\ \ 

pedance of the motor and C in 
series is greater, the motor torque 
is less. Thus a value of C must 
be struck which eliminates spark
ing, while not unduly reducing the · 
torque. 

=--~:::::::~~-~~t---,...._._-410( l'I 
(( 

A preliminary estimate of the 
aproximate value of C can be 
made by assuming a vibrator fre
quency of roo cIs and calculating 
a value of C which will have· the 
same reactance as the inductive 
reacta!fce of the motor. The 
latter can be calculated (if we 
ignore such things as change of 
phase angle with load) from a 
knowledge of the power con
sumed, the supply voltage and the 
d.c. resistance of the windings. 
In a particular case, the calcu
lated value turned out to be 
0.34 ,uF, and in practice a value of 
0.25 ,uF was found to be satis
factory. 

Circuit diagram of gramophone 
motor operating from a.c. mains or 

car accumulator. 

advantages over the use of a rotary 
converter. The initial cost is lower, 
there is a moderate saving in size 
and weight, the noise is very much 
less and there is considerable re~ 
duction in current consumption. 

The apparatus consis~ of a non
synchronous vibrator, a vibrator 
transformer with . a centre-tapped 
primary and a nui:nber of small 
condensers. All these can be com
fortably accommodated under the 
motor board of the · normal turn
table with the exception of the 
vibrator, which may .be arranged 
to plug in through the board and 
thus be readily changeable. 

The · circuit, which is given 
abo·ve, is basically the same as that 
of a normal power pack giving an 
unsmoothed output of 230 volts 
a.c. at the vibrator frequency of 
about roo cIs. There is, however, 
an important modification which 
consists of the condenser C in 
series . with the motor winding. 
This has the effeCt of turning the 
inductive load, presented by the 

12V 
BATTERY 

230V 
A. C. 

MAINS 

however, and a suitable value dis
covered by trial and error, the 
sparking can be reduced to neg
ligible proportions. Under these 
conditions the vibrator remains 
cool and does not burn out. With 
values of C below that giving re
sistive conditions, there is nq 
further alteration in the amount 
of sparking, and, as the total im-

PROXIMI'l'Y 
METER 

THIS instrument, illustrated 
here, has many ind:ustrial 

applications for the control of • 
thickness and composition in 
non-conducting films, the set
ting up of machine tools, etc. 
It functions on the measu~e

ment of minute changes of 
capacitaQce and has a sensi
tivify of o.orpF. 

The manufacturers of the 
meter are Fielden (Electronics), 
Holt-Town Works, Manches
ter, ro. 

,• 

The current taken by the 
vibrator pack from a 12-volt bat
tery is a little under 3 amps. This 
vibrator pack has had many hours 
of use and continues to function 
very satisfactorily. Similar 
methods could, no doubt, be em
ployed for the running of other 

· small mains motors from a low
voltage d.c. source. 
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MAINS-BATTERY TURNTABLE 

"PHE public address operator 
finds, in general, a wide 

variety of apparatus from which he 
may choose to suit his needs. If, 
however, he wishes to reproduce 
gramophone records through a 
mobile public address system, such 
as a loudspeaker van, he is forced 
either to purchase a turntable 
which will operate directly from a 
battery supply, or to use one with 
a clockwork motor which requires 
frequent rewinding. 

The ordinary a.c. mains induc- 
tion turntable forms a part of the 
equipment of most public address 
engineers, and can quite simr ly 
be operated by means of a special 
vibrator pack from a 12-volt car 
battery. This device has several 

A Simple Circuit 

Suitable for Public Address Work 

By I. C. HUTCHESON, M.A. 

motor to the vibrator, into one 
which is-resistive or capacitive. 

It is well known that the break- 
ing of a current in an inductive cir- 
cuit causes high e.m.f.s to be set 
up, and in this case if C is omitted 
heavy sparking occurs ^ at the 
vibrator contacts. If C is inserted. 

INDUCTION 
MOTOR 

VIBRATOR 
|o-Oi/i,F Jo-Ol/iF (seeSext) 

>N-^»—-i» 
12V 

battery 

Circuit diagram of gramophone 
motor operating from a.c. mains or 

car accumulator. 

advantages over the use of a 'otary 
converter. The initial cost is lov >r, 
there is a moderate saving in size 
and weight, the noise is very much 
less and there is considerable re- 
duction in current consumption. 

The apparatus consists of a non- 
synchronous vibrator, a vibrato 
transformer with a centre-tapped 
primary and a number of small 
condensers. All these can be com- 
fortably accommodated under the 
motor board of the normal turn- 
table with the exception of the 
vibrator, which may be arranged 
to plug in through the board and 
thus be readily changeable. 

The- circuit, which is given 
above, is basically the same as that 
of a normal power pack giving an 
unsmoothed output of 230 volts 
a.c. at the vibrator frequency of 
about 100 c/ s. There is, however, 

. an important modification which 
consists of the condenser C in 
series with the motor winding. 
This has the effect of turning the 
inductive load, presented by the 

;o-oijaF 
ff 

however, and a suitable value dis- 
covered by trial and error, the 
sparking can be reduced to neg- 
ligible proportions. 1 nder these 
conditions the vibrator remains 
cool and does not burn 011 With 
values of C below that giving re- 
sistive conditions, there is no 
further alteration in the amount 
of sparking, and, as the total vm- 

PROXIMITY 

METER 

THIS instrument, illustrate . 
here, has many industri,. 1 

applications for the contr of 
thickness and composition 1 
non-conducting films, the set- 
ting up of machine tools, etc. 
It functions on the measure- 
ment of minute changes < f 
capaoitaiice and has a sensi- 
tivity of o.oipF. 

The manufacturers of the 
meter are Fielden (Elcw 01. cs), 
Holt-Town Works, Manches- 
ter, 10. 

pedance of the motor and C in 
series is greater, the motor torque 
is less. Thus a value of C must 
be struck which eliminates spark- 
ing, while not unduly reducing the 
torque, 

A prelinxinary estimate of the 
aproximate value of C can be 
made by assuming a vibrator fre- 
quency of xooc/s and calculating 
a value of C which will have the 
same reactance as the induclive 
reactance of the motor. The 
latter can be calculated (if we 
ignore such things as change of 
phase angle with load) from a 
knowledge of the power con- 
sumed, the supply voltage and the 
d.c. resistance of the windings. 
In a particular case, the calcu- 
lated value turned out to be 
0.34 /j-P, and in practice a value of 
0.25 fj-F was found to be satis- 
factory. 

The current taken by the 
vibrator pack" from a 12-volt bat- 
tery is a little under 3 amps. This 
vibrator pack has had many nours 
of use and continues to function 
very satisfactorily. Similar 
methods could, no doubt, be em- 
ployed for the running of other 
small mains motors from a low- 
voltage d.c. source. , 
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NATIONAL RADIO EXHIBITION, 1949 
OLYMPIA, LONDON. Wednesday, 28 SEPTEMBER, to Saturday, 8 OCTOBER 

(Open daily, except Sunday, II a.m.-10 p.m. Admission 2/6) 

Alphabetical List of Exhibitors and Guide to the Stands 
Name 

A.W.F. 
Ace 
Acos (Cosmocord) .. · 
Acoustical Mfg. . . · 
Acrylite (Motor and Air) . • 
Admiralty . 
Advance 
Aerialite 
Airmec 
Alba (Balcombe) 
Albion .. 
Ambassador (Fitton) 
Amplion 
An tiference 
Armstrong 
Aura tone 
Avo (Automatic Coil Winder) 

B.B.C. 
B.R.E.M.A. 
B.R.V.M.A. 
B.S.R. 
B.T.H. 
Bafflette (Allan Radio) 
Baird (Scophony) 
Barclays Bank 
Beethoven 
Belclere (Bell & Croyden) 
Belling-Lee 
Bernards 
B.I. Callender's 
Board of Trade 
Brimar (Standard) 
Brit. Moulded Plastics 
British Railways 
Brown Bros. 
Bulgin 
Bumdept 
Bush 

Celestion 
Ghampion 
Chloride 
Collaro · 
Concordia 
Connoisseur (~gden) 
Cossor . . · .. 

Stand 

203 
21 
7 

9I 
I64 

73 
209 

62 
rs6 
44 

Tio 
So 
20 
64 
92 

TI6 
8s 

I5I 
2JI 
2I4 

8I 
I78 

49 
27 

I66 
II 

3 
25 

2I7 
55 
Si: 
6o 
22 

I7I 
TI:z 

I 

I72 
66 

87 
26 
I9 
6I 

5 
207 

35 

Name 

D.S.I.R. 
"Daily Mail" 
Dallas 
Decca 
Defiant (Co-op W. Soc.) 
Dibben 
Dubilier 
Dynatron 

Stand 

52 
220,22I 

T8 
41 
28 

T2o 
82 

2 

E.I.B.A. . • . . • . . . TI6A 
E.M.I. .. .. .. .. 67 
E.R.I.C. . . . . . . • . I8I 
Econasign . . . . . • • . I 6g 
Eddystone (Stratton) . . • . 182 

- Ediswan . . . . . . . . 47 
Eelex (Eastick) • . . . . . T3 
Ekco (E. K. Cole) • . 58, I53 
" Electrical & Radio Trading " TI4 
Electron (New London) . • g8 
" Electronic Engineering " . . I 55 
Erie . . . • . . . . 86 
Etronic (Hale) . . . • . . 68 
" European Radio "Programme " 94 
Ever Ready . . . • • • 46 

Ferguson 
Ferranti 
}<'ranklin 

G.E.C. 
G.P.O. 
Gamma 
Garrard 
General Sonic 
Goldring (Scharf) 
Gooqmans .. 
Grampian 

H.M.V. (Gramophone Co.) 
Haynes .. 
Hazlehurst .. 
Hobday 
Houghton & Osborne 
Hunt 
Imhof 
Invicta 

Judge 

40 
43 

204 

38, I75 
30I 

4 
79 

74A 
97 

6 
90 

57 
9 

205 
Trs 

93 
I7 

8g, 183 
71 

206 

Name · Stand 

K.B. . . . . • • . . 65 
Keith Prowse . • • • . . 1<>4 
Kerry's . . . . • • . . Tr 
Kleergaze (Levene) • • . . I58 

L.E.S. . . . . . . . . Tr7 
L. & P. Factors . . . . . . TII 
Lectrona (Acoustic Products) . . 208 
Lee . . . . . . . . . . 157 
Uoyds Bank . . • . . . 162 
Long & Hambly . • . . . . 14 
Lowther . . . • . . • . I 6 5 
Lugton . • . • . • • . T7 

M.S.S. 
McMichael 
Magnavista (Metro-Pex) 
Marconi .. 
Marconi Inst. 
Marconi phone 
Martins Bank 
Masteradio .. 
Metrovick 
Midland Bank 
Min. of Civil Aviation 
Min. of Supply 
Mullard 
Multicore .. 
Murphy 

National Prov. Bank 
Nettlefolds (Guest-Keen) 
Norman (Rose) 

Oldham 
Ossicaide (V. A. Foot) 

76 
70 
10 

I74 
I 54 
48 

159 
41 

179 
16r 

33 
54 

.. 36, IJ6, 210 
83, 84 

56, 1oo 

163 
185 
T6 

2J8 
170 

Peerless • • • • • • • . I 5 
Petter . . . • • • • . Tr8 
Philco • • . . . . . . 39 
Philips . . . . . . . . 34 
" Pianomaker, Music Seller & 

Radio Retailer" . . . . TI3 
Pilot . . . . . . . . 45 
Plus-a-Gram (Margolin) • . 102 
Polar (Wingrove & Rogers) • . 212 
Portogram . . . . . . 99 

Name 

" Practical Wireless " 
Pye 

Qualrad 

R.A.F. (Air Ministry) 
R.C.E.E.A. .• 
R.E.M.E. (War Office) 
R.G.D. .. .. 
R.W.F. 
Radiomobile 
Regen tone 
Roberts 
Rola (Brit. Rola) 
Romac 
Rota-Time 
Royal Si~als (War Office) 

Scott 
Scott Wire .. 
Servisol 
Shannons & Bishop 
Simon 
So bell 
Standard 

T.C.C. 
Taylor 
Telcon (T.C.M.C.) 
"Television Weekly" 
Trix 
Truvox 

Ultra · 

Vidor 
Vita vox 

W.B. (Whiteley) 
Wearite (Wright & Weaire) 
Webber . . . . 
Westin~house .. 
Westmtn!>trr Bank 
Weston (Sangamo) 
Wbarfrciale 

Stand 

100 
72, I8o 

202 

74 
I 52 

53 
37 

.. T9 
42 
59 
g6 

87A 
88 

I03 
32 

20I 
8 

2J6 
TI9 
213 

23, 24 
173 

75 
16 
30 

168 
IOI 

I8 

78 

69 
12 

77 
63 
T2 

177 
167 
2I9 
215 

Winter Trading 
" Wireless & Electrical Trader " 
" Wireless World" 

T5 
T4 
29 
13 Wolsey 
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NATIONAL RADIO EXHIBITION, 1949 

OLYMPIA, LONDON. Wednesday, 28 SEPTEMBER, to Saturday, 8 OCTOBER 

(Open daily, except Sunday, II a.m.—10 p.m. Admission IjS) 

Alphabetical List of Exhibitors and Guide to the Stands 

Name 

A.W. F  
Ace 
Acos (Cosmocord) 
Acoustical Mfg. 
Acrylite (Motor and Air) ., 
Admiralty .. .. 
Advance 
Aerialite .. .. 
Airmec .. 
Alba (Balcombe) 
Albion 
Ambassador (Fitton) 
Amplion 
Antiference 
Armstrong 
Auratone 
Avo (Automatic Coil Winder) 

B.B.C.   
B.R.E.M.A. 
B.R.V.M.A. , 
B.S.R. 
B X H 
Bafflette (Allan Radio) 
Baird (Scophony) 
Barclays Bank 
Beethoven 
Belclere (Bell & Croyden) 
Belling-Lee 
Bernards 
B.I. Callender's 
Board of Trade 
Brimar (Standard) 
Brit. Moulded Plastics 
British Railways 
Brown Bros. 
Bulgin 
Bumdept 
Bush 

Celestion 
Champion 
Chloride 
Collaro 
Concordia 
Connoisseur (Sugden) 
Cossor 

Stand Name 

D.S.I. R  
"Daily Mail" .. .. 2 
Dallas 
DeCCa 

Defiant (Co-op W. Soc.) .. 
Dibben 
Dubilier 
Dynatron 

E.I.B. A  
E.M.I  
E.R.I.C  
Econasign 
Eddystone (Stratton) 
Ediswan 
Eelex (Eastick) 
Ekco (E. K. Cole) 
" Electrical & Radio Trading " 
Electron (New London) 
" Electronic Engineering " 
Erie 
Etronic (Hale) 
" European Radio Programme " 
Ever Ready 

Ferguson  
Ferranti 
Franklin 

G.E.C. 
G.P.O. 
Gamma 
Garrard 
General Sonic 
Goldring (Scharf) 
Goodmans 
Grampian 

H.M.V. (Gramophone Co.) 
Haynes 
Hazleburst .. 
Hobday 
Houghton & Osborne 
Hunt 
Imhof 
Invicta 

Judge 

Stand 

52 
220, 221 
.. T8 

. Ti6A 

. 67 

. 181 
169 
182 
47 

• T3 
58, 153 

T14 
.. 98 
• • 155 

86 
68 

38, 175 
• • 301 

57 
9 

.. 205 

.. T15 
• • 93 

17 
89, 183 

71 

.. 206 

Name 

K.B. 
Keith Prowse 
Kerry's 
Kleergaze (Levene) 

L.E.S  
L. & P. Factors 
Lectrona (Acoustic Products 
Lee 
Lloyds Bank 
Long & Hambly 
Lowther 
Lugton 

M.S.S. .... 
McMichael 
Magnavista (Metro-Pex) .. 
Marconi 
Marconi Inst. 
Marconiphone 
Martins Bank 
Masteradio 
Metrovick 
Midland Bank 
Min. of Civil Aviation 
Min. of Supply 
Mullard 
Multicore 
Murphy 

National Prov. Bank 
Nettlefolds (Guest-Keen) 
Norman (Rose) 

Oldham 
Ossicaide (V. A. Foot) 

Peerless 
Petter 
Philco 
Philips 
" Pianomaker, Music Seller 

Radio Retailer " 
Pilot 
Plus-a-Gram (Margolin) 
Polar (Wingrove & Rogers) 
Portogram 

Stand 1 Name 

33 
54 

36, 176, 210 
83. 84 

56, 160 

Stand 

" Practical Wireless " 
Pye 

Qualrad  

R.A.F. (Air Ministry) 
R.C.E.E.A. 
R.E.M.E. (War Office) . 
R.G.D  
R.W.F  
Radiomobile 
Regentone 
Roberts 
Rola (Brit. Rola) .. 
Romac 
Rota-Time 
Royal Signals (War Office) 

Scott 
Scott Wire 
Servisol 
Shannons & Bishop 
Simon .. 
Sobell 
Standard 

T.C.C.   
Taylor 
Telcon (T.C.M.C.) .. 
" Television Weekly " 
Trix 
Truvox 

Vidor 
Vitavox 

W.B. (Whiteley) 
Wearite (Wright & Weaire) 
Webber 
Westinghouse 
Westminster Bank 
Weston (Sangamo) 
Wharfedale 
Winter Trading 
" Wireless & Electrical Trader 
" Wireless World " 
Wolsey 

201 
8 

216 
T19 
213 

23> 24 
• 173 

www.americanradiohistory.com

www.americanradiohistory.com


-cRAND HALL 
GALLERY 

0 
C) ...... 
0 
0" 

~ 
lo4 

'C 
~ 
'C 

=e .. 
~ -~ fll 
fll 

~ 

. D HALL ANNEXE 
GRAN _ · · zo•·• ~ 

COMMUNAL ~ 

0.10----,.. T.S TA T.J T.2 T.l . ~<"-15 14 

1 c::: ~~iJ921J- 32 ~"ll~~ ~ ~~~ ~"'>•;~·~>,;;?" 52 51 
33~30~~:::::,.~~~~~ 7 ~~~~?~ ~ ~~~~~43 t:9TIO.,. ".:.c~TI7. T.IS· · 7J> ~./56...::- ,~<1;.~ 38 :;----:,~.c-2~<:::::,. ' T.II>-.2 T.l4 74 ~~,/7~c57~~~4 ;?4sC::S CA~</i.~Z23- . ~ .T'l> 9.::3: <:"'b -.~<"7o~ 58 ~h~~~· 4 /4~ 2 

tl6 < /74.A~:"::<IQ:;, <:;Zb<'?~<(,q:::c:: 59 ~0..:::: 43 ./

42

::::-::"--./ 

.,., ,... <:a9:::,. AR:'-'-..> ....--7R~ <6e~ .~ <l>r·-..::: ~ ./I~ RANCE 

9 92Q394gs~7.A~~~ <66~~ . """'A"oi;;"soN ROAD ENT 

. ~~~<.::e~~~-64~ . 

_,~~~~oQ>-;t·::s~BP~ GRAND HALU ~ .::., ~ ~~ ' · ational HaD 

..::: lsz--. ~ In the N t shown):-
B. B. C. , ......_.....__.., <i7s~ 15

5 

156 157158 Gall<;<Yvt!.;ng Galle'}', 

. ~ TELEVISION , ~' ~~ 77 159 ~tu~~ O. (Stand 3.:::~ 
_,..,. ~TUDIO ,' 151 174 ~~~/160..:::: -.> .,.;dano~erCo":ue. 

I , ~ ~~y: TelOVlSton Av 

. ~ •• ';~~~~~~85~~::~2~~N·Aa~-J~I O~N~A~~LH~:A· :~=~':======-=-RoAD ENTRANCE '- <!7~~6~ -~~~6~ 
HAMMERSMITH ~ 167. ~ 183 <-:./ . 

I 166 165 -

TELEVISION S: 
I 

~ 

1 £ 

GRAND HALL 

GALLERY 

GRAND HALL ANNEXE 

^D-26- 7 - 

RECEPTION FOR 
OVERSEAS VISITORS 

f ^ 

><CD.II- 
D.IO-^- 

:5C§:5^c^325>S®>9—o 

B. B.C. 
TELEVISION 

STUDIO 

.63-> ADDISON ROAD ENTRANCE 
<64> 43> 

HAMMERSMITH ROAD ENTRANCE 

GRAND HALL 

■ CI70. 

•I85^>/I6l 

<k^Akiky^ 

NATIONAL HALL 

In the National Hall 
Gallery (not shown):— 
Studio Viewing Gallery, 
G. P. 0. (Stand 301), 
and another Communal 

Television Avenue. 

www.americanradiohistory.com

www.americanradiohistory.com


Air view of Olympia 
(Hammersmith Road, 

London, W.14.) 

I N preparing our "Guide to the Show~~ we have 
this year adopted a different method of presenta

. tion in the belief that it gives a more compre
hensive view of the present activities of the firms 
represented, both for the visitor to the show and those 
who will have to depend on the pages of Wireless 
World. All the main products · of the radio industry 
are classified under convenient headings, and the 
exhibitors of any particular product, with their stand 
numbers, can be\found in a moment. These tables, 
whicli are on pp 379-382, are as complete as they can 
be up to the time of going to press. 

It is not easy· to pick outstanding features frqm the 
mass of information obtained from manufacturers, 
b11t it would appear that the return of the television~ 
broadcast-radiogramophone set is the feature of 
Radiolympia, 1949, which, organized by the Radio 
Industry Council, is the sixteenth in the. series. There 
will, of course, be the usual "surprise" items, details 
of which have been kept closely guarded by manu-
facturers until the show opened. · 

Television and Sound Distribution 

Television is the piece de resistance, and nearly 40 
manufacturers are exhibiting sets. Special arrange
ments have been made to provide visitors with 
facilities for viewing both the transmitted scene and 
the received picture. The B .B.C. television studio 
in the National Hall, which is more than twice the 
size of the entire studio space at Alexandra Palace, 
is overlooked by a · glass-enclosed gallery from which 

,yis1tors can watch rehearsals and performances. The 
studio equipment includes three of the new C.P.S. 
Emitron cameras. -

Additional floor space and improved arrangements 
for the viewing of a variety of receivers in the tele
vision communal demonstration avenues in the two 
galleries have been provided this year. In a<ldition 
to these, a number of manufacturers have their own 
demonstration . rooms where both sound and vision 
receivers are demonstrated. A list of these is given 
at the end of the numerical list of stand holders on 
p. 384. 

As already announced, a radio-frequency distribu
tion systein js fed to the demonstration rooms. Long
and medium-wave transmissions picked up by an 
aerial erected on the roof of the hall are fed by r.f. 
to these rooms, thus enabling visitors to assess the 

~ireless ~orld October, I949 

CLASSIFIED 
Principal Classes 

of Exhibits 
at a Glance 

overall response of broadcast receivers instead of 
just the a.£. output as has been the case at previous 
exhibitions. In conjunction with this system, a 
specially recorded programme of speech and music 
is distributed on 767 kc/s (391. I metres)-the fre
quency of the Scottish Home Service, . which is not 
normally receivable at an entertainment value in 
London. 

Our tabular guide to the show deals only with the 
commercial exhibits. There are, in addition, a number 
of stands occupied by non-commercial producers arid 
users of radio and electronic equipment including 
the Ministries qf Supply, Air and Civil Aviation, the 
D.S.I.R., G .P.O., Board of Trade and the Armed 
Forces. One section of the Post Office exhibit, which 
is located on a large site in the National Hall Gal
lery, is devoted to a display dealing with the sup-

. pression of electrical interference. An Interference 
Information Bureau is also provided. In another 
sectwn a Post Office coast station is reproduced and 
visitors can see how distress calls from ships are dealt 
with. The part played by the Post Office in the 
extension of the television service to the Midlands
the provision of the radio and cable links-is also 
shown. 

The cathode-ray direction-finding equipment for 
the location of thunderstorms, as used by the fore
casting stations of the Meteorological Office at Dun
stable, Camborne, Leuchars and Irvinestown, is being 
demonstrated by the Department of Scientific and 
Industrial Research. The D.S.I.R. is also showing 
the apparatus used by its Radio Research Station at 
Slough for ionospheric sounding. 

Radio research and development work undertaken 
at the various establishments of the Ministry of Supply 
are featured on Stand 54· Among the equipment 
shown is a pulse ~ode modulator designed to code and 

1 decode speech and automatic frequency-selecting 
mechanism for airborne transmitter-receivers. 

Groupd controlled Approq.ch equip~ent (G.C.A.) is 
shown on the stand of the MinistiY,. of Civil Aviation 
to demonstrate it~ use at London Airport. Visitors 
can watch the course of a model aircraft as it comes 
in to land and at the same time see the " blips ~~ on 
the G.C.A. screen. 

The War Office has two stands. One is devoted 
to a display showing the diversity of wireless equip
ment used by the Arm:y. It .includes . the latest 
"walkie-talkie" (No. 88) receiver which is frequency 
modulated. This stand is staffed by Royal Signals. 
The maintenance of Army telecommunication and 
electronic control equipment is the responsibility of 
R.E.M.E., and members of the Corps are demon-

378 Wireless World October, 1949 

Air view of Olympia 
(Hammersmith Road, 

London, W.14.) 

IN preparing our "Guide to the Show" we have 
this year adopted a different method of presenta- 

■ tion 1 a the belief that it j ves a more compre- 
hensive view of the present activities of the firms 
represented, both for the visitor to the show and those 
who will have to depend on the pages of Wireless 
World. All the mai l products of the radio industry 
are classified under convenient headings, and the 
exhibitors of any particular product, with their stand 
numbers, can be\found in a moment. These tables, 
which are on pp 379-382, are as complete as they can 
be up to the time of going to press. 
* It is not easy to pick outstanding features frqm the 
mass of information obtained from manufacturers, 
but it would appear that the return of the television- 
broadcast-radiogramophone set is the feature of 
Radiolympia, 1949, w] ch, organized by the Radio 
Industry Council, is the sixteenth in the, series. There 
w 1, of course, be the usual " surprise " items, details 
of wh ;h have been kept closely guarded by manu- 
facturers unt the show opened. 

Television and Sound Distribution 

Television is the piece de resistance, and nearly 40 
manufacturers are exhibiting sets. Special arrange- 
ments have been made to provide visitors with 
facilities for viewing both the transmitted scene and 
the reci ved picture. The B.B.C. television studio 
in the National Hall, which is more than twice the 
size of. the entire studio space at Alexandra Palace, 
is overlooked by a glass-enclosed gallery from which 
visitors can watch rehearsals and performances. The 
studio equipment includes three of the new C.P.S. 
Emitron cameras. 

Additional floor space and improved arrangements 
for the viewing of a var ty of receivers in the tele- 

vision communal demonstration avenues in the two 
galle: es have been provided this year. In addition 
to these, a number of manufacturers have their own 
demonstration, rooms where both sound and vision 
receivers are demonstrated. A list of these is given 
at the end of the numerical list of stand holders on 
P- 384- 

As already announced, a radio-frequency distribu- 
tion system i fed to the demonstration rooms. Long- 
and medium-wave transmissions picked up by an 
aerial erected on the roof of the hall are fed by r.f. 
to these rooms, thus enabling visitors to assess the 

CLASSIFIED 

Principal Classes 

cf Exhibits 

at a Glance 

overall response of broadcast receivers instead of 
jiist the a.f. output as has been the case at previous 
exh' "ions. In conjunction with this system, a 
specially recorded programme of speech and music 
is distributed on 767 kc/s (391.1 metres)—the fre- 
quency of the Scottish Home Service, which is not 
normally receivable at an entertainment value in 
London. 

Our tabular guide to the show deals only with the 
commercial exhibits. There are, in addition, a number 
of stands occupied by non-commercial producers arid 
users of radio and electronic equipment including 
the Ministries pf Supply, Air and Civil Aviation, the 
XS.LR.., G.P.O., Board of Trade and the Armed 

Forces. One section of the Post Office exhibit, which 
is located on a large site in the National Hall Gal- 
lery, is devoted to a display dealing with the sup- 
pression of electrical interference. An Interference 
Informal Dn Bureau is also provided. In another 
section a Post Office coast station is reproduced and 
visitors can see how distress calls from ships are dealt 
with. The part played by the Post Office in the 
extension of the television service to the Midlands— 
the provision of the radio and cable links—is also 
shown. 

The cathode-ray direction-finding equipment for 
the location of thunderstorms, as used by the fore- 
casting stations of the Meteorological Office at Dun- 
stable, Cambome, Leuchars and Irvinestown, is being 
demonstrated by the Department of Scientific and 
Industrial Research. The D.S.I.R. is also showing 
the apparatus used by its Radio Research Station at 
Slough for ionospheric sounding. 

Radio research and development work undertaken 
at the various establishments of the Ministry of Supply 
are featured on Stand 54. Among the equipment 
shown is a pulse code modulator designed to code and 

(decode speech and automatic frequency-selecting 
mechanism for airborne transmitter-receivers. 

Ground controlled Approach equipment (G.C.A.) is 
shown on the stand of the Ministry of Ci\ Aviation 
to demonstrate its use at London virport. Visitors 
can watch the course of a model aircraft as it comes 
in to land and at the same time see the "blips" on 
the G.C.A. screen. 

The War Office has two stands. One is devoted 
to a display showing the diversity of wireless equip- 
ment used by the Army. It includes, the latest 
"walkie-talkie" (No. 88) receiver which is frequency 
modulated. This stand is staffed by Royal Signals. 
The maintenance of Army telecommunication and 
electronic control equipment is the responsibility of 
R.E.M.E., and members of the Corps are demon- 
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GUIDE TO THE 
strating the work on the second War Office stand. 

Special arrangem ents have been made for overseas 
visitors who will find the R .I.C. reception rooms and 
Board of Trade information bureau at the west end of 
th e Grand Hall . We have not indicated in our tabular 

·lists the equipment which is for export only, but a large 
numbers of manufacturers have receivers specially de
signed for the foreign m arket an d at least two are show-
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SHOW 
ing television receivers designed for use in North 
America . 

Although the sectionalizing of the exhibition has 
not b een strictly adhered to, in general the broadcast 
set manufacturers are in the Grand Hall and whole
salers in the Grand Hall Annexe, whilst the National 
Hall is devoted to electronics-industd al, scientific 
and m edical equipment-and transmitting apparatus. 

RECEIVERS : Broadcast, Television, Communications and Special Purpose 
-

Broadcast Gl Broadcast Gl .. .. 
Gl 

0 0 a. Gl a. c I II. c I II. Q c C .w :I Q c C .w :I 

FIRM Gl .c .S! QUI a. 
FIRM · 41 .c Q Q UI a. 

)o. c;; t :a a. ·- rd ' )o. c;,t :a a. ·;;; ·- rd I 
II. • Q .. UI U '; 1- • Q -~ u '; .. Gl c Gl rd .S! E "> ">~ 'u l! Gl c Gl rd .S! E "> > "1:1 c oW ·- ... oW Gl .!! Q ... ·- ... .... Gl Qlrd ·u ·; .... rd .... II. , rd Gi Gl ·; .... rd .... 1- , rd Gi -o Gl 

(Stand) rd :t_g Q rd a. Gl a. a. Stand rd :t.! 0 rd II. Gl a. a. 1: 11:1 a. a:: DO 1- l- -'1 II) 1: 11:1 a. a:: DO 1- l--'1 II) 

Ace ... . .. ... (21 ) • • - - • - - I - Imhof ... ... (89, 183) • - - - • - • -
Al ba .. . . .. ... (44) • - • • • • - - lnv icta ... . .. (71 ) • • • • • • - T 
A mbassador ... (80) • - - - • • - - K. B. ... ... .. . (65) • - - - • • • -
Am plio n ... . .. (20) .. - - • • - - - Lee ... ... .. . (157) - - - - - - - K 
A r m strong ... ... (92) • - - - - • - - Lowther ... .. . (165) • - - - • • - -
Au ra tone ... .... (T I6) - - - • - - - - M.S.S • ... ... . .. (76) - - - - • - - -
Ba ird ... ... ... (27) - - - - - .. • - McMi chael ... . .. (70) • • - • • • • -
Beethoven ... ... ( I I) • • - • • • - - Ma r coni .. . ... (174) - - - - - - ....... c 
Bush ... ... (66) • • - • • • - - Ma r coni pho ne ... (48) • - - • • - • -
C ham pion ... ... (26) • - • • • • • - Master a dio .. . .. . (31) • • - - • • - A 
Cosso r ... ... (35) • • - • • • • - Mullar d ...(36, 176, 21 0) • • - - • • • c 
Decca ... ... ... (4 1) - - • - • • • - Murphy ... (56, 160) • • - • • • - c 
Defiant ... ... (28) • • - • • • • - Peerless ... . .. ( IS) • - - - • • - c 
Dynatr on ... . .. (2) - - - - • • • - P h il co ... ... .. . (39) • • - • • • - -
E.R.I.C. ... ... ( lS I) • - - - • • - - Ph ilips ... .. . (34 ) • • - - .. • • -
Eddystone ... ... (182) • • - - - - - c P ilot ... ... . .. (45 ) • - - • - • - -
Ekco ... ... (58, 153) • • • • • • • A ,S Por togr a m .. . ... (99) - - - - • • • s 
Etronic ... ... (68) • - - • • • - - Pye ... ... (72, 180) • • • • • • • A 
Ever Ready .. . ... (46) - • - • - - - - R.G.D ... . ... . .. (37) - - - - • • • -
Fe rguson· ... . .. (40) • • - • • • • - Radiom obile .. . ... (42) - - - - - - - A 
Fe r ranti ... ... (43) • • - - • • - - Regento ne .. . ... (59) • - - - • • - -
G.E.C .... ... (38, 175) • • - • • • • c Roberts ... . .. (96) • - - • - - - -
Gamma ... ... (4) • • - - • - - - Romac ... ... (88) - - - • - • - A 
General So nic .. . (74a) • • - - • - - - Simo n ... ... .. . (2 13) • - - - - - - -
Grampian ... ... (90) • - - - - - - - So bell ... ... (23, 24) • - - - • • • -
H.M.V. .. . ... (57) • 

I .I - - • • • F Trix ... ... ... (10 1) - - - - • - - - · 
H ayn es ... ... (9) • - - • • - .U ltra ... ... ... (78) • - • - - - - -
H oughton & Osborne (93) - - - - - - I K Vidor ... .. . ... (69) • - ,• . • - • - -

A , Ca r rad io; C, Commu nications receivers ; F, F.M. r eceivers ; K, Receiver k its ; S , Schools r eceiver s ; T, Trawler sets. 

TEST AND MEASURING GEAR: Including Signa l Gene rat o rs and Test Set s 

.. .. .. .. .... Gl .. .... Gl .. Gl u .. - .. II u .. - .. .. II. Ill Q- .. 
II. Gl Q_ .. Gl .,,. :I a. Qrd .. Gl -o ., :I a. Q rd oW DO .. ..... - .... DO .. .....-FIRM DO C C fU II. Q Q .. FIRM DOC CGJ II. 0 Q II. 

cGI c rd ·- Gl .. .. u DOGI c Gl c rd·- Ql .. .. u DOQI 
·~ E rd 1- oW .... .. c ... ·~ E rd .,a. .... .... .. c ... 

1- "'o Gl Gl .S! ·- 101 .. GJQ Ql Ill .S! ·- rd rd::s . a~., GIE .. '; .~ E ' 101:::11 I 
DO::l a~e .. :;; .~ E U a. B DO., .... ·u u 1- ~ oW ·u "OGI >..., c ~., "'GI >..., c > 

~ t: .. ·-.... .. 11."1:1 :I ·- u ";- DO .. .,., :I ·- u "; - DO .. ..: .: 1: 
a.u > ~ 

Gl 
in 0 Ill c ..: .: :t a. u 

>~ 
Ill . ·- 0 IIIC 

(Stand) 11:1 101 1- 11)101 (Stand) 11:1 101 1- II) 11)101 

A.W.F . ... ... ... (203) - - - - - - - • G.E.C. ... (38,1 75) - - - - - - • -
Adva nce ... ... (209) - · - - - - • - - Gamma ... . .. (4) - - - - - T - -
Airmec ... .. . (156) • - • • • • • - Haz lehurst ... ... (205) - - - - • - - -
Am plion ... .. . (20) - • - - - - - - H unt .. . ... ( 17) - - • - - - - -
Avo ... ... ... (85) - • • • • • - - Kerry 's ... ... (TI ) - • - - - - - -
B.S.R. · .. . ... ... (81) - - - - • • - - Ma r coni lnst. ... (154) - - • • • • • -
Bulgin . .. ... ... (I) - - - - - - - • Metrovick . ~ . ... (179) - • - - - - • -
Burndept ... ... (172 ) - - - - • • - - Mullard ... (36, 176 ,2 10) - - - • - - • -
Cosso r ... .. . (35) - - - - - - • - M urphy ... (56,1 60) . - - - - • - - -
Dynatron ... ... (2) - - - - - - • - N orm a n ... , •• • (T6) - - - - - - - • E.M.I . ... .. . (67 ) - - • - • • • • Pye ... .. . (72 ,1 80) - - - - - T - -
E.R.I.C. ... ... (181) - - - • - - - - Qualra d ... . .. {202) - - - - - - - • Ed d ystone ... ... (182) • - - - - - - • Serviso l ... ... (2 16) - - - - - - - • Eel ex ... . .. .. . (T3) - - - - - - - • T ay lor ... . .. (16) • • • • • • • -
Ekco ... (58,153) - - - - - T - • W.B. ... ... · ... (77) - - - - • - - -
franklin .. . ... (204) - - - - - - - • W eston ... ... (2 19) • • - - • - - -
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strating the work on the second War Office stand. 
Special arrangements have been made for overseas 

visitors who will find the R.I.C. reception rooms and 
Board of Trade information bureau at the west end of 
the Grand Hall. We have not indicated in our tabular 
lists the equipment which is for export only, but a large 
numbers of manufacturers have receivers specially de- 
signed for the foreign market and at least two are show- 

ing television receivers designed for use in North 
America. 

Although the sectionalizing of the exhibition has 
not been strictly adhered to, in general the broadcast 
set manufacturers are in the Grand Hall and whole- 
salers in the Grand Hall Annexe, whilst the National 
Hall is devoted to electronics—industrial, scientific 
and medical equipment—and transmitting apparatus. 

RECEIVERS: Broadcast, Television, Communications and Special Purpose 

Broadcast 

W M w h *9 
4C -w .Z -w 

(Stand) | £ Si | 

Ace 
Alba ... 
Ambassador 
Amplion 
Armstrong 
Auratone 
Baird ... 
Beethoven 
Bush ... 
Champion 
Cossor 
Decca ... 
Defiant 
Dynatron 
E.R.I.C. 
Eddystone 
Ekco ... 
Etronic 
Ever Ready 
Ferguson' 
Ferranti 
G.E.C. ... 
Gamma 
General Sonic 
Grampian 
H.M.V. 
Haynes 

(4) 
(74a) 

(90) 
(57) 

(9) 
Houghton & Osborne (93) 

Invicta 
K.B  
Lee 
Lowther 
M.S.S  
McMichael 
Marconi 
Marconiphone 
Masteradio 
Mullard 
Murphy 
Peerless 
Philco ... 
Philips 
Pilot   
Portogram 
Pye   
R.G.D  
Radiomobile.. 
Regentone 
Roberts 
Romac 
Simon ... 
Sobell  

... (71) 

... (65) 

... (157) 

... (165) 

... (76) 

... (70) 

... (174) 
... (48) 
... (31) 

(36,176,210) 
(56, 160) 
... (15) 
... (39) 
... (34) 
... (45) 
... (99) 
(72, 180) 
... (37) 
... (42) 
... (59) 
••.. (96) 
... (88) 
... (213) 

(23. 24) 

Broadcast 

C --r 2 , s- « 2 £ g £ rt 6 2 > 
.£ « .E« f ^ E o 
SI « y rt OrtfiTi £ CD £ .0 0. SC u H 

A, Car radio; C, Communications receivers ; F, F.M. receivers ; Kv Receiver kits ; S, Schools receivers ; T, Trawler sets. 

TEST AND MEASURING GEAR: Including Signal Generators and Test Sets 

(Stand) 

A.W.F.... 
Advance 
Airmec 
Amplion 
Avo 
B.S.R. ... 
Bulgin ... 
Burndept 
Cossor 
Dynatron 
E.M.I. ... 
E.R.I.C. 
Eddystone 
Eelex ... 
Ekco ... 
Franklin 

. (203) 

. (209) 
• (156) 
. (20) 
■ (85) 
■ (81) 
• (I) 
• (172) 
• (35) 
• (2) 
■ (67) 
■ (181) 
• (182) 
• (T3) 
(58,153) 
.. (204) 

FIRM 

(Stand) In
di

ca
ti

ng
 

in
st

ru
m

en
ts

 

M
ul

ti
-r

an
ge
 

se
ts

 

G.E.C. (38,175) __ 
Gamma   (4)     
Hazlehurst   (205)     
Hunt ...   (17)     
Kerry's   (Tl)   • 
Marconi Inst. ... (154)     
Metrovick   (179)   • 
Mullard ... (36,176,210)     
Murphy (56,160)     
Norman ... ... (T6)     
Pye (72,180)     
Qualrad  (202)     
Servisol   (216)     
Taylor   (16) • • 
W.B. ... ... ... (77)     
Weston   (219) • • 

~ ra -r o w P m i « « V 8 0 <U 01 
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ACCESSORIES 1 Including Materials, Valves and Non-electronic Rectifiers 

Aerials ------ -
8 c 

:1 "' 41 41 Gl .. 
> .c • 41., :E -! ii ll ... u .. 

FIRM .. a I .!! ·c c 0 u.!! ~ 41 c • c 
~ 0 • 8 "i .. > 'i II Cll .. "' 

u 
:E :I 0 "' 0 .a .. :II "; .!! ·- a. ·-II. 

] 'i: 
.... ¥ aiJ c .~ E ·;;; u "' . c :1 :I ~ Cll .. ~f ~ .. 

"> :1 , ">I: :h ... ]II: Gl u u i c .. u u ~ u >~ ~ > ... "' ... ~ cua. 1108 .. -; , U I ""' 
u • .. ri 0 u't ,.. E ... u: 0 -au ii ... a. 

~ 
~~ i "' 0 -GI -c .. ~a!$ 

c ~ u Jl l:f 
.. 

j: ~ 0 C::l ~E a: .: "" ~..!! at c( u > A. u at A. -· II) 1-a. 
(Stand) 

A cry lite (164) - - - - - - - - - - - - - - - - - - - e ... ... ... ... 
e e e Aerialite (62) e e e • - - - - - - - - - - - - - -... ... ... 

Amplion .•• (20) - - - - - - - - - - - e - - - - - - - - -... ... ... 
Antiference (64) • e • • - - - - - - - - e - - - - - - - -... ... . .. 
B.l. Callender's ..• (55) • - e - - - - - - - - - - - - • • • - - -... . .. 
B.T.H. (178) - - - - • - - - • - - - - - - - - - - - -... ... ... ... 
Belling-Lee (25) • • e • - - - - - - - - e - - - e - - - -... ... ... 
Brimar ... (60) - - - - • • - - - - - - - - - - - - - - -... ... ... 
Bulgin ... (I) - - - - - - - - - - - - • - - - - - - - -... ... .. . 
Concordia (5) - - - - - - - - - - - - - - - • • • - - -... ... . .. 
Cossor . .. (35) - - - - e e - - - - - - - - - - - - - - -... ... .... 
Dubilier (82) - - - - - - - - - - - - • - - - - - - - -... ... . .. ... 
Chloride ... (19) - - - - - - - - - - e - - - - - - - - - -... ... ... 
E.M.I. (67) • • - - - - - - - - - - - - - - - - - - -... ... ... ... 
Eddystone .. . (182) ..,... • - - - - - - - - - e - - - - - - - - -... ... 
Ediswan (47) - - - - • e • - - - - - - - - - - - - - -... ... . .. .. . 
Ekco ... ... (58, 153) - • - e - - - - - e - - - - - - - - - - -... 
Electron ... . .. (98) • - - - - - - - - - - - - - - - - - - - -... 
Erie ... ... .. . (86) - - - - - - - - - - - - e - - - - - - - -... 
Etronic ... ... .. . (68) - - - - · - - - - - - - - - - - - - - - • -Ever Ready ... ... ... (46) - - - - - - - - - - e - - - - - - - - - -Franklin ... ... ... (204) - - - - - - - - - - - - • - - • - e • - -G.E.C. ... ... .. . (38,175) - - - - • • • - - - - - - - - - - - - - -Houghton & Osborne ... (93) - - - - - - - - - -- - - - - - - - - - • -Kerry's •.• ... ... . .. (TI) - - - - - - - - - - - e - - - - - - - - -Magnavista ... ... ... (10) - - - - - - - - - - - - - - - - - - - - • Marconi phone ... ... (48) - - - - • - - - - - • - - - - - - - - - -Metrovick ... ... ... (179) - - - - - - - - - - - e - - - - - - - - -Mullard ... ... (36, 176, 110) - - - - • • • - - - - - - e • - - - - - -Multicore ... ... (83, 84) - - - - - - - - - - - - - - - - - - • - -Oldham ... ... ... .. . (118) - - - - - - - - - • - - - - - - - - - -Qualrad ... ... ... (101) - • - - - - - - - ·- - - - - - - - - - • -Radlomoblle ... . .. . .. (41) - - - • - - - - - - - - - - - - - - - - -Rola ... ... ... . .. (87a) - - - - - - - - - - - - - - e - - - - - -Rota-Time ... ... . .. (103) - - - - - - - - - • - - - - - - - - - - -Scott ... ... ... .. . (101) - - - - - - - - - - - - - - • - - - - - -Scott Wire ... . .. ... (8) - - - - - - - - - - - - - - - • - - - - -Standard ... . .. . .. (173) - - - - • - · - • - - - - - - - - • - - - -Telcon ... ... ... ... (30) - - - - - - - - - - - - - - • • • • - - -Vidor ... ... . .. . .. (69) - - - - - - - - - - • • - - - - - - - - -W.B. ... ... ... .. . (77) - - - - - - - - - - - - - - - - - • - - -Wearlte ... ... ... (63} - - - - - - - - - - - • - - - - - - - - -Westinghouse ... ... . .. (177 ' - - - - - - • • - - - • - - - - - - - - -Wolsey ... ... ... ... ' (13 - • - - - - - - - - - - - - - - - - - - -

SCIENTIFIC, INDUSTRIAL AND MEDICAL TRANSMITTERS : Including Radar and Low-power 
APPARATUS: Equipment for Applied Electronics Transmitter/Receivers 

.. II 
II .. 'i d. .. ... • , u: ~ a. ·; • til c FI,RM .~ .. , • • • liZ: c ·cs I: u c .. 110 ... ·- u ·~ a. c I/. o• 0 • ] c :I ~II: FIRM "' • 0 • > .... .. ... 'i: a. ~ 0 c 0 ..,GI c c:: ·;;; ... :a ... , • E til C. II ... .. .. Gl ..!! u ... c :I , 1. '> 0 0 c .. (Stand) UGI 0 0 • 0 • E ~ ~ iiiE ~ :t ~ c • a. .a 'i: .a u u u ~~ 0 .. , ·cs 'i .. ~ 0 ~ .. 

:.i :.i ~ at A. 1- :E: a:: 
A cos ... ... (7) - • - - - ·- - - (Stand) 
Airm'e~ .. ... ... (156) - e • • - - • • Auratone ... ... (T16) - - - - - • - -
B.S.R. ... (81) - • - - - - - - B.T.H. .. (178) - - - - - - - • ... -B.T.H .... ... ... (178) • • • - - - - - Ekco ... .. . (58,153) - - - • • - • • Belclere ... ... (3) - - - - • • - - G.E.C. ... (38,175) - • - - • - e -Cossor ... ... (35) - - - - • - - - Marconi ... ... (174) • • • • • • • • Dynatron ... ... (1) - e - • - - - - Metrovick ... (179) - - - - - - - • Ekco ... ... (58,153) - e - e - - - - Mullard ... (36,176,210) - - - - - • • -G.E.C. ... (38,175) - • - - - - - - Murphy ... (56,160) - - - • • - • • K.B. ... ... ... (65) - - - - - e - - Pye ... ... (72,180) - - • - - • • -Marconi lnst. ... ... (154) - • - • • - - - Romac ... . .. (88) - - - - • - - -Metrovick ... (179) • - - - - - - - Standard ... ... (173) • • - - - - - -Murphr. ... (56,160) • - - - - - - - W.B. ... ... ... (77) - - - - M - - -Ossica de ... ... (170) - - - - - e - -
Taylor ... ... (16) - • - - - - - -

- M, Meteorelo1lcal. 
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ACCESSORIES t Including Materials, Valves and Non-electronic Rectifiers 

(Stand) 

Acrylite  
Aerialita 
Amplion ... 
Antiference 
B.I. Callender's... 
B.T.H  
Belling-Lee 
Brimar   
Bulgin   
Concordia 
Cossor   
Dubilier  
Chloride  
E.M.I  
Eddystone 
Ediswan  
Ekco   
Electron 
Erie   
Etronic   
Ever Ready 
Franklin 
G.E.C  
Houghton & Osborne 
Kerry's   
Magnavista 
Marconiphone 
Metrovick 
Mullard  
Multicore 
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SCIENTIFIC, INDUSTRIAL AND MEDICAL 
APPARATUS : Equipment for Applied Electronics 

TRANSMITTERS : Including Radar and Low-power 

T ransmitter/Receivers 
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B.T.H.... 
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Ekco ... 
G.E.C. 
K.B. ... 
Marconi Inst. 
Metrovick 
Murphv 
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Taylor 

(7) 
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.. (154) 
.. (179) 
(56,160) 
• (170) 

(16) 

Marconi 
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H.M.V.1851 tele
vision receiver 
with I S-in tube 
and all-wave set. 

(Right) Philips 
Model f!9 I U mains 

portable. 

(Below) Pye Model 
D18T television 

console. 

Murphy baffle 
type receiver, 
Model AI46C. 

Bush DAC9o mains 
portable. 

Invicta Model 55 
portable ("Twin

viet~ ") . 

Vidor a.c .fbattery 
attache portable. 

Cossor 914 television set with 
Io-in tube and all-wave broad-

cast receiver. 
Ekco 'FSC93 tele

vision console. 

McMichael · Model 
492 console a.c. 

receiver. 

Baird "Everyman " 
television receiver. 

October, 1949 Wireless World 38^ 

(Below) Pye Model 
D18T television 

console. 

Murphy baffle 
type receiver, 
Model A146C. 

' - . 

Bush DAC90 mains 
portable. 

H.M.V. 1851 tele- 
vision receiver 
with iS-in tube 
and all-wave set. 

(Right) Philips 
Model 291U mains 

Kk 

■ 

Vidor a.c./battery 
attache portable. 

Cossor 914 television set with 
10-in tube and all-wave broad- 

cast receiver. 

MI 

McMichael Model 
492 console a.c 

receiver. 

• ■ 

Ekco ^8093 tele 
vision console. 
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C, Record Changers; D, Disc Recorders; M, Magnet•c Recorders. 
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(Below) :Wolsey tele
vision aerial with 

folded dipolt;. 

Hunt's moulded 
paper capacitors 
(up to O.Oif'F) 
on a 3d piece. 

New Dubilier Type 
Q volume control 

with switch. 

Belling-Lee anti-inte~-

Avo electronic test 
unit. 

Sangamo-Weston 
Model S75 portable 

test set. 

E.R.I.C. valve volt
meter with ranges • 

up to I,oooV. 

ference aerial kit. 

Collaro RC5oo rim
drive automatic 

record-changer. 

Vitavox hand mi
crophone. 

I · .. -

'·-

(Left) Telcon 300-il 
transmission line 

Type K35. 

Antiference " X " 
television aerial. 

(Right) Wharfedale 
''Super 12 '' loud

speaker. 

Wiiiii(~::'""w:_~- Erie diode filter unit. 

I 

Marconi In
struments high
velocity level re
corder Type TF946 . . 

R.G.D. mag
netic tape 

recorder. 
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Collaro RC500 rim- 
drive automatic 

record-changer. 
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NUMERICAL. LIST OF ST ANDHOLDERS 
Names and Addresses of Exhibitors List of Demonstratio.n Rooms 

1 A. F. Bulgin & Co., Bye-Pass Rd., Barking, 
Essex. 

2 Dynatron Radio, Perfecta Works, Ray Lea Rd. , 
Maidenhead, Berks, 

3 lohn Bell & Croyden, 50.114,. Wigmore St., London, 
W.l. 

4 Gamma Electronics, Burwood Rd., Hersham, 
Surrey. 

5 Concordia Electric Wire & Cable Co., Long Eaton, 
Nr. Nottingham. 

6 Goodmans Industries, Lancelot Rd., Wembhy, 
Mlddx. 

7 Cosmocord, 700, Gt. Oa.mbrldge Rd., Enfield, 
Middx. 

8 Scott Insulated Wire Co., Queensland Works, 
Westmorelatld Rd., London, N.W.9. 

9 Haynes. Ra.dio, Queensway, Enfield, Middx. 
10 Metro-Pex, 38, Gt. Portland St., London, W.l. 
11 Beethoven Electric Equipment, Chapel Lane, Sands, 

High Wycombe, Bucks. 
12 Vitavox, Westmoreland Rd., London, N.W.9. 
13 Wolsey Television, 75, Gresham· Rd., London, 

S.W.9. 
14 Long & Hambly, Sla.ter St., High Wycombe, Bucks. 
15 Peedess Radio, 374, Kensington Wgh St., London, 

W,l4. 
16 Taylor Electrical Instramenh, 419·424, Montrose 

Ave., Slough, Bucks. 
17 A. H. Hunt, Bendon Valley, Garratt Lane, London, 

S.W.18. 
18 Truvox Engineering Co., Explbltlon Grounds, 

Wembley, Mlddx. 
19 Chloride Electrical Storage co., Exide Works, 

Clifton Junction, Nr. Manchester, Lanes. 
20 Amplion(1932),230, Tottenham Court Rd., London, 

W.l. 
21 Ace Radio, Tower Worke, Tower Rd., London, 

N.W.10. 
22 British Moulded Plastios,Avenue Works, Waltham· 

stow Avenue, London, E.4. 
~} So bell Induatriea,J:,a.ngley Parlt, Nr. Blough, Bucks. 
25 Belling & Lee, Oa.mbrldge Arterial Rd., Enfield, 

Mlddx. 
26 Cham.(lion Electric Corpn., Ohamplon Works, 

Seaford, Sussex. 
27 Soophony-Balrd, Lancelot Rd., Wembley, Middx. 
28 Co-operative Wholesale Society, l, Balloon St., 

Manchester, 4, Lanes. 
29 "Wireless World," Dorset House, Stamford St., 

London, S.E.l. 
30 Telegraph Construction & llaintenance Co., Telcon 

Works, London, S.E.lO. 
31 lllasteradio, 10-20, Flt,zroy Place, London, N.W.1. 
82 War Office, Whitehall, London, S.W.1. 
33 Ministry of Civil Aviation, Ariel House, Strand, 

London, W.C.2. 
34 Philips Electrical, Century House, Shaftesbury 

Avenue, London, W.C.2. ' 
35 A. C. Cossor, Higlibury Grove,.London, N.5. 
36 Mullard Electronic Products, Century H·luse, 

Sbaftesbury Avenue, London, W.C.2. 
87 Radio Gramophone Development Co., Brldgnortb, 

Salop. 
38 General Electric Co., Magnet House, Kingsway, 

London, W.C.2. 
89 Phil co (Overseas), 204·6, .Gt . Portland St., Lon,lon, 

W.l. 
40 Ferguson Radio Corpn., 105·9, Judd St., London, 

W.C.l. 
41 Decca Record Co.,1·3, Brlxton Rd., London, S.W.9. 
42 Radiomobile, Crlcklewood Works, London, N.W.2· 
43 Ferranti Ud. , Hollinwood, Lanes. 
44 A. J . Balcombe, 52·58, Tabernacle St., London, 

E.C.2. 
45 PilotRa.dio,31-37, Park Royal Rd., London, N. W.10. 
46 Ever Ready Co., Hercules Place, London, N.7. 
47 Edison Swan Electric Co., 155, Charlng Cross Rd., 

London, W.C.2. ' 
48 Marconiphone Co.,Blyth Rd., Ha.yes,Mi-Idx. 
49 Richard Allan Radio, Baffiette House, Calendonla 

R1., Batley, Yorks. 
51 Board of Trade, 1.0. House, Millbank, London, 

S.W.1. -
59 Dept, of Scientific & Industrial Research, Rex 

House. Regent St., London, S.W.l. 
53 War Office, Whitehall, London, s.w.1. 
54 Ministry of Supply, Shell Mex House, Strand, 

London, W.C.2. 
55 British Insulated Callender'sCables,NorfolkHouse, 

Norfolk St., Lon1on, W.C.2. 
56 Murphy Radio, Welwyn Garden City, Herta. 
57 Gramophone-Co., Blyth Rd., Hayes, Middx. 
68 E. K. Cole, Ekco Works,Southend·on-Sea, Essex. 
59 Regentone Products, Eastern Avenue, Romford, 

Essex. 
60 Standard Telephones & Cables, Footscray, Sldcup, 

Kent. 
61 Collaro, Ripple Works, Bye-Pass Rd., Barking, 

Essex. 
62 Aerialite, Castle Works, Sta.lybridge, Cheshire. 
63 Wright & Weaire, 138, Sloane St. , London, S.W.l. 
64 Aniiference, 67, Bryanston St., London, W.1. 
65 Kolster Brandes, Footscray, Sldcup, Kent. 
66 Bush Radio, Power Rd., London, W.4. 
6'1 E.M.l. Sales & Service, Blyth Rd., Hayes, Middx. 
68 Hale Electric Co., Talbot Rd., London, W.I3. 
69 VIdor, West St., Erlth, Kent. 
70 McMichael Radio, 190, Strand, Lon1on, W.C.2. 

71 lnviota Radio, 79, Parkhurst Rd., London, N .7 . 
72 Pye, Radio Works, Cambridge. 
73 Admiralty, Whitehall, London, S.W.l. 
74 Air Ministry, London, S.W.1. 
74a General Sonic Radios, 21·24, Shene St., London, 

E.C.1. 
75 Telegraph Condenser Co., W&les Farm Rd., London, 

W.3. 
76 M.S.S. Reoording Co. , Poyle Close, Colnbrook, 

Bucks. 
77 Whitsley Electrical Radio Co., VIctoria St., Mans· 

field, Notts. 
78 Ultra Electric, Western Avenue, London, W.3. 
'79 Garrard Engineering & Mfg. Co. , Newcastle St., 

Swlndon, Wilts. 
80 R. N. Fitton, Ltd., Hutchinson Lane, Brighouse, 

Yorks. 
81 Birmingham Sound Reproducers,Qlaremont works, 

Old Hill, Stall's. 
82 Dubilier Condenser Co., Ducon Works, Victoria 

Rd., London, W.3. 
83} Idultlcore Solders, Mellier House, Albemarle St., 
84 London, W.1. 
85 Automatic Coil Winder.& Electrical Equipment Co., 

Winder House, DougllL• St., London, S.W.1. 
86 Erie Resistor, Carlisle ll.d., The Hyde, London, 

N.W.9. 
87 Celestion, Ferry Works, Bummer Rd., Thames 

Ditton, Surrey. 
87a British Rola, Ferry Works, Summer Rd., Thames 

Ditton, Surrey. 
88 Romac Radio Corpn., The Hyde, London, N.W.9. 
89 Alfred Imhof, 112·116, New Oxford St., London, 

W.C.l. 
90 Grampian Reproducers, Hanworth Tradh:ig Estate, 

Feltham, Mlddx. 
91 Acoustical Mfg. Co., Huntingdon. 
92 Armstrong Wireless & Television Co., Warlters 

Rd., Londoa, N.7. 
93 Houghton & Osborne, Electron Works, 6, High 

St., Thame, Oxon. 
94 "European Radio. Programme,'' 93·94, Queens 

Rd., Brighton, Suseex. 
96 Robert's Radio Co., Creek Rd., East Molesey, 

Surrey, 
97 Erwin Scharf, 49, De Beauvolr Rd .. , London, N.l. 
98 lfew London Electron Workl, Boleyn Rd., London, 

E .6. 
99 Portogram Radio Electrical Industries, Prell Works, 

St. Rule St., London, S.W.8. 
100 "Practical Wireless," Tower House, Southampton 

St., London, W.C.2. 
101 Trlx Electrical Co., 1-5, Maple Place, Tottenham 

Court Rd., London, W.1. 
102 1. & A. Margolin, 112·116, Old St., London, E.C.l. 
103 Devices, Hydeway, Welwyn Garden City, Herta . 
104 Keith Prowse & Co., 159, New Bond St., Londori, 

W.1. 
151 British Broadcasting Corpn., Broadcasting House 

London. W.l. 
152 Radio Communication and Electronic Engineering 

Assoc., 59, Russe.1 Sq., London, W .C.l. 
153 E. K. Cole, Ekco Works, Southend·on-Sea, Essex. 
154 Marconi Instruments, Long Acres, St. Albans, Herta . 
155 · "Electronio Engineering," 28, Essex St., London, 

W.C.2. 
156 Alrmeo Laboratories, Cressex Works, High 

Wycombe, Bucks. 
167 Lee Produob (G.B.), 90, Great Eastern St., London, 

E.0.2. 
158 William Leyene, 80a, Sackvllle St., London, W.l. 
159 Martins Bank, Lombard St., London, E .C.3. 
160 Murphy Radio, Welwyn Garden City, Herta. 
161 Midland Bank, Poultry, London, E.C.2. 
162 Lloyds Bank, London, E .C.3. • 
163 National Provincial Bank, 15, Blshopsgate, London, 

E.C.2. 
164 Motor& Air Products, S, St. James' Square, r.ondon, 

W.l. 
165 Lowther Mfg. Co., St. Mark's Rd., Bromley, Kent. 
166 Barclays Bank, 54, Lombard St., London, E.C.3. 
167 Westminster Bank, 41, Lothbi.lry, I.ondon, E.C.2. 
168 .. Television Weekly" liO, Old Brompton Rd., 

London, S.W.7. 
169 Econasign Co., 92, VIctoria St., London, S.W.l. 
170 V. A. Foot, 1, Upper Richmond Rd., London, 

S.W.15. . 
171 British Rallways Executive, 222, Marylebone Rd., 

London, N.W.l. 
172 Burndept, West St., Erlth, Kent. 
1'73 Standard Telephones & Cables, Connaught Hou•e, 

Aldwych, London, W.C.2. 

174 Marconi's Wireless Telegraph Co., Marconi 
House, Chelmsford, Essex. 

175 General Electric Co., Magnet House, Kingsway, 
London, W.C.2. 

176 Mullard Electronic Products, Century House, 
Shaftesbury Ave., London, W.C.2. 

177 Westinghouse Brake & Signal Co. , 82, York Way, 
London, N.l. 

178 British Thomson-Houstoft Co. , Rugby, Warwicks. 
179 Metropolitan Vickers Electrical Co., Trafi'ord Park, 

Manchester, 17, Lanes. 
180 Pye, Radio Works , Cambrld·ge. 
181 Electrical & Radiological Instrument Co., 54-56, 

Church Rd., London, W.3. 
182 Stratton & Co., Eddystone Works, Alvechurch Rd., 

Birmingham, 31, Warwlcks. 
183 Alfred Imhof, 112-116, New Oxford St., London, 

W.C.J. 
185 Guest, Keen & Jiettlefolds, Box 24, Heath St., 

Birmingham, 18, War..-icks. 
201 Geo. L. Scott & Co. , Clromwell Rd. , Ellesmere Port, 

Cheshire. 
202 Qualrad Products, 3, Lammas Rd., Ham, Richmond, 

Surrey. 
203 A. W.F. Radio Products, Borough Mills, Manchester 

Rd., Bradford, Yorks. 
204 Franklin Electric Co.,27a,HowlandSt.,London,W.1 
205 Hazlehurst Designs, 186, Brompton Rd., London 

S.W.3. 
206 Judge Industries, 676-8, Romford Rd., London, E.12 
207 A. R. Sugden & Co., Well Green Lane, Brighouse 

Yorks. 
208 Acoustic Products, 50·158, Brltannta Wa.lk, City Rd., 

London, N.l. 
209 Advance Components, Back Rd., Shernhall St. , 

London, E .l7. 
210 Mullard Electronic Products, Century House, 

Shaftesbury Ave., London, W.C.2. · 
211 British Radio Equipment Manufacturers' Assoc., 

59, RusseL SQ., London, W.O.l. 
212 Wingrove & Rogers , Polar Works, Old Swan, 

Liverpool, 13, Lanes. 
213 Simon Sound Service, Recorder House, 48·50, 

George St., London, W.l. 
214 British ~adio Valve Manufacturers' Assoc., 16, 

J·ermyn St., London , S.W.1 
215 Wharfedale Wireless Works, Bradford Rd., Idle, 

Bradford, Yorks. 
216 Servisol,14, North John St., Liverpool, 2, Lanes. 
217 Bernards , The Grampians, Western Gate, Lont1on, 

W.6. 
218 Oldham & Son, Denton, Manchester, Lanes . 
219 Sangamo Weston, Great Cambridge Rd., Enfield, 

Mlddx. 

~~n "Daily Mail," Northcllffe House, London, E.C.4. 
301 General Post Office, London, E.C.l. 
T 1 Kerry's (G.B.), WaTton Rd., London, E.15. 
T 2 l. M. Webber & Co., 244, Tottenha.m Court Rd . , 

London, W.l. 
T 3 J. J. Eastick & Sons, 12, Errol St., London, E.Cl. 
T 4 "Wireless & Electrical Trader," Dorset House, 

Stamford St., Londol!t, S.E.l. 
T 5 Winter Trading Co., ·6, .Harrow Rd., London, W.2. 
T 6 Norman Rose (Electrical), 53, Hampstead Rd., 

London, N.W.l. , 
T 7 Lugton & Co.., 209·212, Tottenham Court Rd., 

London, W.l. 
T 8 John E. Dallas,& Sons,Dallas Building, Clifton St., 

London, E.C.2. 
T 9 Radio Wholesalers' Federation, 158, Gordon Squ&re 

London, W.C.1. 
T10 Albion Electric Stose1, 1211, Albion St., Leed&, 

Yorks. 
Tll London & Provincial Factors, 230, Tottenham 

Court Rd., London, W.1. 
T12 Brown Brothers, Great Eastern St., London, E.C.II. 
T13 " Pianomaker, Music Seller & Radio Retailer," 

13, St. George St., London, W.l. 
T14 "Electrical and Radio Trading," 96, Long Acre, 

London, W.C.2. 
T15 Hob~y Brolhers,21·27, Great Eastern St., London, 

E.C.2. 
T16 Aurotone Laboratoriu, 43, Grays Inn Rd., London, 

W.C.l. . 
T16a Electrical Industries Benevolent Association, 

32, Old Burlington St., London, W.l. 
T17 L.E.S. Distributors,15·l6, Alfred Place, Tottenham 

Court R1., London, W.C.l. 
T18 Petter Radio & Electrical Supplies, 201·9, Forest 

Road, London, E.l7. 
T19 Shannons & Bishop, 182, Wardour St.,London, W.l. 

·T20 Horace Dibben, Upper Banister St., Southampton, 
Hampshire. 

BROADCAST AND TELEVISION DEMONSTRATION ROOMS 
Aces . . 
Acoustical lllfg, 
Alba .. 
Co-op. W, S. 
Cossor 
Deco& 
Ekco •• 
Ferguson 
Ferranti 
G.E.C. 

D 10 
D 23 
D 18 

· D 27 
D 24 
D 13 
D 22 
:0 1 
D 12 
D 26 

Goodmruis 
H.M.V. 
lnvicta 
Kolster-Brandes 
M.s.s. 
McMichael .. 
Marconlphone 
Mulla.rd 
Murphy 
Philips 

D 6 
D 19 
D 8 
D 29 
D 4 
D 7 
D 20 
D 2 
D 15 
D 14 

Pilot .. 
Pye .. 
R.G.D. 
Scophony-Baird 
So bell 

· Ultra . . 
Vidor .• 
Vita vox 
W.B . .• 
Wearite 

D 9 
D 25 
D 17 
Dll 
D 5 
D 30 
D 3 

..orr 28 
D 16 
D 21 
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NUMERICAL LIST OF STANDHOLDERS 

Names and Addresses of Exhibitors : List of Demonstration Rooms 

1 A. F. Balgin & Co., Bye-Fass Rd., Barking, 
Essex. 

2 Dynatron Radio, Perfecta Works, Bay Lea Rd., 
Uaidenhead, Berks, 

3 JoRn Bell & Croyden, 50-54, Wigmore St., London, 
W.l. 

4 flamma Eleotronios, Burwood Rd., Hersham, 
Surrey. 

6 Concordia Eleotric Wire & Cable Co., Long Eaton, 
Nr. Nottingham. 

6 Goodmans Industries, Lancelot Bd., Wembley, 
Middx. 

7 Cosmooord, 700, Gt. Cambridge Bd., En&eld, 
Middx. 

8 Seott Insulated Wire Co., Queensland Works, 
Westmoreland Bd., London, N.W.9. 

9 Haynes. Radio, Queensway, Enfteld, Middx. 
10 Metro-Pex, 38, Gt. Portland St., London, W.l. 
11 Beetboven Electric Equipment, Chapel Lane, Sands, 

High Wycombe, Bucks. 
12 Vitavox, Westmoreland Bd., London, N.W.9. 
13 Wolsey Television, 75, Gresham Rd., London, 

S.W.9. 
14 Long & Hambly, Slater St., High Wycombe, Bucks. 
15 Peerless Radio, 374, Kensington High St., London, 

W.14. 
16 Taylor Electrical Instruments, 419-424, Montrose 

Ave., Slough, Bucks. 
17 A. H. Hunt, Bendon Valley, Garratt Lane, London, 

S.W.18. 
18 Truvox Engineering Co., Exhibition Grounds, 

Wembley, Middx. 
19 Chloride Electrical Storage Co., Exide Works, 

Clifton Junction, Nr. Manchester, Lanes. 
20 Amplion (19321,230, Tottenham Court Bd., London, 

W.l. 
21 Ace Badio, Tower Works, Tower Bd., London, 

N.W.10. 
22 British Moulded Plasties.Avenue Works, Waltham- 

stow Avenue, London, E.4. 
Sobell Industries, Langley Park, Nr.Slough, Bucks. 

25 Belling & Lee, Cambridge Arterial Rd., EnQeld, 
Middx. 

26 Champion Eleotrio Corpn., Champion Works, 
Seaford, Sussex. 

27 Scophony-Baird, Lancelot Rd., Wembley, Middx. 
28 Co-operative Wholesale Society, 1, Balloon St., 

Manchester, 4, Lanes. 
29 " Wireless World," Dorset House, Stamford St., 

London, S.E.I. 
30 Telegraph Construction & Maintenance Co., Telcon 

Works, London, S.E.10. 
31 Masteradio, 10-20, Eitzroy Place, London, N.W.I. 
82 War Office, Whitehall, London, S.W.I. 
33 Ministry of Civil Aviation, Ariel House, Strand, 

London, W.C.2. 
34 Philips Electrical, Century House, Shaftesbury 

Avenue, London, W.O.2. 
35 A. C. Cossor, Highbury Grove, London, N.5. 
36 Mullard Electronic Products, Century House, 

Shaftesbury Avenue, London, W.0.2. 
87 Badio Gramophone Development Co., Bridgnortb, 

Salop. 
38 General Electric Co., Magnet House, Kingsway, 

London, W.C.2. 
39 Fhilco (Overseas), 204-6, .Gt. Portland St.,London, 

W.l. 
40 Ferguson Badio Corpn., 105-9, Judd St., London, 

W.C.I. 
41 Decea Record Co.,1-3, Brlxton Bd., London, S.W.9. 
42 Badiomobile, Crioklewood Works, London, N.W.2- 

43 Fenanti Ltd., Hollinwood, Lanes. 
44 A. J. Balcombe, 52-58, Tabernacle St., London, 

E O 2 
45 PilotBadio,31-S7,ParkRoyalEd.,London,N.W.10. 
46 Ever Beady Co., Hercules Place, London, N.7. 
47 Edison Swan Electric Co., 155, Charing Cross Bd., 

London, W.C.2. 
48 Mareoniphone Co,,Blyth Rd., Hayes, Middx. 
49 Biohard Allan Radio, Baffiette House, Calendonia 

Bd., Batley, Yorks. 
51 Board of Trade, I.O. House, Millbank, London, 

S.W.I.- 
52 Dept. of Scientific Sc Industrial Research, Bex 

House, Regent St., London, S.W.I. 
53 War Office, Whitehall, London, S.W.I. 
54 Ministry of Supply, Shell Mex House, Strand, 

London, W.C.2. 
55 British Insulated Callender's Cables,Norfolk House, 

Norfolk St., London, W.C.2. 
56 Murphy Badio, Welwyn Garden City, Herts. 
57 Gramophone-Co.,Blyth Bd., Hayes, Middx. 
58 E. K. Cole, Ekco Works,Southend-on-Sea, Essex. 
59 Begentone Products, Eastern Avenue, Romford, 

Essex. 
60 Standard Telephones & Cables, Footscray, Sldcup, 

Kent. 
61 Collaro, Bipple Works, Bye-Pass Rd„ Barking, 

Essex. 
62 Aerialite, Castle Works, Stalybridge, Cheshire. 
63 Wright & Weaire, 138, Sloane St., London, S.W.I. 
64 Aniiference, 67, Bryanston St., London, W.l. 
65 Kolster Brandes, Footscray, Sldcup, Kent. 
66 Bush Badio, Power Ed., London, W.4. 
67 E.M.L Sales & Service, Blyth Rd., Hayes, Middx. 
68 Hale Eleotric Co., Taibot Rd., London, W.13. 
69 Vidor, West St., Erith, Kent. 
70 MoMichael Badio, 190, Strand, London, W.O.2. 

71 Invicta Badio, 79, Parkhurst Rd., London, N.7. 
72 Pye, Radio Works, Cambridge. 
73 Admiralty, Whitehall, London, S.TY.l. 
74 Air Ministry, London, S.W.I. 
74a General Sonic Badios, 21-24, Shene St., London, 

E.C.I. 
75 Telegraph Condenser Co., Wales Farm Rd., London, 

W.3. 
76 M.S.S. Recording Co., Foyle Close, Colnbrook, 

Bucks. 
77 Whiteley Electrical Badio Co., Victoria St., Mans- 

field, Notts. 
78 Ultra Eleotric, Western Avenue, London, W.3. 
79 Garrard Engineering & Mfg. Co., Newcastle St., 

Swindon, Wilts. 
80 B. N. Fitton, Ltd., Hutchinson Lane, Brighouse, 

Yorks. 
81 Birmingham Sound Beproducers, Claremont Works, 

Old Hill, Staffs. 
82 Dubilier Condenser Co., Ducon Works, Victoria 

Bd., London, W.3. 
831 Multicore Solders, Mellier House, Albemarle St., 
84/ London, W.l. 
85 Automatic Coil Winder-A Electrical Equipment Co., 

Winder House, Douglas St., London, S.W.I. 
86 Erie Besistor, Carlisle Bd., The Hyde, London, 

N.W.9. 
87 Celestion, Ferry Works, Summer Bd., Thames 

Ditton, Surrey. 
87a British Bola, Ferry Works, Summer Bd., Thames 

Ditton, Surrey. 
88 Bomao Radio Corpn., The Hyde, London, N.W.9. 
89 Alfred Imhof, 112-116, New Oxford St., London, 

W.C.I. 
90 Grampian Beproducers, Hanworth Trading Estate, 

Feltham, Middx. 
91 Acoustical Mfg. Co., Huntingdon. 
92 Armstrong Wireless & Television Co., Warlters 

Bd., London, N.7. 
93 Houghton A Osborne, Electron IjYorks, 6, High 

St., Thame, Oxon. 
94 "European Badio. Programme," 93-94, Queens 

Bd., Brighton, Sussex. 
96 Robert's Badio Co., Creek Bd., East Molesey, 

Surrey, 
97 Ernin Soharf, 49, De Beauvolr Ed., London, N.l. 
98 New London Electron Works, Boieyn Bd., London, 

E.6. 
99 Portogram Badio Electrical Industries, Prell Works, 

St. Rule St., London, S.W.8. 
100 " Practical Wireless," Tower House, Southampton 

St., London, W.O.2. 
101 Trix Electrical Co., 1-5, Maple Place, Tottenham 

Court Bd., London, W.l. 
102 J. A A. Margolin, 112-116, Old St., London, E.C.I. 
103 Devices, Hydeway, Welwyn Garden City, Herts. 
104 Keith Prowse A Co., 159, New Bond St., London. 

W.l. 
151 British Broadcasting Corpn., Broadcasting House 

London, W.l. 
152 Badio Communication and Electronic Engineering 

Assoc., 59, Russea Sq., London, W.O.I. 
153 E. K. Cole, Ekco Works, Southend-on-Sea, Essex. 
154 Marconi Instruments, Long Acres, St. Albans .Herts. 
155 "Electronic Engineering," 28, Essex St., London, 

W.O.2. 
156 Airmee Laboratories, Cressex Works, High 

Wycombe, Bucks. 
167 Lee Produots (G.B.), 90, Great Eastern St., London, 

E.O.2. 
158 William Levene, 30a, Sackvilie St., London, W.l. 
159 Martins Bank, Lombard St., London, E.O.3. 
160 Murphy Badio, Welwyn Garden City, Herts. 
161 Midland Bank, Poultry, London, E.C.2. 
162 Lloyds Bank, London, E.C.3. 
163 National Provincial Bank, 15, Bishopsgate, London. 

E.C.2. 
164 Motor A Air Products, S, St. James' Square. London, 

W.L 
165 Lowther Mfg. Co., St. Mark's Ed., Bromley, Kent. 
166 Barclays Bank, 54, Lombard St., London, E.C.3. 
167 Westminster Bank, 41, Lothbury, London, E.C.2. 
168 "Television Weekly" 60, Old Brompton Bd., 

London, S.W.7. 
169 Econasign Co., 92, Victoria St., London, S.W.I. 
170 V. A. Foot, 1, Upper Bichmond Rd., London, 

S.W.15. 
171 British Bailways Executive, 222, Marylebone Bd., 

London, N.W.l. 
172 Bumdept, West St., Erith, Kent. 
173 Standard Telephones A Cables, Connaught House, 

Aldwych, London, W.C.2. 

174 Marconi's Wireless Telegraph Co., Marconi 
House, Cheimsford, Essex. 

175 General Electric Co., Magnet House, Kingsway, 
London, W.C.2. 

176 Mullard Electronic Products, Century House, 
Shaftesbury Ave., London, W.C.2. 

177 Westinghouse Brake A Signal Co., 82, York Way, 
London, N.l. 

178 British Thomson-Houston Co., Bugby, Warwicks. 
179 Metropolitan Viokers Electrical Co., Trafford Park, 

Manchester, 17, Lanes. 
180 Pye, Badio Works, Cambridge. 
181 Electrical A Radiological Instrument Co., 54-56, 

Church Ed., London, W.3. 
. 182 Stratton A Co., Eddystone Works, Alvechurch Rd., 

Birmingham, 31, Warwicks. 
183 Alfred Imhof, 112-116, New Oxford St., London, 

W.O.]. 
185 Guest, Keen A NettMolds, Box 24, Heath St., 

Birmingham, 18, Warwicks. 
201 Geo. L. Scott A Co., Cromwell Bd., Ellesmere Port, 

Cheshire. 
202 Qualrad Produots,3, Lammas Bd., Ham, Bichmond, 

Surrey. 
203 A.W.F. Badio Products, Borough Mills, Manchester 

Bd., Bradford, Yorks. 
204 Franklin Electric Co.,27a,HowlandSt.,London, W.l 
205 Hazlehurst Designs, 186, Brompton Bd., London 

S.W.3. 
206 Judge Industries, 676-8, Eomf ord Ed., London, E.12 
207 A. B. Sugden A Co., Well Green Lane, Brighouse 

Yorks. 
208 Acoustic Products, 50-58, Britannia Walk, City Bd., 

London, N.l. 
209 Advance Components, Back Bd., Shernhall St., 

London, E.17. 
210 Mullard Electronic Produots, Century House, 

Shaftesbury Ave., London, W.C.2. 
211 British Badio Equipment Manufacturers' Assoc., 

59, Russel. Sq., London, W.C.I. 
212 Wingrove A Rogers, Polar Works, Old Swan, 

Liverpool, 13, Lanes. 
213 Simon Sound Service, Recorder House, 48-50, 

George St., London, W.l. 
214 British Radio Valve Manufacturers' Assoc., 16, 

Jermyn St., London, S.W.I 
215 Wharfedale Wireless Works, Bradford Ed., Idle, 

Bradford, Yorks. 
216 Servisol, 14, North John St., Liverpool, 2, Lanes. 
217 Bernards, The Grampians, Western Gate, London. 

W.6. 
218 Oldham A Son, Denton, Manchester, Lanes. 
219 Sangamo Weston, Great Cambridge Rd., Enileld, 

Middx. 

22l} "Faily Mail," Northcliffe House, London, E.C.4. 
301 General Post Office, London, E.C.I. 
T 1 Kerry's (G.B.), Warton Rd., London, E.15. 
T 2 J. M. Webber A Co., 244, Tottenham Court Rd., 

London, W.l. 
T 3 J. J. Eastick A Sons, 12, Errol St., London, E.Ol. 
T 4 "Wireless A Electrical Trader," Dorset House, 

Stamford St.,London, S.E.I. 
T 5 Winter Trading Co.,'6, Harrow Rd., London, W.2. 
T 6 Norman Bose (Electrical), 53, Hampstead Ed., 

London, N.W.l. . 
T 7 Lugton A Cou, 209-212, Tottenham Court Ed., 

London, W.l. 
T 8 John E.Dallas, A Sons, Dallas Building, Clifton St., 

London, E.C.2. 
T 9 Badio Wholesalers' Federation, 58, Gordon Square 

London, W.O.I. 
T10 Albion Electric Stores, 125, Albion St., Leeds, 

Yorks. 
Til London A Provincial Factors, 230, Tottenham 

Court Ed., London, W.l. 
T12 Brown Brothers,Great Eastern St., London, E.C.2. 
T13 "Pianomaker, Music Seller A Badio Betailer," 

13, St. George St., London, W.l. 
T14 "Electrical and Badio Trading," 96, Long Acre, 

London, W.O.2. 
T15 Hobday Brothers,21-27, Great Eastern St.,London, 

E.C.2. 
T16 Aurotone Laboratories, 43, Grays Inn Ed., London, 

W.C.I. 
T16a Electrical Industries Benevolent Association, 

32, Old Burlington St., London, W.l. 
T17 L.E.S. Distributors, 15-16, Alfred Place, Tottenham 

Court Bd., London, W.C.I. 
T18 Petter Radio A Electrical Supplies, 201-9, Forest 

Road, London, E.17. 
T19 Shannons A Bishop, 182, Wardour St., London, W.l. 
T20 Horace Dibben, Upper Banister St., Southampton, 

Hampshire. 

BROADCAST AND TELEVISION DEMONSTRATION ROOMS 

Acos D 10 
Acoustical Mfg D 23 
Alba D 18 
Co-op. W. S. .. D 27 
Cossor  D 24 
Decea  D 13 
Ekco ..  D 22 
Ferguson  b 1 
Fenanti  D 12 
G.E.0 D 26 

Goodmans D 6 
H.M.V D 19 
Invicta  D 8 
Kolster-Brandes .. .. D 29 
M.S.S D 4 
McMichael D 7 
Mareoniphone .. .. D 20 
Mallard  D 2 
Murphy  D 15 
Philips  D 14 

Pilot 
Pye 
B.G.D. 
Scophony-Baird 
Sobell 
Ultra D 30 
Vidor D 3 
Vitavox  -TT 28 
W.B D 16 
Wearite  D 21 
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====THE "BELLING-LEE" PACE==== 
Providing technical information, service and advice in relation 
to our products and the suppression of electrical interference 
NEW AERIALS 

By the time this page is being read, 
Radiolympia will be open and we 
sincerely hope to meet many of the 
readers of " The Belling-Lee Page " 
on our stand No. 25, where we will 
be showing our new range of aerials 
and many types making use of 
ingeniously engineered light alloy 
die castbgs for fixing brackets, etc. 
The light-weight range will be 
shown for the first time, symbolised 

LIGHTWEIGHT. 
SERIES 

L700tl701<tt: 
0-15.( 

by the illustration 
Fig. I on this page. 
This new ' H ' with 
its cranked arm is 
introduced for use in 
locations other than 
fringe areas, or where 
interference is severe 
in " close-in " areas. 
All types are available 
for London and Mid
land frequencies, and 
in addition, those nor
mally sold complete 
with cable, such as 
the " Doorod " are 
now available, suitable 
for either balanced or 
unbalanced- receiver 
inputs. 

Two entirely new 
dipoles . are introdr.ced 
in this page · for the 
:first time, the " Twin
rod" Fig. II and the 
" Viewflex " Fig. III. 

The New · '' Twinrod '' T.V. 
Aerial for windowsill mounting. 

This ne'Y' dual purpose aerial may 
be used either for the reception of 
broadcast or television programmes. 
As a broadcast aerial it will give 
better results than the " Winrod " 
and much better results than any 
indoor aerial. 

When used for television, it is 
excellent an,d conveni<;mt, provided 
always that its use is confined to 
locations not greatly in excess of 
fifteen miles depending upon the 
absence of metal-framed buildings, 
etc., close to and between it and the 
television transmitter. In favourable 
conditions this distance would be 
greatly exceeded. It is a fully 
dimensioned half wave dipole and 
~ust not be confused with compressed 
dipoles and therefore should give 
by comparison a better picture. 

The " Twinrod " might be 
described as the ·marriage of the 
" 'Winrod " and the " Doorod." It 
is the obvious development to use 
the now well-known and very 

popular " Doorod " as an outdoor 
aerial suitable for mounting on a 
window sill or gutter board. The 

. upper element is rigid and like the 
'' Winrod "is designed to stand away 
from the building. The lower element 
is a flat flexible which, for best 
results, should be allowed to hang 
straight down, being stapled to the 
wall to prevent swaying in the wind, 
which would cause picture flutter· 
and would soon impair the insulator. 
For absolute optimum results this 
flexible element should be " stood 
off " the wall by a few inches, but 
this is by no means essential. Where 
it is not practicable or desirable to 
let the flexible element hang straight 
down, it may be bent over, to run 
under the window ledge, but if 
at right-angles from the rigid element 
there will be an appreciable lo~ 
in signal, but even then there should 
be adequate pick-up if the location 
is normal, and the distance not 
greater than s-·8 miles from the 
transmitter. 

At the centre insulator there will 
be found a metal strap. The position 
of this decides whether or not the 
aerial is adjusted for television or 
broadcast reception. It cannot nor
mally be used for both at one time. 
Each " Twinrod " is supplied with 
e-ighteen feet of coaxial feeder which 
is sufficient for most normal rooms. 
This may be lengthened within 
reason. 

T~e '' Viewftex '' Indoor T.V. 
Aerial. 

This is revolutionary in design, 
but technically it is as efficient as 
a "Doorod," or in fact any other 
typ.e of indoor television aerial. 
It may not be found so convenient 

~ , ·, to fix as the '•Doorod, '' 
IU l but it will only require 

· /J the househokl steps so 
' 1, as to make the full 
, · /~1 fO\ use of height. In the 
~ Ill " Viewflex " both ele

ments of the dipole are 
flat flexible conductors 
with polythene insula
tion. It should be 
fixed with as much of 
it as possible, verti
cal. Where the height 
of the room is such 

Fig. III that it cannot all be· 
vertical then the lower element may 
be bent at right angles without too 
much loss in signal. 

Fig. II 

Mobile Research Unit. 
Readers of this page will be inter

ested to know that our Mobile 
Research Unit will be silt-ed at 
Radiolympia and wiD be apen for 
visitors inspection. 

*I. '' Viewrod '' light-weight series 
(Registered patents applied for) 
'H' typ . ' e (!).IS wave spacmg 
lin. dia. elements 
L. 700 London }with suffixes 
L.701 Midland below 
fC for own mast 4J,f-. 
fW mast wall fixing 70/-. 
/L mast, 1 lashing, 84/-. 

*2. "T~inr~d "window mounting 
(Reg1sterat10n & patents applied for) 

L.694 London }with suffixes 
L.695 Midland below 
/1 with coaxial feeder, 32/6. · 
/2 with balanced feeder, 29/-. 

*3. "Viewftex "indoor T.V. aerial 
(Registeration & patents applied for) 

L.696 London }with suffixes 
L.697 Midland below 
/1 with coaxial feeder, 21/-. 
/2 with balanced feeder, 17/6. 
Lightweight dipoles from 25/-. 
Indoor T.V. Aerials from 17j6. 
Senior range T.V. aerials :Worn 
57/6 • . 
Multi element arrays. 210/-
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THE "BELLING-LEE" PAGE 

Providing technical information, service and advice in relation 

to our products and the suppression of electrical interference 

receiver 

NEW AERIALS 
By the time this page is being read, 
Radiolympia will be open and we 
sincerely hope to meet many of the 
readers of " The Belling-Lee Page " 
on our stand No. 25, where we will 
be showing our new range of aerials 
and many types making use of 
ingeniously engineered light alloy 
die castings for fixing brackets, etc. 
The light-weight range will be 
shown for the first time, symbolised 

I by the illustration 
Fig. 1 on this page. 

L700iL70iac| This new ' H ' with 
—015/  its cranked arm is 

introduced for use in 
locations other than 
fringe areas, or where 
interference is severe 

■1 in " close-in " areas, 
n All types are available 

for London and Mid- 
\\ land frequencies, and 
\\ in addition, those nor- 
\\ mally sold complete 
\\ with caljle, such as 
\\ the " Doorod " are 
\\ now available, suitable 
\\ for either balanced or 

p-— .\\ n unhalanced receiver 
/ \Y / inputs, 

fe x~\I Two entirely new 
^'4? \f dipoles are introduced 

T in this page for the 
i==:S-sj|N\ first time, the " Twin- 

v rod " Fig. II and the 

JLJA "Viewflex" Fig. III. 

Fig. I 

The New " Twlnrod " T.V. 
Aerial for windowsill mounting. 

This new dual purpose aerial may 
be used either for the reception of 
broadcast or television programmes. 
As a broadcast aerial it will give 
better results than the " Winrod " 
and much better results than any 
indoor aerial. 

When used for television, it is 
excellent and convenient, provided 
always that its use is confined to 
locations not greatly in excess of 
fifteen miles depending upon the 
absence of metal-framed buildings, 
etc., close to and between it and the 
television transmitter. In favourable 
conditions this distance would be 
greatly exceeded. It is a fully 
dimensioned half wave dipole and 
must not be confused with compressed 
dipoles and therefore should give 
by comparison a better picture. 

The " Twinrod " might be 
described as the marriage of the 
"Winrod" and the "Doorod." It 
is the obvious development to use 
the now well-known and very 

popular " Doorod " as an outdoor 
aerial suitable for mounting on a 
window sill or gutter board. The 
upper element is rigid and like the 
" Winrod " is designed to stand away 
from the building. The lower element 
is a flat flexible which, for best 
results, should be allowed to hang 
straight down, being stapled to the 
wall to prevent swaying in the wind, 
which would cause picture flutter 
and would soon impair the insulator. 
For absolute optimum results this 
flexible element should be " stood 
ofi " the wall by a few inches, but 
this is by no means essential. Where 
it is not practicable or desirable to 
let the flexible element hang straight 
down, it may be bent over, to run 
under the window ledge, but if 
at right-angles from the rigid element, 
there will be an appreciable loss 
in signal, but even then there should 
be adequate pick-up if the location 
is normal, and the distance not 
greater than 5—8 miles from the 
transmitter. 

At the centre insulator there will 
be found a metal strap. The position 
of this decides whether or not the 
aerial is adjusted for television or 
broadcast reception. It cannot nor- 
mally be used for both at one time. 
Each " Twinrod " is supplied with 
eighteen feet of coaxial feeder which 
is sufficient for most normal rooms. 
This may be lengthened within 

The "Viewflex" Indoor T.V, 
Aerial. 

This is revolutionary in design, 
but technically it is as efficient as 
a " Doorod," or in fact any other 
type of indoor television aerial. 
It may not be found so convenient 

to fix as the ' 'Doorod, 
11 I but it will only require 
1 || the household steps so 
I ill as to make the full 
I 1 (Ol use height. In the 
I vkjf " " Viewflex " both ele- 
1 ments of the dipole are 

Il»l flat flexible conductors 
/jSvyfl^ with polythene insula- 

(1 [l if tion. It should be 
fixed with as much of 

PUjph it as possible, verti- 
H 1/ cak Where the height 

of the room is such. 
Fig. Ill that it cannot all be 

vertical then the lower element may 
be bent at right angles without too 
much loss in signal. 

J 

* LSy. t —L-U 

Fig. 11 

Mobile Research Unit. 
Readers of this page will fee inter- 

ested to know that our Mobile 
Research Unit will be sited at 
Radiolympia and wiM be open for 
visitors inspection. 

*1. " Viewrod " light-weight series 
(Registered patents applied for) 
' H' type 0.15 wave spacing 
fin. dia. elements 
L.700 London \with suffixes 
L.701 Midland /below 
/C for own mast 46/-. 
/W mast wall fixing 70/-. 
/L mast, 1 lashing, 84/-. 

*2. " Twinrod " window mounting 
(Registeration & patents applied for) 
L.694 London Vwith suffixes 
L.695 Midland /below 
/I with coaxial feeder, 32/6. 
/2 with balanced feeder, 29/-. 

*3. " Viewflex " indoor T.V. aerial 
(Registeration & patents applied for) 
L.696 London \with suffixes 
L.697 Midland /below 
/I with coaxial feeder, 21/-. 
/2 with balanced feeder, 17/6. 
Lightweight dipoles from 25/-. 
Indoor T.V. Aerials from 17/6. 
Senior range T.V. aerials from 
57/6. 
Multi element arrays. 210/- 
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MEET US AT 

RADIOLYMPIA 
SEPT 28 - OCT 8 

STAND No. 77 
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...0 PA>t'P~ . . ~.c * 12 ln. chassis. 
Flux density 13,500 gauss. 
Pole diameter I-!"· 
Gap .050" 
Handling capacity 15 watts. 
Price: £7.7.0. with tranformer 
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. 6ve'ry part o£ every.WJB speaker--eone, ~~ 
('lagnet, speech coil assembly, cabinet-is made ~ 
•lthin the one organisation. The close correl-
ation of design thus made possible is part of 
the reason for the typical perfQrmance. High 
fidelity large units, diffusers, industrial and 
relay speakers, extension speakers, each in 

. their class give outstanding reproduction and 
unmatched reliability. · * " Baffle '' exten

sion speakers for 
any set from 39/6 

teniuri~Ln 
WHITELEY ·ELECTRICAL RADIO CO. LTD· MANSFIELD· NOTTS 
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WORLD OF JVIBELESS 

Television at Home and Abroad • Cable and Wireless Changes 

Anglo-French Television 

F URTHER details of the recent 
meeting of the C.C.I.R. at 

which the question of European 
television standards was discussed, 
resulting in the French decision to 
adopt 405 lines, have been issued by 
the International Broadcasting 
Organization. -

l'he Study Group oJ the C.C.I.R. 
responsible for . investigating this 
vexed question of television stan- . 
dards met in Zurich in July. The 
countries represented were: A us~ 
tria, Belgium, Czechoslovakia, Den
mark, France, Italy; Netherlands, 
Sweden, Switzerland and the United 
Kingdom. It is noteworthy ·that in 
addition to these European adminis
trations the United States was 
represented and among the manu
facturing companies present was th~ 
R.C.A. 

In order to facilitate the discus
sion of standardization, a question
naire had been circulated to coun
tries represented and replies were 
considered. The two bands· under 
consideration were the 4I to 68 
Me/ s and I74 to 2I6 Mcfs. 

It was concluded that world stan
dardization, al.though desirable, was 
not possible in these bands, but 
would be practicable in the 470 to 
g6o-Mc/ s band. 

When considering what was re
garded as the most suitable number 
of lines per frame, the French and . 
U.K. delegations stated that they 
intended to unify their existing 
"medium" definition systems on 
405 lines and proposed the .estab
lishment of a high definition system 
on 8 I 9 lines operating in the I 7 4 to 
216-Mc Is band. It was further stated 
by France and the U.K. that a 
change to 525 lines, recommended 
by America, or even 625, recom
mended by other European coun
tries, would not be justifiable. 

International Television 

DELEGATES to the International 
Television Convention and Ex

hibition held in Milan in the middle 
or September had the opportunity 
of comparing British, French and 
American television gear. 

Large-screen 625-line equipment, 
working on a closed circuit, was 
demonstrated jointly by Marconi's 
and Cinema Television. The screen 
used measured I6 x I2.5 feet. The 
French delegation demonstrated 
8rg-line equipment and the Ameri
cans 525-line gear. The British 
405-line standard was not shown . 

L . H. Bedford of Marconi's was 
one of the British delegates and 
addressed the Convention. 

U.N. Radio 

I N prep<\-ra tion for the installation 
of communications equipment in 

the new United Nations head
quarters, a firm of American con
sultants is compiling an analysis of 
available equipment, · including 
British. Manufacturers are there
fore asked to submit catalogues and 
descriptive matter of any of the fol
lowing fquipment: television gear, 
including cameras, amplifiers, con
trol gear, monitors and tele-cine 
equipment; and broadcast studio 
equipment, including control con
soles, amplifiers, loudspeakers, 
microphones, turntables and disc, 
wire and tape recorders. Material 
should be sent to · Dr. Walter 
Duschinsky, c'f o Van Doren-Now
land & Schladermundt, 205, East 
42nd St . , New York, _ I7. 

MIDLAND TELEVISION . .....:...The 
completed . mast of the Sutton 
Coldfield television station which 
has been installed by B.I. Callen
der's Cables. The topmost section, 
which is tubular, is slotted for 

F.M. transmissions:. 

Midland Television 

COMPLAINTS have been made in 
the Midland area regarding the 

inability of television set owners to 
receive the signals from the B.B.C. 
pilot transmitter, which, as . men
tioned in August, are being radiated 
from Birmingham, Wolverhampton 
and Coventry. 

It is stressed by the E.B.C. that 
the sig~als are intended to help the 
radio trade only so that dealers 
within the limited range of the pilot 
transmitter, using aerials specially 
aligned for the purpose, can tune in 
the _transmissions and thereby test 
recetvers and get used to adjusting 
them. Aerials erected for members 
of the public are, of course, orient
ated on the Sutton Coldfield trans
mitter, which is not yet operating. 
Some private viewers are receiving 
the signals because they are favour
ably situated in relation to t4e site 
of the temporary transmitter. 

Commonwealth Telegraphs 
Act 

SOME interesting details of the 
events leading up to the passing 

of this Act, which was recently 
given the Royal Assent, are out
lined in the August issue of our 
contemporary, the Post Office Tele
communications ] ournal. . 

The two main effects of the Act 
are: -(a) the setting up of . the 
Commonwealth Telecommunications 
Board and (b) the P.M.G. is em
powered to take over all the assets 
and staff of Cable and Wireless Ltd. 
within the U.K. Thts transfer will 
take place on April rst next year 
but C. & W. will continue as a · 
U.K. limited liability company 
operating radio and cable telegraph 
networks in the colonies and in 
foreign countries. Of the com
panies staff of 5,ooo in this country, 
about go-% will be absorbed by the 
Post Office ; the remainder will be 
retained by the company at its 
headquarters. 

Aircraft Radio 

I N order ' to expedite .the testing 
of and fault locating in aircraft 

radio apparatus at airports, an 
equipment tester simulating the 
conditions under .}Vhich the sets are 
used in the aircraft has been de
signed and produced jointly by Mar
coni's Wireless Telegraph Company 
and Marconi Instruments. De
scribed as the type 0Azr6, it is a 
comprehensive collection of test ap-
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Anglo-French Television 

FURTHER details of the recent 
meeting of the C.C l.R. • at 

which the question of European 
television standards was discussed, 
resulting in the French decision to 
adopt 405 lines, have been issued by 
the International Broadcasting 
Organization. - 

The Study Group of the C.C.I.R. 
responsible for investigating this 
vexed question of television stan- . 
dards met in Zurich in July. The • 
countries represented were: Au s- 
tria, Belgium, Czechoslovakia Den- 
mark, France, Italy> Netherlands, 
Sweden, Switzerland and the United 
Kingdom. It is noteworthy that in 
addition to these European adminis- 
trations the United States was 
represented and among the manu- 
facturing companies present was the 
R.C.A. 

In order to facilitate the discus- 
sion of standardization, a question- 
naire had been circulated to coun- 
tries represented and replies were 
considered. The two bands- under 
consideration were the 41 to 68 
Mc/s and 174 to 2i6Mc/s. 

It was concluded that world stan- 
dardization, although desirable, was 
not possible in these bands, but 
would be practicable in the 470 to 
g6o-Mc/s band. 

When considering what was re- 
garded as the most suitable number 
of lines per frame, the French and. 
U.K. delegations stated that they 
intended to unify their existing 
"medium" definition systems on 
405 lines and proposed the estab- 
lishment of a h :h definition system 
on 819 lines opera mg in the 174 to 
216-Mc/s band. It was further stated 
by France and the U.K. that a 
change to 525 lines, recommended 
by America, or even 625, recom- 
mended by other European coun- 
tries, would not be jusf.iable. 

International Television 

DELEGATES to the International 
Television Convention and Ex- 

hibition held in Milan in the middle 
of September had the opportunit; 
of comparing British, French and 
American television gear. 

Large-screen 625-line equipment, 
working on a closed circuit, was 
demonstrated jointly by Marconi's 
and Cinema Television. The screen 
used measured 16 x 12.5 feet. The 
French delegation demonstrated 
819-line equipment and the Ameri- 
cans 525-line gear. The British 
405-line standard was not shown. 

L. H. Bedford of Marconi's was 
one of the British delegates and 
addressed the Convention. 

U.N. Radio 

IN preparation for the installation 
of communications equipment in 

the new United Nations head- 
quarters,-a firm of American con- 
sultants is compiling an analyj of 
available equipment, including 
British. Manufacturers are there- 
fore asked to subm j catalogues and 
descriptive matter of any of the fol- 
lowing equipment: television gear, 
including cameras, amplifiers, con- 
trol gear, monitors and tele-cine 
equipment; and broadcast studio 
equipment, including control con- 
soles, amplifiers, loudspeakers, 
microphones, turntables and disc, 
wire and tape recorders. Material 
should be sent to Dr. Walter 
Duschinsky, c'/o Van Doren-Now- 
land & Schladermundt, 205, East 
42nd St., New York. 17, 
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MIDLAND TELEVISION.—The 
completed mast of the Sutton 
Coldfield television station which 
has been installed by B.I. Callen- 
der's Cables. The topmost section, 
which is tubular, is slotted for 

F.M. transmissions. 

Midland Television 

COMPLAINTS have been made in 
the Midland area regarding the 

inability of television set owners to 
receive the signals from the B.B.C. 
pilot transmitter, which, as - men- 
tioned in August, are being radiated 
from I rmingham, Wolverhampton 
and Coventry 

It is stressed by the B-B.C. that 
the signals are intended to help the 
radio trade only so that dealers 
within the limited range of the pilot 
transmitter, using aerials specially 
s ligned for the purpose, can tune in 
the transmissions and thereby test 
receivers and get used to adjusting 
them. Aerials erected for members 
of the public are, of course, orient- 
ated on the Sutton Coldfield trans- 
mitter, which is not yet operating. 
Some private viewers are receiving 
the signals because they are favour- 
ably situated in relation to the site 
of the temporary transmitter. 

Commonwealth Telegraphs 

Act 

SOME interesting details of the 
events leading up to the passing 

of this Act, which was recently 
given the Royal Assent, are out- 
lined in the August issue of our 
contemporary, the Post Office Tele- 
communications Journal. 

The two main effects of the Act 
are:—(a) the setting up of .the 
Commonwealth Telecommunications 
Board and (b) the P.M.G. is em- 
powered to take over all the assets 
and staff of Cable and Wireless Ltd. 
within the U.K. This transfer w' .1 
take place on April 1st next year 
but C. & W. will continue as a 
U.K. limited liability company 
operating radio and cable telegraph 
networks in the colonies and in 
foreign countries. Of the com- 
panies ctaff of 5,000 in this country, 
about 90% will be absorbed by the 
Post Office; the remainder will be 
retained by the company at its 
headquarters. 

Aircraft Radio 

IN order'to expec te the testing 
of and fault locating in aircraft 

radio apparatus at airports, an 
equipment tester simulating the 
conditions under jvhich the sets are 
used in the aircraft has been de- 
signed and produced jointly by Mar- 
coni's Wireless Telegraph Company 
and Marconi Instruments. De- 
sc-ibed as the type OA216, it is a 
comprehensive collection of test ap- 
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paratus incm:porated in one steel 
cabinet measuing 4ft 'Wide, 3ft 
high and 16in aeep. 

Although it has been specifically 
designed for testing the Marconi 
range of aircraft sets, intercom sys
tems and radio compass, it is suffi
ciently flexible to enable any other 
make of apparatus to be dealt with 
expeditiously. The principal items 
in the assembly can be identified by 
the lettering on the accompanying 
illustration and the inscription 
below it. 

Two-Metre Transmitter 

A CRYSTAL-controlled transmit
ter for use on the 145Mc / s band -

has been introduced by Labgear, 
Willow Place, Fair Street, Cam
bridge, for amateur use. The design 
·is based on orthodox and well-tried 
practice, ci:nd it should give reliable 
and efficient service. 

It is designed to take three · 8Mc / s 
crystals and selection of the desired 
fmal frequency is effected by a panel 
switch. The crystal oscillator is an 
EFso and this is followed by two 
frequency multipliers using QV04-7 
valves. The output stage is a push
pull 82gB beam tetrode. Anode 
modulation is employed and suffi
cient a.£. gain is provided to permit 
the use of a crystal microphone. 

OBITUARY 
It is with regret we record the death 

of Captain A. G. D. West. managing 
director of Cinema Television, as the 
result of a climbing accident in Switzer
land on August 22nd. He joined the 
B.B.C. in 1923 at the age of 26 as 
asst. chief engineer. In 1929 he left the 
B.B.C. to become chief of design and 
development for the Gramophone Co. 
His first appointment in television 
came in 1933 when he became tech
nical director of Baird Television (now 
Cinema Television). Captain West was 
a founder member of the International 
Television Committee and was this 
year appointed vice-president. He was 
to have taken a prominent part in the 
international television exhibition 
which opened in Milan on September 
nth. He was president of the British 
Kinematograph Society from 1938 to 
1946. 

~ireless ~orld October, I94lJ 

TYPE OA2r6 Marconi aircraft radio tester. The principal items are as 
follows :- A-beat frequency a.£. oscillator, C-signal generator, D-radio 
compass loop, E-direction finder test set, G-artificial aerial for trans
mitters, H-output meter, ]-artificial aerials for receivers, K-l.t. voltage 

- regulator. 

PERSONALITIES 
Arthur L. Budlong, who has been 

assistant secretary of the American 
Radio Relay League for twenty-three 
years, has been appointed secretary 
and general manager in succession to 
the late Kenneth B. Warner. 

G. Damley-Smith; who has been on 
the Board of Cinema Television for 
some time, has been appointed 
managing director in succession to the 
late Captain A. G. D. West. He is 
also managing director of the asso
ciated company, Bush Radio, and was 
chairman of the R.I.C. in 1946. 

Alan Knight has joined Philips Elec
trical .as car radio manager. Prior to 
entering the radio industry some seven
teen years ago, he was in the export 
department of General Motors of New 
York. During the war he was in the 
Mini~try of Production. 

H. J. Leak, director of the company 
bearing his name, has gone to America 
to exhibit audio amplifiers at the Audio 
Fair which is being held in New York 
from October 27th· to 29th. The show 
is sponsored by the Audio Engineering 
Society of America. · 

]. T. Moore, who has been with the 
Philips organization since 1928, has 
been appointed Midlands television 
executive by the company. 

Louis G. Pacent, president and 
technical director of Pacent Engineer
ing Corp., New York, has been 
appointed consulting engineer by 
Plessey . International of Ilford. 

H. M. Thorne has been appointed 
radio sales manager by Philips Elec
trical. He· joined the company in 1929 
and has been for some time personal 
assistant to H. Slater, director in 
charge of the radio and television side 
of the business. 

IN BRIEF 

Licences.-With increases of 40,150 
" sound " licences and 7, 250 television 
licences during July, the total at the 
end of the month was II,958,250. Of 
this total 155,150 were for television 
receivers. 

AMATEUR'S SET.-The two units comprising the Labgear 145 Mcfs 
amateur transmitter referred to above. 

Radiolympia, 1951.-It is annou~ced 
by the Radio Industry Council that 
Olympia has been booked for a session 
in June each year from 1951 for the 
National Radio Exhibition. The rela
tive merits of an early or late summer 
show have been discussed for some 
years; the disadvantages of the latter 
being that it follows too soon after the 
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World of Wireless— 
paratus incorporated in one steel 
cabinet measuiing 4ft wide, 3ft 
high and i6in aeep 

Although it has been specincally 
designed for testing the Marconi 
range of aircraft sets, intercom sys- 
tems and radio compass, it is suffi- 
ciently flexible to enable any other 
make of apparatus to be dealt with 
exped tiously. The principal items 
in the assembly can be identified by 
the lettering on the accompanying 
illustrat n and the inscription 
below it. 

Two-Metre Transmitter 

A CRY ST AL-controlled transmit- 
ter for use on the 145MC/S band 

has been introduced by Labgear, 
Willow Place, Fair Street, Cam- 
bridge, for amateur use. The design 
is based on orthodox and well-tried 
practice, and it ihould give reliable 
and efficient service. 

It is designed to take three 8Mc / s 
crystals and selection of the desired 
final frequency is effected by a panel 
switch. The crystal oscillator is an 
EF50 and this is followed by two 
frequency multiphers using QVO4-7 
valves. The output stage is a push- 
pull 829B beam tetrode. Anode 
modulation is employed and suffi- 
cient a.f. gain is provided to permit 
the use of a crystal microphone. 

OBITUARY 

It is with regret we record the death 
of Captain A. G. D. West, managing 
director of Cinema Te evision as the 
result of a climbing accident in Switzer- 
land on August 22nd. He joined the 
B.B.C. 1923 at the age rf 26 as 
asst. chief engineer. In 1929 hi left the 
B.B.C. to become chief of design and 
development fo: the Gra aophone Co. 
His first appointment in television 
came in 1933 when he became tech- 
nical director of Baird Television (now 
Cinema Television). Captain West was 
a founder member of the International 
Television Committee and was this 
year appointed vice-president. He. was 
to have taken a promi ent part in the 
international t icvision exhibition 
which opened in Milan on September 
nth. He was president of the British 
Kinematograph Society from 1938 to 
1946. 
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TYPE OA216 Marconi aircraft radio tester. The principal items are as 
follows :— A—beat frequency a.f. oscillator, C—signal generator, D—radio 
compass loop, E—direction finder test set, G—^artificial aerial for trans- 
mitters, H—output meter, J—artificial aerials for receivers, K—l.t. voltage 

regulator. 

I ERSONALITIES 

Arthur L. Budlong, who has beefi 
assistant secretary of the American 
Rad 1 elay Ledgue for twenty-three 
years, has been appointed secretary 
and gene il manager 1 succession to 
the late Kenneth B. Warner. 

G. Damley-Smitl , who has been on 
the Board of Cinema Television for 
some time, has been appointed 
nanaging director in succession to the 

late Captain A. G. D. West. He is 
also managing director a', the asso- 
ciated company. Bush Radio, and was 
chairman of the R.I.C. in 1946, 

Alan Knight has joined Philips Elec- 
t cal as car radio manager. Prior to 
entering the radio industry some, seven- 
em years ago, he was n the export 

d partmenl of General Motors of New 
York. Du ng he war he was in the 
Ministry of Production. 

AMATEUR'S SET.—The two units comprising the Labgear 145 Mc/s 
amateur transmitter referred to above. 

H. J Eak, director ot the company 
bearing his name, has gone to America 
to ixhi it auuro amplifiers at the Audio 
Fair hiCh is being held in New York 
from October 271 to 29th. The show 
is sponsored by the Audio Engineering 
Soc ty of America. 

J. T. Moore, who har been with the 
Philips organii tion since 1928. has 
been appointed Midlands television 
executive by the company. 

ouis G. Pacent, president and 
techn al director of Pacent Engineer- 
ing Corp., New York, has been 
appointed consulting engineer by 
Plessey. International of Ilforc. 

H. M. Thome has been appointed 
radio sales manager by Phili s Elec- 
trical. He" joined the company in 1929 
and has been for some time personal 
< ssistant to H. Slater, d ector in 
charge E the radio and television side 
of the business. 

IN BRIEF 

Licences.—With increases of 40,150 
" sound " ...cenc and 7,250 televisii 1 
licences during July, the total at the 
end of the month was 11,958,250. Of 
this total 155,150 were for television 
receivers, 

Radiolymy 1, 1951.—It is announced 
by the . ac 1 Indnstn Council that 
Ol; npia has been booked for a session 
in June ich year 1 om 1951 for the 
N_ _onal Radio Exhibition, The rela- 
tive me ts of an early or late summer 
show have been discussed for some 
years; the disadvantages of the latter 
being that it follows too soon after the 
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annual holiday period when most works 
are closed and, too, it interferes with 
autumn production plans. 

American Amateurs.-New amateur 
regulations proposed by the American 
F.C.C. would, according to the 
A.R.R.L., amount to undesirably 
rigorous control of amateur transmit
ting activities. The A.R.R.L. has 
lodged with the Commission a lengthy · 
statement by way of protest. 

Electronics.-Among the courses of 
lectures arranged h¥ the Dept. of 
Mathematics and Physics at the Poly
technic, Regent St., London, is a post
graduate course on electronics which 
will be held on Thursdays from 7 .o to 
8.30, c01lllliencing September 2gth. The 
first part of the course will deal with 
emission of electrons from solids, the 
second with amplifiers and oscillators 
and the third with ultra-high frequency 
techniques. The fee for Parts A or B 
is 12s 6d and for C 25s. 

Overseas Standards.--The British 
Standards Institution asks us to remind 
manufacturers that ·the institution acts 
as the agent in this· country of . all 
overseas national· standards orgamza-' 
tions and, as such, is in a position to 
supply copies of Standards issued by 
them. 

Amateurs' Examination.-The Dept. _ 
of Technology of the City and Guilds of 
London Institute announces that 636 of 
the 898 candidates passed the Radio 
Amateurs' Examination in May pre
paratory to receiving a transmitting 
licence. In the report of the examiners 
it is stated that the only question 
which appeared to give serious trouble 
was that dealing with the calculation 
of circuit values. 

Evening Courses.-Among the courses 
arranged by the South-East London 
Technical College, Lewisham Way, 
S.E.4, is one of thirty lectures on r.f. 
and electronic measurements. It com
mences on October 14th at 7.o.; fee £1. 
Another course of about thirty lectures, 
which commences on October 17th at 
7 .o deals with the theory and design of 
communication networks. 

Broadcasting Stations.~The fifth 
edition of the 88-page Wireless World 
booklet .. Guide to . Broadcasting 
Stations " is now available, price IS 6d 
from booksellers and newsagents. In 
addition to the lists giving operating de
tails of over 350 long- and medium-wave 
European stations and of some 1,300 
short-wave stations of the world, it 
includes the European frenquencies allo
cated unrler the Copenhagen Plan which 
is due to tome into force next March. 

DESIGNED FOR COUNTING 
and hatching small artides at 
high speed, the type E·CB144 
electronic counter made by 
Sargrove Electronics, Effing
ham, Surrey, will operate in 
un:ts, tens, dozens or grosses, 
giving visua1 indication of the 
process, and automatically 
repeating at the end of the 
chosen cycle. Maximum 
counting speed is 2o,ooo per 

second. 

"Wireless World*' at Radiolympia. 
-A range of new technical books, in
cluding some new editions and 
reprints, will be on view at our stand 
{No. 29, Grand Hall). 

Sound Reproducing Equipment con
sisting of two 300-watt amplifiers 
feeding 360 loudspeakers has been in
stalled by the G.E.C. in the Central 
Office of the Ministry of National 
Insurance at Benton, Newcastle-on
Tyne, where 7,500 are employed. 

Magnetic Recording.-The latest of 
the series of booklets to be issued by 
E.M.I. containing papers read by mem
bers of the staff to learned societies is 
entitled "Some Fundamentals of Mag
netic Recording" by E. W. Berth
Jones, B.Sc. of E .M.I. Studios. It is 
based on a lecture given by the author 
to members of the British Sound Re-

-cording Association. The booklet, 
priced zs 6d, is available from the 
Advertising Division, E.M.I. Sales and 
Service, Hayes, Middx. 

Radio Servicing.-Of the 1;53 candi
dates who sat for the Radio Servicing 
Certificate examination in May, 89 
passed both the written and practical 
sections and 24 passed the written 
examination only. The exam is orga
nized jointly by the Radl.o Trades 
Examination Board and City & Guilds. 

Components Exhibition.-The seventh 
annual exhibition of radio components, 
valves and test gear organized by the 
Radio and Electronic Component 
Manufacturers' Federation, will be 
held at Grosvenor House, Park Lane, 
London, W.r, from April 17th to 19th 
next year. 

Reunion.-We have been asked to 
announce that a reunion of those who 
worked in the Test Dept., No. I Signals 
Depot, R.A.F., West Drayton, will be 
held at Paxtons Head, 153 Knights
bridge, London, S.W.I, on October 8th 
at 7· Further information is obtainable 
from H. Coker, 18 Beechdale, London, 
N.zr. 

" Mechanical Handling," our asso
ciate journal, is organizing the second 
Mechanical Handling Exhibition which 
will be held at Olympia, London, from 
June 6th to 17th_ next year. 

Packaging. - The first National 
Packaging Exhibition, sponsored by 
the Institute of Packaging, will be 
held at the City Hall, Deansgate, 
Manchester, from October 5th to I.'ith. 
The British Standards Institution has 
recently issued a revised Code of Prac
tice for packaging-BS.H33· 
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Elec::tronics Symposium.-Among the 
papers to be read during the elec
tronics exhibition at the Examination 
Hall, Queens Square, London, W.C.I, 
from November znd to 4th, are the 
following: "Electronic Amplifiers," 
by D. L. Banks (Furzehill); " Some 
Recent Improvements in Electronic 
Measuring Techniques," by C. H. W. 
Brookes-Smith and J. A. Calls (Southern 
Instruments); and " The Measurement 
of Some Transient Phenomena,... by 
Dr. H. A. Dell (Mullard) . Further 
particulars and tickets are obtainable 
from the Electronics "Section of the 
Scientific Instrument Manufacturers' 
Association, 17, Princes Gate, London, 
S.W.7. 

Schools' · Radio.-The Essex Educa
tion Committee recently accepted 
tenders for the supply of £w,ooo worth 
of radio eq,uipment for installation in 
schools dunng 1949/50. 

Television Training School for 
G.E.C. dealers in the Manchester area 
has been opened by the company. 
The course of instruction, which lasts 
a week, includes practical work on the 
diagnosis and rectification of faults in 
television sets. 

Amateur Radio.-An exhibition is 
being held at the Corn Exchange, . 
Manchester, from October 21st to 23rd, 
in connection with the R.S.G.B. 
National Convention. On the first day 
it opens at 2.30 and on subsequent 
days at II a.m. It closes daily at g. 

Italian Television.-lt is learned from 
an Italian correspondent that the 
Italian broadcasting authorities . are in
stalling both American (Q25·line) and 
French (819-line) television transmit
ters near Turin with a view to con
ducting a series of experiments before 
establishing a service. One of the diffi
culties to be overcome in establishing 
a service in Italy is the non-standard 
periodicity of the electric mains. 

Benelux Exhibition.-Wireless World 
and books issued by W. W. are among 
the publications of the Associated lliffe 
Press being displayed in the Century 
Hotel, Antwerp, during the Benelux 
Exhibition which closes on October gth. 

INDUSTRIAL NEWS 

Electronics Centre. - Cinema-Tele
vision and Dawe Instruments have 
jointly opened a London showroom at 
83, Piccadilly, W.I (Tel.: Mavfair 
4613). A wide . range of test . and 
measuring gear and electronic instru
ments is on show. 

British Mechanical Productions and 
their associated company, the General 
Accessories Co., makers of Clix com
ponents, whose works are at Barton 
Hill Works, Maze Street, Bristol, .'i. 
and the head office at 21, Bruton 
Street, London, W.I, announce that 
they are no longer subsidiaries of the 
Radio and Television Trust. 

Murphy.-By the. acquisition of 
General Radiological. ~td., and Solus
Schall, Ltd., manufatturers of X-ray 
tubes and equipment, MuriJhy Radio 
has extended its interests to the electro
medical field . 

Radio Heaters, Ltd., manufacturers 
of Radyne industrial R.F. heaters, are 
building a new factory at Wokingham, 
Berkshire. The joint managing direc-
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annual holiday period when most works 
are closed and, too, it interferes with 
autumn production plans. 

American Amateurs,—New amateur 
regulations proposed by the American 
F.C.C. would, according to the 
A.R.R.L., amount to undesirabl 
rigorous control of amateur transmit- 
ting activities. The A.R.RX. has 
lodged with the Commission a lengthy - 
statement by way of protest. 

Electronics.—Among the courses of 
lectures arrangec by the Dept. of 
Mathematics and Physics at the Poly- 
technic, Regent St., London, is a post- 
graduate course on electronics which 
will be held on T mrsdays from 7.0 to 
8.30, commencing September 20th. The 
first part of the course will deal with 
emission of electrons from solids, the 
second with amplifiers and isc lators 
and the third with ultra-h ;h frequency 
techniques. The fee for Parts A or B 
is 12s 6d and for C 25s. 

Overseas Standards.—'The British 
Standards Institution asks us to remind 
manufacturers that the institution acts 
as the agent in this country qf all 
overseas national" standards organiza- 
tions and, as such, is in a position to 
supply copies of Standards issued by 
them. 

Amateurs' Examination.'—The Dept. 
of Technology of the City and Guilds of 
London Institute announces that 636 of 
the 898 candidates passed the Radio 
Amateurs' Examination in May pre- 
paratory to receiving a transmitting 
Hcence. In the report of the examiners 
it is stated that the only questi 1 
which appeared to give serious trouble 
was that dealing with the calculation 
of circuit values. 

Evening Courses.—Among the courses 
arranged by the South-East London 
Technical College, Lewisham Way, 
S,E.4. is one of thirty lectures on r.f. 
and electronic measurements. It com- 
mences on October 14th at 7.0; fee £1 
Another course of about thirty lectures, 
which commences on Octob 17th at 
7.0 deals with the theory and design of 
communication networks. 

Broadcasting Stations.—The fifth 
edition of the 88-page Wireless World 
booklet " Guide to Broadcasting 
Stations " is now available, price is 6d 
from booksellers and newsagents. In 
addition to the lists giving operating de- 
tails of over 350 long- and medium-wave 
European stations and of some 1,300 
short-wave stations of the world, it 
includes the European Irenquenc; s al >- 
cated under the Copenhagen Plan which 
is due to come into force next March. 

DESIGNED FOR COUNTING 
and batching small articles at 
high speed, the type ECB144 
electronic counter made by 
Sargrove Electronics, Effing- 
ham, Surrey, will operate in 
units, tens, dozens or grosses, 
giving visual indication of the 
process, and automatically 
repeating at the end of the 
chosen cycle. Maximum 
counting speed is 20,000 per 

second. 

"Wireless World*' at Radiolympfa. 
—A range of new technical books, in- 
cluding some new ' editions and 
reprints, will be on view at our stand 
(No. 29 Grand Hall). 

Sound Reproducing Equipment con- 
sisting of two 300-watt amplifiers 
feeding 360 loudspeakers has been in- 
stalled by the G.E.C. in the Central 
Office of the Ministry of National 
Insurance at Benton, Newcastle-on- 
Tyne, where 7,500 are employed. 

Magnetic Recording.—The latest of 
the series of booklets to be issued by 
E.M.I, containing papers read by mem- 
bers of the staff to learned societies is 
entitled *' Some Fundamentals of Mag- 
netic Recording" by E. W. Berth- 
Jones, B.Sc. of E.M.I. Studios. It is 
based on a lecture given by the author 
to members of the British Sound Re- 

cording Association. The booklet, 
priced 2s 6d, is available from the 
Advertising Division, E.M.I. Sales, and 
Service, Hayes, Middx. 

Radio Servicing.—Of the J53 candi- 
dates who sat for the Radio Servicing 
Certificate examination in May, 89 
passed both the written and practical 
sections and 24 passed the written 
examination only. The exam is orga- 
nized jointly by the Radio Trades 
Examination Board and City & Guilds. 

Components Exhibition.—The seventh 
annual exhibition of radio components, 
valves and test gear organized by the 
Radio and Electronic Component 
Manufacturers' Federation, will be 
held at Grosvenor House, Park Lane, 
London, W.i, from April 17th to 19th 
next year. 

Reunion.—We have been asked to 
announce that a reunion o those who 
worked in the Test Dept., No. 1 Signals 
Depot, R.A.F., West Drayton, will be 
held at Paxtons Head, 153 Knights- 
bridge, London, S.W.i, on October Stb 
at 7. Further information is obtainable 
from H. Coker, 18 Beechdale, London, 
N.21. 

" Mechanical Handling," our asso- 
ciate journal, is organizing the second 
Mechanical Handling Exhibition which 
will be held at Olympia, London, from 
June 6th to 17th next year. 

Packaging. — The first National 
Packaging Exhibition, sponsored by 
the Institute of Packaging, will be 
held at the City Hall, Deansgate, 
Manchester, from Octot r 5th to 15th. 
The British Standards 1 itivution has 
recently issued a revised Code of Prac- 
tice for packaging—BS.1133. 

Electronics Symposium.—Among the 
papers to be read during the elec- 
tronics exhibition at the Examination 
Hall, Queens Square, London, W.C.i, 
from November 2nd to 4th, are the 
following; "Electronic mplifiers," 
by D. L. Banks (Furzehill); "Seme 
Recent Improvements in Electronic 
Measuring techniques," by C. H. W. 
Brookes-Smith and J. A. Colls (Southern 
I \st iments); and "The Measurement 
ff Some Transient Phenomen: "■ by 
Dr. H.- A. Dell (Mullard). Furtne.: 
particulars and tickets are obtainable 
from the Electronics4 Section of the 
Scientific Instrument Manufacturers' 
Association, 17, Princes Gate, London, 
S.W.7. 

Schools' Radio.—The Essex Educa- 
tion Committee recently accepted 
tenders fox the supply of ^10,000 worth 
of radio equipment for installatfon in 
schools during 1949/50. 

Television Training School for 
G.E.C. dealers in the Manchester area 
has been opened by the company. 
The course of instruction, which lasts 
a week, includes practical work on the 
diagnosis and rectification of faults in 
television sets. 

Amateur Radio.—An exhibition is 
being held at the Corn Exchange, ■ 
Manchester, from Octobei 21st to z^rd, 
in connection with the R.S.G.B. 
National Convention. )n the first day 
it opens at 2.30 and on subsequent 
days at 11 a.m. It closes daily at 9. 

Italian Television.^—It is learned from 
an Italian correspondent that the 
Italian broadcasting authorities are in- 
stalling both American (625-line) and 
French (819-line) television transmit- 
ters near Turin with a view to con- 
ducting a series of experiments before 
establishing a service. One of the diffi- 
culties to be overcome in establishing 
a service in Italy is the non-standard 
periodicity of the electric mains. 

Benelux Exhibition.—Wireless World 
and books issued by W.W. are among 
the publications of the Associated Iliffe 
Press being displayed in the Century 
Hotel, Antwerp, during the Benelux, 
Exhibition which closes on October 9th. 

INDUSTRIAL NEWS 

Electronics Centre. — Cinema-Tele- 
vision and Dawe Instruments have 
jointly opened a Londc showroom at 
83, Piccadill; W.i (Tel.: Mayfair 
4613). A wide range of test, and 
measuring gear and electronic instru- 
ments is on show. 

British Mechanical Productions and 
their associated company, the General 
Accessories Co., makers of Clix com- 
ponents, whose works are at Barton 
Hill Works, Maze Street, Bristol, 5, 
and the head office at 21, Bruton 
Street, London, W.i, announce that 
they are no longer subsidiaries of the 
Radio and Television Trust. 

Murphy.—By the. acquisition of 
General Radiological, Ltd. and Solus- 
Schall, Ltd.., manufacturers of X-ray 
tubes and equipment. Murphy Radio 
has extended its interests to the electro- 
medical field. 

Radio Heaters, Ltd., manufacturers 
of Radyne industrial R.F. heaters, are 
building a new factory at Wokinj 'iam, 
Berkshire. The joint managing direo- 
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World of Wireless-
tors of the company, which was 
formed in 1945, are E. C. Stanley and 
C. E. Tibbs, who were previously in 
the industrial electronics department of 
Rediffusion, Ltd. (now Redifon). 
· A. E. Cawkell, who specializes in 

the design and production of electronic 
instruments to special order, has 
recently developed such apparatus as 
noise measudng sets, a d .c. amplifier, 
diathermy equipment, photometry 
equipment and many kinds of special
purpose amplifiers. 

Aerialite is opening a new depot at 
44-45, Suffolk Street, Birmingham. 

Wolsey Television have opened a 
Midland depot at 59, Soho Hill, Bir
mingham, rg (Tel.: Northern 2762 and 
3493). 

Sound Sales~-The London office and 
demonstration rooms of Sound Sales, 
Ltd., are now at Lloyds Bank Cham
bers, r25, Oxford Street, W.r (Tel.: 
Gerrard 8782). 

Masteradio 
been . formed 
assembly of 
receivers. 

EXPORT 

(Australia) Pty. has 
in Melbourne for the 
British Masteradio car 

India.-Enquiries have been received 
by the U.K. Trade Commissioner at 
Madras for details of manufacturers 
who are able to supply dry battery or 
combined mains/battery receivers. 
Frequency coverage should be from 13 
to go metres and 200 to 550 metres, 
with Indian station names marked on 
the dials. Manufacturers should send 
literature, prices and delivery dates 
to the Commercial Relations and 
Exports Dept., Board of Trade, Thames 
House North, Millbank, London, 
S.W.r, quoting reference CRE(IB) 
2III2/ 49· 

Switzerland.-Control and surveil~ 
lance radar equipment for use at the 
new Kloten airport is required by the 
Zurich authorities and they will be in
terested to receive offers from British 
firms . Communications should be sent 
direct to Radio Suisse A.G. Haupt
postegabaude, Berne. 

lran.-A report on the Iranian 
market for receivers has been supplied 
by the Commercial Counsellor at 
Tehran. The two main criticisms of 
British sets are that they are too con~ 
servative in design and seem " old
fashioned" to Persians and that they 
are not so extensively advertised as 
American sets. 

U.S.A. - The British Consulate 
General at Detroit states that Buhl 
Sons Co. have agreed to consider 
offers from British manufacturers of 
broadcast receivers. Particulars should 
be sent to H. Pilbeam, Buhl Sons Co., 
120, Adair Street, Detroit, Mich., 
U.S.A. 

Nyasaland. - The International 
Marine Radio Co., of Croydon, has re
ceived an order from the Nyasaland 
Railways for the installation of eight 
shore stations and associated equip
ment for the provision of a radio
telephone system on Lake Nyasa. 

Radio Components and hearing-aid 
parts are among the articles listed by 
the French authorities for token im
ports from this country. 
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Pye (Cal)ada), Ltd., a s~bsidiarv of 
Pye of Cambridge, has recently opened 
a factory at Ajax, Ontario, for the 
production of television sets operating 
on the American 525-line system. Six 
prototype receivers were sent from this 
country and demonstrated at the 
Canadian National Exhibition in 
Toronto. As there are no television 
stations operating in Canada, transmis
sions from the American station at 
Buffalo (6o miles away) were received. 

MEETINGS 

Institution of Electrical Engineers 
Inaugural address of the president, 

Professor E. B. Moullin, M.A., Sc.n., 
at 5.30 on October 6th. 

Radio Section .-lnaugural address of 
the chairman, R. T. B . W~T:n , C.B.E., 
M.A., at 5.30 on October rgth. 

''The C.B.S. Colour Television 
System in the United Stat;es," by P . C. 
Goldmark, B.S. , Ph.D., at 5.30 on Octo
ber rst. 

The above meetings will be held at 
the I.E.E., Savoy Place, London, 
W .C.z. 

Cambridge Radio Group.-Address of 
the chairman; C. W. Oatley, M.A., 
M.Sc., at 6.0 on October nth, at the 
Cambridgeshire Technical College. 

North - Eastern Radio Group.
Address of the chairman, G. E. Moore, 
at 6.15 on October nth at King's Col
lege, Newcastle-on-Tyne. 

North-Western Radio Group.-Dis
cussion oh "Wave-guides " opened by 
E . Colin Cherry, JVLSc. (Eng.), at 6.30 
on October rgth, at the Engineers' 
Club, Albert Square, Manchester. 

South Midland Radio Group .
" Hot-Cathode Thyratrons: Practical 
Studies of Characteristics," by H . de B. 
Knight, M.Sc., at 6.o on October 24th, 
at the James Watt Memorial Institute. 
Great Charles Street, Birmingham. 
British Institution of Radio Engineers 

London Section. ::- "Experimental 
Study of the Magnetic Amplifier," by 
E. H. Frost-Smith, B.A., at 6.30 on 
October 13th, at the London School of 
Hygiene and Tropical Medicine, Gower 
Street, W.C.r. 

Merseyside Section.-" The Sensi
tivity and Other Properties of Tele
vision Camera Tubes," by L. H. Bed
ford, O.B.E., M.A., B .Sc., at 7.0 on 
October 5th at the Accountants' Hall, 
Derby Square, Liverpool. 

Scottish Section.-" Electronics in 
Aircraft Design," by A. L. Whitwell, 
at 6.30 on October sth, at the Elec
trical Department, Glasgow University. 

South Midlands Section.-" The Per
form3-nce and Stability of Permanent 
Magnets," by A . J . Tyrrell, at 7.0 on 
October 27th, at the Technical College, 
The Butts, Coventry. 

West Midlands Section.-" Television 
Receiver Design," by W. Jones, at 7.0 
on October z6th, at the Technical Col
lege, Wulfrunar Street, Wolverhampton. 
British Sound Recording Association 

The date of the opening meeting of 
the session has been changed to Sep
tember 30th at 7.0 at the Royal Society 
of Arts, John Adam Street, Adelphi, 
London, . W.C.2, when W . S . Barrell 
will give his presidential address, which 
will deal inter alia with microgroove 
recording. 

Television Society 
North Midlands Centre .- " Single 

Side-band Aspects of Television," by 
M. Reeder, at 7.30 on September 30th, 
at the Great Eastern Hotel, Leeds, r. 
Society of Relay Engineers 

"Line Equalization with Special 
Reference to Programme Circuits," by 
H. J. Marchant, at 2.30 on October 4th, 
at the Royal Society of Arts, John 
Adam Street, Adelphi, London, W.C.2. 

MANUFACTURERS' 
LITERATURE 

L EAFLET dealing with " Sonogard '' 
audible protection systems for 

works, offices, etc., from Ardente 
Acoustic Laboratories, Guildford . Sur
rey. 

Descriptive leaflets No. II7 (Type 
MN Vacuum-cell Photometer), No. II8 
(" Ionex" Ionization Meter, and No. 
ng (X-ray Monitor), from the Baldwin 
Instrument Co., Dartford, Kent . 

Lis;J; of hire charges for public address 
equipment from Alexander Black, 34, 
Marlborough Grove, London, S .E.r. 

~· This is Ediswan," an illustrated 
brochure dealing with the activities and 
interests of the Edison Swan Electric 
Co., 155, Charing Cross Road, London, 
W .C.2. 

Technical details of Type 2350E rib
bon microphone. from E.M.I . Sales and 
Service, Hayes, Middlesex . 

Leaflet describing loudspeakers and 
transformers made by Electro Acoustic 
Industries. Broad · Lane, Tottenham, 
London, N.r5. 

Brochure on " Cold Welding" tech
nique, licences for which are now being 
granted by the General Electric Co., 
Magnet House, Kingsway, London, 
W .C.z. 

Folders describing p .a. loudspea'kers, 
amplifiers, moving- coil microphones 
and type-approved schools broadcast
ing equipment from Magneta Time 
Company, Goblin Works, Leatherhead, 
Surrey. 

Technical brochure on vibrators 
issued by the Plessey Co. (Components 
Division), Ilford, Essex. 

"Television; Build it Yourself." Con
structional details for assembling · the 
television kit sold by Premier Radio, 
167 Lower Clapton Road, London, E.s. 
Price of booklet only 2s 6d. 

Catalogue of v .h .f. and h .f. radio
telephone equipment for mobile, fixed 
station and small craft use from Pye 
Telecommunications, Cambridge. · 

Folder of illustrated leaflets describing 
equipment made by Radio Heaters, 
Ltd., Wokingham, Berkshire. 

Catalogue of S .E.I. barrier-layer 
photocells, and leaflet describing quartz 
crystals for radio communication ser
vices, from Salford Electrical Instru
ments, Silk Street, Salford, 3, Lanca· 
shire., 
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World of Wireless— 
tors of the company, which was 
formed in 1945, are E. C. Stanley and 
C. E. Tibbs, who were previously in 
the industrial electronics department of 
Rediffusion, Ltd. (now Redifon). 
' A. E. Cawkell, who specializes in 

the design and production of electronic 
instruments to special order, has 
recently developed such apparatus as 
noise measuring sets, a d.c. amplifier, 
diathermy equipment, photometry 
equipment and many kinds of special- 
purpose amplifiers. 

Aerialite is opening a new depot at 
44-45, Suffolk Street, Birmingham. 

Wolsey Television have opened a 
Midland depot at 59, Soho Hill, Bir- 
mingham, 19 (Tel.: Northern 2762 and 
3493). 

Sound Sales.—The London office and 
demonstration rooms of Sound Sales, 
Ltd., are how at Lloyds Bank Cham- 
bers, 125, Oxford Street, W.i (Tel.: 
Gerrard 8782). 

Masteradio (Australia) Pty. has 
been formed in Melbourne for the 
assembly of British Masteradio car 
receivers. 

EXPORT 

India.—Enquiries have been received 
by the U.K. Trade Commissioner at 
Madras for details of manufacturers 
who are able to supply dry battery or 
combined mains / battery- receivers. 
Frequency coverage should be from 13 
to 90 metres and 200 to 550 metres, 
with Indian station names marked on 
the dials. Manufacturers should send 
literature, prices and delivery dates 
to the Commercial Relations and 
Exports Dept., Board of Trade, Thames 
House North, Millbank, London, 
S.W.i, quoting reference CRE(IB) 
21112/49. 

Switzerland.—Control and surveil- 
lance radar equipment for use at the 
new Kloten airport is required by the 
Zurich authorities and they will be in- 
terested to receive offers from British 
firms. Communications should be sent 
direct to Radio Suisse A.G. Haupt- 
postegabaude, Berne. 

Iran.—A report on the Iranian 
market for receivers has been supplied 
by the Commercial Counsellor at 
Tehran. The two main criticisms of 
British sets are that they are too con- 
servative in design and seem " old- 
fashioned " to Persians and that they 
are not so extensively advertised as 
American sets. 

U.S.A. — The British Consulate 
General at Detroit states that Buhl 
Sons Co. have agreed to consider 
offers from British manufacturers of 
broadcast receivers. Particulars should 
be sent to H. Pilbeam, Buhl Sons Co., 
120, Adair Street, Detroit, Mich., 
U.S.A. 

Nyasaland. —■ The International 
Marine Radio Co., of Croydon, has re- 
ceived an order from the Nyasaland 
Railways for the installation of eight 
shore stations and associated equip- 
ment for the provision of a radio- 
telephone system on Lake Nyasa. 

Radio Components and hearing-aid 
parts are among the articles listed by 
the French authorities for token im- 
ports from this country. 

Pye (Canada), Ltd., a subsidiary of 
Pye of Cambridge, has recently opened 
a factory at Ajax, Ontario, for the 
production of television sets operating 
on the American 525-line system. Six 
prototype receivers were sent from this 
country and demonstrated at the 
Canadian National Exhibition in 
Toronto. As there are no television 
stations operating in Canada, transmis- 
sions from the American station at 
Buffalo (60 miles away) were received. 

MEETINGS 

Institution of Electrical Engineers 
Inaugural address of the president, 

Professor E. B. Moullin, M.A., Sc.D., 
at 5.30 on October 6th. 

Radio Section.—Inaugural address of 
the chairman, R. T. B. Wyr.a, C.B.E., 
M.A., at 5.30 on October 19th. 

"The C.B.S. Colour Television 
System in the United States," by P. C. 
Goldmark, B.S., Ph.D., at 5.30 on Octo- 
ber 1st. 

The above meetings will be held at 
the I.E.E., Savoy Place, London, 
W.C.2. 

Cambridge Radio Group.—Address of 
the chairman, C. W. Oatley, M.A., 
M.Sc., at 6.0 on October nth, at the 
Cambridgeshire Technical College. 

North - Eastern Radio Group.— 
Address of the chairman, G. E. Moore, 
at 6.15 on October 17th at King's Col- 
lege, Newcastle-on-Tyne. 

North-Western Radio Group.—Dis- 
cussion on "Wave-guides" opened by 
E. Colin Cherry, M.Sc. (Eng.), at 6.30 
on October 19th, at the Engineers' 
Club, Albert Square, Manchester. 

South Midland Radio Group.— 
" Hot-Cathode Thyratrons: Practical 
Studies of Characteristics," by H. de B. 
Knight, M.Sc., at 6.0 on October 24th, 
at the James Watt Memorial Institute, 
Great Charles Street, Birmingham. 
British Institution of Radio Engineers 

London Section. -— " Experimental 
Study of the Magnetic Amplifier," by 
E. H. Frost-Smith, B.A., at 6.30 on 
October 13th, at the London School of 
Hygiene and Tropical Medicine, Gower 
Street, W.C.i. 

Mersey side Section.—" The Sensi- 
tivity and Other Properties of Tele- 
vision Camera Tubes," by L. H. Bed- 
ford, O.B.E., M.A., B.Sc., at 7.0 on 
October 5th at the Accountants' Hall, 
Derby Square, Liverpool. 

Scottish Section.—" Electronics in 
Aircraft Design," by A. L. Whitwell, 
at 6.30 on October 5th, at the Elec- 
trical Department, Glasgow University. 

South Midlands Section.—"The Per- 
formance and Stability of Permanent 
Magnets," by A. J. Tyrrell, at 7.0 on 
October 27th, at the Technical College, 
The Butts, Coventry. 

West Midlands Section.—" Television 
Receiver Design," by W. Jones, at 7.0 
on October 26th, at the Technical Col- 
lege, Wulfrunar Street, Wolverhampton. 
British Sound Recording Association 

The date of the opening meeting of 
the session has been changed to Sep- 
tember 30th at 7.0 at the Royal Society 
of Arts, John Adam Street, Adelphi, 
London,. W.C.2, when W. S. Barrel! 
will give his presidential address, which 
will deal inter alia with microgroove 
recording. 

Television Society 
North Midlands Centre—" Single 

Side-band Aspects of Television," by 
M. Reeder, at 7.30 on September 30th, 
at the Great Eastern Hotel, Leeds, 1. 
Society of Relay Engineers 

" Line Equalization with Special 
Reference to Programme Circuits," by 
H. J. Marchant, at 2.30 on October 4th, 
at the Royal Society of Arts, John 
Adam Street, Adelphi, London, W.C.2. 

♦ 
MANUFACTURERS' 

LITERATURE 

LEAFLET dealing with " Sonogard " 
audible protection systems for 

works, offices, etc., from Ardente 
Acoustic Laboratories, Guildford. Sur- 
rey. 

Descriptive leaflets No. 117 (Type 
MN Vacuum-cell Photometer), No. 118 
("lonex" lonization Meter, and No. 
119 (X-ray Monitor), from the Baldwin 
Instrument Co., Dartford, Kent. 

List of hire charges for public address 
equipment from Alexander Black, 34, 
Marlborough Grove, London, S.E.i. 

" This is Ediswan," an illustrated . 
brochure dealing with the activities and 
interests of the Edison Swan Electric 
Co., 155, Charing Cross Road, London, 
W.C.2. 

Technical details of Type 2350E rib- 
bon microphone, from E.M.I. Sales and 
Service, Hayes, Middlesex. 

Leaflet describing loudspeakers and 
transformers made by Electro Acoustic 
Industries, Broad Lane, Tottenham, 
London, N.15. 

Brochure on "Cold Welding" tech- 
nique, licences for which are now being 
granted by the General Electric Co., 
Magnet House, Kingsway, London, 
W.C.2. _ 

Folders describing p.a. loudspeakers, 
amplifiers, moving - coil microphones 
and type-approved schools broadcast- 
ing equipment from Magneta Time 
Company, Goblin Works, Leatherhead, 
Surrey. 

Technical brochure on vibrators 
issued by the Plessey Co. (Components 
Division), Ilford, Essex. 

"Television; Build it Yourself." Con- 
structional details for assembling the 
television kit sold by Premier Radio, 
167 Lower Clapton Road, London, E.5. 
Price of booklet only 2s 6d. 

Catalogue of v.h.f. and h.f. radio- 
telephone equipment for mobile, fixed 
station and small craft use from Pye 
Telecommunications, Cambridge. 

Folder of illustrated leaflets describing 
equipment made by Radio Heaters, 
Ltd., Wokingham, Berkshire. 

Catalogue of S.E.I. barrier-layer 
photocells, and leaflet describing quartz 
crystals for radio communication ser- 
vices, from Salford Electrical Instru- 
ments, Silk Street, Salford, 3, Lanca- 
shire., 
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SMOOTHING CIRCUITS: 
(1) 

MANY readers have asked 
me to write about filters, 
with particular reference to 

smoothing circuits. This I have 
hesitated to do, because the subject 
of filters is so involved that most 
people like to leave it to a 
specialist. Most of the general 
books on radio take care not to 
embark on it at all seriously: while 
the ,books devoted specially to 
electrical networks almost in
variably plunge the reader into a 
morass of hyperbolics, where he 
is likely to lose sight of all 
physical -realities. 

The orthodox manner of com
plying with the above request 
would be to start by dealing with 
the general theory of filters. 
That would take . several months 
(at least), by the end of which 
there would be few survivors to 
take an interest in the application 

·of that theory to smoothing 
circuits. I have therefore decided 
to reverse the order and start 
with smoothing circuits-which 
are of practical interest to early 
everybody-and use that familiar 
ground as an approach to filters 
in general. 

Nobody ought to be encouraged 
to hope that he can become a 
proficient filter designer without 
prolonged study and much prac
tice. But I do think that anybody 
,seriously interested in radio ought 
to have at least a clearly defined 
and reliable skeleton of informa
tion on filters in place of the vague .· 
and mysterious ghost that too 
often haunts him. 

Greatly daring, I shall ,attempt 
to construct such a skeleton with
out going more mathematical 
than usual. But if you propose 
to go through with it I should say 
beforehand that you ought to be 
entirely familiar with the mean- . 
ings of reactance and impedance, 
and the standard relationships: 

w = 21Tf 
XL= wL 
Xc = I/wC 

from which 
XLXc = L/C . 

Resistance- Capacitance 
and XL/Xc = w2~C ( = I at the 

· · resonant frequency 
wrf27r) 

z = yH.2 + X2 
These formulce for X and Z are 

~··············~··························· · 

How to Calculate 

the Best 'Number 

of _ Sections 
By_ u~ATHODE RAY" 

.. 
··········································! 

" magnitudes " only ; to take 
account of phase angle one has to 
bring in j. 

V\'henever I am reckoning with 
circuits I always try to have by 
me one of the charts or abacs 
connecting. L, C, f, and X. Of the 
several kinds, the one I prefer has 
four parallel vertical scales which 
can be connected anywhere by a 
stretched thread or a celluloid 

Fig. I. The R-C filter is simply a 
potential divider in which the ratio 

varies with frequency 

. ruler. Among other things it shows 
the frequency at which any given 
L and C resonate, or conversely 
the L and C required to resonate 
at any given frequency. Its main 
use is to indicate the reactance of 
any L or C without any of that 
21r arithmetic in which the decimal 
point so often gets into the wrong. 
place. 

But it is time we finished with 
introductory remarks and got 
down to smoothing circuits. 

The simplest of all is the com, 
bination of one resistance with 
one capacitance (Fig. I). It is the 
commonest type of "decoupler,'' 
and when the current is small or 
the drop in voltage doesn't ru.le 
it out it is a convenient form of 
rectified a.c. smoother. It appears 
in almost every detector circuit, 
to filter out the r.f., and in every 
a.g.c. circuit, to filter out the a.f. 

It works, of course, as a simple 
potential divider in which the 
impedance of the element across 
which the output is taken (C) is 
less for high frequencies than for 
low. 

As with all potential dividers, 
the loss of voltage depends not 
only on the ratio of its two im
pedances, but also on the imped
ance connected across its output 
terminals-the load impedance. · 
Unless we say otherwise, we shall 
assume that the load impedance 
is a resistance, denoted by RL' 
Whenever RL is very large com
pared with the impedance of the 
part of the potential divider it 
comes across (in this case Xc) it 
makes calculations much easier,. 
because then the ratio of input to 
output voltage (Vi/V0) is equal 
simply to the ratio of the whole 
impedance ( yR 2 + Xc2) to Xc. 

We shall call Vi/V0 the attenua
tion, and denote it by a. If a is 3, 
for example, it means that only 
one third ·Of the input voltage 
reaches the output.* In Fig. I, 
then, we have 

.=-:::---=:--::-yR2 + Xca 
a= 

Xc 
One should always scrutinize 

equations to see if they are in 
. the most convenient form. In (I) 
the part that depends on fre
quency appears twice ; so to see 
more clearly how it affects a and 
to avoid needless duplication of 

• You can, of course, if you prefer, reckon a 
in decibels, but they would have to be turned 
pack into ratios to tit our equations. · 
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MANY readers have asked 
me to write about filters, 
with particular reference to 
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ruler. Among other things it shows 
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L and C resonate, or conversely 
the L and C required to resonate 
at any given frequency. Its main 
use is to indicate the reactance of 
any L or C without any of that 
277 arithmetic in which the decimal 
point so often gets into the wrong 
place. 

But it is time we finished with 
introductory remarks and got 
down to smoothing circuits. 

The simplest of all is the com- 
bination of one resistance with 
one capacitance (Fig. 1). It is the 
commonest type of " decoupler," 
and when the current is small or 
the drop in voltage doesn't rule 
it out it is a convenient form of 
rectified a.c. smoother. It appears 
in almost every detector circuit, 
to filter out the r.f., and in every 
a.g.c. circuit, to filter out the a.f. 

It works, of course, as a simple 
potential divider in which the 
impedance of the element across 
which the output is taken (C) is 
less for high frequencies than for 
low. 

As with all potential dividers, 
the loss of voltage depends not 
only on the ratio of its two im- 
pedances, but also on the imped- 
ance connected, across its output 
terminals—the load impedance. 
Unless we say otherwise, we shall 
assume that the load impedance 
is a resistance, denoted by RL. 
Whenever RL is very large com- 
pared with the impedance of the 
part of the potential divider it 
comes across (in this case Xc) it 
makes calculations much easier, 
because then the ratio of input to 
output voltage (Vt./V0) is equal 
simply to the ratio of the whole 

impedance {\/R2 + Xc2) to Xc. 
We shall call V^/Vq the attenua- 

tion, and denote it by a. If a is 3, 
for example, it means that only 
one third of the input voltage 
reaches the output.* In Fig. 1, 
then, we have 

VRa + Xca 

Xc * * (l) 

One should always scrutinize 
equations to see if they are in 
the most convenient form. In (1) 
the part that depends on fre- 
quency appears twice ; so to see 
more clearly how it affects a and 
to avoid needless duplication of 

* You can, of course, if you prefer, reckon a 
in decibels, but they would have to be turned 
back into ratios to nt our equations. 
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Smoothing Circuits-
effort when evaluating · a it is 
benefici<ll to divide above and 
below by Xc, with the result-

a = / R2 + I (2) 
'\} Xc2 

It can be made to look even 
tidier, and at the same time to 
express the relationship more 
distinctly, by using any con
venient symbol, say p, to denote 
the ratio of resistance to react
ance. Then we have 

a = y P2 + I · · (3) 
Using this we can draw a curve 

"of a against p that will hold good 
for the Fig. I class of · circuit in 

- ~ 
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general (Fig. 2) . Incidentally, this 
illustrates last month's story about 
generalized grap-hs. . 

Still more of a simplification 
can be made so long as we are 
aiming at a fairly large attenua
tion, so that a is at least several 
times greater than I. : For then 
the I · can by comparison be 
neglected and we get · 

a~ P (4) 
Up to the present I have not 

been able to think of any further 
simplification. On the. contrary, 
in case you forget what p stands 
for I suggest the fuller version 

R 
a~-= 2rrjCR (S) 

Xc 
Remember that for (5) to be 

reasonably accurate it is necessary 
for 

(a) RL to be much greater than 

Xc. 
(b) R to be at least several 

times greater than Xc (i.e., a to be 
·several times greater than I). 

We shall call (a) the shunting 
assumption and (b) the vector 
assumption. As an . example, 
suppose R is 4 times Xc ; then 
(5) gives a. as 4, which can be 
compared . with the correct value 

given ~y (2)_or (3), 1·~2 . ~he 3% 
error 1s qmte neghg1ble m th1S 
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kind of work. The dotted line in 
Fig. 2 is drawn to equation (5), so 
that you can see how the error 
becomes imperceptible as p in
creases. 

As we saw last month, this type 
of ·circuit doesn't discriminate 
sharply between different fre
quencies, Its . characteristic curve 
(Fig. 2) shows it to .have a slope 
that approaches 6 db. per octave 
at the high-frequency end. In 
other Words, doubling the fre
quency only halves the output, at 
best. If .it is necessary ·for the 
lower of two frequencies to be 
nearly 100% preserved, the reduc
tion of a voltage at double the 

1.' 
r 

II' 

Fig. 2. Curve of at
tenuation against p 
(ratio of resistance to 
reactance) for a single 
section. This · is an 
example of a general
ized frequency curve, 
for p = 21rCR times 
frequency. The dotted 
line shows the result 
of making the ''vector' ' 

assumption. 

frequency is much less still, owing 
to the gradualness of the bend in 
the region of p =I or less. The 
effect of RL not being relatively 
very large reduces the discrimi.lla
tion still more, because it cuts 
down the output at low fre
quencies without making much 
difference at high. · 

In smoothing filters; however, 
the .only frequency to be passed is 
zero, so one can hardly have too 
much a.c. attenuation. . At the 
very least, the lowest a.c. fre
quency present should come on to 
the main slope, and preferably as 
far up it as is 
required for the 
purpose in view. 
At the same time, 
R must fit into the 
d.c. requirements. ] 

bering that .rnA and k n are " con
sistent'' units) . For a as large as 
40 we can use equation (s), and, as 
the lowest frequency is so cfs, we 
find C = 4o/(21r X 50 X 6o,ooo) 
F = 21-'F approximately. '- RL is 
IOoofs = ·2ookn, so the shunting 
assumption is justified. The 
harmonics present are reduced 
2, 3, etc., . times as much, so it 
might seem that so long as the 
lowest fretl.uency is sufficiently 
attenuated it won't matter about 
any of the others. And that is 
quite so when the objectionable 
effects of .the ripple depend only 
on its magnitude. But it must be 
remembered that the sensitiveness 
of the ear to hum increases more 
rapidly wl.tp_ frequency than the 
attenuation shown in Fig. 2, so 
in sound-producing equipment it 
is neqessary to do better than 
reduce the lowest' frequency to 
in.audibilitj. 

Distribution · of R and C 

It should be clear by now that· 
the effectiveness of the Fig. I 
circuit depends solely on p, which 
is 2rrjCR, and therefore at a given 
frequency depends solely on the 
product CR. (This is not neces
sarily true. where the effect o£ RL 
is appreciable, but for the thne 
being we are continuing the 
shuntjpg assumption.) A · speci
fied a can therefore be obtained 
by any C and R which give the 
right figure when multiplied. But, 
as we have seen, R is usually 
dictated by the required or allow
able d.c. drop, in which case C is 
also decided.' If a very smooth 
output is needed, the value of c 
found in this way may be dis
concertingly large. So we may 
well ask whether the Fig. I 

5mA --
cl Ct 

f RL I,OOOV 
4,uF 4,UF ! 

200k0 

For example, 
suppose an attenu
ation of at least 
40 is required 
from a half-wave 
so cfs rectifier 

Fig. 3· Is this the best way to use these filter 
components ? 

to supply s rnA at I,ooo V., and 
the output of the rectifier acro.ss 
the reservoir capacitor is I,3oo V. 
at s mA. The value of R is fixed 
at .once by the. voltage .drop ; it is 
(1300 - Iooo)l5 = 6okn (remem-

circuit makes the best use of C 
and R. 

Any number of units or " sec
tions '' like Fig. I can be used in 
cascade (i.e., one feeding into 
another), c:tnd, so long as our two 
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of a against p that will hold good 
for the Fig. 1 class of circuit in 

kind of work. The dotted line in 
Fig. 2 is drawn to equation (5), so 
that you can see how the error 
becomes imperceptible as p in- 
creases. 

As we saw last month, this type 
of circuit doesn't discriminate 
sharply between different fre- 
quencies. Its characteristic curve 
(Fig. 2) shows it to have a slope 
that approaches 6 db per octave 
at the high-frequency end. In 
other Words, doubling the fre- 
quency only halves the output, at 
best. If it is necessary for the 

bering that mA and kQ are " con- 
sistent " units). For a as large as 
40 we can use equation (5), and, as 
the lowest frequency is 50 c/s, we 
find C = 40/(2tt X 50 X 60,000) 
F = 2^F approximately. _ RL is 
1000/5 = SookQ, so the shunting 
assumption is justified. The 
harmonics present are reduced 
2, 3, etc., times as much, so it 
might seeih that so long as the 
lowest frequency is sufficiently 
attenuated it won't matter about 
any of the others. And that is 
nuite so when the objectionable ^ ... . , j 1 i  oesx. 11 ix 10 iic^coacii. y - — v „   

lower of two frequencies to be effects of the ripple depend only 
nearly 100% preserved, the reduc- on its magnitude. But it must be ij '9 -T. 1 1 _ .lt  +Viq+ +Ti<=> cpnsitiveness 

5IIIIII 

-rB- - 2 /TCR * FREQUENCY 
AC 

general (Fig. 2). Incidentally, this 
illustrates last month's story about 
generahzed graphs. 

Still more of a simplification 
can be made so long as we are 
aiming at a fairly large attenua- 
tion, so that a is at least several 
times greater than 1. For then 
the 1 can by comparison be 
neglected and we get 

a p • • • • (4) 
Up to the present I have not 

been able to think of any further 
simplification. On the contrary, 
in case you forget what p stands 
for I suggest the fuller version 

a^^- = 27r/CR .. (5) 
c 

Remember that for (5) to be 
reasonably accurate it is necessary 
for 

(a) Rl to be much greater than 
xc. 

(b) R to be at least several 
times greater than Xc (i.e., a to be 
several times greater than 1). 

We shall call (a) the shunting 
assumption and (b) the vector 
assumption. As an example, 
suppose R is 4 times Xc i then 

(5) gives ® as 4, which can be 
compared with the correct value 
given by (2) or (3), 4•I2• The 3% 
error is quite negligible in this 

tion of a voltage at double the 

Fig. 2. Curve of at- 
tenuation against p 
(ratio of resistance to 
reactance) for a single 
section. This is an 
example of a general- 
ized frequency curve, 
for p — znCR times 
frequency. The dotted 
line shows the result 
of making the'' vector'' 

assumption. 

remembered that the sensitiveness 
of the ear to hum increases more 
rapidly with frequency than the 
attenuation shown in Fig. 2, so 
in sound-producing equipment it 
is necessary to do better than 
reduce the lowest frequency to 
inaudibility. 

Distribution of R and C 

ETsSs Z rS It Should be clear by now that 
h'® of making the'' vector'' the effectiveness of the b ig- 1 

assumption. circuit depends solely on p, which 
is 27r/CR, find therefore at a given 
frequency depends solely on the 

frequency is much less still, owing product CR. (This is not neces- 
to the gradualness of the bend in sarily true where the effect of RL 

the region of p » 1 or less. The 
effect of Rl not being relatively 
very large reduces the discrimina- 
tion still more, because it cuts 
down the output at low fre- 
quencies without making much 
difference at high. 

is appreciable, but for the time 
being we are continuing the 
shunting assumption.) A speci- 
fied a can therefore be obtained 
by any C and R which give the 
right figure when multiplied. But, 
as we have seen, R is usually a*u ctD WC/ ULCU V \j J 

In smoothing filters, however, dictated by the required or allow- 
the only frequency to be passed is able d.c. drop, in which case C is 
zero, so one can hardly have too also decided. If a very smooth 
much a.c. attenuation. At the output is needed, the value of C 
very least, the lowest a.c. fre- found in this way may be dis- 
quency present should come on to concertingly large. So we may 
the main slope, and preferably as well ask whether the Fig. 1 
far up it as is R R 

required for the ^ ^ ^ 
purpose in view. / ■ M 1 ■ >VvW *ww . > 
At the same time, —^ | | | > 
R must fit into the || 11 Ci 1 C,1 | 
d.c. requirements. g g T I ^ szoowi 

For example, g I f 
suppose an attenu- " —1—  1—   
ation of at least 
40 is required pig. 3. is this the best way to use these filter 
from a half-wave components ? 
50 c/s rectifier . n 

to supply 5 mA at 1,000 V., and circuit makes the best use of C 
the output of the rectifier across and R. , 
the reservoir capacitor is 1,300 V. Any number of units or sec- 
at 5 mA. The value of R is fixed tions " like Fig. 1 can be used in 
at once by the voltage drop ; it is cascade (i.e., one feeding into J ^ /   4-1,Irvnfr qc rmT* T-wrn aTi once uy tuc ^  ^— v- w 
(1300 - iooo)/5 = 6okQ (remem- another), and, so long as our two 
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assNmptions apply to ·every sec
tion, the a of the whole combina
tion will be the produ-ct of the a's 
of the separate sections. A second 
section like the first in the 
example just taken would reduce 

below which ono section is better 
than two. Let us call it p 1, to 
indicate that there is no sense in 
going beyond one section until p 
exceeds that value. 

To answer the second question _ 

TABLE I. 

Suppose you hav~ a certain 
total capacitance and want to 
know the be_st way of connecting 
it. For example, the d.c. drop 
requirement gives you 20k n, and 
you have I6JLF. It is a so cjs full
wave rectifier, so the lowest ripple 
frequency is roo cfs. So your 
total p is 2'" x roo x 20 x 

---./ 

n Pn an 

1 16 16 
2 45.5 119 
3 90 1,000 
4 149 7,540 

-5 223 56,600 
6 311 416,000 

the so cfs content another 40 
times, making the overall 

a = 40 X 40 = 1 6oo 
To keep the total voltage drop the 
same, the R in each section would 

- have to be halved, so to preserve 
the original CR in each section 
the capacitances would have to be 
doubled (Fig. 3). A single section 
having the same total CR woul9. 
have an a at so cfs of 27T X so X 8 
X 6o,ooo X ro-6::::: r6o, or only 

one tenth that of the two sections. 
In this case the ad vantage of 
splitting up is obvious enough. 
But is it always an advantage ? 
And, if so, into how many sec
tions? 

Never having seen definite 
answers to these questions, I 
tackled them as follows : 

Making the shunting and vector 
assumptions, the total a due to a 
given CR used all in one section 
(call it a1) is p, which is c.oCR. 
But if this CR is divided equally 
into two sections, say by halving
both C and R, their product is 
CR/4· So the a of each section is 
P/4· The total a (call it a 2) is 
.therefore P/4 X P/4 = P2/r6. If 
you try a few values for p you will 
find that with low values a1 is 
greater than a 2; but with high 
values it is the other wav round. 
So that is the answer to· the first 
question-it is n(Jt always an 
advantage to sectionalize; it 
depends on the value ofp. 

If you want to find the value 
of p (and hence CR) that gives the 
same total a whether in one sec
tion or two, you just put a1 = a 2 : 

P2/r6 = p 
:. p = r6. 

So r6 is the critical value of p, 

RC in k!l-JLF per 
section, when f= IOOcjs Ps<n+l) 

25.5 4 
18 5.06 
16 5.62 
15 5.86 
14 6.19 
13.7 6.35 

we have to find another value-p 2 
-above which it pays to use three 
sections instead of two ; and so 
on. In general, we want Pn, the 
value of p at which the best · 
number of sections changes over 
from n ton + r. The calculation 
is made along exactly the same 
lines as for p 1 (for details see the 
Appendix) and the results are 
given in Table r above. 

, r6frooo = 200. The table shows 
this is more than p, but not more 
than p5 ; ~o s is the best number 
of sections. The total a (third 
column) lies between 7,540 and 
s6,6oo; the actual value is 
(pfn2)"', - in this case (2oofzs)5 = 
32,770. Whether it is convenient 
to divide your I6JLF into five _equal 
sections is another matter, of 
course ; you rna y have to make 
it four, at some slight sacrifice of 
a. But at least the t .able gives you 
something more to · go on than 
pure guesswork. · 

Or you may want to find the 
minimum C and R for a specified 
attenuation, s~y rooo. · Th~ table 
shows that . you can get it with 
three (or four) sections having 
sufficient total C and R to make 
p =go, and (fourth column) _!hat 

· Fig. 4· Summary· of attenuation measurem~nts made on filters having 
the same total C and R, nominal values a5 shown. . 

CIRCUlT n CAL.CULATED MEASUREf'l 
ex. ' C( 

12.uF 1!00 

12kfi f2kfi 

2 690 

8kfi 8kfi 8kfl. 

1.4:50 

.. 1,}7S 

6kfi 6kfi 6kfl. 6kfl. 

l,uF 4 2.000 

.. 1,5:50 
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assumptions apply to every sec- below which one section is better Suppose you have a certain 
tion, the a of the whole combina- than two. Let us call it px, to total capacitance and want to 
tion will be the product of the a's indicate that there is no sense in know the best way of connecting 
of the separate sections. A second going beyond one section until p it. For example, the d.c. drop 
section like the first in the exceeds that value. requirement gives you 20k fl, and 
example just taken would reduce To answer the second question . you have i6/mF. It is a 50 c/s full- 

wave rectifier, so the lowest ripple 
TABLE I. frequency is 100 c/s. So your 

total p is 2 w x 100 x 20 x 
, 16/1000 = 200. The table shows 
this is more than p x but not more 
than pz; so 5 is the best number 
of sections. The total a (third 
column) lies between 7,540 and 
56,600; the actual value is 
(pin2)11, in this case (200/25)5 = 
32,770. Whether it is convenient 
to divide your 16/zF into five equal 
sections is another matter, of 
course ; you may have to make 

the 50 c/s content another 40 we have to find another value—p2 it four, at some slight sacrifice of 
times, making the overall —above which it pays to use three a. But at least the table gives you 

a = 40 x 40 = 1600 sections instead of two; and so something more to go on than 

To keep the total voltage drop the on- In general we want pn, the pure guesswork, 
same, the R in each section would va^ue P a^> which the best Or you may want to find the 
have to be halved, so to preserve number of sections changes over minimum C and R for a specified 
the original CR in each section from n to n 1. The calculation attenuation, say 1000. The table 
the capacitances would have to be raade along exactly the same shows that you can get it with 
doubled (Fig. 3). A single section li*168 as for p1 (for details see the three (or four) sections having 
having the same total CR would Appendix) and the results are sufficient total C and R to make 
have an a at 50 c/s of 2it x 50 x 8 glven in Table 1 above. p == 90, and (fourth column) that 
X 60,000 x 10-®= 160, or only 

one tenth that of the two sections. Fig. 4. Summary of attenuation measurements made on filters having 
In this case the advantage of the same total C and R, nominal values as shown, 
splitting up is obvious enough. 
But is it always an advantage ? 
And, if so, into how many sec- 
tions ? 

Never having seen definite 
answers to these questions, I 
tackled them as follows : 

Making the shunting and vector 
assumptions, the total a due to a 
given CR used all in one section 
(call it Oj) is p, which is wCR. 
But if this CR is divided equally 
into two sections, say by halving 
both C and R, their product is 
CR/4. So the a of each section is 
pj^. The total a (call it a2) is 
therefore pj4 x pfq = p2li6. If 
you try a few values for p you will 
find that with low values cq is 
greater than a2, but with high 
values it is the other way round. 
So that is the answer to the first 
question—-it is not always an 
advantage to sectionalize; it 
depends on the value of p. 

If you want to find the value 
of p (and hence CR) that gives the 
same total a whether in one sec- 
tion or two, you just put a1 = a2: 

p*li6 = p 
p = 16. 

So 16 is toe critical value of p, 

EC in kf2-/xF per 
section, when /== lOOc/s Z>«(n+1) 

16 
45.5 
90 

149 
223 
311 

16 
119 

1,000 
7,540 

56,600 
416,000 

25.5 
18 
16 
15 
14 
13.7 

4 
5.06 
5.62 
5.86 
6.19 
6.35 

n CALCULATED MEASURED 
a a 

CIRCUIT 

'M50c/» 

ow 

Bkfl SkO. Bkfl 

4^F Ufjf 

fikfl 6kfl. fikfl fikfl 

(ff) luf IJ/UF Ij/uF h/uF 4 
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Smoothing Circuits-
each section should be made up 
of r6 kilohm-microfarads. 

You may 'wonder why I have 
included the last column, which 
shows the p per section on 
changing over to the next higher 
number o£ sections. For example, 
we saw that one section is best up 
to p = 16, and chang~ng over to 
two sections at that point has no 
effect on the total attenuation, 
but it would reduce the p per 
section to 4· The last column, 
therefore, shows the lowest p you 
would ever get if you followed: the 
table strictly. The point is that 
if this figure dropped to some
thing like 2 or less, the vector 
assumption would be unjustified 
and the table would be invalid. 
But we see the least p is 4, with 
a vector error of 3 %. which is not 
serious even when multiplied by 2. 
The other errors are still smaller, 
so - are not serious ·even when 
multiplied by the larger number 
of sections. Such error as there is 
tends to make the true an larger 
and reduce Pn· p 1, for example, 
would be 15 instead of r6. 

What about the shunting error ? 
Even if RL is infinitely large, so 
that the last section is unshunted, 
the last section shunts the last but 
one, and so on. It is difficult to 

4kfi 

Bf.lF 

(a) 

2kfi 

(b) 

BJLF 

2kfi lo -
4,uF 

Fig. s. f\nother comparative test. 

work out the size of the error 
exactly when there are several 
sections, and anyway it depends 
on the load resistance ; but the 
Ps(n+ 1) figures show that it ought 
not to be very serious, and again 
it would tend to make the actual 
attenuation . and also the best 
number of sections higher than in 
the table. But si~ce the cost of 

/ 
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the niter generally goes up with 
the number of sections, the fact 
that the table puts the ch<Lnge
over point higher than the theo
retical ideal is all to the good. 

Another point _to l?e considered 
is that the attenuation 
increases in proportion 
to the nth power of the 
frequency, so in sound
reproducing equipment, 
at least, it is advisable 

·to make · n not less 
than 2. 

To check the theory 
and to see how far its 
assumptions were 

Fig. 6. Two methods of 
balancing out one ripple fre
quency completely-usually 

the lowest. 

IN 

0 

justified I did a few measure
ments. - I aimed at p = go, to 
check the middle lines _in the 
table, but had to use the compo
nents available, so it worked out 
at about roo. Fig. 4 shows the 
nominal values, which were subject 
to commercial tolerances. Assum
ing that the measured p in one 

IN 

() 

- section (roo) was divided exactly 
into 2, 3 and 4 sections, the 
attenuations predicted by the 
approximate theory were 625, 
1375, and 1530 respectively. The 

measured attenuations 

I· 
I~ = 147 

(subject to possibly ± 
r o% error of measure
ment) were 6go, ~430, 

and zooo. These results 
show that 

(a) The theoretical 
table is good enough for 
design purposes. 

It "' (b) It tends to under-
To ;::: 147 estimate the results. 

(c) The discrepancy 
increases with the 

number of sections. (This is what 
one would expect, because the 
p per section is less with more 
sections, so the assumptions are 
less justifiable.) 

To get still nearer to working 
conditions I did a test using a 
typical value of reservoir capacitor 
(81-'F) and load resistance (5k.O), 
as in Fig. 5. The reservoir, with- ' 
out any other filtration, would 
reduce · the hum current passing 
into the load. Adding -one filter 
section having a . p of about ro 
made the total measured ~urrent 

attenuation 147. Splitting this 
filter section into two, the attenua
tion was the same. According to 
the approximate theory, the p for 
which this would happen would 
be r6 (or 15, correcting the vector 

I I I 
(a) 

f=rri 0 

OUT 

I I ·J I 0 

(b) 

error). But the actual p per 
section in Fig. 5 (b) is only z!, 
so one would expect the approxi
mate theory to be thrown out 
somewhat by shunting. Taking 
into account the higher cost with 
two sections, one would almost 
certainly want p to be at least 16 
before sectionalizing. 

There are at least two methods 
(Fig. 6(a) and (b)) for eliminating 
the most troublesome ripple fre
quency altogether. They _ take 
advantage of the faet that its 
phase shifts as one moves along 
the filter. If the right amount of 
ripple from the input is fed to a 
point where there is a r8o0 phase 
difference, the two wiil cancel one 
another out. There may be some 
occasions when these devices are 
worth while (such as when oniy a 
small d.c. drop is allowable), but 
there are several objections. One 
is that success depends on both 
magnitude and ·phase being cor
rectly adjusted. Another is that 
only one frequency is cancell~d ; 
for the others the attenuation of 
the original filter (admittedly 
relatively high for the higher 
frequencies) is actually reduced. 
It is necessary to use several 
sections to get the required phase 
shift, and the table has shown us 
that quite a large a can be 
obtained with several sections 
straightforwardly, without going 
beyond reasonable limits for CR. 
Still another disadvantage is that 
the necessary design information 
would increase the length of this 
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Smoothing Circuits— 
each section should be made up 
of 16 kilohm-microfarads. 

You may wonder why I have 
included the last column, which 
shows the p per section on 
changing over to the next higher 
number of sections. For example, 
we saw that one section is best up 
to p = 16, and changing over to 
two sections at that point has no 
effect on the total attenuation, 
but it would reduce the p per 
section to 4. The last column, 
therefore, shows the lowest p you 
would ever get if you followed the 
table strictly. The point is that 
if this figure dropped to some- 
thing like 2 or less, the vector 
assumption would be unjustified 
and the table would be invalid. 
But we see the least p is 4» with 
a vector error of 3%, which is not 
serious even when multiplied by 2. 
The other errors are still smaller, 
so are not serious even when 
multiplied by the larger number 
of sections. Such error as there is 
tends to make the true an larger 
and reduce pn. p1, for example, 
would be 15 instead of 16. 

What about the shunting error ? 
Even if RL is infinitely large, so 
that the last section is unshunted, 
the last section shunts the last but 
one, and so on. It is difficult to 

2kft Zkh 

kuF JA/uF JfyuF > Rl 

r T T ^Skh 

the filter generally goes up with 
the number of sections, the fact 
that the table puts the change- 
over point higher than the theo- 
retical ideal is all to the good. 

Another point to be considered 
is that the attenuation 
increases in proportion 
to the wth power of the o  
frequency, so in sound- 
reproducing equipment, 
at least, it is advisable ,N 

to make n not less 
than 2. °  

To check the theory 
and to see how far its 
assumptions were 

Fig. 6. Two methods of 
balancing out one ripple fre- 
quency completely—usually 

the lowest. 

justified I did a few measure- 
ments. I aimed at p = go, to 
check the middle lines in the 
table, but had to use the compo- 
nents available, so it worked out 
at about 100. Fig. 4 shows the 
nominal values, which were subject 
to commercial tolerances. Assum- 
ing that the measured p in one 
section (100) was divided exactly 
into 2, 3 and 4 sections, the 
attenuations predicted by the 
approximate theory were 625, 
1375, and 1530 respectively. The 

measured attenuations 
(subject to possibly ± 

-ji = 147 10% error of measure- 
0 ment) were 690, 1430, 

and 2000. These results 
show that 

(a) The theoretical 
table is good enough for 
design purposes. 

(b) It tends to under- 

attenuation 147- Splitting this 
filter section into two, the attenua- 
tion was the same. According to 
the approximate theory, the p for 
which this would happen would 
be 16 (or 15, correcting the vector 

Fig. 5. Another comparative test. 

work out the size of the error 
exactly when there are several 
sections, and anyway it depends 
on the load resistance ; but the 

Ps(n+i) figures show that it ought 
not to be very serious, and again 
it would tend to make the actual 
attenuation and also the best 
number of sections higher than in 
the table. But since the cost of 

= 147 estimate the results. 
(c) The discrepancy 

increases with the 
number of sections. (This is what 
one would expect, because the 
p per section is less with more 
sections, so the assumptions are 
less justifiable.) 

To get still nearer to working 
conditions I did a test using a 
typical value of reservoir capacitor 
(8/xF) and load resistance (5k Q), 
as in Fig. 5. The reservoir, with- 
out any other filtration, would 
reduce the hum current passing 
into the load. Adding one filter 
section having a p of about 10 
made the total measured current 

error). But the actual p per 
section in Fig. 5 (b) is only 2^, 
so one would expect the approxi- 
mate theory to be thrown out 
somewhat by shunting. Taking 
into account the higher cost with 
two sections, one would almost 
certainly want p to be at least 16 
before sectionalizing. 

There are at least two methods 
(Fig. 6(a) and (b)) for eliminating 
the most troublesome ripple fre- 
quency altogether. They take 
advantage of the fact that its 
phase shifts as one moves along 
the filter. If the right amount of 
ripple from the input is fed to a 
point where there is a 180° phase 
difference, the two will cancel one 
another out. There may be some 
occasions when these devices are 
worth while (such as when only a 
small d.c. drop is allowable), but 
there are several objections. One 
is that success depends on both 
magnitude and phase being cor- 
rectly adjusted. Another is that 
only one frequency is cancelled ; 
for the others the attenuation of 
the original filter (admittedly 
relatively high for the higher 
frequencies) is actually reduced. 
It is necessary to use several 
sections to get the required phase 
shift, and the table has shown us 
that quite a large a can be 
obtained with several sections 
straightforwardly, without going 
beyond reasonable limits for CR. 
Still another disadvantage is that 
the necessary design information 
would increase the length of this 
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article, and it is already full size. 
Calculation of actual hum voltage, 
and inductance-capacitance filters 
mqst wait until next month, 

APPENDIX 
(Showing how to calculate the table 
giving the number of sections for 
maximum attenuation). 

. P = 2rrf X total CR. 
If CR is divided into n equal sections, 
the attenuation per section is ap
proximately pjn2 (assuming that it is 
at least several times greater than I, 

so that the simplifying assumptions 
apply). The total attenuation, an, is 
therefore 

(
p)n . 

<Xn ~ n2 . 
Ifthe same CR were divided into 

n + I ·equal sections the attenuation 
would be · . 

<Xn+l ~ Cn ! I) 2r+l . 
If Pn is the value of p that makes 

<Xn = <Xn+l• then approximately 

(
Pn)n ( Pn )n+l 
n2 = (n + I)2 

Pnn+l (n + I)2<n+I> 
Pnn = Pn = n2n . . (A) 

So <X f"'-.J (Pn)" = [(n + I)2(n+l)]n 
n- n2 n2n X n2 

= (n ~ Irn<n+l> (B)• 

And Ps<n+l) (the p per section when· 
Pn is divided into n + I sections) is 

Ps<n+l> :_, <n+lj an~ (n ~ Irn .. (C) 

MANUFACTURERS' PRODUCTS 
New .· Plessey Components 

SEVERAL new components have 
been introduced recently by the 

Plessey Company, Vicarage Lane, 
Ilford, Essex. One is a ceramic 
type BSA valve holder with floating 
nickel silver contacts having a wide 

Plessey . ceramic BBA valveholder 
and (below) solid moulded-track 

volume control. 

lead-in angle, which should prevent 
any likelihood of bent pins or a 
fractured base provided . that the 
'' float '' in the socket is not de
stroyed by stiff wiring. · Il: has a 
metal centre spigot tube, which also 
serves as an earthing contact, and a 
base screening shield incorporating 
a locating keyway. The inter
socket capacitance is between o.r 
and 0;2 pF while;. between all 
sockets and earth, the capacitance is 
less than o. IS pF, a very necessary 
feature for. v.h.f. applications. 

'!:here is a laminated plate-.type 
valveholder for the BgA valves 

_having silver-plated phosphor 

bronze contacts giving a firm but 
sound electrical contact . with the 
valve pins. 

A volume control, having a solid 
moulded resistance element con
tained in a moulded body, is also 
among the new items. It is de
signed to be very robust and reli-

. able in operation. Resistance values 
range from 100 ohms to 2 megohms, 
while the minimum values, often 
called the '' hop-on '' and '' hop
off" values, are kept down ito 1.0 
per cent of the track resistance, or 
50 ohms in the lower values. The 
track will safely carry some direct 
current so that their usefulness is 
extended to television controls and 
cathode bias circuits. 

Conventional single-hole fixing is 
employed and either single- or 
double-pole on-off switches can be 
in corpora ted. 

. . 
Some Useful Accessories 

THE introduction of a new signal 
lamp fitting taking a modified 

"Pigmy Sign" mains bulb of 15 
watts rating adds some fifty further 
varieties of signal fittings to the 
already extensive range made by 
A. F. Bulgin and Co. , Ltd., Bye
pass Road, Barking, Essex. 

The new signal lamp has a B.E.S. 
screw fitting for the bulb and a· I!in 
diameter p l<tstic lens which is se
cured in position by means of three 
springy tongues and slots cut in the 
annular ring of the back plate. 
This plate is riveted to a bracket 
carrying the B.E.S. lamp holder. 
Ten varieties of coloured lenses are 
available and the metal rim can be 
finished in a wide range of colours 
and styles. . The price is 2s 3d. 

Another recently introduced 
Bulgin product is a fully insulated 
non-reversible moulded connector. 

.- In a 2-pin type it will handle mains 
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supplies up to 500 volts at I amp, 
or on low voltages up to IO amps . 
High-grade Bakelite is employed 

Bulgin accessories compnsmg a 
two-pin connector, signal lamp 
and a ,car ignition interf~rence 

suppressor. 

and although the normal colour is 
. black other shades can be supplied 
to order. 

The non-reversible feature is ob
tained by a moulded key on the 
withdrawable socket part and a 
corresponding keyway in the fixed 
plug housing. This is a useful 

· :fieature for d.c. sets. A cable grip 
is also included . Two-, three- .and 
six-pin connectors are available and 
the prices are ss gd, 6s 3d and Ss 3d 
respectively . 

An interference suppressor for 
motor car engines has now been 
added to this firm's range of accgs
sories. It is a plug-in type for the 
distributor head and is inserted in 
the lead to the coil. The suppressor 
resistor is wire wound and is · en
closed in a flexible weatherproof 
moulding. The price is rs 6d. 

New Television Receiver 

THE 15-inch tube in thP. Model 
1806 H.M.V. gives a picture 

size 12!in x Ioin and it is claimed 
that the aluminized screen gives 
sufficient brilliance for viewing by 
normal room lighting. . The price is 
£!48 4S 5d, with tax, . ·. 

H.M.V. Model 1806 receiver • 
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article, and it is already full size. 
Calculation of actual hum voltage, 
and inductance-capacitance filters 
must wait until next month. 

APPENDIX 
(Showing how to calculate the table 
giving the number of sections for 
maximum attenuation) 

p = 2Trf x total CR. 
If CR is divided into n equal sections, 
the attenuation per section is ap- 
proximately pjn2 (assuming that it is 
at least several times greater than 1, 
so that the simplifying assumptions 
apply). The total attenuation, an, is 
therefore 

« -f 1 equal sections the attenuation 
would be 

supplies up to 500 volts at 1 amp, 
or on low voltages up to 10 amps. 
High-grade Bakelite is employed 

a"-(&)", 
•If" the same CR were divided into 

If pn is the value of p that makes 
a.n= an+1, then approximately 

(Pn\n= ( Pn \"+1 

• [n2/ \(w + i)V 

• P"n+1 - (n ± i)2(b+1! /AX 
•• ppn n2« ( ' 

_ . (Pn\n + l)2(«+1>l» 
a" — [n2) [ «2« x n2 

= .. (Bf 

And ps(n+i) (the p per section when' 
pn is divided into U -f 1 sections) is 

Paln+l) ^ <n+1)Jan ^ • • (C) 

ri 

MANCFACTIIRERS' PRODUCTS 

New Plessey Components 

SEVERAL new components have 
been introduced recently by the 

Plessey Company, Vicarage Lane, 
Ilford, Essex. One is a ceramic 
type B8A valve holder with floating 
nickel silver contacts having a wide 

Plessey ceramic B8A valveholder 
and (below) solid moulded-track 

volume control. 

i^n *' 
WHPI 

lead-in angle, which should prevent 
any likelihood of bent pins or a 
fractured base provided that the 
"float" in the socket is not de- 
stroyed by stiff wiring. It has a 
metal centre spigot tube, which also 
serves as an earthing contact, and a 
base screening shield incorporating 
a locating keyway. The inter- 
socket capacitance is between 0.1 
and 0.2pF while;, between all 
sockets and earth, the capacitance is 
less than 0.15 pF, a very necessary 
feature for, v.h.f. applications. 

There is a laminated plate-type 
valveholder for the B9A valves 
having silver-plated phosphor 

bronze contacts giving a Aim but 
sound electrical contact with the 
valve pins. 

A volume control, having a solid 
moulded resistance, element con- 
tained in a moulded body, is also 
among the new items. It is de- 
signed to be very robust and reli- 
able in operation. Resistance values 
range from 100 ohms to 2 megohms, 
while the minimum values, often 
called the *' hop-on '' and '' hop- 
off" values, are kept down to 1.0 
per cent of the track resistance, or 
50 ohms in the lower values. The 
track will safely carry some direct 
current so that their usefulness is 
extended to television controls and 
cathode bias circuits. 

Conventional single-hole fixing is 
employed and either single- or 
double-pole on-off switches can be 
incorporated. 

Some Useful Accessories 

THE introduction of a new signal 
lamp fitting taking a modified 

"Pigmy Sign" mains bulb of 15 
watts rating adds some fifty further 
varieties of signal fittings to the 
already extensive range made by 
A. F. Bulgin and Co., Ltd., Bye- 
pass Road, Barking, Essex. 

The new signal lamp has a B.E.S. 
screw fitting for the bulb and a i^in 
diameter plastic lens which is se- 
cured in position by means of three 
springy tongues and slots cut in the 
annular ring of the back plate. 
This plate is riveted to a bracket 
carrying the B.E.S. lamp holder. 
Ten varieties of coloured knses axe 
available and the metal rim can be 
finished in a wide range of colours 
and styles. The price is 2s 3d. 

Another recently introduced 
Bulgin product is a fully insulated 
non-reversible moulded connector. 

' In a 2-pin type it will handle mains 

Bulgin accessories comprising a 
two-pin connector, signal lamp 
and a car ignition interference 

suppressor. 

and although the normal colour is 
, black other shades can be supplied 
to order. 

The non-reversible feature is ob- 
tained by a moulded key on the 
withdrawable socket part and a 
corresponding keyway in the fixed 
plug housing. This is a useful 
feature for d.c. sets. A cable grip 
is also included. Two-, three- and 
six-pin connectors are available and 
the prices are 5s gd, 6s ->d and 8s 3d 
respectively. 

An interference suppressor for 
motor car engines has now been 
added to this firm's range of acces- 
sories. It is a plug-in type for the 
distributor head and is inserted in 
the lead to the coil. The suppressor 
resistor is wire wound and is en- 
closed in a flej ble weatherproof 
moulding. The price is is 6d. 

New Television Receiver 
THE 15-inch tube in the Model 

1806 H.M.V gives a picture 
size 12Jin x loin and it is claimed 
that the aluminized screen gives 
sufficient brilliance for . viewing by 
normal room 1. ghting. The price is 
^148 4s 5d, with tax. 

H.M.V. Model 1806 receiver. 

www.americanradiohistory.com

www.americanradiohistory.com


394 ~ireless ~orld October, 1949 

Unbiased By FREE GRID 

North of the Border 
TELEVISION aerials are not a 

very conspicuous feature of the 
Scottish landscape at present . . This 
is not very surprising as Scotsmen 
very sensibly like to have va~ue for 
their money and freak -reception 
from A.P. has no attractions for 
them. In fact, the only installation 
I actually saw on a recent visit 
there was owned by a mad dog of 
an Englishman, but that was not 
very surprising for, as Noel Coward 
reminds us, they are apt to do odd 
thirigs su~h as going out hatless in 
the · midday sun in the tropics. 
Li~ence figures, too, show that there 
is a dearth of Scottish television in
stallations. I cannot refrain from 
mentioning, however, that doubts 
as to the accuracy of licence figures 
were aroused in my mind •when I 
noticed that some of the '' Monarchs 
of the Glen '' showed no signs of 
move:{Ilent even when I got to 
wind'ard of them; their antlers, too, 
seemed staggeringly symmetrical. 

''Staggeringly symmetrical.'' 

In spite of the apparent dearth of 
television in Scotla,nd, however, I 
was privileged to wi•tness a better 
and clearer picture on a television 
screen than any I have ever seen 
dqwn _ here. It was in the saloon 
of one -of those . pleasure steamers 
wpich convey holiday - makers 
t:qrough the lovely lochs of Scot
land. The scene on the screen was 
merely the same' as could have been 
viewed by going on deck and look
ing over the side. It •was coming 
from a closed . circuit transmitter 

mounted for'ard. The idea behind 
the scheme was to enable passengers 
to view the surrounding scenery in 
comfort during inclement weather. 
It was proposed, so I was told, . to 
mount a screen in ;front of each seat 
in the saloon and to arrange for irt 
to be switched on by the insertion 
of a sixpence. · 

I need hardly say that the pro
moter of this money-losing scheme is 
an Englishman who has omitted to 
do ;:~.nything in the way of "market 
research.'' As I rtold him, if he, 
or anybody else, seriously thinks 
that a sixpence can be extracted 
from a Scotsman as easily as this 
he is very much mistaken. I 
pointed out that a much simpler 
plan would be to forego the sixpence 
and merely provide in the saloon a 
pre-taken cine-film of the · passing 
scenery. The Scots at home are 
simple-minded folk-it is only the 
astute ones who come south-;-and 
they wouldn't know the difference 
between a cine-film and television. 
They don't know what . the latter 
looks like and are not likely to for 
many a long day, despite B.B.C. 
and Government promises. In 
fact, my opinion of the authors of 
these promises is aptly expressed by 
the words of Macbeth about the 
double-crossing witches, or, better 
still, by Mr. Asquith~s famous 
" wait and see." 

"Electronicometry" 
THE extent to which the tech

nique of radio and electronics 
is pervading even the most com
monplace aspects of our daily lives 
was brought home to me very 
vividly a short time ago when I 
spent one of the last sad days of 
dying summer at a popular seaside 
resort. It goes almost without say
ing that the place had a pier, that 
strange and bizarre mixture of 
Byzantine and Victorian architec
ture which would be tolerated in no 
other country but England. -- I stood 
meditating for a while among the 
serried ranks of the ubiquitous 
what~the-butler-sCllw machines; I 
was once told at a political meeting 
that they were installed by the 
bloated plutocracy at a time when 
butlers were in short supply in order 
to induce youths to rush to fill the 
gaps in their ranks. · 
· The butler has long since gon~ 
he probably died of -shock. In re
turn for my penny I was regaled 
with · the sight of some ultra
modem bathing beauties which, I 
was informed; came to me by cour-

" I heaved up the platform., 

tesy of '' Seymour Swim-Suits 
Limite<!" ~very lim1ted, judging 
by the dimensions of some of the 
"water-wear." 

I was about to leave the pier in 
search of a shrimp tea •when I was 
attracted to a machine calling itself 
an electronic brain. It claimed to 1 

give my height and weight without 
any resort to the usual principles of 
mechanics. In appearance it was 
much the same as the usual weigh
ing machines except that it had an 
extra dial for recording height ·and 
also a large box-like canopy sus
pended over the platform. 

It was, of course, quite easy to 
see how the height was calcuhtted as 
the box-like• canopy overhead con
tained radar apparatus which 
merely measured the distance of the 
top of my head from itself and then 
subtracted it from the known dis
tance to _the · platform on which I 
stood. The method of ascertaining 
my weight did, however, puzzle me 
and I suspected that the ordinary 
mechanism of levers and what-not 
was being used. To settle the ques
tion I heaved up the . platform with 
the aid of my umbrella and a mon
key wrench which _ I usually carry 
about with me and was astounded 
to find nothing but a stout spiral 
spring supporting the platform at 
each comer. 

It was not, in fact, until I had sat 
far into the night in my cell at the 
local police station that I realized 
how it worked. The overhead radar 
gear had measured · the distance 
down to the top of my head when I 
first stood on the platform, thus 
giving my height, and then had 
measured it again when the spring
borne platform and myself had sunk 
a fraction oi . an inch tinder the in
fluence of gravity. The difference 
between these two readings wou·ld, 
of course, give my weight. 
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By FREE GRID 

North of the Border 

TELEVISION aerials are not a 
very conspicuous feature of the 

Scottish landscape at present. This 
is not very surprising as Scotsmen 
very, sensibly like to have value for 
their money and freak reception 
from A,P. has no attractions for 
them. In fact, the only installation 
I actually saw on a recent visit 
there was owned by a mad dog of 
an Englishman, but that was not 
verj surprising for, as Noel Coward 
reminds us, they are apt to do odd 
things such as going out hatless in 
the midday sun ki the tropics. 
Licence figures, tod, show that there 
is a dearth of Scottish television in- 
stallations. I cannot refrain from 
mentioning, however, that doubts 
as to the accuracy of cence figures 
were aroused in my mind when I 
noticed that some of the " Monarchs 
of the Glen'' showed no signs of 
movement even when 1 got to 
wind'ard of them; their antlers, too, 
seemed staggeringly symmetrical. 

"Staggeringly symmetrical." 

In spite of the apparent dearth of 
television in Scotland, however, I 
\ is privileged to witness a better 
and clearer picture on a telev ion 
screen than any I have ever seen 
down here. It was in the saloon 
of one of those pleasure steamers 
wjiich convey holiday - makers 
through the lovely lochs of Scot- 
land. The scene on the screen was 
merely the same as could have been 
viewed by going on deck and look- 
ing over the side. It was coming 
from a closed circuit transmitter 

mounted for'ard. The idea behind 
the scheme was to enable passengers 
to view the surrounding scenery in 
comfort during inclement weather. 
It was proposed, so I was told,. to 
mount a screen in front of each seat 
in the saloon and to arrange for it 
to be switched on by the insertion 
of a sixpence. 

I need hardly say that the pro- 
moter of this money-losing scheme s 
an Englishman who Has om ted to 
do anything in the way of ' narket 
research." As I told him, if he, 
or anybody else, seriously thinks 
that a sixpence can be extracted 
from a Scotsman as easily as this 
he is very much mistaken. I 
pointed out that a much simpler 
plan would be to forego the sixpence 
and merely provide in the saloon a 
pre-taken cine-film of the pasr'ng 
scenery The Scots at home are 
simple-minded folk- it is only the 
astute ones who come soutl. —and 
they wouldn't know the difference 
between a cine-film and television. 
They don't knpw what the latter 
looks like and are not likely for 
many a long day, desp ;e B.B.C. 
and Government pron ses. Ir 
fact, my opinion of the authors of 
these promises is aptly expressed by 
the words of Macbeth about the 
double-crossing v tches, or, better 
still, by Mr. Asquith's famous 
" wait and see." 

' 'E lectron icometry 

THE extent to which the tech- 
nique of radio and electronics 

is pervading even the most com- 
monplace aspects of our daily lives 
was brought home to me very 
vividly a short time ago when I 
spent one of the last sad days of 
dying summer at a popular seaside 
resort. It goes almost without say- 
ing that the place had a pier, that 
strange and bizarre mixture of 
Byzantine and Victorian architec- 
ture which would be tolerated in no 
other country but England. I stood 
meditating for a while among the 
serried ranks of the ubiquitous 
what-the-butler-saw machines I 
was once told at a political meeting 
that they were installed by the 
bloated plutocracy at a time when 
butlers were in short supply in order 
to induce youths to rush to fill the 
gaps in their ranks. 

The butler has long since gone - 
he probably died of shock. In re- 
turn for my penny I was regaled 
with the sight of some ultra- 
modern bathing beauties which, I 
was informed, came to me ' y cour- 

w 

"I heaved up the platform." 

tesy of " Seymour Swim-Suits 
Limited "—very limited, judging 
by the dimensions of some of the 
'' water-wear.'' 

I was about to leave the ] sr in 
search Of a shrimp tea when I was 
attracted to a machine calling itself 
an electronic brain. It claimed to 1 
give my height and weight without 
any resort to the usua principles of 
mechanics. In appearance it was 
much the same as the usual weigh- 
ing machines except that it had an 
extra dial for recording height and 
also a large box-like canopy sus- 
pended over the platform. 

It was, of course, quite easy to 
see hew the height was calculated as 
the box-like* canopy overhead con- 
tained radar apparatus which 
merely measured the distance of the 
top of my head from itself and then 
subtracted it from the known dis- 
tance tc the platform on which I 
stoor1 The method of ascertaining 
my weight did, however, puzzle me 
and I suspected that the ordinary 
mechanism of levers and what-not 
was being used. To settle he ques- 
tion I heaved up the platform with 
the aid of my umbrella and a mon- 
key wrench which I usually carry 
about with me and was astounded 
to find nothing but a stout spiral 
spring supporting the platform at 
each comer. 

II was not, in fact, until I had sat 
far into the nighl in my cell at the 
local police station that I realized 
how it worked. The overhead radar 
gear had measured the distance 
down to the top of my head when I 
first stood on the platform, thus 
giving my height, and then had 
measured it again when the spring- 
borne platform and myself had sunk 
a fraction of an inch under the in- 
fluence of gravity. The difference 
between these two readings would, 
of course, give my weight. 
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SUPER 
FIFTY WATT 

This AMPLIFIER has a response of 30 cjs. to 25;000 cjs. 
within ;!db, under 2 per cent distortion at 40 watts and I 
per cent at IS watts, including noise and distortion .of pre
amplifier and microphone transformer. Electronic mixing 
for microphon~ and gramophone of either high or low 
iinpedancewith top and bass controls. Output for IS/2SO 
ohms with generous voice coil feedback to minimise 
speaker distortion. New style easy access steel case gives 
recessed controls, making transport safe and easy. 
Exceedingly well ventilated for long life. Amplifier com
plete in steel case, with built-in I 5 ohm mu-metal 
shielded microphone transformer, tropical finish. 

· As illl)strated. Price 36!- Gns. 

Advertisements 71 

CPlOA. 15 WATT AMPLIFIER 

~~ 

EXPORT 
Enquiries from Overseas will receive 
prompt attention. Continental Buyen are 
invited to get into touch with our Belgian 
Agents: 

Ms. Constant L. · Eisman, 
129 Avenue de Ia Reine, 

Teleh. x6.I0.3l. Bruxelles 

for 12 .volt battery a·nd A.C. Mains operation. This improved version has 
switch change-over from A. C. to D.C. and "stand by " positions and only 
consumes 5!- amperes from 12 volt battery. Fitted mu-metal shielded micro
phone transformer for IS ohm microphone, and provision for crystal or 
moving iron pick-up with tone control for bass and top and outputs for 
7.5 and IS ohms. Complete in steel case with valves. 

As illustrated. Price £28 0 0. 

30 WATT RECORD REPRODUCER 
This amplifier has been produced for 
extremely high quality gramophone or 
microphone quality in large halls or in 
the open. An output power of 30 watts 
is obtainable at under I% distortion 
after the outp\Jt transformer which is 
arranged for 4, 7f, or IS ohm output. 
The most noticeable point is the absence 
of background noise or hum. 
Very generous feedback is employed to 
help out any distortion developed by 
the speaker and the large damping factor 
ensures good transient response. The usual response of 30 to 2S,OOO cycles 
minus ! db is given, and recording compensation of S db per octave lift below 
300 cycles is obtainable on the gramophone input by means of a switch. A care
fully balanced treble control is arranged to correct top lift on some recordings as 
well as to reduce scratch on old records without noticeable effect on frequencies 
below 3;SOO to 4,000 cycles. The input is intended for the high fidelity type of 
pick-up and is fully loaded by an input of .2 volts on 100,000 ohm or :1 meg. ohm 
as required. The microphone stage requires an input of .3 millivolts on IS ohm 
balanced line through the wide response mumetal shielded microphone trans
former. · An octal socket is fitted at the rear of the chassis to provide power for 
feeder units, etc., 6.3 volts at 2 amps and 350 volts at 30 milliamps is avai.lab!e 

Complete in well ventilated steel case. Price 30! Gns. 

FOUR WAY ELECTRONIC MIXER 
This unit has 4 built-in, balanced and screened micro
phone transformers, normally of 15-30 ohms impedance. 
It has 5 valves and selenium rectifier supplied by its own 
built-in screened power pack: consumption 20 watts. 
Suitable for recording and dubbing, or large P.A. Install
ations since it will drive up to six of our 50 watt 
amplifiers, whose base dimensions it matches. The· 
standard model has an output impedance of 20,000 
ohms or less, and any impedance can be supplied 
to order. • Price in case with valves, etc., £24. 

VORTEXION LIMITED, 257·261 THE BROADWAY, WIMBLEDON, LONDON, S.W.l9 
Telephones: LIB 2814 and 6242-3 Telegrams: " V ortexion, Wimble, London " · 
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VI IV SUPER 

V FIFTY WATT 
This AMPLIFIER has a response of 30 c/s. to 25,000c/s. 
within ^dl., under 2 per cent distortion at 40 watts and I 
per cent at 15 watts, including noise and distortion of pre- 
amplifier and microphone transformer. Electronic mixing 
for microphon^ and gramophone of ejther high or I j/v 
impedance with top and bass controls Output for 15/'*50 
ohms with generous voice coil feedback t mini lise 
speaker distortion. New style easy access steel case gives 
recessed controls., making transport safe an-i easy. 
Exceedingly well ventilated for long life. Amplifier com- 
plete in steel case, with built-in 15 ohm mu-meta! 
shielded microphon transformer, tropical finish. 

As illustrated. Price 367 Gns* 

tsrsrs 

CP20A. WATT AMPLIFIER 

EXPORT 
Enauiries from Overseas will receive 
prompt attention. Continental Buyers are 
invited to get into touch with our Belgian 
Agents 

Ms. Constant L Bis man, 
129 Avenue de la Reine, 

^ Tilik. 16.lO.3t. Bruxelles 

for 12 volt battery and A.C. Mains operation. This improved version has 
switch change-over from A.C. to D.C. and "stand by" positions and only 
consumes 5^ amperes from 12 volt battery. Fitted mu-metal shielded micro- 
phone transformer for 15 ohm microphone, and provision for crystal >r 
moving iron pick-up with tone control for bass and top and outputs for 
7.5 and 15 ohms. Complete in steel case with valves. 

As illustrated. Price £28 0 0. 

30 WATT RECORD REPRODUCER ir—ll „ 

This amplifier has been produced for [T^. 
extremely high quality gramophone or 
microphone quality in large halls or in B ; JHjj 
the open. An output power of 30 watts I 
is obtainable at under 1% distortion ' 
after the outppt transformer which is 
arranged for 4, 7j, or 15 ohm output _ 1 

The most noticeable point is the absence I 
of background noise or hum. 
Very generous feedback is employed to j 
help out any distortion developed by 
the speaker and the large damping factor 
ensures good transient response. The usual response of 30 to 25,000 cycles plus or 
minus ? db is given, and recording compensation of 5 db per octave lift below 
300 cycles is obtainable on the gramophone input by means of a switch. A care- 
fully balanced treble control is arranged to correct top lift on some recordings as 
well as to reduce scratch on old records without noticeable effect on frequencies 
below 3,500 to 4,000 cycles. The input is intended for :he high fidelity type of 
pick-up and is fully loaded by an input of .2 volts on 100,000 ohm or meg. ohm 
as required. Thf microphone stage requires an input of .3 millivolts on 15 ohm 
balanced line through the wide response mumetal shielded microphone trans- 
former. An octal socket is fitted at the rear of the chassis to provide power for 
feeder units, etc., 6.3 volts at 2 amps and 350 volts at 30 milliamps is available 

Complete in well ventilated steel case. Price 30? Gns> 

FOUR WAY ELECTRONIC MIXER 

This unit has 4 built-in, balanced and screened micro- 
pfone transformers, normally of 15-30 ohms impedance. 
It has 5 valves and selenium rectifier supplied by its own 
built-in screened power pack: consumption 2"v w tts. 
Suitable for recording and dubbing, or large P.A. Install 
ations since it will drive up to six of our 50 watt 
amplifiers, whose base dimensions it 'latche. The- 
standard model has an output impedance of 20,000 
ohms or less, ^and any impedance can be supplied 
to order. Price in case with valves, etc., £24. 

VORTEXION LIMITED, 257-261 THE BROADWAY, 

Telephones: LIB 2814 and 6242-3 

WIMBLEDON, LONDON, S W.19 

Telegrams: "Vortexion, Wimble, London"' 
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Our Success Story • • • 
is shared with our Students 

The increasing demand : for 
our HOME STUDY and DAY 
-COURSES in Radio, Television and 
Kindred Electronic subjects, compels 
us to move to larger premises. At our 
new address we shall have much more 
accommodation for staff, larger and 

·better equipped classrooms and 
laboratories and improved boarding 
facilities. 

* * 
In recent City & Guilds examinations, our 
candidates were remarkably successful. No 
less than 91 o/0 achieved passes. A large 
proportion of which were " first classes ". 

WRITE -FOR FREE BOOKLET 
which gives full details of all courses. In 
addition to HOME STUDY there are 
the following DAYTIME courses: 

PRINCIPLES & PRACTICE OF RADIO -
1 Year. 

TELECOM. ENGINEERING 2 Years. 
(City & Guilds Final Certificate) 

ELECTRONICS . ENGINEERING- 3 Years. 
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ELECTRONIC·- CIRCU-ITRY 
Selections /rom a Designer's Noteboo·k 

SOME months ago it was pointed 
out in these columns1 that a 

cathode follower · is sometimes 
used for stabilizing the current in 
a television cathode-ray tube focus 
coil. As this aroused some inteFest it 

Direct 
Current 

Stabilizers 

has been thought 
worth while to 

· -present the fol
lowing brief notes 
on current stabi
lizers in. general, 

as they have various laboratory 
uses, one of which is the stabili
zation of the currents in the lens 
coils of an electron microscope. 

Normally a current stabilizer 
is required to stabilize not only 
against fluctuations of the supply 
mains, but also against changes 
of resistance of the component 
through which an unvarying cur
rent is required. To be definite, 
let us call this component a coil 
whose resistance (if wound with 
copper wire} will change with 
temperature. A significant change 
in temperature may well be caused 
by the power dissipated in the 

. coil when the current is flowing. 
Current stabilizers may be looked 

at in two different ways, and it is 
largely a matter of personal 
preference which is chosen, as they 
lead to the same conclusions. 
If the coil is placed in series with 
a resistance of value high com
pared with that of the coil and 
a correspondingly high voltage . 
applied to the two components 
in series, then changes of coil 
resistance will have little effect 
on the. current flowing , provided 
the supply voltage is constant. 
For example, if the series . resis-: 
tance is ten times the coil resis
tance, a change of one per cent 
in the resistance of the coil will 
represent a change of only I/II 
per cent in the total resistance, 
and the percentage current change 
is similarly reduced by a factor 
of eleven. 

A straightforward current stabi
lizer for a coil of resistance 5,ooo 

' Wireless W01'ld, September, 1948, p. 3::2. · 

By J. M_cG. SO WERB Y (Cinema Television Ltd.) 

ohms to be supplied with 20 mA 
might be constructed as indicated 
in Fig. I. This arrangement would 
discriminate against mains fluc
tuations by the stabilization ratio 
of the voltage stabilizer, and 
against coil resistance fluctuations 
by a factor of eleven. The supply 
voltage required is 55 kn X 20 mA 
= l ,Ioo volts. The power to be 
supplied is equally easy to cal
culate and is I,Ioo volts X 20 mA 
=55 watts, and of this total power 
only 5 kQ x (2o mA) 2 = 2 watts 
is actually supplied to the coil. 
Thus the arrangement is very 
wasteful of power, and this is 
only one of its faults. 

By the use of a device capable 

POWER 
INPUT 

Fig. I . Basic current 
stabilizer 

50kfi 

of passing a useful current at a 
reasonable voltage, and yet having 
a high (a.c.) resistance to changes 

of current a much more economical 
circuit can be designed. Such a 
circuit is that shown in Fig. 2. 

Here V 1 is a triode whose 
effective · internal resistance is 
increased from r a (the normal 
anode resistance of the valve) to 

R 0 =ra+(JL+I) Rk 
where JL=amplification factor. 

V 2 is a stabilizer tube whose 
running potential is V n• and this 
supplies a nominally constant 
grid bias to V 1• If we make the 
assumption-which is nearly true 
for a high-JL valve-that the poten
tial across Rk is also V n• we may 
re-write the internal resistance as 

Ro=ra+ (JL+~) Vn 
~ 

where i =required stabilized cur., 
rent. 

Putting in practical. values of 

R : =3kn, JL=28 (for an EF55) 
V 0 =85 volts (for an 85A1) and 

i=20 rnA, we find R 0 =I26 kn . 
If the coil resistance Rc = 5 kn 
the coil will drop 100 volts at 
20 rnA so that the coil and Rk 

together account for I 8 5 volts. 
If a supply potential of 350 volts 
is used, 165 volts will appear across 
the valve, and, at this anode 
voltage, reference to the valve 
curves shows that no_ grid current 
flows. 

In such an arrangement the 
effect of a change of coil resis
tance of one per cent on the cur
rent flowing is reduced to about 
o.o4 per cent. The total resistance 
in the circuit is (126+ 5) =I3I kn, 
so that _ if the h.t. supply line 
changes by IO per cent (35 volts), 
the change in current is only 

35/131 =O.i7 rnA, or rather less 
than 1.5 per cent of the total 
coil current. The total power 
consumed (excluding the stabi
lizer tube circuit) is 350 V x 20 rnA 
=7 watts, and of this, 2 watts 
is supplied to the coil. This 
contrasts very favourably with 
the arrangement of Fig. I. 

· The circuit of Fig. 2 can · be 
look.ed at a second way in which 
the coil is regarded as having 
a resistance Rk in series with it, 

Fig. 2. Simple practical current 
stabilizer 

and the aim . is to maintain a 
constant . voltage across Rk. Ob
viously if the voltage across Rk 

is unchanged, · ana Rk remains 
unchanged, then the current 
through Rk must- remain un
changed As any current that 
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SOME months ago it was pointed 
out in these columns1 that a 

cathode follower is sometimes 
used for stabiUzing the current in 
a television cathode-ray tube focus 
coil. As this aroused some interest it 

has been thought 

Hirort worth while to LMreu present the fol- 

Current lowing brief notes 

CtakiliTorc on current stabi- Mamuzers lizers ill general> 

as they have various laboratory 
uses, one of which is the stabili- 
zation of the currents in the lens 
coils of an electron microscope. 

Normally a current stabilizer 
is required to stabilize not only 
against fluctuations of the supply 
mains, but also against changes 
of resistance of the component 
through which an unvarying cur- 
rent is required. To be definite, 
let us call this component a coil 
whose resistance (if wound with 
copper wire) will change with 
temperature. A significant change 
in temperature may well be caused 
by the power dissipated in the 
coil when the current is flowing. 

Current stabilizers may be looked 
at in two different ways, and it is 
largely a matter of personal 
preference which is chosen, as they 
lead to the same conclusions. 
If the coil is placed in series with 
a resistance of value high com- 
pared with that of the coil and 
a correspondingly high voltage 
applied to the two components 
in series, then changes of coil 
resistance will have little effect 
on the. current flowing, provided 
the supply voltage is constant. 
For example, if the series resis- 
tance is ten times the coil resis- 
tance, a change of one per cent 
in the resistance of the coil will 
represent a change of only i/n 
per cent in the total resistance, 
and the percentage current change 
is similarly reduced by a factor 
of eleven. 

A straightforward current stabi- 
lizer for a coil of resistance 5,000 

1 Wireless World, September, 1948, p. 322- 

By J• McG. SOWERBY (Cinema Television Ltd.) 

ohms to be supplied with 20 mA 
might be constructed as indicated 
in Fig. 1. This arrangement would 
discriminate against mains fluc- 
tuations by the stabilization ratio 
of the voltage stabilizer, and 
against coil resistance fluctuations 
by a factor of eleven. The supply 
voltage required is 55 k£I X20 mA 
= 1,100 volts. The power to be 
supplied is equally easy to cal- 
culate and is 1,100 volts X20 mA 
=55 watts, and of this total power 
only 5 kn X (20 mA)2 = 2 watts 
is actually supplied to the coil. 
Thus the arrangement is very- 
wasteful of power, and this is 
only one of its faults. 

By the use of a device capable 

VOLTAGE 
STABILIZER 

Fig. 1. Basic current 
stabilizer 

* 

ZOmA^ 

of passing a useful current at a 
reasonable voltage, and yet having 
a high (a.c.) resistance to changes 
of current a much more economical 
circuit can be designed. Such a 
circuit is that shown in Fig. 2. 

Here Vi is a triode whose 
effective internal resistance is 
increased from ra (the normal 
anode resistance of the valve) to 

Ro=:>'o+('1+^ , , 
where amplification factor. 

V2 is a stabilizer tube whose 
running potential is Vn, and this 
supplies a nominally constant 
grid bias to Yx. If we make the 
assumption—which is nearly true 
for a high- p. valve—that the poten- 
tial across is also Vn, we may 
re-write the internal resistance as 

R +(^ + I) V" 
0 —yai ^ 

where i =required stabilized cur- 
rent. 

Putting in practical, values of 
R'=3ka ju=28 (for an EF55) 
V =85 volts (for an 85A1) and 

i — 20 mA, we find R0=i26 k£I. 
If the coil resistance Rc=5 kQ 
the coil will drop 100 volts at 
20 m A so that the coil and R.fc 

together account for 185 volts. 
If a supply potential of 35° volts 
is used, 165 volts will appear across 
the valve, and, at this anode 
voltage, reference to the valve 
curves shows that no grid current 
flows. 

In such an arrangement the 
effect of a change of coil resis- 
tance of one per cent on the cur- 
rent flowing is reduced to about 
0.04 per cent. The total resistance 
in the circuit is (126+5) =I3:I: kQ, 
so that if the h.t. supply line 
changes by 10 per cent (35 volts), 
the change in current is only 
35/131 =0.27 mA, or rather less 
than 1.5 per cent of the total 
coil current. The total power 
consumed (excluding the stabi- 
lizer tube circuit) is 350 V X 20 mA 
=7 watts, and of this, 2 watts 
is supplied to the coil. This 
contrasts very favourably with 
the arrangement of Fig. 1. 

The circuit of Fig. 2 can be 
looked at a second way in which 
the coil is regarded as having 
a resistance in series with it, 

Fig. 2. Simple practical current 
stabilizer 

and the aim is to maintain a 
constant voltage across Rfc. Ob- 
viously if the voltage across Rfc 

is unchanged, and Rfe remains 
unchanged, then the current 
through Rfc must remain un- 
changed As any current that 
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flows through Rk also flows 
through the coil, the coil current 
mu$t also remain unchanged. 
This way of looking at the Cir
cuit quickly leads one to the more 
refined 'and effective circuit of 
Fig. 3· 

Ip fig. 3, V 1 and V 2 correspond 
to V 1 and V 2 in Fig. 2, but now 
an amplifier valve V 3 has been 
interposed As this valve is 
actually a cathode-coupled pair it 
amplifies the difference in poten
tials applied to the two grids. 
One of these potentials is the. 
reference potential · V n derived 
across V 2, and the other is that 

Fig. 3· More advanced current 
stabilizer 

across Rrc1• The amplified signal 
across . Ra is applied via the 
potentiometer chain R 11 R 2 back 
to the grid of V 1 in such a way as 
to tend to maintain the potential 
across Rrc1 equal to V n· Analysis 
shows that the effective resistance 
in series with the coil is increased 
by the introduction of the ampli
fier valve V s· It is found that for 
this circuit 

Ro = 1-'1 As V nfi approximately 
where p.1 = amplification factor of 

v1. 
A 3 =gain from cathode to 

grid of V 1 through 
Vs. 

In practice it is not easy to make 
As much greater than ro, and if 
each triode ofV s has p. 3 = 70, the 
cathode /coupling will restrict the 
gain from P to Q to less than 70/2 
-say 25, and a further loss of r/2 
will take place f:fom Q to the grid 
of V 1 if R 1 = R 2• So much loss 
in the R 1R 2 coupling chain is a 
consequence of the need to main
tain the correct standing poten
tials at P and Q. The choice 
R 1 = R 1 is .oftea convenient, and 

~ireless ~orld October, I949 

the anode-cathode potential of 
the left-hand side of V s will be 
nearly equal to V n· 

Taking practical values of 
p.1 = 28 (EF55), Vn = 85 . volts, 
i = 2omA, As = ro, we find the 

. effective resistance R 0 = 1.2 Mn 
(approximately) in series with the 
coil. Making the assumptio~ * that 
V n is constant, the effective stabi
lization ratio to the cathode of 
V 1 is approximately S0 = p.1A 3 
(-: 280 for the values assumed 
above), so that discrimination 
against both mains fluctuations 
and changes of coil resistance is 
very good. One point is rather 
important ; as the coil current is 
determined by the current through 
Rk1 , it is imperative that thiS 
component shall be highly stable, 
and low temperature coefficient 
wire-wound resistors should be 
used. To control the value of the 
stabilized current it is generally 
best to switch in different values 
of Rrc1 for large changes, and to 
vary the effective value of V n for 
small changes by arranging Jor 
the right-hand grid of V 3 to be 
connected to the slider of a 
potentiometer across V 2, so that 
the effective V n can be varied (say) 
from 8 5 to 70 volts. 

The informed reader will .have 
recognised that the arrangement 
of Fig. 3 closely resemples a 
voltage stabilizer, and other volt
age stabilizer circuits were ably 
described recently in this journal.• 
The interested reader will be able 
to adapt these other circuits in the 

lttPUT 

light of what has been said above, 
and it may be remarked that the 
circuit of Fig. 3 by no means 

• Only true when Rb is very much larger than 
the effective resistance of V 2• • 

1 "Stabilized Power Supplies," M.G. Scroggie, 
Wrl•lu• Wotllli Oct., Nov;, Dec., 1948. 

represents the ultimate in per
formance, although it is satisfac
tory for a variet~ of applications. 

RESISTANCE -coupled phase
splitters were discussed at 

length in this journal3 some time 
· ago, and these may broadly be 

divided into low- and high-gain 
types. Examples 'of the latter are 

Neutralizing 
Phase· 
splitters 

the cathode
coupled and .see
~aw phase -split
ters. Some de
signers of these 
circuits a void the 

use of triodes, because of the in
crease of input capacitance due to 
the Miller effect. It is not always 
realized that neutralization can 
often be employed; and this may, 
in some circumstances, be a 
material aid in maintaining the 
response at the higher frequencieS. 

Fig. 4 shows a cathode-coupled 
phase-splitter driven by some 
previous . amplifie_r stage S. Those 
who studied the recent article on 
the Miller effect {August issue) will 
remember that the anode-grid 
capacitance ca, is effectively multi
plied by the gain of V 1 from grid 
to anode, and appears effectively 
between the grid of V 1 and earth. 
Thus, although aa11 may be only 
3 or 4 pF, the effective input 
capacitance of V 1 may be up to 
roo pF, and this may be serious 
if Sis a pentode of the 6]7 type, 
with a high-resistance anode load. 

This large mput capacitance is 
a consequence of the fact that any 

• I 

H.tl 
I 

..1.. 

+---

Fig.4. Neutralized 
phase-splitter 

signal voltage at the anode of V 1 

is out of phase with that at the 
grid. But the signal at the anode 
of V 2 is fortunately iD phase with 

a W. T. Cocking, Wireless World, Jan., Feb., 
March, April, May, 194&, witll particular refer
ace to April. p.cahad Mq, p. ats. 
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flows through Kk also flows 
through the coil, the coil current 
must also remain unchanged. 
This way of looking at the cir- 
cuit quickly leads one to the more 
refined and effective circuit of 
Fig. 3- 

In Fig. 3, V1 and V2 correspond 
to Vi and V2 in Fig. 2, but now 
an amphfier valve V3 has been 
interposed As this valve is 
actually a cathode-coupled pair it 
amplifies the difference in poten- 
tials applied to the two grids. 
One of these potentials is the 
reference potential Vn derived 
across V2) and the other is that 

coil lit 

Fig. 3. More advanced current 
stabilizer 

across Rfcl. The amplified signal 
across Ra is applied via the 
potentiometer chain Rj, R2 back 
to the grid of Vj in such a way as 
to tend to maintain the potential 
across R&1 equal to Vn. Analysis 
shows that the effective resistance 
in series with the coil is increased 
by the introduction of the ampli- 
fier valve V3. It is found that for 
this circuit 

Rfl = fi1 A3 Vn/i approximately 
where ^ = amplification factor of 

Vx. 
A3 = gain from cathode to 

grid of Vj through 
V,. 

In practice it is not easy to make 
A3 much greater than 10, and if 
each triode of Vg has — 70, the 
cathode coupling will restrict the 
gain from P to Q to less than 70/2 
—say 25, and a further loss of 1/2 
will take place from Q to the grid 
of Vj if Ri = R2. So much loss 
in the R1R2 coupling chain is a 
consequence of the need to main- 
tain the correct standing poten- 
tials at P and Q. The choice 
Rj — R2 is often convenient, and 

the anode-cathode potential of 
the left-hand side of Vg will be 
nearly equal to Vn. 

Taking practical values of 
/Xi = 28 (EF55), Vw = 85 volts, 
i = 20mA, A3 — 10, we find the 
effective resistance R0 = 1.2 Mfl 
(approximately) in series with the 
coil. Making the assumption* that 
Vn is constant, the effective stabi- 
lization ratio to the cathode of 
Vj is approximately S0 = /^Ag 
(=280 for the values assumed 
above), so that discrimination 
against both mains fluctuations 
and changes of coil resistance is 
very good. One point is rather 
important; as the coil current is 
deterrnined by the current through 
Rfcl, it is imperative that this 
component shall be highly stable, 
and low temperature coefficient 
wire-wound resistors should be 
used. To control the value of the 
stabilized current it is generally 
best to switch in different values 
of R&1 for large changes, and to 
vary the effective value of Vn for 
small changes by arranging for 
the right-hand grid of V3 to be 
connected to the slider of a 
potentiometer across V2, so that 
the effective Vn can be varied (say) 
from 85 to 70 volts. 

The informed reader will have 
recognised that the arrangement 
of Fig. 3 closely resembles a 
voltage stabilizer, and other volt- 
age stabilizer circuits were ably 
described recently in this journal.8 

The interested reader will be able 
to adapt these other circuits in the 

Jl?4i £Ral 

I Ca9 J, 

light of what has been said above, 
and it may be remarked that the 
circuit of Fig. 3 by no means 

* Only true When Ra is very much larger than 
the effective resistance of Va. * 

t •> Stabilized Power Supplies," M. G. Scroggie, 
WritUsa WoM, Oct., Nov., Dec., 1948. 

represents the ultimate in per- 
formance, although it is satisfac- 
tory for a variety of apphcations. 

Resistance - coupled phase- 
splitters were discussed at 

length in this journal3 some time 
ago, and these may broadly be 
divided into low- and high-gain 
types. Examples of the latter are 

the cathode- 

Neutralizinq coupled and see- 
saw phase - split- 

rHase- ters. Some de- 

SDlitters signers of these 
* circuits avoid the 

use of triodes, because of the in- 
crease of input capacitance due to 
the Miller effect. It is not always 
realized that neutralization can 
often be employed, and this may, 
in some circumstances, be a 
material aid in maintaining the 
response at the higher frequencies. 

Fig. 4 shows a cathode-coupled 
phase-splitter driven by some 
previous amplifier stage S. Those 
who studied the recent article on 
the Miller effect (August issue) will 
remember that the anode-grid 
capacitance cat is effectively multi- 
plied by the gain of Vj from grid 
to anode, and appears effectively 
between the grid of Vj and earth. 
Thus, although cag may be only 
3 or 4 pF, the effective input 
capacitance of Vj may be up to 
100 pF, and this may be serious 
if S is a pentode of the 6J7 type, 
with a high-resistance anode load. 

This large ffiput capacitance is 
a consequence of the fact that any 

Fig.4. Neutralized 
phase-splitter 

signal voltage at the anode of V1 

is out of phase with that at the 

grid. But the signal at the anode 

of V2 is fortunately in phase with 

8 W. T. Cocking, Wireless World, Jan., Feb., 
March, April, May, 1948, with particular refer- 
ence to April, p. raS azid May, p. 163. 
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that .at the grid of V 1• Hence a 

neutralizing capacitance en equal 

to c au rna y be connected as shown 

and the undesirable effects of Cag 

· are neutralized at ordinary fre

quencies . where the amplifier 

behaves essentially as a resistance

coupled stage. The actual capaci

tance of cau is practically never 

more than 5 pF, so that en must 

be restricted to some value not 

more than this. It is often con

venient* to split Ra 2 (as shown at 

the side of Fig. 4) so that signal 

voltage fed to C;, is reduced by a 

factor of three. This enables an 

* But theoretically incorrect. However, the 
method is legitimate .as long. as the anode 
resistances from which. cag a:nd Cn are fed are 
very low comJ?qred with the reactances· of cag 

and Cn. This IS nearly always the case fn .prac
ticaJ circuits up to about 20 kc/s. 

SHORT-WAVE 
August 

. 
zn Retrospect . . 

ordinary tf. trimmer (e.g. 5-I_5 pF) 

to be used, and a voids the neces

sity for a special component. 

A good method of adjusting the 

circuit is to apply a square wave

form to the input of. S (frequency 

about I kcjs for audio amplifiers), 

view the output on an oscilloscope 

and adjust en for the best results. 

This method generally leads to 

slight over-neutralization, but this 

is only undesirable if carded to 

excess so that the circuit is on the. 

verge of oscillation. 
Tfi.is method of reducing the 

input capacitance of amplifiers 

was .used in some radar circuits, 

and for further information the 

reader is referred to "Waveforms," 

Chance, Williams, Hughes, Mac

Nichol and Sayre, 1Vl.I, T. Rad. 

Lab. series, Vol. Ig, p. 767. 
McGraw Hill. 

CONDITIONS 
Forecast for October 

over any distances from this coun
try during October. 

. It is not likely that Sporadic E 
will be much in evidence. 

Ionospheric storms are often 
prevalent during October and some 
considerable periods of poor com
munication are therefore to be ex
pected. At the time of wdting it 
appears that ionospheric storms are 
most likely on 8th-gth, r8th-2rst 
and 24th-26th. 

By T. W. BE:NNINGTON (Engineering Division, B.B.C.) 

Starting this month it is intended 
to give the predicted working fre
quencies for four long-distance cir
cuits running in different direc.tions 
from this country in graphic, ill
stead of in tabular, fonn, as 
hitherto. Although the graphs are 
largely self-eJCplanatory, the fol
lowing few words may be said about 
them. A dashed line in each graph 
indicates the predicted m.u.f. for 
the circuit for each hour of the day; 
average for the rnonth-and thus 
represents the highest frequency 
which should be usable at each hour 
for fifty per cent of the total time. 
The full line indicates the so-called 
o.w.f.-the frequency below which 
it should be possible to maintain 
regular communication: i.e., on 
every day of the month except those 
during which ionosphere storms are 
in progress. The dot-dashed line is for 
the use of those whose primary ob
ject is the working of certain bands ; 
it gives the highest frequency 
likely to be usable at each hour for 
about ~5 per cent of the time. 

DURING August the average 
. daytime maximum usable fre
quencies for these latitudes were 
somewhat higher than during July, 
whilit those for night-time were ap-

. preciably lower. This is in con-
formity with the usual seasonal · 

trend, and ·m. u.fs should now con
tinue this type of variation towards 
the winter. Daytime working fre.
quencies were, therefore, fairly high, 
though not ·high en-ough to permit 
regu-lar use of frequencies like the 
28-Mc/ s band. Night-time fre
q uencies of 9 Me/ s were often 
needed on some circuits. 

Sunspot activity during the 
month was, on the average, con
siderably higher than during July. 

Sporadic E was prevalent during 
the month, though somewhat less so 
than during ] uly; and medium
distance commun.icat;ion on high fre
quencies by way of the medium was 
frequently possible. It is expected 
that the rate of incidence of Spora
dic E will now decxease rapidly. 

August was a much more dis
turbed month than. July, one long 
period of 14 days never being quite 
free of disturbance. This was 3rd-
16th, the other disturbed period 
being 29th-31st. Most severely dis
turbed days were 3rd, 4th, 5th and 
8th. " Dellinger " fadeouts were 
reported on sth (2), nth, z6th, 
17th, 20th and 31st, those Of 5th, 
I 7tth and 3 I st being intense. · 

Long-range tropospheric propaga-

tion does not appear to ·have been 
very frequent during the month. 

Forecast.-During October day,. 
time m.u.fs in the Northern Hemi

sphere will continue 
to increase, and, 
toward~ the end of 
the mont b, should 
reach exceptionally 
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high values. It is 
unlikely, however, ., 28 

that th~y will be so l 24 

high as those reached '2D 
during the same 
period of the last 

jl~ 

two years. Night
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continue to decrease. 
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cies for long-distance 
communication 
should therefore be 
high by day, fre
quencies like the 28-
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sary for some cir
cuits. It is not ex
pected that theE or 
F 1 layers will con
trol transmission 
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Electronic Circuitry— ordinary r.f. trimmer (e.g. P^) 
to be used, and avoids the neces- 

that at the grid of V1. Hence a sj^y for a special component, 
neutralizing capacitance Cn equal ^ good method of adjusting the 
to cag may be connected as shown circuit is to apply a square wave- 
and the undesirable effects of cag form to tjie inpUt of S (frequency 

1 _1* _ J _ J_ _ - 1 «   „\ 
and the undesirable effects of cag 

are neutrahzed at ordinary fre- 
quencies where the amplifier 
behaves essentially as a resistance- 
coupled stage. The actual capaci- 
tance of cag is practically never 
more than 5 pF, so that Cn must 
be restricted to some value not 
more than this. It is often con- 
venient* to split Ra2 (as shown at 
the side of Fig. 4) so that signal 
voltage fed to Cn is reduced by a 
factor of three. This enables an 

* But theoretically incorrect. However, the 
method is legitimate as long as the anode 
resistances from which Cag and Cn are fed are 
very low compared with the reactances of Cag 
and Cn. This is aeariy always the case in prac- 
tical circuits up to about 20 kc/s. 

SHORT-WAVE 

about 1 kc/s for audio amplifiers), 
view the output on an oscilloscope 
and adjust Cn for the best results. 
This method generally leads to 
slight over-neutralization, but this 
is only undesirable if carried to 
excess so that the circuit is on the 
verge of oscillation. 

This method of reducing the 
input capacitance of amplifiers 
was used in some radar circuits, 
and for further information the 
reader is referred to "Waveforms, 
Chance, Williams, Hughes, Mac- 
Nichol and Sayre, M.I.T. Rad. 
Lab. series, Vol. 19, P- 767- 
McGraw Hill. 

CONDITIONS 

Forecast for October August in Retrospect : Forecast for 

By T. W. BENNINGTON (Engineering Division, B.B.C.) 

DURING August the average 
daytime maximum usable fre- 

quencies for these latitudes were 
somewhat higher than during July, 
whilst those for night-time were ap- 
preciably lower. This is in con- 
formity with the usual seasonal 
trend, and m.u.fs should now con- 
tinue this type of variation towards 
the winter. Daytime working fre- 
quencies were, therefore, fairly high, 
though not high enough to permit 
regular use of frequencies like the 
28-Mc/s band. Night-time fre- 
quencies of 9 Mc / s were often 
needed on some circuits. 

Sunspot activity during the 
month was, on the average, con- 
siderably higher than during July. 

Sporadic E was prevalent during 
the month, though somewhat less so 
than during July; and medium- 
distance communication on high fre- 
quencies by way of the medium was 
frequently possible. It is expected 
that the rate of incidence of Spora- 
dic E will now decrease rapidly. 

August was a much more dis- 
turbed month than July, one long 
period of 14 days never being quite 
free of disturbance. This was 3rd- 
16th, the other disturbed period 
being 29th-3ist. Most severely dis- 
turbed days were 3rd, 4th, 5th and 
8th. " Dellinger " fadeouts were 
reported on 51-h (2)' nfb, 16th, 
17th. zoth and 31st, those of 5th, 
iTth and 31st being intense. 

Long-range tropospheric propaga- 

tion does not appear to have been 
very frequent during the month. 

Forecast.—During October day? 
time m.u.fs in the Northern Hemi- 
sphere will continue 
to increase, and,^ J 
towards the end of *0 
the month, should J6 ■— 
reach exceptionally 32  
high values. It is 2g^_  
unlikely, however, „ ; 
that they will be so 24  f 
high as those reached io jf 
during the same |# _Jfl 
period of the last ■ •,/ 
two years. Night- '2 ^ ' 
time m.u.fs should a HqNThEAL 
continue to decrease. -d ' 1 ' 1 

Working frequen- 
cies for long-distance 44|— rr; 
communication AO — —r— 
should therefore be 56  
high by day, fre-   'J 
quencies like the 28- fj. ^ 
Mc/s band being ^ 28 ftj— 
frequently—if not J- 24 jif — 
regularly — usable 20^ J— 
over most transmis- X /// 
sion paths. At night l6

(x/// 
9 Mc/s should be 12-^/  
about the highest g  1— 
regularly usable fre- 4 Capetown 
quency, and lower 0 4 8 
ones will be neces- ■ 
sary for some cir- . FRE 
cuits. It is not ex-   
pected that the E or pgl 
Fj layers will con- 
trol transmission 

over any distances from this coun- 
try during October. 

It is not likely that Sporadic E 
will be much in evidence. 

Ionospheric storms are often 
prevalent during October and some 
considerable periods of poor com- 
munication are therefore to be ex- 
pected. At the time of writing it 
appears that ionospheric storms are 
most likely on 8th-9th, i8th-2ist 
and zqth-zbth. 

Starting this month it is intended 
to give the predicted working fre- 
quencies for four long-distance cir* 
cuits running in difierent directions 
from this country in graphic, in- 
stead of in tabular, form, as 
hitherto. Although the graphs are 
largely self-explanatory, the fol- 
lowing few words may be said about 
them. A dashed line in each graph 
indicates the predicted m.u.f. for 
the circuit for each hour of the day, 
average for the month—and thus 
represents the highest frequency 
which should be usable at each hour 
for fifty per cent of the total time. 
The full line indicates the so-called 
o.w.f.—the frequency below which 
it should be possible to maintain 
regular communication; i.e., on 
every day of the month except those 
during which ionosphere storms are 
in progress. The dot-dashed line is for 
the use of those whose primary ob- 
ject is the working of certain bands ; 
it gives the highest frequency 
likely to be usable at each hour for 
about 25 per cent of the time. 
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VENTED LOUDSPEAKER 
Basis of Design to Match Existing Loudspeaker U,nits 

T HE large irregular plane 
baffle, or, better still, a 
baffle of '' infinite " dimen

sions, such as a hole in a wall, 
although basically representing 
the optimum method of loading 

By C. T. CHAPMAN (Goodmans Industries) 

Rv Lv 

(a) 

provides a promising approach 
to the problem. . . . 

The equivalent circuit of a 
lo,udspeaker mounted in a vented 
cabinet, Fig. 1: (a) is shown at (b), 
where Lc, Cc, Rc represent the 
diaphragm mass, the acoustic 

· capacitance or compliance of the 
suspension system, and the resist-

(b) 

, Fig. I. Section of vented cabinet loudspeaker (a), and, (b), equivalent 
electrical analogue. 

for a direct-radiator type loud
speaker, is seldom practicable. 
The result is that the baffle dimen
siom; are reduced below the mini
mum required for the proper 
development of the lower fre
quencies. The musical balance is 
upset, and, even more serious, the 
loudspeaker diaphragm may de
velop excessive amplitudes, result
ing in intermodulation and har
monic distortion. This effect is 
often unwittingly worsened by the 
user, who, in an attempt to obtain 
increased bass output, provides 
bass boost in his amplifier equip
ment. 

The problem is a very real one, 
for, to provide adequate loading 
on the diaphragm down to 55 cjs, 
a plane baffle ro feet in diameter 
is required, with attendant diffi
culties of construction, mainte
nance of rigidity, etc. 

The basic requirement is to 
increase the rad,ation resistance at 
the lowerfrequencies, and · it can be 
seen that the use of a Helmholtz 
resonator or a vented chamber 

ance of the suspensic:J. system 
respectively, Ra and La the resist
ance and inertance of the air 
loading on the front of the 
diaphragm. Cv is the acoustical · 
capacitance of the enclosed 
volume, and Rv and Lv the acoustic 
radiation resistance and inertance 
of the vent. 

Cv and L 11 are proportioned to 
resonate at the same frequency as 
the effective mass and compliance 
(Lc and Cc) of the loudspeaker 
diaphragm, thus reducing the 
diaphragm excursions and the 
output directly radiated at this 
frequency. 

Also, since the phase difference 
between the volume currents in 
L 11 and those generated at the 
immediate rear of the diaphragm 
may be as much as r8o0

, the sound 
issuing from the vent may be in 
phase with that directly radiated. 

A primary design consideration, 
therefore, is a knowledge of the 
loudspeaker resonant frequency, 
so that the enclosure dimensions 

· can be determined. The exact 

·value can be obtained from the 
loudspeaker manufacturer, al
though on a standard. product, 
which may have a nominal reson
ance of say 55 cjs, the manufac
turer's "tolerance may well be 
ro cjs. It is therefore advisable 
to check the resonance of the 
actual unit, although, as is ex
plained later, certain variations in 
resonance can be obtained in the 
cabinet by,change of vent length. 

A second consideration is the 
area required for the vent. This 
should be equal to the piston area 
of the loudspeaker diaphragm so 
that 

Vent area = '171'2 (r) 
where r = -! .piston dia -

meter of diaphragm. 
The initial enclosure volume V is 
obtained. by equating the expres
sions for the reactances C11 ·and 
Lv which are equal at resonance 

·and solving for V as originally 
proposed by Hoekstra. It will be 
shown later that this initial 
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Fig. 2. · Dimensions of a typical 
cabinet, designed to match a 12in 
(roin effeCtive) diameter loud
speaker with a fundamental reson-

. · ance of 57 c/s. 
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VENTED LOUDSPEAKER 

Basis of Design to Match Existing Loudspeaker Units 

THE large irregular plane 
baffle, or, better still, a 
baffle of "infinite" dimen- 

sions, such as a hole in a wall, 
although basically representing 
the optimum method of loading 

By C. T. CHAPMAN (Goodmans Industries) 

provides a promising approach 
to the problem. 

The equivalent circuit of a 
loudspeaker mounted in a vented 
cabinet. Fig. 1 (a) is shown at (b), 
where Lc, Cc, Rc represent the 
diaphragm mass, the acoustic 
capacitance or compliance of the 
suspension system, and the resist- 

LC '"C 

Section of vented cabinet loudspeaker (a), and, (b), equivalent 
electrical analogue. 

for a direct-radiator type loud- 
speaker, is seldom practicable. 
The result is that the baffle dimen- 
sions are reduced below the mini- 
mum required for the proper 
development of the lower fre- 
quencies. The musical balance is 
upset, and, even more serious, the 
loudspeaker diaphragm may de- 
velop excessive amplitudes, result- 
ing in intermodulation and har- 
monic distortion. This effect is 
often unwittingly worsened by the 
user, who, in an attempt to obtain 
increased bass output, provides 
bass boost in his amplifier equip- 
ment. 

The problem is a very real one, 
for, to provide adequate loading 
on the diaphragm down to 55 c/s, 
a plane baffle 10 feet in diameter 
is required, with attendant diffi- 
culties of construction, mainte- 
nance of rigidity, etc. 

The basic requirement is to 
increase the radiation resistance at 
the lower frequencies, and it can be 
seen that the use of a Helmholtz 
resonator or a vented chamber 

ance of the suspensio.i system 
respectively, Ra and La the resist- 
ance and inertance of the air 
loading on the front of the 
diaphragm. Cv is the acoustical 
capacitance of the enclosed 
volume, and R^ and Lv the acoustic 
radiation resistance and inertance 
of the vent. 

Cv and Lv are proportioned to 
resonate at the same frequency as 
the effective mass and compliance 
(Lc and Cc) of the loudspeaker 
diaphragm, thus reducing the 
diaphragm excursions and the 
output directly radiated at this 
frequency. 

Also, since the phase difference 
between the volume currents in 
Lv and those generated at the 
immediate rear of the diaphragm 
may be as much as 180°, the sound 
issuing from the vent may be in 
phase with that directly radiated. 

A primary design consideration, 
therefore, is a knowledge of the 
loudspeaker resonant frequency, 
so that the enclosure dimensions 
can be determined. The exact 

value can be obtained from the 
loudspeaker manufacturer, al - 
though on a standard product, 
which may have a nominal reson- 
ance of say 55 c/s, the manufac- 
turer's "tolerance may well be 
10 c/s. It is therefore advisable 
to check the resonance of the 
actual unit, although, as is ex- 
plained later, certain variations in 
resonance can be obtained in the 
cabinet by change of vent length. 

A second consideration is the 
area required for the vent. This 
should be equal to the piston area 
of the loudspeaker diaphragm so 
that 

Vent area = irr2 .. (1) 
where r = £ piston dia - 

meter of diaphragm. 
The initial enclosure volume V is 
obtained by equating the expres- 
sions for the reactances Cv and 
Lv which are equal at resonance 
and solving for V as originally 
proposed by Hoekstra. It will be 
shown later that this initial 

Fig. 2. " Dimensions of a typical 
cabinet, designed to match a i2in 
(roin effective) diameter loud- 
speaker with a fundamental reson- 

ance of 57 c/s. 
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CABINETS 
volume must be modified before 
the final enclosure volume V 1 is 
determined. 

Thus the capacitive reactance 
of the enclosed volume is:-. 

c2p 
Xcv = wV (2) 

where V = the i:q.itial volume. 
p = density of air. 
c = velocity of sound in 

air. 
w = 27Tj. 
f =loudspeaker reson-

ant frequency. 
and the reactance of the mass of 
air in the release opening is 

XLv=[;~3JK1(2kr)+:;; .. (3) 
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and equation (3) will reduce to Fig. 4· Impedance curves of unit 

3.4jp 2j l p with 57 c/s resonance in vadous 

. XLv = -- + - 2- (4) baffles. (1) No baffle, (2) Vented 

r r cabinet of Fig. 2, (3) Diaphragm 

Equating Xcv and XLv an expres- clamped, (4) Infinite baffle (hole 

sion for Vis obtained: in wall). 

I' 

c2r2 
V=-----

4 7Tj 2 (I. 7r + l) 
(5) 

diameter of roin. Then with a 
resonant frequency of 57 c/s, 
suggested length of vent 7in, 
c = rr85ft per sec and r and l in 
inches. 

II852 X I22 X 52 

v = --------------
41!572 X 15.5 

= 8,ooo cu in. · 
40 0.. 

!: 
30 

J // \' ~ \\ 

As can be seen from 
equation (5), changes 
in resonance of .·a 
given enclosure may 
be effected by modi
fying the length of 
the vent. 

Although it., .is de
sirable to obtain the 
minimum volume; 
the vent should only 

Volume of verit = 540 cu in. 
Volume of loud-· 

20 

10 

/, ~· '\~ ~, ' ...... ' ... "--
'71 cfs - ----

0 20 30 40 50 60 

FREQUENCY (cts) 

60 100 zoo be extended to the 
centre of . the encJo

Fig. 3· Effect of cabinet of Fig. 2 on speech-coil 
. impedance curves of loudspeaker units with re

sonances 9ther than the design 'frequency of S7cfs. 

sure as shown in Fig. 
r (a), so that it may 
be lengthened or 
shortened as neces-

., 
... . 

wh~re l = length of vent 
k = 21rj>.. 
>.. = wavelength 

K 1 = Bessel function of first 
order 

I 

r = radius of opening = ! 
piston dia. of dia
phragm 

and p, w and f are as defined for 
equation (2). 

A series which may be substi
tuted for the factor K 1(2kr) is 

=[(zkr)a _ (2kr)5 + (2kr)? _ • · ] 

7T 3 5 7 
Iff remains less than I 50 c/s and 
r is less than 25 em, the second and 
third terms of tl}is series rna y be 
neglected with suffi.Gient accuracy, 

sary ·to obtain the 
final adjustment to compensate 
for the ~abinet makers' tolerances, 
and the . exact loudspeaker reson
ance. 

It must be remembered . that 
both the loudspeaker and the vent 
will displace a volume which must . 
be added to V to obtain the final 
volume V 1 on which the cabinet 
size is based. 

The final dimensions of an 
enclosure of the. required volume 
will be a matter of personal taste 
and convenience, but the basic 
design of a cabinet which has been 
used in various forms with reliable 
results is as follows : 

The loudspeaker is a standard 
r2in model with an actual piston 

speaker = 200 , 

740 " 

. :. Final cabinet volume V 1 -:-

8,ooo cu in + 740 cu in = 8,740 
cu in. 
Suggested dimensions : 

Height 2ft 6in 
Width rft gin 
Depth rft 2in. 

With area of vent So sq in. 
When the original cabinet was 

made, as shown in Fig 2, it was 
decided to have the vent variable 
in length for measurement pur
poses, and to enable a correction 
to be made, if necessary, to the 
final resonance figure. 

Fig 3 shows the effect on the 
impedance curve of changing the 

· resonance · of the loudspeaker. 
Ohanging the unit for the one for 
which the cabinet was designed, 
with a free air resonanQe of 
57 c/s, various measurements were 
taken as shown in Fig 4· '· The free 
air impedance curve of this unit 
is typical of the normal high-flux 
12in unit obtainable to-day, and, 
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CABINETS 

Volume must be modified, before 
the final enclosure volume Yx is 
determined. 

Thus the capacitive reactance 
of the enclosed volume is :—. 

X = — • • • • (2) 
«« aN 

where V = the initial volume. 
p = density of air. 
c = velocity of sound in 

air. 
<0 = 2 nf. 
f — loudspeaker reson- 

ant frequency, 
and the reactance of the mass of 
air in the release opening is 

X»=[^]K'^>+^ - (3) 
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Fig. 3. Effect of cabinet of Fig. 2 on speech-coil 
impedance curves of loudspeaker units with re- 
sonances other than the design frequency of 57C/S- 

where I = length of vent 
k = 2 IT fX 
A = wavelength 

Ki = Bessel function of first 
order 

phragm 

and p, <0 and'/ are as defined for 
equation (2). 

A series which may be substi- 
tuted for the factor is 

2r(2^)3 (2kr)6 [ (2kry 1 

fl-L 3 5.7 J 
If/remains less than 150 c/s and 
r is less than 25 cm, the second and 
third terms of this series may be 
neglected with sufficient accuracy. 

and equation (3) will reduce to 4. J—™ 

v - 3-4 ^ 4- 2/ p . . (4) baffles. (1) No baffle, (2) Vented Lv r v2 cabinet of Fig. 2, (3) Diaphragm 
Equating Xc1; and XLl, an expres- clamped, (4) Infinite baffle (hole 

sion for Vis obtained: m wall). 
c2y2 

—f2/T iv-X-l\ diameter of loin. Then with a 
47,7 \ -7 -T ) resonant frequency of 57 c/s. 

As can be seeA from suggested length of vent yin. As can oe seen iru Il8cit per sec and r and I m 
equation (5), changes ^ 1 ^ ^ 
in resonance of a tt8c2vt-72vi;2 

given enclosure may y _  3 — 
be effected by modi- 4^572 •>< I5-5 
fying the length of = 8,000 cu in. 
the vent. Volume of vent = 540 cu in. 

Although it is de- Volume of loud- 
sirable to obtain the speaker = 2_oo „ 
minimum volume, 740 „ 
the vent should only —- 

' 200 be extended to the .-. Final cabinet volume V1 = 
' centre of - the enclo- 8,000 cu in + 740 cu in = 8,740 

sure as shown in Fig. cu in. 
eech-coil I so that it may Suggested dimensions : 
with re- be lengthened or Height 2ft 6in 
yofsyc/s. shortened as neces- Width lit gm 

sary to obtain the Depth ift 2in. 
Final adjustment to compensate With area of vent 80 sqm. 
for the cabinet makers' tolerances, When the original cabinet was 
and the exact loudspeaker reson- made, as shown m Fig 2, it was 
ance decided to have the vent variable 

It must be remembered that in length for measurement pur- 
both the loudspeaker and the vent poses, and to enable a correction 
will displace a volume which must. to be made, if necessary, to 

be added to V to obtain the final final resonance figure, 
volume V, on which the cabinet Fig 3 shows the effect on the 
oive is based impedance curve of changing the 

The final dimensions of an resonance of the loudspeaker, 
enclosure of the. required volume Cha,nging the unit for the one for 
will be a matter of personal taste which the cabinet was designe , 
and convenience, but the basic with a free air resonanqe of 
design of a cabinet which has been 57 c/s, various measurements were 
used in various forms with reliable taken as shown m Fig 4. The free 
results is as follows : air.irape?aiJC

+
enCUrV™l SS, flux 

The loudspeaker is a standard is typical of the normal high flu 
i2in model with an actual piston i2in unit obtainable to-day, and, 

As can be seen from 
equation (5), changes 
in resonance of a 
given enclosure may 
be effected by modi- 
fving the length of 
the vent. 

Although it is de- 
sirable to obtain the 
minimum volume, 
the vent should only 

20 30 To"" 50 60 80 100 zoo extended to the 

frequency (c/s) centre of - the enclo- 
sure as shown m Fig. 

set of cabinet of Fig. 2 on speech-coil I (a)) So that it may 
curves of loudspeaker units with re- be lengthened or 
her than the design frequency of 57C/S. shortened as neces- 

sary to obtain the 

length of vent final adjustment to compensate 
2 for the cabinet makers' tolerances, 

wavelength and the exact loudspeaker reson- 
Bessel function of first ance. , 

order It must be remembered that 

radius of opening = I both the loudspeaker and the vent 
piston dia. of dia- will displace a volume which must 
phragm be added to V to obtain the final 

■d / are as defined for volume V on which the cabinet J size is based. 
 The final dimensions of an 
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Vented Loudspeaker Cabin~ts-
as can be seen at (I) of Fig 4, rises 
to almost astronomical heights at 
resonance. When put · in the 
cabinet, however, with the anti
phase resonance at the same 
frequency, the result can be seen 
at (2) of Fig 4, with the dia
phragm clamped at (3), and 
mounted on a b'affie of "infinite " 
dimensions at (4). Variations of 
vent length from 4in to 7in and 
Ioin give the resonances of 63.5, 
58 and 53 cjs respectively, 
equal to those for cabinet volumes 

General view of the instrument. 

I N television, it is often neces
sary to be able to measure 
high voltages, but the inter

nal impedances of their sources are 
usually so high that · ordinary 
methods are inapplicable. The 
electrostatic voltmeter is particu
larly useful because it draws no 
current from the sourc.e in d.c. 
measurements. 

It consists essentially of a vari
able capacitor to the rotor ·of 
which is attached a pointer. The 
rotor is spring-loaded so that in 
the- abse-nce of any force acting to 
enmesh the vanes the capacitor 

2()-i---.--f 

Circuit of electrostatic meter and 
peak-measuring diode. 

~ireless ~orld October, 1949 

of g,_Soo, 8,ooo and 6,700 cu in 
respectively, when the vent length 
is kept at 7in. 

The basic formula in this article 
has been used successfully over a 
wide range of requirements, from 
a cabinet housing a 6in speaker 
with a bass resonance of I 30 cjs 
up to four I8in speakers each with 
a resonance of 50 cjs. It is, how
ever, imperative in all designs 
that the cabinet be rigidly con
structed, for any resonance in the 
individual panels will cause a 
sharp attenuation at the fre-

HIGH~ VOLTAGE 

quency concerned, and, if the 
resonance is particularly severe, 
the panel itself will radiate. 

It is necessq.ry to line the inside 
of the back, top and bottom of the 
cabinet with felt or cotton wool in 
butter muslin to minimise standing 
waves. 

REFERENCES 
Rayleigh. " Theory of Sound," Macmillan. 
C. E. Hoekstra. " Vented Loudspeaker 

Enclosures." Electronics, March, 1940. 
F. Olson. "Elements of Acoustical Engineer~ 

ing," van Nostrand, Macmillan. 
F. W. Smith. " Resonant Loudspeaker En

closure Design." Communications, August, 1945. 

MEASUREMENT 
R.M.S. and Peak Values 

is always at its minimum value. 
On connecting a high-voltage 
source to the capacitor it becomes 
charged and the electric field 
between the plates exerts a 
mechanical force whi'ch tends to 
enmesh the plates. The rotor 
plate actually does move, carrying _ 
with it the indicating pointer, and 
comes to rest when the force pro
duced by the electric field balances 
the restoring force of the spring. 

Usually the rotor has a single 
vane and the stator one or two. 
The clearance between them is 
considerable-often as much as 
-fin-so that the capacitance is 
very small. It is commonly of 
the· order of 20 pF. 

With vanes of straight-line 
capacitance, the instrument has 
a squar~-law scale, but in prac
tice, it is usual to shape the vanes 
to give an approximately linear 
scale. The shaping is usually such 
that the scale is cramped at each 
end and open in the middle. 

, The electrostatic voltmeter can 
be ooed with alternating as weli 

-as direct supplies and measures 
the r.m.~. value of a sine wave.:. 
for-m. It is independent . of fre
quency. as long as it-'8 capacitance 
current is negligibly sme.Jl. 

If it is fed through a diode, it 
becomes a p-eak vol~ter indicat
ing t~ peak valne af alternating 
wavef.orms. All instrument of 
this k1nd is sllown in the photo
graph~ and the .arrangement is 
given in the ciromt. It is built 
around a 3!-in metei' of.s kV ful~-

scale reading; the instrument used 
was actually a Government-sur
plus type covering I:-5 k V. 

For use as a normal electrostatic 
voltmeter, connection is made to 
terminals 1-2. For use as a peak 
voltmeter, connection is made to 
terminals 2-3. The valve is a 

Interior view showing the valve 
and batteries. 

Mullard EY 5 I with its filament 
heated from two No. 8 torch bat
teries~ As shown in the circuit, 
the instrument measures the peak 
value when the input makes ter
minal 3 positive with respect to 
terminal 2. 
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Vented Loudspeaker Cabinets— 
as can be seen at (1) of Fig 4, rises 
to almost astronomical heights at 
resonance. When put in the 
cabinet, however, w. h the anti- 
phase resonance at the same 
frequency, the result can be seen 
at (2) of Fig 4, with the dia- 
phragm clamped at (3), and 
mounted on a baffle of "infinite " 
dimensions at (4). Variations of 
vent length from 4in to 7in and 
loin give the resonances of 63.5, 
58 and 53 c/s respectively, 
equal to those for cabinet volumes 

of 9,800, 8,000 and 6,700 cu in 
respectively, when the venl length 
is kept at 7in. 

The basic formula in this article 
has been used successfully over a 
wide range of requirements, from 
a cabinet housing a 6in speaker 
with a bass resonance of 130 c/s 
up to four 1 Sin speakers each with 
a resonance of 50 c/s. It is, how- 
ever, imperative in all designs 
that the cabinet be rigidly con- 
structed, for any resonance in the 
individual panels will cause a 
sharp attenuation at the fre- 

quency concerned, and, if the 
resonance is particularly severe, 
the panel itself will radiate. 

It is necessary to line the inside 
of the back, top and bottom of the 
cabinet with felt or cotton wool in 
butter muslin to minimise standing 
waves. 
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HIGH - VOLTAGE MEASUREMENT 

Genelral view of the instrument. 

IN television, it is often neces- 
sary to be able to measure 
high voltages, but the inter- 

nal impedances of their sources are 
usually so high that ord;-iary 
methods are inapplicable. The 
electrostatic voltmeter is particu- 
larly useful because it draws no 
current from the source n d.c. 
measurements. 

It consists essentially of a vari- 
able capacitor to the rotor of 
which is attached a pointer. The 
rotor is spring-loaded so that in 
the absence of any force acting to 
enmesh the vanes the capacitor 

R.M.S. and Peak Values 

Circuit of electrostatic meter and 
peak-measuring diode. 

is always at its minimum value. 
On connecting a high-voltage 
source to the capacitor it becomes 
charged and the electric field 
between the plates exerts a 
mechanical force which tends to 
enmesh the plates. The rotor 
plate actually does move, carrying 
with : the indicating pointer, and 
comes to rest when the f^rce pro- 
duced by the electric field balances 
the restoring force of the spring. 

Usually the rotor has a single 
vane and the stator one oi two. 
The clearance between them is 
considerable—often as much as 
Jin—so that the capacitance is 
very small. It is commonly of 
the order of 20 pi 

With vanes of straight-line 
capacitance, the instrument has 
a square-law scale, but n prac- 
tice, it is usual to shape the vanes 
to give an approximately linear 
scale. The shaping is usually such . 
that the scale is cramped at each 
end and open in the middle, 

v The electrostatic voltmeter can 
be used with alternating as well 

-as direct supplies and measures 
the r.m.s. value of a sine wave- 
form, It is independent. of fre- 
quency as long as its capacitance 
current is negligibly smai 

If it is fed through a diode, it 
becomes a peak voltmeter indicat- 
ing the peak valne of alternating 
waveforms. An instrument of 
this kind is shown in the photo- 
graphs and the arrangement is 
given in the circuit. It is built 
around a 3J-in meter of^S kV full- 

scale reading; the instrument used 
was actually a Government-sur- 
plus type covering 1-5 kV. 

For use as a normal electrostatic 
voltmeter, connection is made to 
terminals 1-2. For use as a peak 
voltmeter, connection is made to 
terminals 2-3. The valve is a 

Wtm 

Interior view showing the valve 
and batteries. 

Mullard EY51 with its filament 
heated from two No. 8 torch bat- 
teries. As shown in the circuit, 
the instrument measures the peak 
value when the input makes ter- 
minal 3 positive with respect to 
terminal 2. 
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THE GREATEST 

AT OUR 
RADIOLYMPIA STAND 

Here you will be welcome to inspect 
the comple'te range of.Marconiphone 
products which includes Television, 
Radio, Record Players, Valves and 
Batteries. 
Make a point of seeing this new low
priced Model T2/A Which represents 
the finest value for money in radio 
today. It -is a five-valve, three-wave
band table receiver for A.C. Mains 
(195/255 volts 50-100 cycles) with the 
following special features • Aston
ishing tonal fidelity due to Iiew form 

. of negative feedback • " Spot-on " 
tuning of 3 pre-selected stations as well as flywheel manual tuning 
• In built aerial fitted-• only. mains connection needed for nor1pal 
requirements. Sockets for pick-up or record player. ProviSlOD 
for external loudspeaker with speCial plug/switch for selection of 
Internal/External loudspeakers -• Handsome walnut cabinet with · 

-brown moulded control knobs • Price £17.19.6 plus '£3.l7.fl Tax. 
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PRADIOLYMPIA STAND 

//ere _vom w/// Z?e welcome to inspect 
the complete range of Marconiphone 
products which includes Television. 
Radio, Record Players, Valves and 

Make a point of seeing this new low- 
priced Model T21A which represents 

. /- n • y 
the finest value for money in ratio 
today. It is a five-valve, three-wave- 
band table receiver for A.C. Mains 
(195/255 volts 50-100 cycles; with the 
follov ng special features • Aston- 
ishing tonal fidelity due to hew form 
of negative feedback • " Spot-on " 

tuning of 3 pre-selected stat" ms as well as flywheel manua. tuning 
• Inbuilt aerial fitted—cnly mains connection needed for normal 
requirements • Sockets for pick-up or record player • Provision 
for external loudspeaker with special plug/switch for selection of 
Internal/External loudspeakers • Handsome Walnut cabinet with 
brown moulded control knobs •Price £17.19.6 plus £3.17.11 Tax. 
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MAR CMHIP13 0 N E 

THE GREATEST 

1 '#T7// 
C--# f 11 /r^-t 

I ^ 1,41,1/1/ NAME IN RADIO 

The Marconiphone Co. Ltd., Hayes, Middx, 
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Latest additions · to the 
PH Ill PS range of sound 
reproducing equipment 

A new loudspeaker 
This new Philips all-metal 

Central Diffusion Loudspeaker is 
for ceiling mounting or suspen
sion. It is attractively finished 'in 
a pleasing shade of cream that will 
harmonize well with any type of 
surrounding. Dimensions are 
15 in. diameter, 8 in. deep. i\ 
Philips type 9803 unit is fitted in 
the loudspeaker which has a 100 

volt transformer tapped for I, 3 
and 6 watt operation. List price£7 

A new amplifier . .. The 
outstanding features of this new Philips 
Amplifier include : A high degree of 
voltage amplification; an output of 
100 watts; and very little waste heat, 
giving cool running 11nd long life. An 
unusual feature is that the output is well 
maintained even at extremes of the audio 
spectrum, and generous negative feed
back taken over the output transformer 
provides excellent loudspeaker damping. 
List price .100 guineas. 

"' Full range of literature available 
A complete range of literature covering the 
full Philips range of S.R.E., and an extensive 
new price list, are now available upon request. · 

;J PHILIPS ELECTRICAL 
• LIM I. T ED 

AMPLIFIER DEPARTMENT, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.l 

(A509A 

G. &C. OUAATZ CRYSTAL . UNITS 
For , Reliable · Radio Communications 
From :take-off to landing. the safety of passen
gers. cargo and machines is largely dependent 
on. trouble-free radio communication. 

Weather reports. conditions at terminal airports 
etc., must be reported to aircrews. 

Navigation by radio beacons plays an important 
part in keeping the. planes flying safely on their 
assigned routes. 

Be sure, then, that the Quartz Crystal Units in 
your radio equipment are the best obtainable, 
for they are the most critical components. 

Pioneering research 'and experience in making 
over a million units, ensure a product of the 
finest available quality at competitive prices. 
We can give rapid delivery for your urgent 

requirements. 

When the requirement is exceptionally 
,,..;:;;;.;...,,...~::;- urgent, phone Middleton (lanes.) 2424 

· · Temple Bar 4669 (London). 

A Subsidiary of THE GENERAL OF 
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By 

REFLEX VALVE 
VOL·TMETER M. G. SCROGGI£, B.Sc., M.I.E..E.. 

A Simple but Effective Method of Stabilization 

M OST present-day valve volt
meters have as their basis · 
a pair of similar valves 

with the meter connected between 
cathodes or anodes. This arrange
ment, which by itself is suitable 

-----.,-+ 

. ' 

Fig. I. Reflex (or automatic 
slide-back) . valve voltmeter in its 
simplest form. V :~: is the voltage to 
be measured. If the input ter
minals are liable to be open
circuited, an internal high resist-

ance across them is desirable. 

for d.c. measurements, is usually 
supplemented by a diode rectifier 
for a.c. Although the effective 
mutual conductance of the pair 
of meter-driving valves used in 
this way is only half the actual 
Cm of one of them, at least they 
can be worked on the " straight " 
of their characteristics, where 
Cm approaches its maximum. If 
the valves are well matched, their 
comparatively large anode current 
under these conditions is auto
matically balanced out, and this 
balance is unaffected by changes 
in anode voltage. The diode gives 
linear rectifi.ca tion over a large 
range of input voltage, which is 
not limited by the supply voltage 
available for the instrument. 

Yet for some purposes, especially 
for level indicators incorporated 
in signal generators,* etc., this 
three-valve voltmeter is rather 

- • For example, the audio signal generator 
described in Ule August and September issues. 

more elaborate than one ·may 
wish. And although the zero 
setting is stable (always assuming 
that the valves really are similar), 
the calibration depends directly 
on the valves' Cm and hence in
directly on the anode voltage. 
Provided that one is not chiefly 
interested in measuring very low 
or very high voltages, there is 
still a lot to be said for what is 
generally known as the reflex 
valve voltmeter, but which can 
also be regarded a.s an automatic 
slide-back type. 

1·2 .--~ 
v -v _.... 

~ 
Vvx=2o ~ - -ro-- 1-- - - -- -1·0 

-v ~ 
~ I-

f-" 

--f.-.-v -x-10 -!--" 
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f.-~5 -!--" 
-- -fi- p 1-= 

,....... ,__ 

.--~ - Vx=O 
-- - ,__ -- - --

0·4 

0·2 

-f-~-
050 100 150 200 250 300 

vb 
Fig. 2. The full lines, which apply 
to the circuit of Fig. I, show how 
the meter deflection depends on 
the supply voltage, V0• The read
ings were taken with R = 2.5 kO, 
11. = 30, gm (nominal)=3·5 mA/V, 
and C = ·50 11-F ; and V :~: is speci
fied in r.m.s. values of so-c/s 
sinusoidal voltage. The dotted 
lines show the effect of adding 
R' ( = 11-R) (Fig. 4), in this case 

750 kO. 

As Fig. r shows, it is extremely 
simple. Compared with the diode 
type, which in some ways it 
resembles, it has the advantage 
that the " signal," V x• is relieved 
of the burden of supplying the 
power in the load resistance, so 

the input impedance can be very 
high even although the meter 
current may be as much as 
several milliamps. On the other 
hand, the maximum voltage that 
can be measured is limited to 
something less--generally a good 
deal less-than the supply volt
age, vb. 

Before discussing the function
ing and design of this type of 
voltmeter in detail, let us note 
the important improvement that 
was incorporated in the example 
just cited. In its simplest form 
(Fig. r), the system suffers from 
the disadvantage that both the 
zero setting and the calibration 
depend on V b' This fact is shown 
by the full lines in Fig. 2, the 
results of readings taken with 
the circuit values stated there
under. As we see, · the "zero" 
current (i.e., with V f1J = o) is 
very closely proportional 'tO Vb. 
In some applica. tions V 0 rna y be 
far from constant and it may not 
be convenient to use a • voltage 
stabilizer. The very appreciable 
zero current is also a nuisance. 

T 
I 
I 

' ..L 

'I) 
~----("' )------" 

Fig. 3· Well-known method of 
measuring 11-• showing basis of 

stabilizing method (Fig. 4). · 

A simple and effective way out 
of both difficulties can be derived 
from the classic circuit for the 
measurement of 11. (Fig. 3). · Ex
cept for the presence of R' this 
is essentially the same as Fig. I, 
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VOLTMETER 
M. G. SCROGGIE, B.Sc., M.I.E.E. 

A Simple but Effective Method of Stabilization 

MOST present-day valve volt- 
meters have as their basis 
a pair of similar valves 

with the meter connected between 
cathodes or anodes. This arrange- 
ment, which by itself is suitable 

more elaborate than one may 
wish. And although the zero 
setting is stable (always assuming 
that the valves really are similar), 
the calibration depends directly 
on the valves' gm and hence in- 
directly on the anode voltage. 
Provided that one is not chiefly 
interested in measuring very low 
or very high voltages, there is 
still a lot to be said for what is 
generally known as the reflex 
valve voltmeter, but which can 
also be regarded as an automatic 
slide-back type. 

Fig. 1. Reflex (or automatic 
slide-back) valve voltmeter in its 
simplest form. Vx is the voltage to 
be measured. If the input ter- 
minals are liable to be open- 
circuited, an internal high resist- 

ance across them is desirable. 

for d.c. measurements, is usually 
supplemented by a diode rectifier 
for a.c. Although the effective 
mutual conductance of the pair 
of meter-driving valves used in 
this way is only half the actual 
gm of one of them, at least they 
can be worked on the " straight " 
of their characteristics, where 

gm approaches its maximum. If 
the valves are well matched, their 
comparatively large anode current 
under these conditions is auto- 
matically balanced out, and this 
balance is unaffected by changes 
in anode voltage. The diode gives 
linear rectification over a large 
range of input voltage, which is 
not limited by the supply voltage 
available for the instrument. 

Yet for some purposes, especially 
for level indicators incorporated 
in signal generators,* etc., this 
three-valve voltmeter is rather 

* For example, the audio signal generator 
described in the August and September issues. 

50 100 150 200 250 300 

Fig. 2. The full lines, which apply 
to the circuit of Fig. 1, show how 
the meter deflection depends on 
the supply voltage, V,,. The read- 
ings were taken with R = 25 k£I, 
M = 3°, gm (nominal)=3.5 mA/V, 
and C =*50 pF ; and Vj. is speci- 
fied in r.m.s. values of 50-c/s 
sinusoidal voltage. The dotted 
lines show the effect of adding 
R'(= pR) (Fig. 4), in this case 

750 kf2. 

As Fig. 1 shows, it is extremely 
simple. Compared with the diode 
type, which in some ways it 
resembles, it has the advantage 
that the " signal," Yx, is relieved 
of the burden of supplying the 
power in the load resistance, so 

the input impedance can be very 
high even although the meter 
current may be as much as 
several milliamps. On the other 
hand, the maximum voltage that 
can be measured is limited to 
something less—generally a good 
deal less—than the supply volt- 
age, V6. 

Before discussing the function- 
ing and design of this type of 
voltmeter in detail, let us note 
the important improvement that 
was incorporated in the example 
just cited. In its simplest form 
(Fig. 1), the system suffers from 
the disadvantage that both the 
zero setting and the calibration 
depend on V6. This fact is shown 
by the full lines in Fig. 2, the 
results of readings taken with 
the circuit values stated there- 
under. As we see, the " zero " 
current (i.e., with Vx = 6) is 
very closely proportional to V6. 
In some applications V6 may be 
far from constant and it may not 
be convenient to use a voltage 
stabilizer. The very appreciable 
zero current is also a nuisance. 

Fig. 3. Well-known method of 
measuring p, showing basis of 

stabilizing method (Fig. 4). 

A simple and effective way out 
of both difficulties can be derived 
from the classic circuit for the 
measurement of p (Fig. 3). Ex- 
cept for the presence of R' this 
is essentially the same as Fig. 1, 
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Belts Valve Voltmeter-
the output, v, of the generator 
repr~enting changes in Vb. The 
ratio of R' to R is adjusteduntil 
there is no signal in the valve 

~------~----~+ 

-R' 

F1g. 4· Adding R' ( = p.R) to 
Fig. I very effectively stabilizes . 
the instrument against variations 
in Vb, as demonstrated by Fig. 2. 

circuit. Then IL = R' JR. Put 
another way, .· the value of R' 
required· in this circuit to pre
vent changes in supply voltage 
from causing changes in valve · 
current is p.R. All that is needed 
to stabilize the reflex valve volt
meter against variations in V~, 

then, is to add R' (Fig. 4). Even 
though gm and ra. vary con
siderably as the working point of 
a valve is shifted, and also when 
the valve ages, IL remains nearly 
~onstant ; so once R' has been 
correctly set for a given R and 
valve it can be relied upon to 
remain correct. 

It may not be obvious at first 
glance that this stabilization will 
necessarily hold good under signal
handling conditions, over the 
full range of measurement ; so 
we shall look into that when con
sidering· the working in detail. 
But in the meantime the dotted 
lines in Fig. 2 offer experimental 
evidence that a :fixed value of 
R' does, in fact, give almost 
perfect stabilization not only at 
zero but also at any signal level. 
In this case at least, variations 
in zero setting and in calibration 
are hardly appreciable ·over a _ 
supply voltage range of 50 to 
300. Not only so, but the zero 
cwrent is so much reduced that 
devices for balancing it out are 
unnecessary. 

Heater voltage is not likely to 
vary so muoh as Vb; a reduction 
of I5% (which is certainly outside 
;ood pr.Oce) was found to affect 
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a mid-scale reading by less than 
2%. 

Let us first consider the volt
meter in its Fig. I fo~m. Mutatis 
mutandis, the same consideration 
applies to the so-called infinite
impedance detector. 

The zero condition is easily 
ascertained from the .appropriate 
Ia/Vu curve (Fig. 5) by drawing a 
load line (the reciprocal of its 
slope representing R) from the 
origin 0 and noting the point of 
intersection A. This point in
dicates the initial meter current 
and the bias developed by it in 
R. For strict correctness the usual · 
constant-Va characteristic curve 
would have to be " de-sloped " 
slightly to allow for the fact that 
v a becomes progressively less 
than vb as the current is in
creased ; this can easily be done, . 
of course, but is hardly worth 
while in practice, as the difference 
is trifling. 

Both for rectification and for 

-v g 

VALVE CURVE FOR V• • Vb-!R 

' 

Fig. 5· Diagram illustrating de
tailed operation of reflex · valve 
voltmeter and how it can be 
designed tQ fulfil given conditions. 
The · simplest case-symmetrical 

square-wave input-is shown. 

minimizing the " zero " current 
it is clear that R should be large 
enough for its line to cut the valve 
.curve low dowii. 

Considering now the effect of 
R', we see that the supply current 
flowing through it develops a bias 
across R equal to VbR/(R + R'), 
which can be allowed for in the 
diagram by making the load line 
start this distance to the left of 
the origin, at B. With R' = p.R. 
this bias is · equa~ to Vb/(p. + I). 

I 

The original load line OA will from 
now on be ignored. 

The new load line cuts the valve 
curve at C, and it is obvious at 
once how the " zero " current is 
greatly reduced. The rectification 
of small signals . is not necessarily 
improved, because this part of 
the valve characteristic usually 
approximates to a parabola, which 
is notable for rectifying equally at 
all points. In any case the small
signal rectification is poor. 

When current flows through R 
from the valve, the voltage across 
R', and therefore the current 
through it, alters ; so it might 
appear that the bias represented 
by OB is affected; This is not so 
if, making use of the Principle of 
Superposition, we regard the load 
resistance as R and R' in paraJlel, 
which is equal to Rp.j(p. + 1), and 
draw the load line accordingly. 
In practice ,_, > >I, so that the 
slppe of tl\e new load line is hardly 
distinguishable from that of the 

old. As a matter of fact 
the two lines meet at the 
point where - v (/ = vb. 

PEAK 
CURRENT 

- J(_ _____ _ 

ZERO CURRENT , 

PORTION OF VOLTAGE WAVE 
NG WHICH 1., FLOWS 

CURRENT 
THROUGH 

VALVE 

Let us assume now that V ~ is 
large enough to sweep well around 
the bend. The negative half
cycles are almost completely sup
pressed in the output circuit, while 
the positive voltage half.-cycles 
reach the steep part of the valve 
curve and produce large eurrent 
pulses. These quickly charge up ' 
C, increasing the voltage drop 
across R, and the working point 
is driven up the load line to the 
left, reducing the current ampli
tude and also (except with square 
waves) the portion of each cycle 
during which current can flow. 
This double reduction in mean 
current limits the leftward move_ 
ment of the working point and 
brings it to a stop at the positiOn 
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Reflex Valve Voltmeter— 
the output, v, of the generator 
representing changes in V6. The 
ratio of R' to R is adjusted until 
there is no signal in the valve 

Fig. 4. Adding R' (= /xR) to 
Fig. 1 very effectively stabilizes 
the instrument against variations 
in V6, as demonstrated by Fig. 2. 

circuit. Then ^ = R'/R. Put 
another way, the value of R' 
required in this circuit to pre- 
vent changes in supply voltage 
from causing changes in valve 
current is ^R. All that is needed 
to stabilize the reflex valve volt- 
meter against variations in Vb> 

then, is to add R' (Fig. 4). Even 
though gm and vary con- 
siderably as the working point of 
a valve is shifted, and also when 
the valve ages, remains nearly 
constant; so once R' has been 
correctly set for a given R and 
valve it can be relied upon to 
remain correct. 

It may not be obvious at first 
glance that this stabilization will 
necessarily hold good under signal- 
handling conditions, over the 
full range of measurement; so 
we shall look into that when con- 
sidering the working in detail. 
But in the meantime the dotted 
lines in Fig. 2 offer experimental 
evidence that a fixed value of 
R' does, in fact, give almost 
perfect stabilization not only at 
zero but also at any signal level. 
In this case at least, variations 
in zero setting and in cahbration 
are hardly appreciable over a 
supply voltage range of 50 to 
300. Not only so, but the zero 
current is so much reduced that 
devices for balancing it out are 
unnecessary. 

Heater voltage is not likely to 
vary so much as Vb ; a reduction 
of 15% (which is certainly outside 
good practice) was found to affect 

a mid-scale reading by less than 
2%. 

Let us first consider the volt- 
meter in its Fig. 1 form. Mutatis 
mutandis, the same consideration 
applies to the so-called infinite- 
impedance detector. 

The zero condition is easily 
ascertained from the appropriate 
IJVg curve (Fig. 5) by drawing a 
load line (the reciprocal of its 
slope representing R) from the 
origin O and noting the point of 
intersection A. This point in- 
dicates the initial meter current 
and the bias developed by it in 
R. For strict correctness the usual 
constant-Va characteristic curve 
would have to be " de-sloped" 
slightly to allow for the fact that 
Va becomes progressively less 
than Vb as the current is in- 
creased ; this can easily be done, 
of course, but is hardly worth 
while in practice, as the difference 
is trifling. 

Both for rectification and for 

VALVE CURVE FOR V4 - VflR 

The original load line OA will from 
now on be ignored. 

The new load line cuts the valve 
curve at C, and it is obvious at 
once how the " zero " current is 
greatly reduced. The rectification 
of small signals is not necessarily 
improved, because this part of 
the valve characteristic usually 
approximates to a parabola, which 
is notable for rectifying equally at 
all points. In any case the small- 
signal rectification is poor. 

When current flows through R 
from the valve, the voltage across 
R', and therefore the current 
through it, alters ; so it might 
appear that the bias represented 
by OB is affected. This is not so 
if, making use of the Principle of 
Superposition, we regard the load 
resistance as R and R' in parallel, 
which is equal to R/x/(/x +1), and 
draw the load line accordingly. 
In practice (i > > 1, so that the 
slope of tile new load line is hardly 
distinguishable from that of the 
/t old. As a matter of fact 

a the two lines meet at the 
point where — Vfl — Vb. 

PEAK 
CURRENT 

/ L -  mean 
"Oi ~ Current 

CURRENT 
THROUGH 

VALVE 

c liiivj0 

ZERO CURRENT , 

Vx (VOLTAGE x | 
BEING MEASURED)! 

Fig. 5. Diagram illustrating de- 
tailed operation of reflex valve 
voltmeter and how it can be 
designed to fulfil given conditions. 
The simplest case—symmetrical 

square-wave input—is shown. 

minimizing the " zero " current 
it is clear that R should be large 
enough for its line to cut the valve 
curve low down. 

Considering now the effect of 
R', we see that the supply current 
flowing through it develops a bias 
across R equal to VbR/(R 4- R'). 
which can be allowed for in the 
diagram by making the load line 
start this distance to the left of 
the origin, at B. With R' = ^R, 
this bias is equal to Vb/(^ + 1). 

. PORTION OF VOLTAGE WAVE 
'DURING WHICH I* FLOWS 

Let us assume now that Yx is 
large enough to sweep well around 
the bend. The negative half- 
cycles are almost completely sup- 
pressed in the output circuit, while 
the positive voltage half-cycles 
reach the steep part of the valve 
curve and produce large current 
pulses. These quickly charge up 
C, increasing the voltage drop 
across R, and the working point 
is driven up the load line to the 
left, reducing the current ampli- 
tude and also (except with square 
waves) the portion of each cycle 
during which current can flow. 
This double reduction in mean 
current limits the leftward move, 
ment of the working point an^ 
brings it to a stop at the position 
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(say D) where the mean value of 
the current pulses is equal to the 

. value of the continuous smoothed 
current flowing through R . 

Such a condition is represented 
by the input-voltage and output
current waves shown in Fig. 5· 
(For strict accuracy, again, the 

. valve curve used to find point C 
would not be correct for tracing 
out the current pulses ; . the 
appropriate I in V b - IR is now 
the constant mean current at 
point D. The difference is un
important qualitatively, or even 
quantitatively if V x ·· is small 
relative to Vb)~ A symmetrical 
square-wave input is shown, 
because it simpllfies matters by 
making the mean current exactly 
half the peak value. If therefore 
the full-scale current of the meter 
is given, the peak current is 
known. . At the most it ought not 
to be allowed to reach the point 
where grid current starts to flow. 
When, by one consideration or 
another, the greatest mean current 
has been fixed, the load resistance 
for a given voltage range can be 
determined by setting off the peak 
voltage along the line ED and 
drawing the load line through 
D and B. For a multi..:range volt
meter the several values of R (and 
of course R') can thus be quickly 
worked out. 

With other waveforms the pro
cess is considerably complicated 
by the fact that the ratio of peak 
'k> mean current increases as V x is 
increased, and of 

. course one does 
not know exact .. 
ly what v~ is 

-+ 

the estimated departure from 
square-wave values by experiment. 
Another alternative, which is 
recommended for the light it sheds 
on the process, is the analysis 
described by G. L. Hamburger in 
Wireless Engineer, May, 1949, 
pp. 147-J53· 
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If the portion of the signal 
voltage wave during whicll anode 
current flows (shown shaded in 
Fig. 5) could pe redu~ed to a very 
small fraction of the whole ampli
tud.e, then the instrument's defiec 
tions would sensibly be propor
tional to peak values. They 

Fig. 7· Calibration cur 
Fig. 4 circuit, under sa 

ves, using 
me condi
, but with tions as stated for Fig. 2 

various values of R, and 
in each case. Vb= 
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One of the things to note is · would also be almost entirely 
that the peakier the waveform the independent of the valve charac
more the grid-current point re- teristics. It is clear from the 
stricts the maximum allowable diagram that to approach this 
amplitude of V x· For as V x ideal the load line slope should be 
increases, the_ portion of each very gradual compared with that 
cycle during which current flows of the valve curve. In other 
diminishes, and the current peak words, R should be very large 
has to be so much greater in order compared with the mutual resist
to have a given mean value. This . ance, I/gm. The ratio of the 
can be seen well on an oscilloscope. shaded portion of the voltage wave 

Fig. 6 .. The arrows 
indicate the rela
tive meter deflec
tions (i.e., mean 

Vx ---~---r+--+.-~~--~+--T~~~~~~ 
currents) obtained 
with (a) an unsym .. 
metrical square 
wave, (b) the same 

to the rest is approximately 
kfgm : R, where k is the ratio of 
peak to mean current. This 
gm is, of course, the average over 
the working part of the curve, 
which includes the bottom bend, 
so will be less than the figure 
given in the · manufacturer's 
catalogue. 

(a) (b) 

without knowing the ratio of peak 
to mean. It can be done on the 
diagram by trial and error, or 
algebmically if -one can find an 
equation to represent the valve 
characteristic ; but in practice 
probably the QeSt way is to use 
the diagram to gain a clear picture 
of the working and then cOEtect 

reversed, and (c) a 
sine wave having (c) 

.the same ·peak
to-peak voltage. The shaded portions 
are those during which Ia flows. 
In (b) the duration of current .flow 
is one-third that in (a), so the 
amplitude of current would have 
to be three times greater to yield 
the same mean value. Actually 
the mean value is between two and 
three times greater. So care must 
be taken that peaky waves do not 
drive the valve into grid .current. 
The defleCtion due to a sine wave 

is intermediate. 

Making R very large Ilecessitates 
a low-reading meter, or increases 
the value of V ~ for a given deflec
tion. The need for the sensitive 
meter can be overcome by using a . 
second triode as a cathode
follower current amplifier ; but 
With two triodes one might as 
well use the balanced type of 
instrument. 

In practice. using a milli
ammeter rather than a micro
aDliD.eta"-and especially with 
peaky wauaiiorms-the response 
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(say D) where the mean value of 
the current pulses is equal to the 
value of the continuous smoothed 
current flowing through R. 

Such a condition is represented 
by the input-voltage and output- 
current waves shown in Fig. 5. 
(For strict accuracy, again, the 
valve curve used to find point C 
would not be correct for tracing 
out the current pulses; the 
appropriate I in Vb — IR is now 
the constant mean current at 
point D. The difference is un- 
important qualitatively, or even 
quantitatively if Yx is small 
relative to V6). A symmetrical 
square-wave input is shown, 
because it simplifies matters by 
making the mean current exactly 
half the peak value. If therefore 
the full-scale current of the meter 
is given, the peak current is 
known. At the most it ought not 
to be allowed to reach the point 
where grid current starts to flow. 
When, by one consideration or 
another, the greatest mean current 
has been fixed, the load resistance 
for a given voltage range can be 
determined by setting off the peak 
voltage along the line ED and 
drawing the load fine through 
D and B. For a multi-range volt- 
meter the several values of R (and 
of course R') can thus be quickly 
worked out. 

With other waveforms the pro- 
cess is considerably complicated 
by the fact that the ratio of peak 
to mean current increases as Yx is 
increased, and of 
course one does m ^ 
not know exact- | | 
Iv what W is r-'~ * 

the estimated departure from 
square-wave values by experiment. 
Another alternative, which is 
recommended for the light it sheds 
on the process, is the analysis 
described by G. L. Hamburger in 
Wireless Engineer, May, 1949, 
pp. 147-153. 

If the portion of the signal 
voltage wave during which anode 
current flows (shown shaded in 
Fig. 5) could be reduced to a very 
small fraction of the whole ampli- 
tude, then the instrument's deflec 
tions would sensibly be propor- 
tional to peak values. They 

Fig. 7. Calibration curves, using 
Fig. 4 circuit, under same condi- 
tions as stated for Fig. 2, but with 
various values of R, and R' = /iR 

in each case. Vd = 200. 

J— Cv V- 

50 60 90 100 

Vx (VOLTS r. m.s.) 

without knowing the ratio of peak 
to mean. It can be done on the 
diagram by trial and error, or 
algebraically if one can find an 
equation to represent the valve 
characteristic; but in practice 
probably the best way is to use 
the diagram to gain a clear picture 
of the working and then correct 

One of the things to note is 
that the peakier the waveform the 
more the grid-current point re- 
stricts the maximum allowable 
amplitude of V^. For as Vx 

increases, the portion of each 
cycle during which current flows 
diminishes, and the current peak 
has to be so much greater in order 
to have a given mean value. This 
can be seen well on an oscilloscope. 

1 /I Fig. 6. The arrows 
j j\ indicate the rela- 
1 I 1 tive meter deflec- 
1 | tions (i.e., mean 

w j | currents) obtained 
I 1 r~ with (a) an unsym- 
I 11 metrical square 
1 11 wave, (b) the same 

. . I \ I reversed, and (c) a 
'c' \ \ J sine wave having 

" the same peak- 
to-peak voltage. The shaded portions 
are those during which I0 flows. 
In (b) the duration of current flow 
is one-third that in (a), so the 
amplitude of current would have 
to be three times greater to yield 
the same mean value. Actually 
the mean value is between two and 
three times greater. So care must 
be taken that peaky waves do not 
drive the valve into grid current. 
The deflection due to a sine wave 

is intermediate. 

would also be almost entirely 
independent of the valve charac- 
teristics. It is clear from the 
diagram that to approach this 
ideal the load line slope should be 
very gradual compared with that 
of the valve curve. In other 
words, R should be very large 
compared with the mutual resist- 
ance, i/gm. The ratio of the 
shaded portion of the voltage wave 
to the rest is approximately 
kjgm: R, where k is the ratio of 
peak to mean current. This 
gm is, of course, the average over 
the working part of the curve, 
which includes the bottom bend, 
so will be less than the figure 
given in the manufacturer's 
catalogue. 

Making R very large necessitates 
a low-reading meter, or increases 
the value of Yx for a given deflec- 
tion. The need for the sensitive 
meter can be overcome by using a 
second triode as a cathode- 
follower current amplifier; but 
with two triodes one might as 
well use the balanced type of 
instrument. 

In practice, using a milli- 
ammeter rather than a micro- 
ammeter—and especially with 
peaky waueforois—the response 
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Reflex Valve ·voltmeter-
of . this type of instrument, 
although approximately peak, is 
more or less influenced by the 
mean value of the positive halfT 
cycle of input. 

With unsymmetrical square 
waves, the half-cycles with the 
greater duration have the less 

1-'- = 30 

9m=3"5 

sM.O ,_--. 

c 
2.5~-LF 

IOOV wkg 

amplitude and therefore give the 
smaller reading ; but this prin
ciple is partly offset by the fact 
that when the duration is less the 
shaded portions (during which 
current flows) must have greater 
area, and therefore doubly greater 
amplitude in order to yield the 
greater mean value of current to 
develop the greater voltage drop 
across R. This is shown in Fig. 6, 
where the arrows indicate the 
relative deflections in each case. 

By the simple expedient of 
omitting C, thus converting the 
system to a cathode follower, the 
voltmeter can be made to respond 
fairly accurately to · mean values 
of positive half-cycles of all except 
small voltages. The , -stabilizing 
resistance, R', remains ·effective. 
The sensitivityis reduced to about 
one third, and since stray capa
-citance tends to restore the higher 
sensitivity at high frequencies, it 
is advisable to restrict this arrange
ment to audio and perhaps low 
radio frequencies. 

Experimental calibration curves 
are shown in Fig. 7 for the con
ditions indicated. In each case 
the start of grid current is inarked. 
For comparison, one curve with C 
omitted is also · shown ; as one 
would expect, the current for a 
given V x is reduced to approxi
mately I/?T, that being the ratio 
·of mean t0 peak of half.:cycles of 
sine waves~ In all · ;cases the 
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response is practically linear above 
about 2 V. , · 

Fig. 8 suggests how to use a 
o-I mA meter and a typical triode 
to cover ranges of 5, 20, and 50 V. 
If required only for frequencies not 
exceeding about IOO kc/s it would 
probably be convenient . to omit C . 
and divide all the resistance 

150k0 

25k0 63k0 

va1ues. 'by about 3· 
·· A very simple unit 

would do to supply 
the 200 V ~ as only a 
few milliamps (peak) 
are needed, and the 
regulation can be 
very poor. 

+ We still have not 
200 v shown theoretically 

why the beautifully 
level dotted lines in 
Fig. 2 were just 

Fig. 8. Outline de
sign for voltmeter 
having ranges of 5, 

20 and 50 volts. 

what one ought to expect. 
What we h;ave to prove is that 

the mean current through the 
valve, which we shall denote by 
Ia, is not affected by variations 
in vb (provided of course that vb 
does not -fall below the level 
necessary to allow sufficient peak 
current to flow ·through the valve 
to maintain the mean current). 

The effect on the valve curve 
of altering V a and/or V q is to 
shift it bodily to left ' or right, 
and V u shifts it p. times as far as 
an equal Va. The error involved 

in this assumption is small, 
especially as the calibration of the 
instrument depends only to a 
minor extent on the precise shape 
of the curve. 

Now Vu (with any signal, Va:) is 
represented in Fig. 5 by OB + BF. 
OB we already know is Vb/(p. + I}, 
and BF is given by the effective 
load resistance, Rp,/(p. + I), multi
plied by the mean current, Ia. So 

V(J

Also 

Vb.· IaRIL 

1L + I 1L + I ·· · 

Va = Vb- IR 
= vb + vu 

Vb - IaRfL = vb- _ __::__ 
p.+I p.+I 

p.Vb IaRIL 
=--

p.+I p.+I 
Assuming for the moment that 

· Ia is (as we wish) constant, the 
only terms in the above expres
sions for V u and V a that vary with 

vb p.Vb 
V b are - and -- respec-

p.+I p.+I 
tively. As the latter is p. times the 

. former and of opposite sign, their 
effects cancel out, and our assull}p
tion that Ia would be constant is 
justified. 

It should not be difficult to see 
that varying Vb can be represented 
in Fig~ 5 by moving the point 0 
horizontally, carrying the voltage 
scale with it. The effect of 
increasing V b therefore is to allow 
a greater scope for peak anode 
current and so to enable a larger 

· V x to be applied without running 
into grid current. 
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Reflex Valve Voltmeter— 
of . this type of instrument, 
although approximately peak, is 
more or less influenced by the 
mean value of the positive half- 
cycle of input. 

With unsymmetrical square 
waves, the half-cycles with the 
greater duration have the less 

9^ = 3-5 r__\ 

response is practically linear above 
about 2 V. 

Fig. 8 suggests how to use a 
0-1 mA meter and a typical triode 
to cover ranges of 5, 20, and 50 V. 
If required only for frequencies not 
exceeding about 100 kc/s it would 
probably be convenient to omit C 
and divide 

kjO-lmA 

|C 
F 
llOOVwkg 

amplitude and therefore give the 
smaller reading; but this prin- 
ciple is partly offset by the fact 
that when the duration is less the 
shaded portions (during which 
current flows) must have greater 
area, and therefore doubly greater 
amplitude in order to yield the 
greater mean value of current to 
develop the greater voltage drop 
across R. This is shown in Fig. 6, 
where the arrows indicate the 
relative deflections in each case. 

By the simple expedient of 
omitting C, thus converting the 
system to a cathode follower, the 
voltmeter can be made to respond 
fairly accurately to mean values 
of positive half-cycles of all except 
small voltages. The stabilizing 
resistance, R', remains effective. 
The sensitivity is reduced to about 
one third, and since stray capa- 
citance tends to restore the higher 
sensitivity at high frequencies, it 
is advisable to restrict this arrange- 
ment to audio and perhaps low 
radio frequencies. 

Experimental calibration curves 
are shown in Fig. 7 for the con- 
ditions indicated. In each case 
the start of grid current is marked. 
For comparison, one curve with C 
omitted is also shown ; as one 
would expect, the current for a 
given Yx is reduced to approxi- 
mately i/tt, that being the ratio 
of mean to peak of half-cycles of 
sine waves! In all cases the 

all the resistance 
values, by about 3. 
A very simple unit 
would do to supply 
the 200 V, as only a 
few milhamps (peak) 
are needed, and the 
regulation can be 
very poor. 

We still have not 
shown theoretically 
why the beautifully 
level dotted lines in 
Fig. 2 were just 

Fig. 8. Outline de- 
sign for voltmeter 
having ranges of 5, 

20 and 50 volts. 

what one ought to expect. 
What we have to prove is that 

the mean current through the 
valve, which we shall denote by 
Ia, is not affected by variations 
in V6 (provided of course that V6 

does not -fall below the level 
necessary to allow sufficient peak 
current to flow through the valve 
to maintam the mean current). 

The effect on the valve curve 
of altering Va and/or VQ is to 
shift it bodily to left or right, 
and Yy shifts it ^ times as far as 
an equal Va. The error involved 

in this assumption is small, 
especially as the calibration of the 
instrument depends only to a 
minor extent on the precise shape 
of the curve. 

Now Yg (with any signal, Yx) is 
represented in Fig. 5 by OB -f- BF. 
OB we already know is V6/(^ + 1), 
and BF is given by the effective 
load resistance, Rm/(m + I)' multi- 
plied by the mean current, Ia. So 

V V6- IgR? 
VL+l m + i 

= V6 - IR 

= V6 + V, 

H- + 1 (i 1 

H- + 1 + 1 

Assuming for the moment that 
Ia is (as we wish) constant, the 
only terms in the above expres- 
sions for Yg and Ya that vary with 

V. are — ——— and respec- 
6 n + 1 H.+ 1 

tively. As the latter is n times the 
former and of opposite sign, their 
effects cancel out, and our assump- 
tion that Ia would be constant is 
justified. 

It should not be difficult to see 
that varying V6 can be represented 
in Fig. 5 by moving the point O 
horizontally, carrying the voltage 
scale with it. The effect of 
increasing V6 therefore is to allow 
a greater scope for peak anode 
current and so to enable a larger 
Yx to be applied without rurming 
into grid current. 
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Properties and Uses of Negative Temperature Coefficient Resistors 

E SSENTIALLY the .ther
. mistor is a device 
. which possesses a high 

negative temperature co
efficient of resistance, and 
this unusual property makes 

THERMISTORS 
The temperature coefficient 

of resistance is given by : -
b 

ot =--. . Ta 

it useful in many electrical 
devices. 

Thermistors of many types are 
in regular production by Stan~ 
dard Telephones and Cables, and 
their ready availability means 

· that they may be considered for 
. use in modern circuitry. While 
many materials can be used, that 
which has been developed as a 
result of thirteen years' work in 
the research laboratories is made 
from a mixture of various metal
lic oxides, which are heat-treated · · 
to extremely high temperatures 
in an oxidizing· atmosphere. By 
control of the mixture and firing 
temperature schedule, the re
sistivity and temperature coeffi
cient can be varied in very wide 
ranges. 

These thermistors, when oper
ated within their rated limits and 
in neutral or oxidizing atmos
pheres, are · quite stable with 
time, and no limit to their life 
is known. 

Forms of Thermistors 
To meet the majority of appli~ 

cations, a series of designs has 
been standardized and put into 
production. They may be divided 
into the following types:-

Bead Types , 
In these types the thermistor 

element is a small bead unit 
mounted on parallel platinum 
wires. The diameter of the bead 
is about o.o2oin, and the arrange
ment is shown in Fig. i. The 
bead types are made in · two 
forms, directly- heated and in
directly-heated. In the directly
heated form, the bead as de
scribed is welded to stouter lead 
wires and the unit sealed into a 
glass bulb for protection. In in
directly-heated types the bead is 
proyided with a thin electrical in
sulating coating, I, up.on which a 
minute roo-ohm heater, H, is 
wound (Fig. 2). The whole unit is 

attached to suitable supports and 
leads, and is sealed into a small 
glass bulb which may be highly 
evacuated or gas filled, depend
ing upon the applications . . 

Block Types 
In these types much larger 

pieces of material are employed . . 
For example, circular discs are 
made by sintering aggregates 
formed by pressing thermistor 

Fig. r . Bead~type thermistor with 
embedded platinum leads. 

Fig. 2. Indirectly-heated thermistor 
with insulated auxiliary winding. 

. 
powder in moulds under hydrau-

. lie pressure ; and rods are formed 
by firing lengths of thermistor 
'' dough'' which have been ex
truded through circular dies. 
After firing, these types are pre
pared for use by metallization of 
contacts followed by the soldering 
on of tinned copper lead wires. 

Characteristics 
The thermistor at constant 

temperature has an "ohmic" re
sistance, the current being pro
portional to the voltage. The 
resistance R varies with the ab
solute temperature T according 
to the relation : - · 

R = aeb!T 

where a and b are constants. 

and thus decreases as the 
temperature rises. 

By control of the manufactur
ing processes, the resistivity of the 
material can be varied in a ratio 
of 500 to r, a:rid in general it 
can be said that the . higher the 
resistivity the higher the negative 
value of temperature coefficient . 
The beads · mentioned can, for 
example, be produced with room 
temperature resistances of 500 to 
5oo,ooo ohms and with tempera
ture coefficients for the latter of 
the order of -4 per cent per °C. 
This may be compared with a 
value of the order of + 0.003 for 
metals. 

There is another rather striking 
property of thermistors which re
sults from the negative tempera- · 
ture coefficient. · Consider a ther
mistor connected to a source of 
electrical power ; then energy will 
be dissipated in the thermistor, 
which will raise its temperature 
and decrease its resistance. . For 
small power inputs the loss of 
heat by convection can equal the 
input, and the thermistor is main
tained at a constant temperature 
slightly above · its surrounding<;. 
When the temperature difference 
reaches a value usually around 
30° C, a condition arises where 
this balance .is no longer main
tained, and the temperature 
starts to rise. This results in a 
greater dissipation and further 
temperature rise, and will . ulti
mately result in destruction of 
the thermistor unless the power 
dissipation is limited by external 
resistance. With such a resist
ance, the current will rise to · a 
new stable value, which may be 
many times larger than the initial 
current. The circuit has be
haved rather like a relay. When 
the thermistor is provided with 
a separate heating element, the 
simple characteristics can · be 
greatly modified by variation of 
the current flowing through the 
heater. 

With any thermistor, therefor:e, 
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SivWehiCX~h^ iHtlllulolUll^ «=-Ti 
efficient of resistance, and and thus decreases as the 
this unusual property makes temp« u,ture rises, 
it useful in many electrical attached to suitable supports and By control of the manufactur- 
devices. leads, and is sealed into a small ing processes, the resistivity of the 

Thermistors of many types are glass bulb which may be highly material can be varied in a ratio 
in regular productioi by Stan- evacuated or gas filled, depend- 0f 5oo to 1, and in g« icral it 
dard Telephones and Cables, and ing upon the apphcations. , can be said that the . higher the 
t eir ready availability means . _ resistivity the higher the negative 
tl U they may be considered for Block I ypes value of temperature coefficie t. 
use in modern circuitry While in these types much larger The beads mentioned can, for 
many materials can be used, that pieces of mate ^al are employed. examp be produced with room 

i • _i T l— ^.TOG a T ^   — 1 ^ oro ^PTTinPT^.^llTft '"TPSlS^fcrillCGS OX ^OO XO which has been developed as a 
result of thirteen years' vork in 
the research laboratories is made 
from a mixture of various metal- 
lic oxides, wt ch are heat-treated 
to extremely high temperatures 
in an oxidizing atmosphere. By 
control of the mixture and firing 
temperature schedule, the re- 
sistivity and temperature coeffi- 
cient can be varied in very wide 
ranges. 

These thermistors, when oper 
ated within their rated limits and 
in neutral or oxidizing atmos- 
pheres, are quite stable with 
time, and no limit to their life 
is known. 

Forms of Thermistors 

To meet the majority of appli- 
cations, a series of designs has 
been standardized and put into 
production. They may be divided 
into the following types: — 

Bead Types. 

In these types the thermistor 
element is a small bead unit 
mounted on parallel platinum 
wires. The diameter of the bead 
is about o.ozoin, and the arrange- 
ment is shown in Fig. 1. The 
bead types are made in two 
forms, directly - heated and n- 
directly-heated. In the d ectly- 
heated form, the bead as d< 
scribed is welded to stouter lead 
wires and the unit sealed into a 
glass bulb for protection. In in- 
jirectly-heated types the bead is 
provided with a thin electrical 1- 
sulating coating, I, upon which a 
minute roo-ohm heater, H, is 
wound (Fig. 2). The whole unit is 

For example, circular discs are 
made by sintering aggregates 
formed by pressing thermistor 

Fig. 1. Bead-type thermistor with 
embedded platinum leads. 

Fig. 2. Indirectly-heated thermistor 
with insulated auxiliary winding.. 

powder in moulds under h^ dran 
■ lie pressure ; and rods are for ted 
by iring lengths of thermistor 
' lough" which have been ex- 
truded through circular dies. 
After firing, these types are pre- 
pared for use by metallization of 
contacts followed by the soldering 
on of tinned copper lead wires. 

Characteristics 

The thermistor at constant 
temperature has an " hmic'' re- 
sistance, the current being pro- 
portional to the voltage. The 
resistance R varies with the ab- 
solute temperature T according 
to the relation ; — 

R = 
where a and b are constants. 

The temperature coefficient 
1 of resistance is given by: — 

1 6 

I a = - Xi 

and thus decreases as the 
temperature rises. 

By control of the manufactur- 
ing processes, the resistivity of the 
material can be varied in a ratio 
of 500 to 1, and in general it 
can be said that the, higher the 
resistivity the higher the negative 
value of temperature coefficient. 
The beads mentioned can, for 
example, be produced with room 
temperature resistances of 500 to 
500,000 ohms and with tempera- 
ture coeffic snts for the latter of 
the order of —4 per cent per 0C. 
This may be compared with a 
value of the order of +0.003 for 
metals. 

There is another rather striking 
property of thermistors which re- 
sults from the negative tempera- • 
ture coefficient. Consider a ther- 
mistor connected to a source of 
electrical power; then energy will 
be dissipated in the thermistor, 
which will raise its temperature 
and decrease its resistance. For 
small power inputs the loss of 
heat by convection can equal the 
input, and the thermistor is main- 
tained at a constant temperature 
slightly above its surroundings. 
When the temperature difference 
reaches a value usually around 
30° C, a condition arises where 
this balance is no longer main- 
tained, and the temperature 
starts to rise. This results in a 
greater dissipation and further 
temperature rise, and will ulti- 
mately result in destruction of 
the thermistor unless the power 
dissipation is limited by external 
resistance. With such a resist- 
ance, the current will rise to a 
new stable value, which may be 
many times larger than the initial 
current. The circuit has be- 
haved rather like a relay. When 
the thermistor is provided with 
a separate heating element, the 
simple characteristics can be 
greatly modified by variation of 
the current flowing through the 
heater. 

With any thermistor, therefc e, 
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Thermistors-
there is a critical voltage which, 
if applied across it, will cause the 
temperature to ris.e and the re
sistance to fall unttl limited by 
some other part of the cir.cnit. 
With thermistor elements of the 
same size, this voltage Ema.x 

increases with the square root of 
the resistance It decreases as 
the ambient temperature in-

. creases, and increases if the ther
mistor is connected to a better 
''heat sink.'' 

Uses of Thermistors 
The most . obvious application 

of the thermistor is for resistance 
thermometry. The very small 

tioned earlier, the circuit may he 
arratJged so that, wh~n the ther
mistor reaches a certain tem"era
ture. the current rises abruptly to 
a much larger value, and. this may 
be used to operate signals. 

Other types of thermistom are 
available for use as bolometers, 
and perhaps the greatest applica
tion to date has been to the 
measurement of power at centi
metric wavelengths. For this 
purpose, very small beads are 
mounted between colinear wires 
which are then supported in ap
propriate positions, and with 
proper matching, in waveguides 
or coaxial line systems. The power 
dissipated by the radio frequency 

Selection from the range of thermistors made by Standard Tele
phones and Cables. The letters and figures indicate the type 
reference numbers. Those in the glass envelopes comprise bead 
types, both directly and indirectly heated. The long thermometer 
type F has the thermistor sealed into the top of the glass. The 

sintered block types are used for thermostatic control. 

l I . 

dimensions and therm,al capacity 
of the thermistor bead result in a 
th~rmometer with a very small 
" ·bulb," and high speed and sen
s~thrity. But because of this, 
care must be exercised to reduce 
errors which arise due to the 
measuring bridge current itself 
modifying the temperature of the 
thermistor, and the bridge cur
rent must be reduced to a very 
small value. When this is done, 
temperatures can be measured 
with an accuracy of o.oor° C and, 
provided the instrument is care
fully handled, the resistance-tem
perature curve will remaiR stable. 

Thermistors can also be used as 
protective devices. By use of the 
maximum voltage effect men-

E 

is absorbed in the bead, and 
changes its resistance. The unit 
may be calibrated with a.c. or 
d .c., which is adjusted togive the 
same resistance change. Much 
ingenuity has been applied in the . 
development of special bridges 
which maintain consiQnt resist-

. ance in the thermistor bolometer 
by automatically varying the am
plitude of a low-frequency current 
superimposed upon. the high-fre
quency current flowing in it. 

Thermistors can also be used to 
compensate for temperature 
changes of re,sistance of copper in 
measuring . instruments. For 
example, a thermistor in series 
with the shunt of a voltmeter can 
be employed to give temperature 

compensation, though this can be 
accurately a.cbieved only over a 
small range of temperature. 

Surge Suppression 

The properties of thermistors are 
well suited for the suppression of 
current surges of short duration, 
and especially those due to 
switching. At the moment of 
arrival of the surge, the ther
mistor must be cold and of high 
resistance, and after a time the 
resistance must be so low that it 
can remain in the working circuit 
W:i;thout causing embarrassment. 

The switching of tungsten fila
ments is a familial' case, accom
panied by very large surges. For 
instance, when a tungsten-fila
ment lamp is switched on to ·its 
normal running voltage, a mo
mentary surge of current of 5 to 
10 times the normal current 
is produced. In some cases this 
is objectionable, because the 
mechanical effects on the filament 

may cause distortion ; in other 
cases the surge may render pro
tection of the circuit by fuses 
very di:fficul t. A familiar case is 
that of the photoflood lamp where 
elimination of the switching surge 
results in an appreciable increase 
of life. 

Another example is provided 
by the series operation of valve 
heaters. In this case the switch
ing surge may rise to five or six 
times the running current. While 
this m.ay not be very serious when 
all the valves are alike, it may be 
disastrous if the heaters are dis
similar. for example, one may 
be a cathode-ray tube in a tele
vision receiver with . a heater 
which comes up to operating tem-
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Thennistors— 
there is a critical voltage which, 
if applied across it, will cause the 
temperature to rise and the re- 
sistance to fall until limited by 
some other part of the circuit. 
With thermistor elements of the 
same size, this voltage Emax 

increases with the square root of 
the resistance It decreases as 
the ambient temperature in- 
creases, and increases if the ther- 
mistor is connected to a better 
"heat sink." 

Uses of Thermistors 

The most obvious application 
of the thermistor is for resistance 
thermometry. The very small 

tioned earlier, the circuit may be 
arranged so that, when the ther- 
mistor reaches a certain tempera- 
ture, the current rises abruptly to 
a much larger value, anti. this may 
be used to operate signals. 

Other types of thermistors are 
available for use as bolometers, 
and perhaps the greatest applica- 
tion to date has been to the 
measurement of power at centi- 
metric wavelengths. For this 
purpose, very small beads are 
mounted between colinear wires 
which are then supported in ap- 
propriate positions, and v th 
proper matching, in waveguides 
or coaxial line systems. The power 
dissipated by the radio frequency 

Selection from the range of thermistors made by Standard Tele- 
phones and Cables. The letters and figures indicate the type 
reference numbers. Those in the glass envelopes comprise bead 
types, both directly and indirectly heated. The long thermometer 
type F has the thermistor sealed into the top of the glass. The 

sintered block types are used for thermostatic control. 

compensation, though this can be 
accurately achieved only over a 
small range of temperature. 

Surge Suppression 

The proper ss of thermistors are 
well suited for the suppression of 
current surges of short duration, 
and especially those due to 
switching. At the moment of 
arrival of the surge, the ther- 
mistor must be cold and of high 
resistance, and after a time the 
resistance must be so low that it 
can remain in the working circuit 
without causing embarrassment. 

The switching of tungsten fila- 
ments is a familiar case, accom- 
panied by very large surges. For 
instance, when a tungsten-fila- 
ment lamp is switched on to ts 
normal running voltage, a mo- 
mentary surge of current of 5 to 
10 times the normal current 
is produced. Ir some cases this 
is objectionable, because the 
mechanical effects on the filament 

dimensions and thermal capacity 
of the thermistor bead result in a 
thermometer with a very small 
' bulb," and higi speed and sen- 
sitivity But because of this, 
care must be exercised to reduce 
errors which arise due to the 
measuring bridge current itself 
modifying the temperature of the 
thermistor, and the bridge cur- 
rent must be reduced to a very 
small value. When this is done, 
temperatures can be measured 
with an accuracy of o.ooi0 C and, 
provided the instrument is care- 
fully handled, the resistance-tem- 
perature curve will remain stable. 

Thermistors can also be used as 
protective devices. By use of the 
maximum voltage effect men- 

is absorbed in the bead, and 
changes its resistance. The unit 
may be calibrated with a.c. or 
d.c., which is adjusted to give the 
same resistance change. Much 
ingenuity has been applied in the 
development of special bridges 
which maintain constant resist- 
ance in the thern star bolometer 
by automatically varying the am- 
plitude of a low-frequency current 
superimposed upon the high-fre- 
quency current flowing in it. 

Thermistors can also be used to 
compensate for temperature 
changes of resistance of copper in 
measuring instruments. For 
example, a thermistor in series 
with the shunt of a voltmeter can 
be employed to give temperature 

may cause distortion; in other 
cases the surge may render pro- 
tection of the circui : by fuses 
very difficult. A fam i ir case is 
that of the photoflood lamp where 
elimination of the switching surge 
results in an appreciable increase 
of life. 

Another example is provided 
by the series operation of valve 
heaters. In this case the switch- 
ing surge may rise to five or six 
times the running current. While 
this may not be very serious when 
all the valves are alike, it may be 
disastrous if the heaters are dis- 
similar. For example, one may 
be a cathode-ray tube in a tele- 
vision receivei with , a heater 
which comes up to operating tern- 
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perature much faster than those 
of the other series valves, or there 
may be a dial lamp which comes 
to full brightness in a very short 
time. In these cases, the heater 
which reaches running tempera
tur.e first has to pass an overload 
current while at normal or higher 
than normal resistance for some 
seconds. In one actual case it 

· was found that a cathode-ray 
tube designed for 6.3 volts was 
actually subjected to 18 volts for 
a . few seconds during switching. 
Now, by the use of an appropriate 
thermistor in series with the · 
heaters, the surge can be either 
completely suppressed or reduced 
to safe proportions, so that heater 
burn-outs of this nature are elim
inated. 

For this purpose the type CZ 
Brimistor was designed. It is in 
the form of a rod with end wires 
for direct soldering into the cir
cuit. It is made in various ·sizes 
to suit the common heater ratings. 

Similar problems occur in. tele
phone circuits, where inductive 
surges from switching or dialling 
operations may cause annoyance. 

· The indirectly- heated ther
mistors lend themselves to many . 
varied uses in electronic appara
tus. By variation of the current 
through the heater, the resistance 
of the thermistor may be varied 
in a ratio of 500 : 1, and fhe power 
lost in the heater to cause this 
change is only of the order of 6o 
milliwatts. This form of ther
mistor can therefore be used as a 
remotely controlled variable re
sistance. Naturally, the dissipa
tion in the thermistor element 
must be kept small if the resist
ance is to obey accurately the 
orders it receives from the control 
circuit. With this limitation, the 
device can be very valuable in 
amplifier gain-control circuits. 
The heater is small, and has such 
low inductance that the control 
circuit may be operated directly 
by radio-frequency currents, and 
useful arrangements for ~uto
matic control of level can be de
vised. 

Similarly, the use of fher- · 
mistors in phase shifting networks 
opens up many possibilities. 

The trigger effect which is ob
tamed when the critical voltage 
is applied to the thermistor is 
often made use of to provide a 
relay. By the application of volt
ages close to the critical value, 

the circuit behaves as a time
delay relay, and reliable timing 
up to periods of 10 or I 5 seconds 
can be secured. By the use of 
the indirectly-heated thermistors, 
the time delay can be varied 
according to the power dissipated 
in the heater. It is necessary to 
point out that in this and some 
other of the applications, the sen
sitivity of the thermistor to tem
perature is such that variation of 
room temperature will cause 
variation of per~ormance. This 
can be overcome by a more com
plex circuit in which another ther
mistor is provided to balance out 
the effects due to this caus~. 

. Enough has been said to indi
cate the extraordinary versatility 
of thermistors. In their modern 
form they are reliable instruments 
which will continue to function 
without variation as long as they 
are correctly used. Though they 
are semi-conductors, their resist
ance at constant temperature is 
truly ohmic, and their use in 
audio- or radio-frequency circuits 
results in no mea.Surable distor
tion. Their high sensitivity can 
be used to advantage in many 
measuring and controlling cir
cuits, and it is safe to say th!'Lt 
the extent of their field of appli
cation is limited only by the in
genuity of circuit designers. 

ANTI· IMPLOSION THE Radio Manufacturers Asso-
ciation of America ha~ formu

lated the following set of precaution
ary rules to minimize dsk in handl
ing cathode-ray tubes when they are 
being fitted in a set, or a faulty one 
is being replaced. 

r. Don't remove the tube from its 
carton until you are quite ready to 
use it. 

2. Always wear goggles with 
safety glass., or its equivalent, when 
handling the naked tube. 
. 3. Keep other persans, especially 
children, at a safe distance when the 
tube is out of its container. 

4· Alwa~ place the tube on a soft 
padding whe.ilever it is set down, or 
better stm, return it to its carton. 

5· When replacing . a defective 
tube put the old tube into the pro
tective carton a-nd. dispose of it as 
soon as possible. 

6. Never leave defective tubes 
lying around. One safe way of dis
posing of the tube is to seal it ill 
the carton and then drive a crowbar 
through the clcsed top of the eon
tainer. 

1· Dummy tubes should be used 
when. poSiible for · display purposes. 

For every SOUND 
AMPLI Fl CATION 
requirement 
from 5-500 w. 

it pays to use 
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perature much faster than those 
of the other series valves, or there 
may be a dial lamp which comes 
to full brightness in a very short 
time. In these cases, the heater 
which reaches running tempera- 
ture first has to pass an overload 
current while at normal or higher 
than normal resistance for some 
seconds. In one actual case it 
was found that a cathode-ray 
tube designed for 6.3 volts was 
actually subjected to 18 volts for 
a few seconds during switching. 
Now, by the use of an appropriate 
thermistor in series with the 
heaters, the surge can be either 
completely suppressed or reduced 
to safe proportions, so that heater 
burn-outs of this nature are elim- 
inated. 

For this purpose the type CZ 
Brimistor was designed. It is in 
the form of a rod with end wires 
for direct soldering into the cir- 
cuit. It is made in various "sizes 
to suit the common heater ratings. 

Similar problems occur in, tele- 
phone circuits, where inductive 
surges from switching or dialling 
operations may cause annoyance. 

The indirectly - heated ther- 
mistors lend themselves to many 
varied uses in electronic appara- 
tus. By variation of the current 
through the heater, the resistance 
of the thermistor may be varied 
in a ratio of 500 : 1, and the power 
lost in the heater to cause this 
change is only of the order of 60 
milliwatts. This form of ther- 
mistor can therefore be used as a 
remotely controlled variable re- 
sistance. Naturally, the dissipa- 
tion in the thermistor element 
must be kept small if the resist- 
ance is to obey accurately the 
orders it receives from the control 
circuit. With this limitation, the 
device can be very valuable in 
amplifier gain-control circuits. 
The heater is small, and has such 
low inductance that the control 
circuit may be operated directly 
by radio-frequency currents, and 
useful arrangements for auto- 
matic control of level can be de- 
vised. 

Similarly, the use of ther- 
mistors in phase lifting networks 
opens up many possibilities. 

The trigger effect which is ob- 
tained when tlie critical voltage 
is applied to the thermistor is 
often made use of to provide a 
relay. By the application of volt- 
ages close to the critical value, 

the circuit behaves as a time- 
delay relay, and reliable timing 
up to periods of 10 or 15 seconds 
can be secured. By the use of 
the indirectly-heated thermistors, 
the time delay can be varied 
according to the power dissipated 
in the heater. It is necessary to 
point out that in this and some 
other of the applications, the sen- 
sitivity of the thermistor to tem- 
perature is such that variation of 
room temperature will cause 
variation of performance. This 
can be overcome by a more com- 
plex circuit in which another ther- 
mistor is provided to balance out 
the effects due to this cause. 

Enough has been said to indi- 
cate the extraordinary versatility 
of thermistors. In their modern 
form they are reliable instruments 
which will continue to function 
without variation as long as they 
are correctly used. Though they 
are semi-conductors, their resist- 
ance at constant temperature is 
truly ohmic, and their use in 
audio- or radio-frequency circuits 
results in no measurable distor- 
tion. Their high sensitivity can 
be used to advantage in many 
measuring and controlling cir- 
cuits, and it is safe to say that 
the extent of their field of appli- 
cation is limited only by the in- 
genuity of circuit designers. 

ANTI-IMPLOSION 
'TVHE Radio Manufacturers Asso- 

ciation of America has formu- 
lated the following set of precaution- 
ary rules to minimize risk in handl- 
ing cathode-ray tubes when they are 
being fitted in a set, or a faulty one 
is being replaced. 

1. Don't remove the tube from its 
carton until you are quite ready to 
use it. 

2. Always wear goggles with 
safety glass, or its equivalent, when 
handling the naked tube. 

3. Keep other persons, especially 
children, at a safe distance when the 
tube is out of its containar. 

4. Always place the tube on a soft 
padding whenever it is set down, or 
better still, return it to its carton. 

5. When replacing a defective 
tube put the old tube into the pro- 
tective carton and dispose of it as 
soon as possible. 

6. Never leave defective tubes 
lying around. One safe way of dis- 
posing of the tube is to seal it in 
the carton and then drive a crowbar 
through the closed top of the con- 
tainer. 

7. Dummy tubes should be Used 
when possible for display purposes. 

m 

SEE OUR LATEST EQUIPMENT 

STAND 101 
Grand Hall 

RADIOLYMPIA 

including Amplifiers, Mixers, 
Gramo-Radio Amplifiers, High 
Fidelity Reproducers, High Power 
Rack Equipment, Portable Battery 
and Mains Models, Microphones, 
Loudspeakers, Accessories and the 
new Inter vox Two-way Communi- 

cation System. 

THE TRIX ELECTRICAL CO. LTD. 
1-5 Maple Place, Tottenham Court Road, 
London, W.l. 'Phone : MUSeum 5817 
Grams & Cables:" Trixadio, Wesdo, London." 
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LETTERS TO THE EDITOB 

Copenhagen Plan: B.B.C. View • Leaning 

Television Images • . C.R. Tube Problems 

" Intermediate Frequency 
and the Copenhagen 
Plan" 

THE article by G. H. Russell in . 
your September issue appears to 

contain serious errors, and as a re
sult it gives an unfairly pessimistic 
pl.cture of reception conditions w_hen 
the Copenhagen Plan comes mto 
operation. , . . . . 

Allowing the author s rmphc1t 
assumption . that intermediate _fre
quencies which give rise to a whistle 
of 9 kc Is or less are unusable, some 
of his errors seem to be : -

(1) The bands of intermediate 
frequencies unusl:l-ble because of 
second harmonic interference are 
shown in Table II to be up to 
45 kc/s wide, whereas the figure 
should be I 8 kc/s if the interfering 
carrier is below the oscillator har
monic frequency and 6 kc/s if the 
interfering carrier is above it. 

(2) Intermediate frequency bands 
rejected because of s~cond-channel 
interference have w1dths up to · 
20 kc 1 s. These should be 9 kc/s in 
every case. 

After correcting Mr. Russell's 
tabulation it is found that the fol
lowing bands are clear : -

497.6kcjs to ·499.okc/s 
490.0 kc/s to 491.6 kc/s 
458.5kc/s to 469.okcjs 
434.6kcjs to 436.okc/s 
387.okcjs to 388.okc/s 
373.okcjs to 378.okc/s 

. 309.okc/s to 310.3kcjs 
-Incidentally it is of interest to 

note that, applying Mr. Russell's 
assumptions to the present distribu
tion of B.B.C. frequencies, one of 
the bands of i.f. that cannot be used 
(among many others) · is . from 
456.5 kc/s to 465.5 kc/s. But 
nevertheless he refers to "the popu
lar intermediate frequencies of 456 
and 465 kc/s" ! 

In addition I think it is a very de
batable point whether the spurious 
responses due to i.f. third harmonic, 
the second-channel frequency at 
200 kc 1 s, and oscillator 2nd har
monic on 200 kc Is, should have been 
included-. Measurements we have 
made on typical modern superhets 
with , one signal-frequency tuned cir
cuit indicate that these factors are 
of negligible importance. However, 
in case where interfeting signals are 
objectionable a simp. .e rejector ~ir-

. cuit, like those at pl esent supplied 

by receiver manufacturers, would 
solve the problem. 

The difficulty in some parts of the 
North Region due to the proximity 
of 668 kc/s with the combination of 

· 200 kc Is and 465 kc/s _will be elim
inated under the Copenhagen Pl~n 
as the northern frequency at 
692 kc 1 s will be sufficiently remote. 
Moreover, the possibility of interfer
ence from International Common 
Frequencies is unlikely as the trans
mitter powers will be so low. 

A careful examination of the . 
Copenhagen Plan - shows that the 
likelihood of interference due . to 
these several causes is little different 
from that existing under the Lucerne 
Plan.- The margin of frequency 
tolerance to safeguard against ageing 
of i.f. circuits is also as great under 
the new Plan. 

I am sure your readers know that 
agreement on a wavelength distri
bution plan is reached only after the 
most exhaustive examination of the 
requirements of all the participating 
countries; the need to have alloca
tions which minimize interference of 
this kind is ori.ly one of many 
problem? which have to be borne in 
mind. On the whole, I feel there are 
grounds for hoping that; with the 
orderly distribution of .wave.lengths 
in Europe, broadcastmg m the 
United Kingdom will benefit from 
the implementation of the .Copen
hagen Plan. 

H. BISHOP, 
Chief Engineer, B.B.C. 

[Correction: The author of the 
article referred to in this letter cor
rects an error in the sth line of 
col. I, p. 324: 485 should read 455· 
-En.] 

" Televising Moving 
Images" 

MOST readers of Wireless World 
realized I feel sure, that I was 

to a consider~ble extent trailing my 
coat when I wrote the article on this 
subject for the August issue. My 
great wish is to see television make 
rapid advances on the road towards · · 
perfection and the surest way of 
bringing this about is to discover 
just what its present imperfections 
are and how they come about. Any 
provocative article in Wireless 
world is certain to bring in con
structive criticism from its wide 
circle of well-informed readers, 

whose strictures and suggestions 
have helped in the past to point a 
way to the solution of many a 
problem. 

It is, though, but fai~ that. a 
critiC should read an arbcle with 
understanding before girding up his 
loins to tear it and its author to 
pieces. I feel, therefore, that, as a 
change from the setting of tra f>S and 
the springing of them of which he 
accuses me, I may be allowed to try 
my hand at rolling out the B8;rrell! 
Both television and the cmema 
obtain their results by deceiving the 
eye, a point which I stress and re
stress in my elementary book · on 
television; but most people seem· to 
share my view that television's 
methods of deception are not so suc
cessful as those of the cine. 
Interline flicker I find particularly 
annoying and that is one reason why 
I don't feel at all sure that inter
lacing provides the final answer to 
the viewer's prayer. 

I am well aware that U.S.A. · 
systems use 6o frames per second 
because that number is called for by 
their a.c. mains frequency. It has, 
however, been suggested .by write~s 
on this side of the Atlantic that this 
unavoidable increase of 20 per cent 
in the number of frames · as com
pared with ours, is a li8;bility (~ince 
it wastes good bandwidth) rather 
than an asset. I sought to show 
that in the case of moving objects it 
might not be altogether a disad
vantage. But never have I sug
gested anywhere that we sho';lld 
adopt an image frequency whtch 
was not a multiple of 50 or of 25. 

Another reader claims that there 
can be no '' lean '' of a moving 
image, since th~ mosai~ . of the t~le
vision camera 1s an Image-stonng 
device. I would accept that were 
the screen of the receiver c.r.t. also 
image-storing. The afterglow of 
screen vades a little in persistence 
in different ' makes of television 
tubes, but it is, I understand, 
always a matter of a few milli
seconds. The truth is that there are 
not two but three screens concerned 
in the transmission and reception of 
a television image; the mosaic, the 
fluorescent screen and the retina of 
the eye.. Both the first and last are 
image-storing. The "lean" may 
thus occur on the screen, but not be 
;noticed by the eye as a lean-though 
its presence is likely to make for re
duced sharpness of the image . . 

R. W. HALLOWS. 

. " Cathode-ray. Tubes for 
Television " 

I N the first part of my article in 
the June Wireless World I did 

not make it clear that the solution 
of the problem of how to change a 
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Copenhagen Plan : B.B.C. View ♦ Leaning 

Television Images ♦ C.R. Tube Problems 

" Intermediate Frequency 

and the Copenhagen 

Plan " 

THE article by G. H. Russell in 
your September issue appears to 

contain serious errors, and as a re- 
sult it gives an unfairly pessimistic 
picture of reception conditions when 
the Copenhagen Plan comes into 
operation. 

Allowing the author's implicit 
assumption that intermediate fre- 
quencies which give rise to a whistle 
of gkc/s or less are unusable, some 
of his errors seem to be: — 

(1) The bands of intermediate 
frequencies unusable because of 
second harmonic interference are 
shown in Table II to be up to 
45 kc / s wide, whereas the figure 
should be i8kc/s if the interfering 
carrier is below the oscillator har- 
monic frequency and 6 kc / s if the 
interfering carrier is above it. 

(2) Intermediate frequency bands 
rejected because of second-channel 
interference have widths up to 
aokc/s. These should be gkc/s in 
every case. 

After correcting Mr. Russell's 
tabulation it is found that the fol- 
lowing bands are clear: — 

qgy.bkc/s to qgg.okc/s 
qgo.okc/s to qgi.bkc/s 
458.5 kc/s to 46g.okc/s 
434.6kc/s to 436.0kc/s 
387.0kc/s to 388.0kc/s 
373.okc/s to 378.okc/s 
3og.okc/s to 310.3kc/s 

Incidentally it is of interest to 
note that, applying Mr. Russell's 
assumptions to the present distribu- 
tion of B.B.C. frequencies, one of 
the bands of i.f. that cannot be used 
(among many others) is from 
456.5 kc/s to 465.5 kc/s. But 
nevertheless he refers to "the popu- 
lar intermediate frequencies of 456 
and 465 kc / s " ! 

In addition I think it is a very de- 
batable point whether the spurious 
responses due to i.f. third harmonic, 
the second-channel frequency at 
200kc/s, and oscillator 2nd har- 
monic on 200 kc / s, should have been 
included. Measurements we have 
made on typical modern superhets 
with one signal-frequency tuned cir- 
cuit indicate that these factors are 
of negligible importance. However, 
in case where interfering signals are 
objectionable a simpe rejector cir- 
cuit, like those at pissent supplied 

by receiver manufacturers, would 
solve the problem. 

The difficulty in some parts of the 
North Region due to the proximity 
of 668 kc/s with the combination of 
200kc/s and 465 kc/s will be elim- 
inated under the Copenhagen Plan 
as the northern frequency at 
6g2kc/s will be sufficiently remote. 
Moreover, the possibility of interfer- 
ence from International Common 
Frequencies is unlikely as the trans- 
mitter powers will be so low. 

A careful examination of the 
Copenhagen Plan shows that the 
likelihood of interference due to 
these several causes is little different 
from that existing under the Lucerne 
Plan. The margin of frequency 
tolerance to safeguard against ageing 
of i.f. circuits is also as great under 
the new Plan. 

I am sure your readers know that 
agreement on a wavelength distri- 
bution plan is reached only after the 
most exhaustive examination of the 
requirements of all the participating 
countries; the need to have alloca- 
tions which minimize interference of 
this kind is only one of many 
problems which have to be borne in 
mind. On the whole, I feel there are 
grounds for hoping that, with the 
orderly distribution of wavelengths 
in Europe, broadcasting in the 
United Kingdom will benefit from 
the implementation of the Copen- 
hagen Plan. 

H. BISHOP, 
Chief Engineer, B.B.C. 

[Correction: The author of the 
article referred to in this letter cor- 
rects an error in the 5th line of 
col. 1, p. 324; 485 should read 455. 
—Ed.] 

" Televising Moving 

Images " 

MOST readers of Wireless World 
realized, I feel sure, that I was 

to a considerable extent trailing my 
coat when I wrote the article on this 
subject for the August issue. My 
great wish is to see television make 
rapid advances on the road towards 
perfection and the surest way of 
bringing this about is to discover 
just what its present imperfections 
are and how they come about. Any 
provocative article in Wire less 
World is certain to bring in con- 
structive criticism from its wide 
circle of well-informed readers, 

whose strictures and suggestions 
have helped in the past to point a 
way to the solution of many a 
problem. 

It is, though, but fair that a 
critic should read an article with 
understanding before girding up his 
loins to tear it and its author to 
pieces. I feel, therefore, that, as a 
change from the setting of traps and 
the springing of them of which he 
accuses me, I may be allowed to try 
my hand at rolling out the Barrell! 
Both television and the cinema 
obtain their results by deceiving the 
eye, a point which I stress and re- 
stress in my elementary book on 
television; but most people seem- to 
share my view that television's 
methods of deception are not so suc- 
cessful as those of the cine. 
Interline flicker I find particularly 
annoying and that is one reason why 
I don't feel at all sure that inter- 
lacing provides the final answer to 
the viewer's prayer. 

I am well aware that U.S.A. 
systems use 60 frames per second 
becatise that number is called for by 
their a.c. mains frequency. It has, 
however, been suggested by writers 
on this side of the Atlantic that this 
unavoidable increase of 20 per cent 
in the number of frames as com- 
pared with ours, is a liability (since 
it wastes good bandwidth) rather 
than an asset. I sought to show 
that in the case of moving objects it 
might not be altogether a disad- 
vantage. But never have I sug- 
gested anywhere that we should 
adopt an image frequency which 
was not a multiple of 50 or of 25. 

Another reader claims that there 
can be no "lean" of a moving 
image, since the mosaic of the tele- 
vision camera is an image-storing 
device. I would accept that were 
the screen of the receiver c.r.t. also 
image-storing. The afterglow of 
screen varies a little in persistence 
in different ■ makes of television 
tubes, but it is, I understand, 
always a matter of a few milli- 
seconds. The truth is that there are 
not two but three screens concerned 
in the transmission and reception of 
a television image; the mosaic, the 
fluorescent screen and the retina of 
the eye. Both the first and last are 
image-storing. The "lean" may 
thus occur on the screen, but not be 
noticed by the eye as a lean—though 
its presence is likely to make for re- 
duced sharpness of the image. 

R. W. HALLOWS. 

44 Cathode-ray Tubes for 

Television " 

IN the first part of my article in 
the June Wireless World I did 

not make it clear that the solution 
of the problem of how to change a 
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c.r. tube design and operating con
ditions to accommodate an increased 
number of lines assumes negligible 
deflection defocusing in the proto
type tube. 

When the number of scanning 
lines is increased the size df the 
spot must be proportionately reduced 
at all parts of the screen. Thus we 
simultaneously require (I) the un
defiected spot . size s:qan be I 1 1-' of 
that on the original (this condition 
was satisfied in the June solution) 
and ( 2) the increase of spot size 
on deflection shall also be I I 1-' 
of that on the prototype. This 
second condition was not inet and 
the solution given is not valid 
therefore unless the deflection de-

Basic Operation. 

over s1ze on the prototype and M its 
magnification. But · the spot size 
on the derived tube (undeflected) 
is to be multiplied by IlfL to meet 
condition (I). This yields 1-'2A = 

y(V2/V 1). 

The condition of constant bright
ness yields 

IlVln = I2V2n· 
We can now proceed exactly as 

in the article, both for the case of 
constant beam current and constant 
cathode loading. 

The results are given in the accom
panying table which should be 
compared with the last two columns 
of the table in the June issue. 
The conditions in this more general 
case are much more stringent. 

No. of lines multiplied 
by 1-'· Tube screen 
dimensions held con-

stant. Fig.1. 

1------------------------------------------:-----------------------l 

Secondary Operations. 

---
Triode dimensions 

Geometrical 
changes Cathode-grid spacing* 
made. 

... . .. 

... . .. 

Triode scaled and moved 
towards focusing coil. 

X I/i..t.2 I X Ill-'2n/(n+l) 

X I X l-'4(3 +2n) /3(n+l) 

Triode to focusing coil distance ... 
I 

X Ill-' X Ill-' 

---
Anode voltage ... ... . .. X I 

Electrical 
changes Cut-off voltage . ; . . .. . .. X I 

made 
Grid drive ... ... ... . .. X I X Iltt8n/3(n+l) 

I Scanning -coil · current ... . .. 
---

X I 

Beam current ... ... . .. X I X I I l-'4n /(n+l) 

Spot diameter at all points ... X 111-' 

Effects 
produced. Beam angle C£ ... . .. . .. X 1 X 1 

Screen surface brightness ... ... X 1 X I 

. Cathode loading ... ... . .. X 1 

I 

* ~hi!!! adjustment to be made addit-ionally to that effected by the scaling of the 

whole triode. 

focusing of the prototype is 
negligibly small. 

But condition (z) can be closely 
met by reducing · the beam width 
in the deflecting fields to I I 1-' of 
its original value. This is most 
easily done by moving the whole 
triode towards the focusing coil 
(Fig. 1, June issue) until the geo
metrical magnification between cross
over and spot is increased 1-' times. 
a is kept constant as before. 

The spot size oil the derived tube 

will then be 1-' S~·L\ \1 (~ 1/V 2) using 
the ongmal notation : S 1s the cross-

With constant voltage and beam 
current the cathode loading is 
multiplied by 1-'4 instead of by 1-'2· 
With constant cathode loading the 
voltage must be multiplied by 
1-'4/(n+l> instead of 1-'2/(n+l>. Taking 

n = 1.67 an increase in the · number 
of lines from 405 'to 625 demands 
an increase in tube voltage from 
5 to g.8 kV if the cathode loading 
and deflection defocusing are to 
remain unchanged. The scanning
coil current must be increased 1.38 

times. HILARY MOSS. 
Emmer Green. 

Aniiierenee 
announce 

the ··ANTE X~~ 
(Regd) 

A new conception in 
Television Aerials 

SEE IT ON 

STAND 64 

RADIOLYMPIA . 
• for greater signal strEmgh e 
for greater noise cut e for less 

weight eat less cost 

A NTIFERE~CE Research and engineering 
knowledge once more lead the way with 

this revolutionary new "ANTEX" (Regd.) 
Aerial. With a front to back ratio of 22.0 db. 
and a forward gain of 2 db. when compared 
with .the standard " H " aerial -it brings a new 
level of quality to television reception. . The 
electrical and mechanical design of this aerial is 
protected by Patent Nos. 35957/46 and 12178/49 

and Reg. Design No. 859630. 
FRONT/BACK RATIO 

Standard Dipole and Reflector (H array) 
-7·5 db "ANTEX" AERIAL (X array) -22.0 db 

1 0" . 150" 

The Forward Gain of the "Antex" 
Aerial is 2 db better than a standard 

H array. · 

MODEL XL for London XLIB for 
Birmingham including 7 ft. mast and 
chim.ney lashing equipment as 
illustrated ..................... £3 10 0 
Model XW for London XWIB for 
Birmingham including 7 ft. mast and 
wall mounting bracket . . . . . . £2 17 6 

(Deliveries available 6 weeks approx.) 

ANTIFERENCE LIMITE'D 
67, BRYANSTON ST., LONDON, W.1 
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c.r. tube design and operating con- 
ditions to accommodate an increased 
number of lines assumes negligible 
deflection defocusing in the proto- 
type tube. 

When the number of scanning 
lines is increased the size of the 
spot must be proportionately reduced 

'at all parts of the screen. Thus we 
simultaneously require (1) the un- 
deflected spot size shall be i//x of 
that on the original (this condition 
was satisfied in the June solution) 
and (2) the increase of spot size 
on deflection shall also be 1 fji 
of that on the prototype. This 
second condition was not met and 
the solution given is not valid 
therefore unless the deflection de- 

over size on the prototype and M its 
magnification. But the spot size 
on the derived tube (undeflected) 
is to be multiplied by i//x to meet 
condition (1). This yields /x2A = 
V(V2/Vi). 

The condition of constant bright- 
ness yields 

IjVj" = I2v2». 
We can now proceed exactly as 

in the article, both for the case of 
constant beam current and Constant 
cathode loading. 

The results are given in the accom- 
panying table which should be 
compared with the last two columns 
of the table in the June issue. 
The conditions in this more general 
case are much more stringent. 

A it t i £ e r e n c e 

announce 

. a.vii:v 
(Regd) 

A new conceptioji in 

Television Aerials 

Basic Operation. 

Secondary Operations. 

Triode dimensions ... 

Cathode-grid spacing* 

Triode to focusing coil distance 
_i    

Anode voltage 

Cut-off voltage 

Grid drive  

Scanning-coil current 

Beam current 

Spot diameter at all points 

Beam angle a   

Screen surface brightness... 

Cathode loading   

* This adjustment to be made additionally to that 
whole triode. 

Geometrical 
changes 
made. 

Electrical 
changes 
made 

Effects 
produced. 

No. of lines multiplied 
by /x. Tube screen 
dimensions held con- 

stant. Fig.l. 

Triode scaled and moved 
towards focusing coil. 

X 1/fx2 X l/^Kn+l) 

^ j X ^4(3+271)/3(n+l) 

X l//i X l//a 

X 1 X Ai,4/<"+1> 

X 1 X l/ju8"'3'"-™ 

X 1 X l/^8"'3^1' 

X 1 X ^/(n+l) 

X 1 X l/^/fn+l) 

X l//a x l//x 

SEE IT ON 

STAND 64 

RADIOLYMPIA 

• for greater signal strengh • 
for greater noise cut • for less 

weight • at less cost 

Aerial. With a front to back ratio of 22.0 db. 
and a forward gain of 2 db. when compared 
with the standard " H " aerial it brings a new 
level of quality to television reception. The 
electrical and mechanical design of this aerial is 
protected by Patent Nos. 35957/46 and 12178/49 
and Reg. Design No. 859630. 

FRONT/BACK RATIO 
Standard Dipole and Reflector (H array) 
-7.5 db "ANTEX"AERIAL (X array) -22.0 db 

effected by the scaling of the 

2702H™yto? 

focusing of the prototype is 
negligibly small. 

But condition (2) can be closely 
met by reducing the beam width 
in the deflecting fields to i//x of 
its original value. This is most 
easily done by moving the whole 
triode towards the focusing coil 
(Fig. 1, Jtme issue) until the geo- 
metrical magnification between cross- 
over and spot is increased /x times, 
a is kept constant as before. 

The spot size on the derived tube 
will then be /x SMA V (y1/V2) using 
the original notation: S is the cross- 

With constant voltage and beam 
current the cathode loading is 
multiplied by /x4 instead of by /x2. 
With constant cathode loading the 
voltage must be multiplied by 
^4/(n+i) instead of /x2'<n+1). Taking 1 
n = 1.67 an increase in the number 
of lines from 405 to 625 demands 
an increase in tube voltage from 
5 to 9.8 kV if the cathode loading 
and deflection defocusing are to 
remain unchanged. The scanning- 
coil current must be increased 1.38 
times. HILARY MOSS. 

Emmer Green. 

The Forward Gain of the " Antex" 
Aerial is 2 db better than a standard 

H array. 
MODEL XL for London XL/B for 
Birmingham including 7 ft. mast and 
chimney lashing equipment as 
illustrated   £3 10 0 
Model XW for London XW/B for 
Birmingham including 7 ft. mast and 
wall mounting bracket   £2 17 6 

(Deliveries available 6 weeks approx.) 

ANTIFERENCE LIMITED 

67, BRYANSTON ST., LONDON, W.l 
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RANDOM 'RADIATIONS 
By " DIALLIST " then if anyone could suggest an 

equally simple way of memorising a 
key tc> tangents. Several readers 
have pointed. out that if you know 
the sine and cosine, the tangent is 

The Capacitor Puzzle 
SEVERAL KIND READERS send the 

suggestion that the queer behaviour 
by certain old. capacitors which I 
described last month may be due to 
the fact that with the passage of 
time they have gradually changed 
into electrets. If you remember, I 
told how a q-year~old paper con-. 
denser showed a steady e.m.f. of 
0.4 V when a valve voltmeter with 
an input resistance of IOM n was 
applied to it. Other old capacitors 
of the same type showed o.r-0.2 V. 
An electret is formed by heating 
cer,tain dielectric materials to melt
ing point and allowing · them to 
solidify in an electric field. The 
mass then develqps positively and 
negatively charged surfaces and the 
char&e may be retained .almost in
defimtely if it ~is wrapped in metal 
foil. At :first sight this seems to fit 
in quite well with waxed-:paper 
capacitors. If one of these had be
come heated whilst charged until 
the wax was just beginning to run, 
mi~ht not it have ;turned itself into 
an electret as it cooled down? 
There are two objections that I can 
see to this explanation. The first 
is that for an electret to be formed 
it appears to be necessary for the 
dielectric material to contain polar 
groups of the -OH, -COOH type 
and these do not normally occur in 
the paraffin wax used in paper con
densers. It is just possible-per
haps some reader au fait with the 
chemical aspects can give . informa
tion on that point-that the neces
sary polar groups may have been 
formed as time passed by oxida
tion of the wax. The second objec
tion, which seems even stronger, is 
this. As I understand it, a:q elec
rt:ret has a purely static charge; but 
here we have an e.m.f., which was 
found to maintain a steady current 
of o.4jio7A, or o.o4,uA. It is diffi
cult to see how that could happen 
without a continuous electro-chemi
cal reaction to br~ng it about. 

Speaking of Electrets 
The possibilities of the electret 

for providing biasing voltages in 
radio gear where no flow of current 
is involved don't seem to have been 
very fully explored. I recall read
ing (and a letter from a reader con
firms thit;;) that they were found to 
have been so used in the radio gear 
of some 'Japanese aeroplanes cap-

tured or sh.ot down during the last 
war. As an electret could provide 
a source of steady '' free '' negative 
bias indefinitely it might be of con
siderable use to designers of battery
operated wireless receivers. The 
grid bias voltages needed in these 
are negative and if they do their 
jobs properly there should be no 
flow of grid current. The present 
practice of obtaining these voltages 
from the h.t.b. by means of bleeder 
networks is not ideal, for it. means 
amongst other ~things that we have 
to rob Peter in order to pay PauL 
In other words, if the voltage avail
able from a new h.t.b. isrzo V, 9 V
I2 V must often be used for the 
grids, leaving a maximum of only 
I08-III V for the anode circuits·. 
Harking back to the old paper 
capacitors which develop appreci
able e.m.f.s, one wonders whether 
their condoct m,ay not be respon
sible for some mystifying effects in . 
radio receivers and other kinds of 
eleetronic apparatus that have been 
in use for a number of years. 

Trig. Without Trig. Tables 
You REMEMBER that a month or 

two ago I wrote of the excellent tip 
given by an American writer for the 
rapid evolution in your head of · all 
sine and cosine values? I asked 

Sin IX 
easy, since tan IX = --. That 

Cos IX 
wasn't quite what I .had in mind. 
What I was after was a second 
string to one's mental bow : another 
series of figures, just as easy to 
memorize as those for cosines, which 
could be there as a stand-by in case 
the others were forgotten. One 
reader sends a suggestion. . The 
series to be memorized for tangents 
is: g, g, g, 9, II, II, I2, I4, I6. 
Place a decimal point and a nought 
in front of each; then successive ad
dition to o ~ives you tangent values 
for every 5 • up to 45". Thus we 
have 

tan . so = o.og 
., tan I0° = 0.18 

tan I5° = 0.27 
and so on to: 

tan 45° = 1.00 
These figures, like those for 

cosines, are all correct to 2 decimal 
places, or to ±IS' of angle. To 
obtain the remaining tangents 

1 
simply use tan soo = 

. tan(go o- so 0 ) 

and so on. What it all comes to is 
that whether you memorize one or 
both simple sets of figures you have 
a means of arriving at all trig. 

CLOUD DETECTION BY RADAR 

PHOTOGRAPHS taken on the recent 
B.O.A.C. flight to the Far East to test the 

Ekco cloud and collision warning equipment. 
The central picture was taken ~t a range of 
20 miles from 
the cumulo-nim
bus formation. 
The cloud top 
w a s approxi
mately 28,ooo 
feet and the air-

craft was flying 
at ro,ooo feet. 
The left ~ hand 
P ~p .I. picture 
shows responses 

from the dangerous cumulo-nimbus clouds at 
2.S-4o miles range. In the right-hand picture 
there are additional responses at IS miles from 
cumulus clouds. The cumulus cloud in the 
foreground did not · give a response until the 
range was down to Io miles. 
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RANDOM RADIATIONS 

DIALLIST 

The Capacitor Puzzle 

Several kind Readers send the 
suggestion that the queer behaviour 
by certain old capacitors which I 
c escribed last month may be due to 
the fact that w h the passage of 
time they have gradually changed 
into electrets. If you remember, I 
told how a 17-year-old paper con- 
denser showed a steady e.m.f. of 
0.4 V when a valve voltmeter with 
an input resistance of xoM O was 
applied to it. Other old capacitors 
of the same type showed 0.1-0.2 V. 
An electret is formed by heating 
certain dielectric materials to melt- 
ing point and allowing them to 
solidify in an electric held. The 
mass then develops positively and 
negatively charged surfaces and thx 
charge may be retained ahriost in- 
dehmtely if it -is wrapped in metal 
foil. At hrst sight this seems to ht 
in quite well with waxed-paper 
capacitors. If one of these had be- 
come heated whilst charged until 
the wax was just beginning to run, 
might not it have turned itself into 
an electret as it cooled down? 
There are two objections that I can 
see to this explanation. The hrst 
is that for an electret to be formed 
it appears to be necessary for the 
dielectric material to contain polar 
groups of the —OH, — CQOH type 
and these do not normally occur in 
the paraffin wax used in paper con- 
densers. It is just possit 3—per- 
haps some reader au fait with the 
chemical aspects can give informa- 
tion on that point—that the neces- 
sary polar groups may have been 
formed as time passed by oxida- 
tion of the wax. The second objec- 
tion, which seems even stronger, is 
this. As I understand it, aq elec- 
tret has a purely static charge; but 
here we have an e.m.f., which was 
found to maintain a steady current 
of o.4/io7A, or 0.04/tA. It is diffi- 
cult to see how that could happen 
v- ithout a continuous electro-chemi- 
cal reaction to bring it about. 

Speaking of Electrets 

The possibilities of the electret 
for providing biasing voltages in 
radio gear where no flow, of current 
is involved dm t seem to have been 
very fully explored. I recall read- 
ing (and a letter from a reader con- 
firms this) that they were found to 
have been so used in the radio gear 
of some Japanese aeroplanes cap- 

tured or shot down during the last 
war. As an electret could nrovide 
a source of steady '' free '' negative 
bias indefinitely it might be of con- 
siderable use to designers of battery- 
operated wireless receivers. The 
grid bias voltages needed in these 
are negative and if they do their 
jobs properly there should be no 
flow of grid current. The present 
practice of obtaining these voltages 
from the h.t.b. by means of bleeder 
networks is not ideal, for it. means 
amongst other things that we have 
to rob Peter in order to pay Paul. 
In other words, if the voltage avail- 
able from a new h.t.b. is 120 V, 9V- 
12 V must often be used for the 
grids, leaving a maximum of only 
108-ix: 7 for tiie anode circuits. 
Harking back to the old paper 
capacitors which develo^ appreci- 
able e.m.f.s, one wonders whether 
their conduct may not be respon- 
sible for some mystifying effects in 
radio receivers and other kinds of 
electronic apparartus that have been 
n use for a number of years. 

Trig, Without Trig. Tables 

You Remember that a month or 
two ago I wrote of the excellent tip 
given by an American writer for the 
rapid evolution in your head of all 
sine and cosine values? I asked 

then if anyone could suggest an 
equally simple way of memorr' ig a 
key to tangents. Several readers 
have pointed, out that if you know 
the sine and cosine, the tangent is 

Sin a 
easy, since tan a =  . That 

Cos a 
wasn't quite what I had in mind. 
What I was after was a second 
string to one's mental bow: another 
series of figures, just as easy to 
memorize as those for cosines, which 
could be there as a stand-by in case 
the others were forgotten. One 
reader sends a suggestion. The 
series to be memorized for tangents 
is: 9, 9 9. 9 11. 11, 12, 14, 16. 
Place a decimal point and a nought 
in iront of each; then successive ad- 
dition to o gives you tangent values 
for every 5 , up to 45 *. Thus we 
have 

x tan 5° = 0.09 
tan 100 = 0.18 
tan 150 = 0.27 

and so on to: 
tan 450 = x.oo 

These figures, like those for 
cosines, are all correct to 2 decimal 
places, or to +15' of angle. To 
obtain the remaining tangents 

I 
simply use tan 500    

tan(9o0 —50°) 
and so on. What .c all comes to is 
that whether you memorize one or 
both simple sets of figures you have 
a means of arriving at all trig. 

CLOUD DETECTION BY RADAR 

PHOTOGRAPHS taken on the recent 
B.O.A.C. flight to the Far East to test the 

Ekco cloud and collision warning equipment. 
The central picture was taken at a range of t % 

20 miles from 
the 
bus formation 
The cloud top . jSi 
was approxi- jj^Hpr 
mately 28,000 » Sf" JP*- 
feet and the air- ^ 

shows responses 
from the cangerous, cumulo-nimbus clouds at 
25-40 miles range. In the right-hand picture 
there are additional responses at 15 miles from 
cumulus clouds. The cumulus cloud in the 
foreground did not give a response until the 
range was down to 10 miles. 
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ratios-sines, cosines, tangents, 
cosecants; secants · and cotangents
for all angles, with su.fficient accu
racy . for most eleotrical purposes, 
almost as quickly as you can look 
them up in a book of tables. Rather 
more quickly in my case, for, 
though I possess a variety of sets 
of trig. tables, I can seldom put my 
finger on any one of them when I 
want it I 

Fluorescent Lamps in the 
· Workshop 
WHEN I WROTE RECENTLY of pos

sible risks from stroboscopic effects 
if fluorescent lighting is used in the 
amateur's workshop, I had, of 
course, in mind the kind of fixture 
that one most commonly 'sees in 
homes of ordinary folks-the single 
40-watt or 8o-watt tube, with or 
without reflector. Fixtures contain
ing two tubes cqnnected in parallel 
are easier to come by now than 
they were and they are obtainable 
with a built•in phase-splitter which 
enables freedom from stroboscopic 
effects to be obtained on the norrtlal 
single-phase domestic supply. A 
kind reader sends me a useful tip, 
with the aid of which anyone 
worthy of the name of handyman 
can '' destrobify '' a .dual 4o~watt 
fix•ture not already fitted with a 
phase-splitter. The power-factor 

' condenser is removed. Calling the 
two tubes A and B , A's choke is 
connected direct to the phase· lead 

of the mains and a 3·75P.F capacitor 
is win~d between the phase lead and 
the choke of B. In this wa.y the 
e..m.f. applied to A leads' the current 
by about 6o 0

, whilst B's e.m.f. lags. 
6o • on the current. The leading and 
lagging power factors . counter
balance one another. The two tubes • 
are now approximately 120° de
phased !'J.nd there is no strobing. 

Chinks in the Armour 
What fluorescent lighting most 

need.s, I feel, is the development of 
fluorescent coating materials of 
longer afterglow. This would auto
matically put an end to strobing 
and to the rather annoying flicker 
effect . which is so noticeable when 
an object with a reflecting surface 
is moved rapidly in the illuminated 
area beneath a fluorescent lamp. 
Whilst on the subject of these lamps 
I feel I must tell you the true story 
of certain happenings in Hong Kong 

after VJ Day. It was related to 
me by a friend who was chief en
gineer of the SOuth China Elec
tricity Company before the war and 
returned to that post afte-r some 
grim years as a prisoner in Japanese 
hands. As soon as the war was over 
the reconstruction of factories and 
offices went ahead taptdly. "Phe 

business community was fluorescent 
lamp-minded, and 1Jtis form of 
lighting wa,s installed here, there 
and everywhere as quickly .as 

_ Chinese contractors could carry out 
the work. ·Fixtures and tubes were 
readily available; but there was a 
serious shortage of .p.f. capacitors. 
That, however, did not daunt the 
Chinese . . A new installation having 
been made, the company was asked 
to inspect and approve it. ·That 
having been done, the power factor 
capacitors were removed and used 
for the next installation. Presently, 
the company began to :find that it 
was supplying vastly more kilowatts 
than the consumers' meters were 
ticking up and immediate strong 
action had to be taken. A good 
thing for electricity authorities rthe 
world over that the radio valve 
placing a chiefly reactive load on 
pow.er supplies has not yet been in
vented I 

The "Interference Act" 
THE WIRELEss TELEGRAPHY AcT 

of 1949 seems destined to be 

known popularly as the " inter
ference act'' since .one of its 
provisions of high importance to 
own~rs of broadcast receivers and 
television sets is aimed at the sup
pression of interference of the man
made variety with their enjoyment. 
The original Bill was altered a good 
deal as it went its way through Par
liament. The Act as it stands is . 
not perhaps so strong as some 1would 
like; some, !lgain, may tbfnk the 
procedure laid down by 1t over
leisurely. When it is proved tha·t 
apparatus is causing interference 
the P.M.G. must serve its owner 
with 28 days' notice to abate the 
nuisance. That seems catber a loxig 
time; but the delay may not end 
there, for the owner, having re
ceived such notice, may then refer 
the matter to the Appeal Tribunal. 
Tb,e notice then becomes inoperative 
until the Tribunal has heard the ap
peal and unless its decision is in 
favour of the P.M.<;. The only ex
ception is when the P.M.G. is satis
fied that the interference is upset
ting '' safety '' services suoh as 
police radio-telephony -or airport 
radar; he can then demand immedi
ate action. 

Whatever its shortcomings, the 
new Act is a long step in the :right 
direction·. It should bring about a 
big improvement in reception con
ditions. Some manufacturers have 
been fitting suppressors to their 
domestic electrical products since 
soon. after the provisions of the Bill 
were first made public. Others are 
bound to follow suit now, for the 
P.M.G. has power to prohibit the 
sale -o r hiring out of apparatus 
proved to ca-use serious iilterfereru:e. 
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THE "FLU XITE QUINS " AT WORK 

"Are you certain that aerial' & tig.lt ;I 

And the /lux you used was FLUXITE'" 
Said 01 " Whu I'm sure : ' 
And furthermore, 

I'll tug it. You'll see if I'm ;ighl," 

• 
See that FLUXITE is always by 

you - in the house -garage

workshop - wherever speedy 

· soldering is needed. Used for 

over · 40 years in Government 

works and by leading engineers 

and manufacturers. Of all Iron· 

mongers-.in tins, IOd., 1/6 & 3/·. 

• 
TO CYCLISTS! Your wheels 
will NOT keep round and true 
unless the spok~ are tied with 
fine wire at the crossings AND 

SOLDERED. This makes a much 
stronger wheel. It's simple-with 

· FLUXITE-but IMPORT ANT. 

• 
The FLUXITE GUN puts 

FLUXITE 

Write /or Boolc on tile ART OF . "SOFT'' 

SOLDERING and /or Leaflet• on CASE

HARDENING STEEL and TEMPERING 

TOOLS with FLUXITE. Price ld. each. 

FLUXITE LTD. 
-(Dept. W.W.), Bermondaey Street, S.l.l 
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ratios—sines, cosines, tangents, 
cosecants, secants and cotangents 
for all angles, with, sufficient accu- 
racy for most electrical purposes, 
almost as quickly as you can look 
them up in a book of tables. Rather 
more quickly in my case, for, 
though I possess a variety of sets 
of trig, tables, I can seldom put my 
finger on any one of them when I 
want it! 

Fluorescent Lamps in the 

Workshop 

When I wrote recently of pos- 
sible risks from stroboscopic effects 
if fluorescent lighting is used in the 
amateur's workshop, I had, of 
course, in mind the kind of fixture 
that one most commonly sees in 
homes of ordinary folks—the single 
40-watt or 80-watt tube, with or 
without reflector. Fixtures contain- 
ing two tubes connected in parallel 
are easier to come by now than 
they were and they are obtainable 
with a built-in phase-splitter which 
enables freedom from stroboscopic 
effects to be obtained on the normal 
single-phase domestic supply- ^ A 
kind reader sends me a useful tip, 
with the aid of which anyone 
worthy of the name of handyman 
can '' destrobify'' a dual 40-watt 
fixture not already fitted with a 
phase-splitter. The power-factor 
condenser is removed. Calling the 
two tubes A and B, A's choke is 
connected direct to the phase lead 
of the mains and a 3-75^ capacitor 
is wired between the phase lead and 
the choke of B. In this way the 
e.m.f. applied to A leads the current 
by about 60°, whilst B's e.m.f. lags 
600 on the current. The leading and 
lagging power factors counter- 
balance one another. The two^tubes 
are now approximately 120° de- 
phased and there is no strobing. 

Chinks in the Armour 

What fluorescent lighting most 
needs, I feel, is the development of 
fluorescent coating materials of 
longer afterglow. This would auto- 
matically put an end to strobing 
and to the rather annoying flicker 
effect which is so noticeable when 
an object with a reflecting surface 
is moved rapidly in the illuminated 
area beneath a fluorescent lamp. 
Whilst on the subject of these lamps 
I feel I must tell you the true story 
of certain happenings in Hong Kong 
after VJ Day. It was related to 
me by a friend who was chief en- 
gineer of the South China Elec- 
tricity Company before the war and 
returned to that post after some 
grim years as a prisoner in Japanese 
hands. As soon as the war was over 
the reconstruction of factories and 
offices went ahead rapidly. The 

business community was fluorescent 
lamp-minded, and ijiis form of 
lighting was installed here, there 
and everywhere as quickly as 
Chinese contractors could carry out 
the work. Fixtures and tubes were 
readily available; but there was a 
serious shortage of p.f. capacitors. 
That, however, did not daunt the 
Chinese. A new installation having 
been made, the company was asked 
to inspect and approve it. That 
having been done, the power factor 
capacitors were removed and used 
for the next installation. Presently, 
the company began to find that it 
was supplying vastly more kilowatts 
than the consumers' meters were 
ticking up and immediate strong 
action had to be taken. A good 
thing for electricity authorities the 
world over that the radio valve 
placing a chiefly reactive load on 
power supplies has not yet been in- 
vented ! 

The 44 Interference Act" 

The Wireless Telegraphy Act 
of 1949 seems destined to be 
known popularly as the "inter- 
ference act'' since one of its 
provisions of high importance to 
owners of broadcast receivers and 
television sets is aimed at the sup- 
pression of interference of the man- 
made variety with their enjoyment. 
The original Bill was altered a good 
deal as it went its way through Par- 
liament. The Act as it stands is 
not perhaps so strong as some would 
like; some, again, may think the 
procedure laid down by it ovei- 
leisurely. When it is proved that 
apparatus is causing interference 
the P.M.G. must serve its owner 
with 28 days' notice to abate the 
nuisance. That seems rather a long 
time; but the delay may not end 
there, for the owner, having re- 
ceived such notice, may then refer 
the matter to the Appeal Tribunal. 
The notice then becomes inoperative 
until the Tribunal has heard the ap- 
peal and unless its decision is in 
favour of the P.M.G. The only ex- 
ception is when the P.M.G.^ is satis- 
fied that the interference is upset- 
ting "safety" services such as 
police radio-telephony -or airport 
radar; he can then demand immedi- 
ate action. 

Whatever its shortcomings, the 
new Act is a long step in the right 
direction. It should bring about a 
big improvement in reception con- 
ditions. Some manufacturers have 
been fitting suppressors to their 
domestic electrical products since 
soon after the provisions of the Bill 
were first made public. Others are 
bound to follow suit now, for the 
P,M.G. has power to prohibit the 
sale o r hiring out of apparatus 
proved to cause serious interference. 
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THE "FLUXITE QUINS" AT WORK 
" Art you certain that aerial's tight ? 
And the flux you used teas FLUXITE ? " 

Said 01 " Why I'm sure : 
And furthermore, 

I'll tug it. You'll see if I'm right." 

See that FLUXITE is always by 

you — in the house — garage — 

workshop — wherever speedy 

soldering is needed. Used for 

over 40 years in Government 

works and by leading engineers 

and manufacturers. Of all Iron- 

mongers—in tins, 10d., 1/6 & 3/-. 

• 

TO CYCLISTS! Your wheels 

will NOT keep round and true 

unless the spokes are tied with 

fine wire at the crossings AND 

SOLDERED. This makes a much 

stronger wheel. It's simple—with 

FLUXITE—but IMPORTANT. 

The FLUXITE GUN puts 

FLUXITE 

where you want 

it by a simple 

pressure. Price fiWjitfr. 1 

2/6, or filled, 3/6 

ALL MECHANICS HWiTHAVt 

IT SIMPLIFIES All SOLDERING 

Write for Book on the ART OF ."SOFT"" 
SOLDERING and for Leaflets on CASE' 
HARDENING STEEL and TEMPERING 
TOOLS uiith FLUXITE. Price lA. each. 

FLUXITE LTD. 

(Dept. W.W.), Bermondaey Street, S.I.I 
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RECENT INVENTIONS 
A Selection of th~ More Interesting Radio . Developments 

Direction and Distance 
Finder 

STANDARD methods of airport con
. trol rely on triangulation methods 

using normal d .f. equipment or on 
radar methods relying on reflections 
from an aircraft. The former require 
two stations while the latter methods 
may lead to difficulties over the identi
fication of different aircraft, as response 
is automatic and not dependent on any 
action taken by the aircraft. 

The system here described is applic
able to a fixed station and a mobile 
_station and .provides for the fixed 
station emitting a sine modulated car
rier which is received by the mobile 
station and used . to modulate an 
emitted carrier wave of a different fre
quency. By comparing the phase of 
the ·received modulation with the trans
mitted modulation an indication of the 
iistance of the mobile station can be 
obtained, while known d.f. methods 
may be used to obtain the bearing. The 
transmitter at tbe mobile station may 
be the normal communication equip
ment, and it may emit the modulated 
carrier at the request of airport control 
to assist identification. 

The specification describes in outline 
a method of displaying the information 
on a cathode ray tube at the control 
point in the form of a radial trace, the 
.rotary position of which indicates the 
bearing while the position of a " spot " 
. on the trace indicates 'the distance. 

Standard Telephones & Cables, Ltd., 
C. W. Earp and R. F. Cleaver. Appli
cation date june zrst, 1946. No. 621,575· 

Pulse Communication 

WHEN using pulse · communication 
methods for transmitting several 

channels over one carrier it has been 
usual to interleave in time the signal 
pulses of the several channels. This --

.normally involves synchronizing the 
_pulses in the different ,channels which 
cannot always be easily arranged. 

The system described utilizes several 
trains of pulses, each train having a 
different characteristic pulse width and 
recurrence frequency, and all the pulses 
are transmitted over a common com
munication medium, but without syn
chronization. Modulation may be by 
controlling the time positions of the 
pulses of each trairi. . Unscrambling at 
the receiver is based on pulse width 
discrimina ti.on. 

One method described in outline is 
based on providing a delay network for 
each channel giving a delay equal to 
the pulse width of the particular chan
neL The composite received . modula
tion is differentiated and inverted, and 
fed to the delay networks. Combina
tion of the original . differentiated wave 
form with the inverted and delayed 
wave form will give a double height 
pulse in the correct channel circuit 

where the delayed and inverted peak of 
the leading edge of the received wave 
form coincides with the. trailing edge of 
the differentiated wave form without in
version or delay. The several channels 
:ne thus selected at the receiver and may 
be converted into speech or other signals ' 
by normal methods. 

Standard Telephones & Cables, Ltd. 
(assignees of E. Labin and D. D. Grieg). 
Convention date (U.S.A.) February 
26th, 1945. No. 623,415. 

A.F.C. Systems 

I N broadcast receivers a discriminator 
circuit may be used to control the 

frequency of a local oscillator by means 
of a "reactance valve." This system 

+H.T. 

Single-valve motor control circuit 
for automatic frequency correction. 

is not suitable for communication re
ceivers or other apparatus where the 
received sigrial may disappear for a 
length of time, for then the station will 
be tuned out by the a.f.c. system and 
may not be again picked up when the 
signal returns. In these circumstances 
a motor-operated device is often used, 
but the known systems require two 
valves for the two directions of the 
motor. · . 

In the system shown on the diagram 
Rr is the load resistance of the dis
criminator rectifwr, which is connected 
to a pentode V biased to a straight part 
of the characteristic, and which has an 
anode load Rz. A divider network 
R3R4 is connected across the h.t. sup
ply as shown. The valve impedance 
and R2, R3, R4 form a bridge system 
across which are connected forward and 
reverse relays Ar A2 fed by oppositely 
connected rectifiers WrWz. So long as 
the discriminator is not supplying a 
control voltage there is no input to V 
and the bridge is balanced under these 
conditions so that no . current flows in 
Ax or A2. A control vo}tage from the 

·discriminator will raise or lower the 
potential at the anode of V and cur
rent will flow either in AI or Az by 
the action of rectifiers WI and W2, thus 
energizing one rela:y to correct the tun
ing of the receiver, whereupon the con
trol voltage drops and the relay Ax or 
A2 releases to stop the tuning motor. 

Marconi's Wireless Tel<1graph Co., 
Ltd., and G. L. Grisdale. Application 
date July 2nd, 1946. No. 622,479. 

Colour Television 

PROPOSALS for colour television 
have been based on the use of a 

three-colour filter wheel rotated in front 
of the cathode ray tube. Such a filter 
wheel must be synchronized with the 
transmission. · This may depend on the 
use of synchronized mains power, which 
is not always available, or of the trans
mission of pulses which are amplified 
sufficiently to drive a synchronous 
motor, whiCh is wasteful and expensive. 

These difficulties are avoided by driv
ing the filter wheel by a motor running 
naturally . at a speed slightly higher 
than the required speed and subjected 
to the action of · an electromagiletic 
brake. The wheel drives a simple 
alternator the phase of which is com
pared with received synchronizing 
signals in a valve circuit . to derive a 
current which varies with the phase dif
ference and is applied to the brake to 
reduce the speed until it moves in step 
with the synchronizing signals. 

Marconi,s Wireless Telegraph Co., . 
Ltd. (assignees of F. ]. Somers). Con
vention date (U .S.A.) October 19th, 
1944. No. 622,202. 

Television 

THE transmisison of a sound chan
nel with the vision signal by modu

lated pulses in the interline blanking 
period is dealt. with in this specification . 

In the system described, which is not 
limited to tmnsmitting sound but may 

· be used for transmitting other intelli
gence, modulation puh;es are positioned 
within synchronizing pulses and are 

• spaced from both the leading and trail
ing edges of the synchronizing puls.es. 
Modulation may be dependent on pulse 
height, phase, frequen.cy, or, prefer
ably, width. Any edge of the modula
tion pulses which is variable with 
modulation always occurs with a mini
mum time separation from the syn
chronizing edge of the synchronizing 
pulse, which exceeds the time period 
of the pulse of the so synchronized .time 
base oscillator. Thereby time syn
chronization is unaffected and pene
tration of the sound pulse into the pic
ture is avoided. Reference is made to 
the transmission of seveml sound chan-

, nels by several successive pulses dur
ing each blanking period. 

D. I. Lawson, A. v .. Lord and Pye, 
Ltd. Application date October 12th, 
1945. No. 621,479. 
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Wireless World October, 1949 

RECENT INVENTIONS 

A Selection of the# More Interesting Radio Developments 

Direction and Distance 

Finder 

STANDARD methods of airport con- 
trol rely on triangulation methods 

using normal d.f. equipment or on 
radar methods relying on reflections 
from an aircraft. The former require 
two stations while the latter methods 
may lead to dif&culties over the identi- 
fication of different aircraft, as response 
is automatic and not dependent on any 
action taken by the aircraft. 

The system here described is applic- 
able to a fixed station and a mobile 
station and provides for the fixed 
station emitting a sine modulated car- 
rier which is received by the mobile 
station and used to modulate an 
emitted carrier wave of a diflerent fre- 
quency. By comparing the phase of 
the received modulation with the trans- 
mitted modulation an indication of the 
iistance of the mobile station can be 
obtained, while known d.f. methods 
may be used to obtain the bearing. The 
transmitter at the mobile station may 
be the normal communication equip- 
ment, and it may emit the modulated 
carrier at the request of airport control 
to assist identification. 

The specification describes in outline 
a method of displaying the information 
on a cathode ray tube at the control 
point in the form of a radial trace, the 
rotary position of which indicates the 
bearing while the position of a spot 
on the trace indicates the distance. 

Standard Telephones 6- Cables, Ltd., 
C. W. Earp and .R. F. Cleaver. Appli- 
cation date June list, 1946- No. 621,575. 

Pulse Communication 

WHEN using pulse communication 
methods for transmitting several 

channels over one carrier it has been 
usual to interleave in time the signal 
pulses of the several channels. This 
normally involves synchronizing the 
pulses in the diflerent channels which 
cannot always be easily, arranged. 

The system described utilizes several 
trains of pulses, each train having a 
different characteristic pulse width and 
recurrence frequency, and all the pulses 
are transmitted over a common com- 
munication medium, but without syn- 
chronization. Modulation may be by 
controlling the time positions of the 
pulses of each train. Unscrambling at 
the receiver is based on pulse width 
discrimination. 

One method described in outline is 
based on providing a delay network for 
each channel giving a delay equal to 
the pulse width of the particular chan- 
nel. The composite received modula- 
tion is differentiated and inverted, and 
fed to the delay networks. _ Combina- 
tion of the original differentiated wave 
form with the inverted and delayed 
wave form will give a double height 
pulse in the correct channel circuit 

where the delayed and inverted peak of 
the leading edge of the received wave 
form coincides with the trailing edge of 
the differentiated wave form without in- 
version or delay. The several channels 
are thus selected at the receiver and may 
be converted into speech or other signals 
by normal methods. 

Standard Telephones Cables, Ltd. 
{assignees of E. Labin and D. D. Grieg). 
Convention date (U.S.A.) February 
26th, 1945- No. 623,415. 

A.F.C. Systems 

IN broadcast receivers a discriminator 
circuit may be used to control the 

frequency of a local oscillator by means 
of a " reactance valve." This system 

+ H.T. 

:R2 wi -0^- <R3 

Single-valve motor control circuit 
for automatic frequency correction. 

is not suitable for communication re- 
ceivers or other apparatus where the 
received signal may disappear for a 
length of time, for then the station will 
be tuned out by the a.f.c. system and 
may not be again picked up when the 
signal returns. In these circumstances 
a motor-operated device is often used, 
but the known systems require two 
valves for the two directions of the 
motor. 

In the system shown on the diagram 
Ri is the load resistance of the dis- 
criminator rectifier, which is connected 
to a pentode V biased to a straight part 
of the characteristic, and which has an 
anode load R2. A divider network 
R3R4 is connected across the h.t. sup- 
ply as shown. The valve impedance 
and R2, R3, R4 form a bridge system 
across which are connected forward and 
reverse relays Ai A2 fed by oppositely 
connected rectifiers W1W2. So long as 
the discriminator is not supplying a 
control voltage there is no input to V 
and the bridge is balanced under these 
conditions so that no current flows in 
Ai or A2. A control voltage from the 

discriminator will raise or lower the 
potential at the anode of V and cur- 
rent will flow either in Ai or A2 by 
the action of rectifiers Wi and W2, thus 
energizing one relay to correct the tun- 
ing of the receiver, whereupon the con- 
trol voltage drops and the relay Ai or 
A2 releases to stop the tuning motor. 

Marconi's Wireless Telegraph Co., 
Ltd., and G. L. Grisdale. Application 
date July 2nd, 1946- No. 622,479. 

Colour Television 

PROPOSALS for colour television 
have been based on the use of a 

three-colour filter wheel rotated in front 
of the cathode ray tube. Such a filter 
wheel must be synchronized with the 
transmission. This may depend on the 
use of synchronized mains power, which 
is not always available, or of the trans- 
mission of pulses which are amplified 
sufficiently to drive a synchronous 
motor, whifth is wasteful and expensive. 

These difficulties are avoided by driv- 
ing the filter wheel by a motor running 
naturally at a speed slightly higher 
than the required speed and subjected 
to the action of an electromagnetic 
brake. The wheel drives a simple 
alternator the phase of which is com- 
pared with received synchronizing 
signals in a valve circuit to derive a 
current which varies with the phase dif- 
ference and is applied to the brake to 
reduce the speed until it moves in step 
with the synchronizing signals. 

Marconi's Wireless Telegraph Co., 
Ltd. (assignees of F. J. Somers). Con- 
vention date (U.S.A.) October 19th, 
1944. No. 622,202. 

Television 
THE transmisison of a sound chan- 

nel with the vision signal by modu- 
lated pulses in the interline blanking 
period is dealt with in this specification. 

In the system described, which is not 
limited to transmitting sound but may 
be used for transmitting other intelli- 
gence, modulation pulses are positioned 
within synchronizing pulses and are 
spaced from both the leading and trail- 
ing edges of the synchronizing pulses. 
Modulation may be dependent on pulse 
height, phase, frequency, or, prefer- 
ably, width. Any edge of the modula- 
tion pulses which is variable with 
modulation always occurs with a mini- 
mum time separation from the syn- 
chronizing edge of the synchronizing 
pulse, which exceeds the time period 
of the pulse of the so synchronized time 
base oscillator. Thereby time syn- 
chronization is unaffected and pene- 
tration of the sound pulse into the pic- 
ture is avoided. Reference is made to 
the transmission of several sound chan- 

" nels by several successive pulses dur- 
ing each blanking period. 

D. I. Lawson, A. V. Lord and Pye, 
Ltd. Application date October 12th, 
1945. No. 621,479. 

The British Abstracts published 
here are prepared with the 
permission of the Controller of 
H.M. Stationery Office, from 
specifications obtainable at the 
Patent Office, 25, Southampton 
Buildings, London, W.C.2 price 

2/- each. 
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Maybe we'll talk condensers-maybe 
not. Perhaps we'll adjourn somewhere. 
Whatever it is, it will be grand to see 

Advertisements 

our hundreds of friends in trade and 
industry at the best of all shows. 
Remember the figure:> - seven five. 
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fERSI MULTICORE SOLDER 
Contains 3 cores of non-corrosive Ersin flux to guarantee fjux 

continuity and sound permanent joints. Approved A.I.D. & G.P.O. 

Available for manufacturers as standard in 5 alloys, 9 gauges and 
2 flux percentages. 3 types of non-corrosive flux. Wire pre-forms. 
Multicored rings and w.ashers. Other alloys and gauges to special order. 

On this Stand watch staff from E.M.I. Factories manufacturing 
R.F. units for "H.M ,V." Television receivers. Each unit is assembled from 
47 parts involving 117 Ersin Multicore soldered joints. See how Ersin 
Multicore Solder is exported to more than 40 overseas countries. Ask for 
a free copy of the Ersin Multicore Data Card containing many useful tables 
fo r the Radio Technician including Resistor colour code, Ohm's Law, 

Manufacturers 7 and I lb . reel$! 

Bull- prices uf.Jon request . 

Resistance and Capacitance calculations, etc. 
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STAND 64 GRAND HALL 

ERS!M multicore solder 

Contains 3 cores of non-corrosive Ersin flux to guarantee fjux 
continuity and sound permanent joints. Approved A.I.D, & G.P.O. 

Available for manufacturers as standard in 5 alloys, 9 gauges and 
2 flux percentages. 3 types of non-corrosive flux. Wire pre-forms. 
Multicored rings and washers. Other alloys and gauges to special order. 

On this Stand watch staff from E.M.I. Factories manufacturing 
R.F. units for "H.M.V," Television receivers. Each unit is assembled from 
47 parts involving 117 Ersin Multicore soldered joints. See how Ersin 
Multicore Solder is exported to more than 40 overseas countries. Ask for 
a free copy of the Ersin Multicore Data Card containing many useful tables 
for the Radio Technician including Resistor colour code, Ohm's Law, 

Resistance and Capacitance calculations, etc. 
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Made from solid-drawn high-conductivity copper, B ICC 

earthing rods are specially designed for use with radio and tele

vision receivers. Further information, including sizes and con

struction, is contained in this Publication (No. 243 T ). Send 
for a copy to-day. 
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Made from solid-drawn high-conductivity copper, BIC C 

earthing rods are specially designed for use with radio and tele- 

vision receivers. Further information, including sizes and con- 

struction, is contained in this Publication (No. 243 T ). Send 

for a copy to-day. 

BRITISH INSULATED CALLENDER'S CABLES LIM "E^ 
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