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RADIO AND ELECTRONICS

NOVEMBER, 1949

Reflections on Radiolympia

T will be generally agreed that the organizers
of the 16th National Radio Exhibition, which
closed on 8th October, are to be congratulated.

In spite of an unpropitious start, brought about
by circumstances entirely beyond their control,
the show has succeeded in its primary object of
demonstrating to a remarkably large cross-section
of the population—and to many overseas visitors
as well—that the radio industry is live and pro-
gressive. As will be seen from our review of the
exhibition, printed elsewhere in this issue, real
progress has, in fact, been made in nearly every
branch. The large attendances at Olympia
provide a gratifying indication of public interest.

FEARS have been expressed that the emphasis

laid on television would have an effect on the -

public mind that might prove prejudicial to the
industry. If we are to be guided by the experience
of America, it must be admitted there is a real
danger here., A correspondent in U.S.A., telling
us of the bad state of radio business in that country,
writes “ The trouble has come about because,
although we have only 70 television stations, the
operators of these stations have tried to do a
general job of selling the public out of audio
broadcasting in order to promote television. They

have made extravagant claims and promises which

have no basis in fact whatever. Actually, the 44
cities where the television stations are located
represent only a small coverage of the total
areas in the United States. Still, people in sections
where there is no likelihood of their ever having
television have stopped buying audio sets because
they have been led to believe that very soon they
will have television.” 7
There may be some risk of that kind of thing
happening here. But, though so much prominence
was given to television at Olympia, the new art
was presented in a sane and balanced manner,

with little or no tendency to “ ballyhoo ” it at the
expense of sound broadcasting, which certainly
has not been neglected. If the public conceives
the mistaken idea that broadcasting without vision
is now out of date, or that the two methods of
diffusing information are already competitive
(instead of complementary) it will be no fault of
the average exhibitor. Almost every manufacturer
has produced new broadcast receivers in a’ variety
catering for all tastes, requirements and purposes.
Perhaps the most noticeable feature was the
departure from “ austerity ” but we were par-
ticularly interested in a tendency to cater for those -
who fancy the simplest possible kind of switch-over
tuning for the selection of a very limited number of
programmes. This represents a trend we have
long expected to see. The combination of portable
receiver and hearing aid, as well as the provision
of a headphone output for the deaf on at least one
receiver, represent the new tendency to-cater for
abnormal requirements.

IN the field of television, the somewhat irrational

public objection to the smallness of the directly
viewed tube picture has been met by a surprisingly
large number of projection models, though we
imagine that these relatively expensive sets will
have a limited appeal. Complications brought
about by the imminent extension of the service to
the Midlands (and soon, we hope, farther afield)
have prevented anything approaching standardiza-
tion of receiver design.

Electronic equipment—radio-like apparatus and
techniques applied to non-communication pur-
poses—has now become quite an important part of
the exhibition. Here the difficulty is to show the
layman (from our point of view) how much we can
do to help him, and it is to be hoped that means
will be found at subsequent exhibitions to tell this
story convincingly. '
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ELECTRONIC DIVERSITY

Advantages Over Combined Diversity Systems

HE electronic switch for
diversity reception, first
described by the authors

in the B.B.C. Quarterly ' was
actually developed in 1948. Pro-
gréss has since been made with a
modified discriminator circuit, and
much operational experience has
been gained which favours
switched diversity in comparison
with the conventional forms of
combined diversity circuits. The
original details published excited
an unexpected volume of interest,
and for this reason it may be
desirable first to restdate the case
for switched diversity. Before
doing so, however, it must be
emphasized that the chief reason
for modifying the dual-diversity
switch design of 1948 was the
withdrawal of the EF8 valve from
current manufacture. The ex-
ceptionally low ratio of screen
to anode current in this valve was
particularly favourable to the
original circuit, and the absence
of any other type of valve with
closely similar characteristics made
further development imperative.
The medified circuit, based upon
preferred valve types, enabled
the prototype triple-diversity
switeh to be simplified and im-
proved but the original desigh
of the dual-diversity switch is
not inferior to the modified cir-
cuit, provided that the specified
EF8 valves can be obtained and
used.

Switched v .Combined «Diversity/

Methods of improving short-
wave reception by the combination
of signals from separate receivers
energized from ‘‘ spaced ” aerials
have been the subject of many
descriptive articles in pre-war
years, published in Wiveless W orld®
and otber téchnical publications.
Usually, the audio-frequency out-
puts of the separate receivers
were combined in a passive net-
work, although some designers
used biased diodes or other valve

By H. V. GRIFFITHS
and R. W. BAYLIFF

(Engineering Division, B.B.C.)

circuits to effect combination
The a.g.c. circuits of the in-
dividual receivers also were com-

bined, either by simple parallel -
~ connection or in .more complex

ways necessitating additional d.c.
valves. The principal criticisms

"that can be levelled at the ac-

cepted methods of combined di-
versity are (a) that the undesired,
weaker output signal may appear
at the combined output in pro-
portionate amplitude, together
with the desired signal, (b) that
distortion associated with the
onset of a selective fade can also
be present in the combined out-
put, and (c) that the combining
circuits may interfere with the
normal, individual operation of
the receivers’ a.g.c. N

The possibilities of an alterna-
tive method, suggested by F. E.
Terman® and others, in which
only the output from the receiver
carrying the strongest signal at
a given moment would be accepted
by the diversity circuit, were
first explored by the authors in
1936 and have resulted in the
present design of electronic
switch. In this and in the earlier
design, the individual a.g.c. cir-
cuits of the receiver are entirely
unaffected by the connection to
the distriminator circuit of the
switch, and the outputs from
the receivers, although momen-
tarily ““ combined ”’ in process of
switching from one to another,
are not paralleled. Interaction
between receiver outputs cannot
occur, impedance conditions re-
main constant and the momentary
presence of a combined signal
at the switch output is a device
introduced deliberately to over-
come the undesirable effect of
instantaneous switching between
signals which may not be exactly
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in phase. The operation of the
discriminator of the switch, in
selecting the stronger or strongest
signal, would otherwise be very
rapid, the change-over being ef-
fected in approximately one
microsecond.

When the design of a switching
device was first considered, it
was recognized that there would
be some advantage in switching
at intermediate frequency. . By
altering the component values
in the gate-valve circuits, the
present electronic switch circuit
could easily ‘be used for if.
switching, but the receivers em-
ployed in conjunction with it
would have to be modified to
provide an if. output, and the
switch would need to be followed
by an external second detector
and a.f. amplifier unit, common
to all receivers. It is believed
that a system based upon audio
frequency switching has enhanced
value because it does not demand
any significant modification of a
normal, communications - type
radio receiver. © For this reason,
the greater difficulty of sup-
pressing internally-generated tran-
sients in the audio-frequency
switch was accepted and has been
overcome.

Basic Design for Dual Diversity

In the radio receiver, there exist
d.c. potentials at the a.g.c. line
and at the signal detectors that
are proportional to the strength
of the received signal at any
moment. Either of these poten-
tials, negative with respect to
earth, provides a suitable method
whereby the switching process
may be controlled to select the
stronger signal. The potential
from the signal diode was chosen,
in preference to the a.g.c. voltage,
because selective fading is usually
accompanied by a rapid reductien
of received carrier level, followed
by an equally rapid return to
normal. The rate of change of
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carrier level may be too great
for the average a.g.c. circuit—

with a time-constant between’

100 and 500 milliseconds—to fol-
low faithfully. The smaller time-
constant of the signal detector is
considerably more effective in
this respect.

Basically, the diversity switch
may be divided into two parts,
each having separate functions :

1. The Discviminator, in which
the d.c. potentials from the re-
ceivers are continuously moni-
tored, and a differential switching
voltage is thereby developed.

2. The Gate, in which the audio-
frequency output from the re-
ceiver carrying the weaker signal
is blocked and the output from
the stronger signal receiver is
passed on. o

A simple modification of the
output circuit of the radio re-
ceivers (Fig. 1) makes connection
from the signal diode load resis-
tance, through a 1.8-MQ resistor
bypassed to earth by e.0o1 uF,
to the junction of two 39 kQ
resistors which are connected in
series across the receiver’s a.f.
output jack. By this means, the
operating potentials for the dis-
criminator circuit are obtained by
making a cord connection from
the receiver output jacks to the
diversity-switch input jacks, the
d.c. potentials being “phantomed”’
across the audio-frequency cir-
cuits, thereby avoiding the need
for a third conductor. The func-
tion of the 1.8 MQ and the
o.o1 uF capacitor is to provide
some filtering of the a.f. com-
ponent, which would otherwise
cause unstable operation of the
discriminator.

Fig. 2 shows the complete
schematic of the dual-diversity
switch.,

Discriminator

The discriminator is a modified
form of Eccles-Jordan circuit,* in
which two valves have intercon-
nected anodes and screen grids. In
the earlier design of the diversity
switch, the valves were Mullard
EF8 hexodes, but, as stated,

the withdrawal of these wvalves
from production has necessitated
the substitution of EF55 pentodes,
with some circuit changes.

The two EFs55’s, V; and V,,
have—as before—interconnected
anodes and screen grids. The
control potentials, E, and E,
are obtained from the junctions
of the resistors R,sR,, and
R,¢-R, and applied to the two
control grids, This arrangement
has two stable states in which
one valve is heavily conductive
and the other is nearly cut off.
The regenerative nature of the
valve couplings ensures a very
rapid change from one state to
the other.
any given instant of time is
determined by the relationship of
the two control potentials, - If,
for example, the potemtial E,
is more negative than E,, then

The state existing at.
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such as would occur if a resistor
were used, the impedance takes
the form of a pentode valve, V,.
The screen potential of this valve
is adjustable by means of a
preset control so that the imitial
bias of V; and V, may be set
to a suitable value. The miniature
neon lamps N, and N, are as-
sociated with the anode circuits
of V, and V,, thus giving con-
tinuous indication of which signal
is effective and which is blocked.
This facility enables the initial
gain adjustments, always re-
quired of receivers operated in
diversity, to be carried out quickly
and accurately. Conventional di-
versity systems achieve compar-
able ease of adjustment only by
the employment of complex and
expensive metering arrangements.

The cathode-follower valves V,,
and V;, through which the con-
trol potentials are applied to
V, and V,, are necessary to
reduce the apparent resistance in
the grid circuits of these valves.
Without this provision the resis-
tance of the grid circuits would
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Fig. 1. Modifications required in the receiver circuits are simple.

V, is nearly cut off and V, is
heavily conductive. When, be-
cause of diverse fading, con-
ditions change so that-E, becomes

more negative than E,, the cir-

cuit snaps into the other state,
that is, V, becomes heavily con-
ductive and V, approaches cut-
off.

A high impedance is provided
in the cathode circuit of V,
and V, so that the current passed
by the heavily conductive valve
is approximately constant des-
pite the large changes which may
occur in its grid potential. To
avoid the inconvenience of an
excessively large potential drop

www americanradiohistorv com

be at least 1.8 MQ (the value em-
ployed in the filter circuit shown
in Fig. 1) and difficulty would
be experienced, due to gas current
inVzand V,. Itisnot practicable
to reduce substantially the value
of .the filter resistor without in-
curring undesirable disturbance
of the operation of the receiver
signal detector. )

The . preset (‘° Balance ) po-
tentiometer R, enables any dis-
similarities in the charactetistics
of V, and V, to be compensated
so that the action of the dis-
criminator is symmetrical and
does not favour one input more
than the other.
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The discriminator sensitivity
varies somewhat with the input
voltage, but, over its normal
operating range, one control po-
tential must exceed the other by
3 to 5 per cent to initiate the
change-over from one state to
the other. Thus, when used with
sensitive =~ communications  re-
ceivers, signal differences of the
order of 2 or 3 db will operate the
discriminator.

Gate Circuits

Vs and V4 are triode-hexode
valves (6K8’'s) and form the
actual gate circuit. The injector
grids (g,) are coupled directly
to the respective anodes of the
discriminator valves, V, and V.
Proper operating conditions for
V, and V, are obtained by
running these valves, together
with the output valve V,, from a
separate h.t. supply unit, the
negative pole of which is adjusted,
by the preset potentiometer R,,,
to be at about the mean potential
of the anodes of V, and V,.

Since one of the discriminator -

valves, say V3 is conductive,
its anode potential is much lower
than the mean: consequently
V; is cut off in both triode and
hexode positions, and the signal
voltage applied to the hexode
signal grid (g,;) ,through the
transformer T,, is blocked. The
other discriminator wvalve, V,,
is passing little or no anode current;
its anode potential is much higher
than the mean, and so both
sections - of V, are conductive.
The signal applied through T,
to the hexode signal grid is then
amplified and passed on to the
output circuits. The resistor Ry,
in conjunction with the g,-cathode
path of Vg, limits the g, potential
and prevents it from being driven
appreciably positive with respect
to its cathode. In the cace con-
sidered No. 2 input had the
stronger (negative) control roten-
tial.

During the initial consideration
of the switch design it was
thought that switching transients
could best Dbe eliminated by
~arranging that the change-over
time should be very short—say
1 microsecond. The energy con-
tained in any pulse generated
during the change-over would

Wireless World

then fall mainly outside the
audible spectrum. The condition,
implied in the introduction, para-
graph two (a), that the two signals
should not be mixed, would also
be fulfilled completely. However,
the first experimental model
proved that, although a prac-
tically instantaneous change-over
could result in complete freedom
from internally generated clicks,
the characteristic of a fading
short-wave signal had not been
fully appreciated. The a.f. signals
from receivers arranged for diver-
sity reception have random and

continually changing phase re-

lationships and only rarely are
they in phase. An abrupt change-
over will almost invariably result
in a change in the output wave-
form which becomes audible as
a click.

The difficulty was overcome
by arranging that the change-
over should be accompanied by
a momentary mixing of signals.
The duration of this combining
period had to be short enough to

November, 1949

enable the switch to complete
the change-over during the
beginning of a selective fade,
before the carrier level has fallen
sufficiently for appreciable * over-
modulation *’ to result. After
considerable experiment a mix
duration of 50 milliseconds was
adopted. This completely elimin-
ated clicks due to signal-phase
inequalities without appreciable
reduction in the ability of the
switch to remove the worst effects
of a selective carrier fade. The
realization of this increased oper-
ating time was achieved by the
"use of amplified time constants
of the type devised by the late
A. D. Blumlein.? The triode
sections of V; and Vg are arranged
as amplifiers with capacitors C,
and C, connected between anode
and grid. The time constant
effective at the triode and hexode
injector grids is, in the case of
V,, approximately R,,Cq(1 4 A),
where A is the voltage magni-
fication of the triode. The ampli-
fication of the time constant is

Value of Components Used in Cireuit of Fig. 2

Com- Com- | -

pon- Value Rating pon- Value Rating
ent ent

R, 150 Q . Rg; 15 kQ v

Rg 240 kQ " Rye 1.5 kQ ’

Ry 240 kQ " R~ 6.8 kQ '

R; 15 kQ) 2 watt Rgs | 3.3. KQ -

Rg 47 kQ 3 watt R 1 MQ v

R, 47 kQ - » Ry 1.5 kQ v

Rg 10 kQ 2 watt potr (linear) | Ryy | 220 Q I watt

Rg 15 kQ 2 watt R42 220 Q .

R’lO 240 kQ % watt R43 470 Q 9’

Rll 47 kQ ’ Cl 8 [.LF 550V

(electrolytic)

Ris 20 kQ 2 watt potr (linear) | C, 8 uF .

Rys 47 kQ + watt Cy 8 uF .

Ry 20 kQ 2 watt potr (linear) | C4 500 pF 350V (mica)

Rip 47 kQ 1 watt C; 50 uF 25V (electrolytic)

Ry; 47 kQ » Ce 5000 pF 350V (mica)

R17 10 kQ 1 watt 07 5000 pF .5

Ris 39 kQ 1 watt Csg 0.02 uF 350V (paper)

ng 39 kQ 2 Cg 0.1 [.LF »»

R20 10 kO %‘ watt Cl() 3000 pF ”

Ry, 20 kQ 2 watt T, 1:11L.5 Line—grid

Rgs - | 5 KQ " 2 1:11.5 . v

Ros 100 kQ | ¥ watt 3 4.44:1 Anode—Tline

R25 600 kQ % Watt 2 EF55

Rog 220 kQ - Vs EF55

Ro- 1.8 MQ » Vs EF55

R28 39 kQ % watt V5 6K8

R29 39 kQ ,., VG 6K8

Rap 100 Q- » V- 6SN7

Ry 1 MQ + watt N, Osglim “G”

Rso 220 kQ » No Osglim “G”

Rys 1.8 MQ s
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only indirectly wuseful in this
application ; the important feature
is the sensibly linear rise and fall
of hexode anode currents during
the switching operation, which

Wireless World

back. V,,
gain , R-C coupled amplifier stages
and the whole of the signal
voltage appearing at the anode
of V., is applied to the hexode

and V,, are two low-

417

high frequencies is maintained
by the CR networks C,,—R;5 and
C;—R,y, which suitably modify
the gain/phase-shift characteristics
of the amplifier at extreme fre-

minimizes clicks caused - by grid circuits. The voltage ampli- quencies. The attenuator pad
spurious changes of potential fication between hexode grid and R,;, R,, and R,; is included so
V';{N‘v 4+300X
: 22 20m
=C; Rzé gﬂzs Ras Rss% R4L
c ‘ < A > G Co Ras
S . 'HFGI— ‘
] ! Ros ez
223 — —
Vs Via Vip
R27 :=C||
. T, § 4
R
o RO
|
¢ _ CST Ras Rsy Rao ._%Rw
\ N N \ Y O —
¢ ¢ 7 ¢ - r”
Ris _%Rza
o —o— A —o—
A 0—¢ Aot B A
Ris nga
By S p—1
o o VE] & P VEZ o o
INPUT | INPUT 2 OUTPUT
. A -
—@—/\/‘3/5/\/\—‘ e %
- N, No N A o+ 400V
20mA
BALANCE
GATE DATUM

Fig. 2. 'Schematic circuit diagram of duétl—diversity electronic switch (Mk.II, 1949).

across the common anode load,
R,;.
Switching clicks and surges are
finally reduced to insignificant
proportions by the application
of a large degree of negative feed-

V., anode is, without feedback,
about 300 times. The reduction of
switching transients by negative
feedback will, therefore, also be
by a factor of 300 (i.e. 50 db).

Stability at very low and very

wWWwWw.americanradiohistorv.com

that the overall gain of the
switch unit, when operated with
600 ohms input and output im-
pedances, is unity. Since the
feedback factor is large, the
voltage gain between hexode grid
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and V., anode is unity ; the ratios
of the input and output trans-
formers are determined by match-
ing considerations and are 1 : I1.5
and 4.44 : 1 respectively. Thus
the attenuator loss factor should

‘be 1I.5/4.44 = 2.6.

Wireless World

The unit
normally operates with a power
input level of 1 mW.

(To be concluded.)
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SMOOTHING CIRCUITS :

How to Calculate the Hum Voltages

study of smoothers by con-

sidering the very simple
combimation shown in Fig. 1(a).
Alternatively (as they say in law)
if we didn’t (or did, and have for-
‘gotten it all), it should be quite
easy to pick it up, because this
month’s circuit (Fig. 1(b)) is to be
tackled along exactly the same
lines, making only the changes
necessitated by the fact that L
. takes the place of R.

To be more strictly correct it is
the inductive reactance (X; equal
to wl, or 2nfL) that takes the
place of R, because a reactance,
like a resistance, is a particular
kind of impedance, and it is the
impedances in the filter that
determine its effectiveness as a
smoother. A convenient standard
by which to reckon such effective-

I AST month we began the

ness is the attenuation, which we.

have been denoting by the symbol
o and defining as input-voltage/
output-voltage, V;/V, (at the
particular frequency being con-
sidered). ' ‘

We found that if we could make
two assumptions the whole thing
became extraordinarily easy. The
attenuation, in fact, became prac-
tically equal to what we denoted
by p—the ratio of resistance to
capacitive reactance, R/X, And
X,, of course, is 1/wC, so a longer
but more directly useful form of
p is «CR (or 27fCR). This shows
that the attenuation is directly
proportional to frequency and to
C and R. Or, rather, that it would
be approximately if our assump-
tions were justified. These assump-
tions are :

(a) The ‘ shunting’ assump-

tion, that the load impedance is
so high compared with X, that it
makes no appreciable difference
to a. If we can assume this it is a
tremendous relief, not only be-
cause it vastly simplifies the
calculations but because we might
not even know at first exactly
what the load impedance was
going to be.

(b) The * vector ” assumption,
that R is at least several times
greater than X, at all the fre-
quencies concerned. This allows
us to say that the whole impedance
of the smoother (from the input
side) is approximately equal to R,
instead of having to use the correct

value, 4/R? -+ X2
R L
IN —— IN ——
c==  ouT c==  our
(®) (®)
Fig. 1. Comparison between RC

smoother discussed last month (a),
and the LC smoother (b).

We found that fortunately these
assumed conditions & actually
apply, unless the smoother is a
very poor one with an a of, say,
3 or less. Using several Fig. 1
sections in cascade complicates
the shunting assumption, ad-
mittedly, because each section
shunts the one in front of it;
but after we had worked out the
best number of sections to give any
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(2) Inductance-Capacitance

By <« CATHODE RAY”

required attenuation we found
that the worst error due to this
shunting was not likely to be
enormous and in any case was
on the right side—the actual
smoothing was better than that
calculated by the simplified theory.

Coming now to Fig. 1(b), we
are as grateful as ever to avail
ourselves of the shunting assump-
tion, There is not quite so much
point in using the vector assump-
tion, however, because X, and
X, directly subtract instead of
having to be combined under a
square root sign. And we shall see
that because of this the error due
to using it is considerably greater.

One other assumption we shall
make, most of the time, is that the
resistance of the inductor is negli-
gible.

Treating Fig. 1(b) (as we did (a),

by virtue of the shunting assump-

tion) as a potential divider, the
attenuation is equal to the whole
impedance divided by the imped-
ance of C alone :

X, — X,
a =—g—
XC
ol — 1/wC
— I/wC
and multiplying above and below
by wC
= w?LC—1
=(27f)!LC—1 .. (1)

Making the vector assumption
just knocks off the 1, which, at
the higher frequencies at least, is
generally small compared with
»?.C. This ?LC, by the way, is
the ratio of X, to X, taking the
place of R to X, in Fig. 1(a). We’
found it convenient to denote
R/X, by p, and with"the seam
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idea we shall denote the corres-
ponding quantity in the inductive
smoother, X,/X., by gq. So,
making the shunting (but not the
vector) assumption,
a=¢g—1 .. .. (2)
Before going on to find the best
number of sections into which to
divide the LC smoother, it may be
a good thing to note some points

10

Wireless World

frequency rises, but the impedance.
of L increases. So instead of being
proportional to frequency, a is
proportional to frequency-squared.
This steepens the cut-off slope, as
shown in Fig. 2 (top right-hand
corner and beyond). In figures,
LC gives 12 db per octave, com-
pared with 6 for RC. As it
happens, the’ sensitiveness of the

/4
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(FOR.RC) p = 2m RC x FREQUENCY
(FoR LC) ,fg = 2m,{TC x FREQUENCY

Fig. 2.

The performance of single RC and LC smoother sections is com-

pared here. The dotted lines show the results of making the ‘‘ vector ’’

assumption—the discrepancy hecomes very la,rt%e
and C resonate. But the fuil-line curve.itself is

near 4/q=1, because L
ghly theoretical here, as it

neglects the resistance of the choke and the effect of the load resistance.
The useful part of the characteristic lies mainly off the diagram, beyond the
top right corner.

of contrast between it and the RC
type. -

The first is that using L to
provide the high series impedance
for reducing the unwanted a.c.
avoids having to have the same
impedance in series with the
wanted d.c. Even if, to reduce the
d.c. voltage, we actually need
resistance, the amount of it that is
right for that purpose is unlikely
to be the best choice for smoothing
purposes. And often the. less
resistance the better. Of course
even with an inductor it isn’t
possible . economucally to obtan
unlimited series impedance with
negligible resistance. But at
least there is much more scope
than with resistance only.

Next, the inductive smoother is
double-acting ; not only does the
Impedance of C decrease as the

ear to weak sounds in the
50~500 c/s region also increases at
about 12 db per octave, so for
sound-making apparatus this is
another reason for preferring an
inductive smoother to a single-
section resistive type.

‘While the frequency curve of a
single-section LC smoother is
practically the same as that of a
2-section RC smoother in the

419

decidedly different at the foot of
the bend. Whereas the RC curve
slides smoothly down to a =1
(i.e., output voltage as big as
input) at zero frequency, the LC
curve dips well below that level,
meaning that the output ripple-
voltage is actually greater than
the input. Where X = X, (which
happens when ¢ = 1) series reson-
ance occurs, and according to
equation (1) a would be o and the
output ripple infinitely large ! In
practice, of course, there are
several reasons why it doesn’t get
quite as bad as that ; but at least

.it is a situation to be avoided.

The way to avoid it is to see that
»?L.C is well above 1 at the lowest
frequency to be suppressed.

Inductive Coupling

Whereas most of the features of
the inductive smoother are in its
favour, it must be admitted that
an inductor is generally larger,
heavier, and much more expensive
than the corresponding resistor,
and is liable to generate hum
inductively in nearby audio wind-
ings, to say nothing of humming it-
self if the stampings are not tight.

In calculating the number of
sections that gives the greatest
attenuation for a given total LC,
I have assumed that there is no
inductive coupling between sec-
tions. Although the vector as-
sumption gave results that were
near enough with the RC smoother
the érrors with 1.C would be too
much, so I have used equation (1).
This makes the calculation of the
table slightly more complicated,
but the general idea is this: ¢ is
our abbreviation for «? times the
total LC in the smoother. If it
is all used to make one section, the
attenuation of that section (e,) is
equal to ¢ — 1. But if it is
divided equally into two sections,
both L and C have to be halved,
so the ¢ per section is g/4 and the
attenuation per section is ¢/4 — 1,

useful or  assumption ” region, and a, (the attenuation of the two
where o is substantial, it is sections) is (¢/4 — 1)% In the
op— ey " z —

n Gn a, LC per section when f = 100¢/s

1 23.5 } 22.5 60 henry-microfarads .

2 67 » 248 42.5 v ’s

3 136 2,800 38 ’e v

4 234 34,500 37 2 2

5 362 450,000 37 ’s .
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Smoothing Circuits—

same way the attenuation of the
smoother when divided into » sec-

tions is
a, = (;32 -— I>
To find the critical value of g,
which we call ¢,, such that the
same attenuation is obtained when
the same total L and C are
divided among » - 1 sections, we
put e, = a,, ;.
n =1, 2, etc.,, up to. 5, we get
the figures given in the table on

the preceding page.
Compared with the correspond-
ing RC figures, these show a

I ]
| 1]

Doing this for

Fig. 3. Example of suitable values
for typical requirements.

tendency for fewer sections to be
needed. - So I haven’t gone as far
as n» = 6, because 5 gives more
than all the « anybody is likely to
want. Nor have I included the
column to show the lowest possible
g per section, because it is obvi-
ously more than in the RC table,
and even that was sufficient to
justify the shunting assumption.
The reason for the higher g,
figures is the fact that the a per
section is 1 less than ¢, so ¢ has
to be larger to make sectionalizing
worth while. - ’
To take an example, suppose a
total attenuation of 2800 at
100 c/s is about right. This being
a, for » = 3, the best number of
sections is 3. (Four would give
approximately the same attenua-
tion for the same total L and C,
. but would presumably cost more).
The table also-shows that g, is 136,
so putting (2#f)? LC =136 we
get LC = 136/(2007)2=345 henry-
microfarads.
have available a good line of 6H
chokes, one for each section, the
total C to go with them should be
345/18 = 19uF or roughly 6uF

65,300,
If we happen to.

Wireless Worid

per section. Doubling C, of course,
would allow us to halve L.

The last column by-passes most
of this calculation by showing
directly the LC per section, corre-
sponding to total attenuation and
number of sections (a, and =
respectively), for a ripple fre-
quency of 100 c/s, which is the
lowest from a properly balanced
full-wave s50c/s rectifier., An
interesting point is that with, say,
8uF capacitors in each section,
the best value of choke lies within
the narrow limits of 4.6 to 7.5 H.
Present practice, it seems, tends’
to use too few chokes of too high
inductance.

Naturally everybody 'is out to
reduce costs as much as possible,

so the results of the foregoing

investigation are more than
welcome in so far as they indicate
that smoothing chokes need not

.have such a large inductance as is

usually supposed. The same con-
clusion helps in minimizing choke
resistance, too. But the idea of
using a whole string. of chokes—
even small ones—is not quite so
attractive. = Designers may be
reluctant to go beyond two.

So it is worth seeing what two
can do. Fig. 3 shows a 2-section
smoother based

November, 1949

strongly (though the makers
usually try to keep the cone re-
sonance off it) the relatively strong
ripple at that frequency may be

—~ BT LI
—
0-48LF

uuFT TB;J.F

Fig. 4. A device for tuning out the
main hum frequency.

troublesome. Whatisthe answer ?
Use three sections? (“Nol!l?”
says the designer firmly).

In cases like this, where the
smoothing at all frequencies except
one seems adequate, it may pay
to use the trick shown in Fig. 4.
It is one that will reappear, under
the curious name of an “ m-
derived *’ section, when we con-
sider filters. At the moment it
looks like just what it is—a
rejector circuit tuned to the
offending frequency. At the higher
frequencies this section will be
markedly inefficient, because it
will tend to act as a capacitance

100,000

on the table, using

the customary

8uF for each sec-

tion and also for

the reservoir.

The inductance
10,000

of each choke is

c/ ”

only 5.3H,” and ~

y 4 P

£

the total attenua-

A 7

tion at 100 c/s is
248 by the table.

(That doesn’t
count the smooth- o

L

ing due to the re-

servoir, of which

]

more anon). And ‘ b

it increases as the

4th power of the
frequency, so the 100|— /

attenuation of

NN

the 400 c/s har-

Ty
NN

monic (for ex-

ample) will be 256

: //
times as much as /
at 100 c/s, or /

That Icso
ought to be good
enough there,
but if the Iloud-
speaker repro-
duces 100 c/s
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Fig. 5. Curve b shows how the Fig. 4 circuit affects
the low- and high-frequency hum, as compared
with Fig. 3 (curve c).
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potential " divider having an
attenuation of only about 18. One
therefore relies heavily on the
first section to deal with them.

In Fig. 5 the performance of
the modified system (curve b)
can be compared with the original
one (curve a). (If you intend
to study filters you ought to take
particular note of the shapes
of these two curves). The reson-
ance peak at 100c/s is not
completely drawn in because its
height depends on the resistance
of the choke, which we don’t
know. ‘

With reasonably good judg-
ment (or luck), the large reserve
of high-frequency « in the normal
type of section will be enough
and the 100 c¢/s (or other trouble-
some low frequency) attenuation
will be brought up to the required
standard without having to resort
to wasteful brute force.

Tuning Difficulties

The fact that this device is not
more used may suggest to the
cautious reader that there are
some snags. One is that a rather
odd value of capacitance may be
needed for tuning the choke.
Another is the wide tolerance in
the inductance of commercial
chokes. A third is that the
inductance depends largely on
the d.c. carried, so that even if it
is right for one loading it is not
for another. Owing to the flat-
ness of the tuning, however, these
snags don’t amount to as much as
might appear. Even if the d.c.
milliamps are liable to vary over
a wide range, it is usually satis-
factory to make the tuning correct
at or near the maximum current,
where the effectiveness of the
first section is least.

Choke-tuning is a dodge worth
remembering if you have an
ordinary 2 (or more) section
smoother that is not quite good
enough, and you don’t want any
drastic alterations.

As with last month’s treatise.
I thought that undiluted theory
might be considered somewhat
bald and unconvincing,  so
hastened to take. a few readings
On an actual smoother. Fig. 6
shows the test circuit. The two
chokes were marked oH o.1A,
and (unlike most of their kind)
their rated inductance at the
Tated current turned out to be

World

reasonably correct. With 8uF
total capacitance this gave a total
q at 100cC/s of 57.5 which
according to the table would give
of its best in two sections. In
one section, (a), the hum voltage
viewed on the oscilloscope seemed
to be mainly 100c/s, but with
appreciable s50c/s. The latter
was unimportant at this stage,
but later became more obvious
and was balanced out by inserting
some  resistance

421

opposite to what we had with
resistive smoothers. But whereas
one resistive section’ shunted
across the capacitance of the pre-
vious one tends to reduce the
impedance and thereby improve
the smoothing, an inductive sec-
tion shunted across capacitance
tends to increase its impedance
(by going some way towards
forming a rejector circuit), with
the opposite. result. So while the

+300V

in series with one
of the rectifier
anodes. When
this was done, the
hum was nearly
pure 100 c/s, and
amounted to
0.33V r.m.s.
With the same
L and C con-

9H 0lA

2puF

TO OSCILLOSCOPE

nected as two
sections (b) the
voltage was re-
duced to o.14V.

Next, capacitance was connected
across the second choke to tune
it to 100cfs, (c). It was then,
with the predominant 100 c/s
removed, that the 50c/s became
obvious. It amounted to 0.12V ;
but after balancing the rectifier
the residue of hum was only about
0.03V. The value of capacitance
required to tune the choke con-
firmed the inductance rating.

Lastly, the first choke was tuned
instead of the second, (d). The
results were much as before, but
there seemed to be rather more
high-frequency ripple. Possibly
there was some intermodulation
due to the relatively large ampli-
tude in the first choke.

Resistance Balance

One conclusion to draw is that
although tuning is very effective in
reducing the main ripple, it is by
no means safe to assume what
the books tell us, that s50c/s
is absent from the output of a
full-wave rectifier. Most of the
centre-tapped power transformers
I have come across are very lop-
sided as regards resistance, how-
ever well balanced they may be
for voltage. : :

Another thing to notice is that
the 2-section arrangement is rather
less than 2% times as good
as the single section, whereas
(57.5/4—1)2 is over 3 times more
than 57.5—1. This discrepancy is
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(2)
=== = .
9H oH
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9H 9H —
—
027 F
i 4uF QF (d)
4;.1,F.F
O -0

Fig. 6. Test circuit used for com-
paring various smoothing arrange-
ments,

RC table tends to underestimate
the value of sectionalizing, the
LC table tends to overestimate

- it.  And taking into account the

C
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AT LAST-

BETTER ALL-DRY MINIATURES

Battery Beam Tetrode

Battery Pent. Vari-Mu

Mutual .

Type Heater Anode | Screen | Grid Anode | Screen |Impedance Conduc- | Optimum| Power

Num- Application Voltage | Voltage | Voltage | Current| Current| Ohms tance Load’ Output
ber Volts { Amps. | Normal { Normal | Normal mA mA mA/vY Ohms Watts
IT4 | Batt. Pent, Vari-Mu 1.4 0.05 ’ 90 67.5 0/-16 3.5 1.4 500,000 | 0.9 — —_
IR5 | Heptode F.C. 1.4 0.05 ‘ 90 67.5 0/-14 1.6 3.2 600,000 300% — —_
IS4 | Batt. Beam Tetrode 1.4 | 0.l l 90 67.5 -7 7.4 1.4 100,000 1.58 8000 0.27
IS5 | Batt. Diode Pentode| 1.4 0.05 I 90 67.5 0 1.6 0.4 600,000 0.63 ’ — —_
354 | Batt.BeamTetrode | 48 | 30 | 0 | 725 | 7 | 74 14 | 100000 | 158 | 8000 | 027
3V4 | Bate.BeamTetrode | ¥4 | O0s | 90 90 45 | 95 2.1 100,000 2.15 [ locor | 027

* 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 characteristics are shown in
the table above.

ALL-DRY MINIATURES
STANDARD TELEPHONES AND CABLES LIMiTED, FOOTSCRAY, SIDCUP, KENT.
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HIGH-QUALITY AMPLIFIER :

e _
N ew Ver s ’ on (Continued from page 369 of October issue)

Alternati_}ve Pre-amplifiersfor Gramophone Reproduction

By D. T. N. WILLIAMSON (Ferranti Research Laboratories)

LTHOUGH all the refine-
ments outlined in the pre-

vious issue are desirable, .

individual requirements will vary
considerably and will determine
how much complication should

the reactance of C,, is small, and
that of C,; large compared with
the resistance of R,, and R,,, and
the gain of the stage is determined
by the values of these resistors.
As the frequency is lowered the

teristic which rises to a maximum,
determined by the circuit con-
stants, and then decreases due to
the coupling components C,,, R,
and R,,. With increasing fre-
quency the impedance of C,, de-
creases, increasing the negative
feedback and producing a falling
gain/frequency characteristic.
The capacitance between the
input transformer secondary wind-
ing and earth may, if large, affect
the response at the extreme upper

be attempted. Two gramophone

pre-amplifier circuits will there-
fore be described, which should -y —
cover most requirements. = ]

Fig. 13 shows a simple circuit = /
~which gives good compensation w -
for the Decca recording charac- >
teristic. The circuit ‘constants o
have been adjusted to give as = a0l ,
high a degree of attenuation = 8 8 g8 . 8
below 20°c/s as is consistent with : . = s g
simplicity. This involves a slight FREQUENCY (c/s) :
sacrifice of the response at 2o c/s. Fig. 14. Response curve of circuit of Fig. 13 with ideal ‘‘wvelocity

The ‘method of operation is as
follows: Negative feedback is
applied to the wvalve by the
potential divider formed by R,

pickup.

end of the audible spectrum. This

impedance of the top limb in-
effect is negligible with a well-

creases, giving a progressive re-

and the impedance of C,,, C,, duction of feedback. This pro- designed component, but long
and R,,. At medium frequencies duces a gain/frequency charac- 'leads should be avoided. The
Fig. 13. Simple _
List of Ccmponents for Fig. 13. gramophone  pre- 3501'
Type Rating Tolerance fampltllflier D designed R
R,; Value to suit High-stability or & € lf cca tre- 3
transformer carbon cording character-
R,y 0.1 MQ do. W istic. When playing
R.. 0.68 MQ do. iw E.M.I. records Cis
R 092 M Q do iw may be switched out
RY 47 kO do. iw of circuit. Alter- ¢
R 4 7TKO do. 2 natively, compensa- R 9%
2 - Lo tion can be effected
R,; 0.22 MQ Composition 109, in the t trol —0
R,, 22kQ do. 109, in the tone-contro .
RY 99 MO do circuits as described
3% ) last month. 1=
. -l
All resistors may be }W rating tolerance 20%, unless H'a;'ﬁ ‘I-m_,-,l
otherwise specified. gg
Rating oz
(V d.c. FERUP R =2
Tyre working) Tolerance : %3
Cy1 0.5 uF Paper 250 ) '5§
Cp, 60 uF Electrolytic 12 - °x
Cy3 16 uF Electrolytic 450 _ Cy ©
Cyy 4000 pF. Silvered mica 350 109 Ros ¢ R
C1s 100 pF Silvered mica 250 109, T L
Ciy  0.05 uF Paper 500 o — — °
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High-Quality Amplifier—
transformer should be mounted
on the pre-amplifier chassis,
which in turn may conveniently
be fixed beneath the motor board.

The overall characteristic with
an input from perfect ‘“ velocity
pickup on a Decca disc is shown
in Fig. 14.

A more complex circuit, which
gives nearly perfect compensation
and a very rapid attenuation
(30db/octave) below =20c/s, is
shown in Fig. 15. This pre-
amplifier has a higher gain than
the previous one, and is particu-

larly suitable for use in equip-

Wireless World

ment where the pickup is located
at some distance from the rest of
the amplifier as the circuit ter-
minates in a cathode follower.

The construction of this circuit
is not recommended for those
without access to facilities for
checking the response of the
finished unit, as the performance
may be seriously affected by an
error in component values.

The frequency characteristic of
this amplifier is produced by the
combination of two curves shown
at A and B in Fig. 16. These,

when added, give the curve C. .

Curve A is produced by the cir-
RGS

November, 1949

cuit associated with V,,, which is
similar in principle to that of
Fig. 13. The attenuyation at low
frequencies is due to the combined
effect of the intervalve couplings.
Curve B is produced by feedback

~over V,, through a parallel-T net-

work tuned to z2oc/s.

The overall frequency response
curve, taken under the same con-
ditions as that of Fig. 14, is shown
in Fig. 17.

Fading Control.—The circuits
of Figs. 13 and 15 have no pro-
vision for electrical fading. Fig. 18
shows a network which, when
connected to the cathode of V, in

. RGO

A

e

350V

- Ce

OUTPUT TO TONE
© COMPENSATION STAGES

... 7F\

Fig. 15, Pre-amplifier with high-pass filter.

Type
Ry, Value to suit High-stability
transformer carbon
Rzy 0.1 MQ do.
Rgo 0.68 MQ do.
R'61 0.22 MQ do.
ez 4.7 KQ do.
Rey 0.22 MQ Composition
Re 20 kQ* do.
Rg 22 kQ High-stability
carbon
Res 0.22 MQ Composition
R, 0.20 MQ* do.
Res 4.7 MQ do.
Rge 0.47MQ do.
Ry 0.22 MQ do.
R71 2.2 kQ do.
Rse 2.0 MQ do.
R, 2.0 MQ do.
Ry 1O MQ do.
.R15 10 MQ do.
Ry 47kQ do.
R, 1kQ do.

Component Values for Cireuit of Fig. 15.
Rating Tolerance Type Rating Tolerance
R,s 47kQ Comgosition 1w 20%,
R,y 0.22 MQ do. 209,
1 209, Rg 10 kQ do. 1w 20%,
W 20%, * May require adjustment.
W 20%, - All resistors may be }W rating, except where other-
209, wise stated.
109, Rating
(Vd.c.
IW 20%, Type working) Tolerance
Cyo 0.5 uF Paper 250 209,
10%, C;1y 50 uF Electrolytic 12
Cs, 16 uF Electrolytic 450
5%, Cyy 0.02 uF Paper 350 109%,
W 209%, C;y 4000 pF Silvered mica 350 109,
W 209, Cys 100 pF Silvered mica 350 109,
20%, Cys 50 uF Electrolytic 12
1% - G 0.01 uF Silvered mica 350 1%,
or matched ’ or matched
1% Csy 0.256 uF Paper 500 209,
or matched Cq 5000 pF Silvered mica 350 1%,
1%, or matched
or matched Ce1 5000 pF Silvered mica 350 1%,
5%, » : or matched .
109, Cg 7000 pF Silvered mica 350 109,
209%, Ces 0.5 uF Paper 500 209,
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Fig. 13 or V, in Fig. 15, enables
the gain to be reduced to zero in
about a second when the switch
S, is closed. On opening S; the

¢

RELATIVE GAIN
=)

FREQUENCY

Fig. 16. Derivation of high-pass
“characteristic.

gain is restored to its normal value
in a similar period.

Complete Variable Compensa-
tion Unit.—It is now necessary to
connect together the circuits just
described to form a flexible tone
compensation unit. This must be
done in such a manner that each
works well within its signal-
handling capacity and does not
influence the others .adversely.
Fig. 19 on the following pages
shows the final arrangement.

Power Supplies.—The High
Quality Amplifier has a frequency
response which is useful down to
2c¢/s. This necessitates a few
precautions when auxiliaries are
connected to the input. At these
very low frequencies, the balance
of the push-pull stages may not
be good, and there may be con-
siderable signal in the supply line.
A very carefully designed and
necessarily expensive decoupling
system is required if a high-gain
pre-amplifier is to operate satis-
factorily from the amplifier power

Wireless World

separate power supply unit pro-

ducing, say, 350V at 20 mA, and

therefore the use of a unit of this
type is strongly recommended.

Performance.—Frequency Re-
sponse.—Reference to Figs. 6, 11,
14 and 17 will enable the fre-
quency response of any combina-
tion of units and control settings
to be determined. The effect of
intermediate control settings may
be arrived at by interpolation.

Gain.—The figures underlined
in Fig. 19 are the peak signal
voltages necessary to give maxi-
mum output at 1,000 c/s when the
pre-amplifier is used in conjunc-
tion with the High Quality
Amplifier.

The simple pickup pre-amplifier
(Fig. 13) has a gain of 11 at 1,000
c¢/s. Thus, when this unit is used,
full output may be obtained with
a pickup which produces 18 mV
peak. Should it be required to
use the system with an insensitive
microphone, disconnection of C,,
in Fig. 13 will raise the gain of
the stage to about 150, with a
sensibly linear frequency re-
sponse. Full output will then be
obtained with an input of 1.3 mV
peak. The more complex pickup
pre-amplifier (Fig. 15) has a gain
of approximately 250.

Noise Level.—With  careful
construction and by adjustment
of R,, to give minimum hum, the
noise level may be reduced to an
equivalent input signal of 3-5uV
at the pickup pre-amplifier grid,
excluding the noise due to the
pickup transformer and
auxiliaries.

Distortion.—The  total har-
monic distortion produced by the
units when used up to the signal
levels indicated is considerably

supply. The cost of such de- less than o.1 per cent.
coupling is higher than that of a Form of the Equipment.—The
0
2 /
S
2 -0 /
s L
=
= o/
g .
-305

100

1,000
10,000
20,000

FREQUENCY (c/s)

Fig. 17. Response curve of circuit of Fig. I5.
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outward form which a complete
domestic sound equipment takes
is very much a matter of personal
taste. = The suggestions which
follow have been found in prac-
tice to provide ease of operation
combined with absence of trouble-
some feedback effects.

The equipment is best con-
structed in two units, one con-
taining the loudspeaker and the
other the turntable. This pre-
vents mechanical and acoustical
feedback.

The control unit may be a con-
sole of armchair height (overall

dimensions - about 18in x 14in x
20in  high) easily movable on
/ A 350V
) |
& Cer R R
\é.-é/ 1] 84 [} >
! Ral OFF RBZ

[

I lL S5 ON

I ™ Ces Cosmm

R '|' .

[ : 1

| _ :

Fig. 18. Circuit of fading control.

List of Components for Fig. 18.

Rating
Rg; 0.22 MQ 3
Rg, 0.22 MQ W
Rgs 47 kQ
Ry, 100Q

All resistors may be }W rating,
tolerance 209, unless otherwise
specified.

Rating

(Vd.c.

working)
Ces 4 puF 250
Cegg 2 uF 350
Cg; 0.1 uF 350

This may contain the
pickup and turntable, the pre-
amplifier unit and, if desired, a
radio receiver, complete with its
power supply. The output from
the pre-amplifier may be con-
nected via a cathode follower to
a multicore-screened cable, which
connects the console with the
amplifier and loudspeaker unit,
and carries the mains and aerial
connections.

The amplifier and loudspeaker
unit may be a triangular corner
cabinet, with the amplifier built
into the lower portion, and the
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e__
350%

INPUT FROM
PICKUP OR
PRE-AMPLIFIER

Fig. 19. Complete tone compensation and filter unit. The input and output voltages underlined are peak values
for full output from the main amplifier. '

List of Components for Fig. 19.
: Rating Tolerance : Rating
Ry 0.25 MQ log. ‘ (Vd.e.
R, 47 kQ 1w Type working) Tolerance
Ry 47 kQ 1w Cy 100 pF Silvered mica 5%
Ra, 3.3 kQ C,, 200 pF do. 8%
Ryo 0.25 MQ log. Cos 300 PF do. 5%
Ry 100 kQ Cp 500 pF do. 5%,
Rys 6.8 kQ) Cyy 50 pF do. : 5%
R,, 10kQ Cy 100 pF do. . 5%,
Ry, 0.1 MQ linear Cy, 250 pIF do. ) 5%
Rys 100 kQ 1w Cyy 50 uF Electrolytic 12 20%,
Ry 2.2 kQ Cyy 0.05 uF Paper 500 :
R, 0.1 MQ 10%, Cyy 8 ulF Electrolytic 450
R,q 0.47 MQ - 10% Cyg40 75 DF ~ Silvered mica 1%
Ry, 0.47 MQ 10%, Cyr.a1 100 PF do. 1%
Ry 33 kQ 1w - Cyg549 150 DF do. or 1%
R., 100 kQ - 1W Cagrgs 200 PF do. matched {19,
R, 3.3 kQ C, 150 pF do. 19%
B 01Mo 15, G 500pF o 1
0. or P o.
Rep 0.1 MQ matched {19, Cpo 400 pF do. °
Ry 50 kQ : 19, C,s 16 uF Electrolytic 450
R 100 Q Cp, 16 uF ~ do. 500
55&11 resistors may be 1W rating, tolerance 209, unless “ :
otherwise specified. ~ Choke.
' ‘ CH, 50H at 20 mA. Resistance about 1,500 Q.
Rating
(Vd.ec. Mains Transformer.
Type working) Tolerance Primary : 10-0-200-220-240 V, 50 ¢/s.
g" g() ;]?‘F E%ectrolytic 12 Secondaries : 1. 325-0-325 V, 20 mA d.c.
18 m ectrolytic 450 ' 2. 63V,0.6A.
Cyy 025 uF Paper 500 209, 3. 63V,15A .
Cy 150 pF max. Preset
Gy 0.01 uF Paper 250 20%, Switches.
Cy, 0.05 uF do. 250 20%, S;.  Single pole single throw.
Cys 1000 pF Silvered mioa 20% - S;. Double pole single throw.
| Gy B0 uF Electrolytic 12 Ss.  Single pole single throw. )
Cy; 0.05 uF Paper 500 20% 84 & bank, 5 position selector switch.
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THE “BELLING-LEE" PACE

Advertisements 59

Providing technical information, service and advice in relation
to our products and the suppression of electrical interference

Devaluation of the Pound.

It seems clear, in these uncer-
tain times, that it is unwise to
We decided that

we would publish prices in our

assume anything,

Radiolympia Catalogues and adver-
tisements, so they duly appeared
in our last “WIRELESS WORLD"”
page. Then the pound was upset
~and that in turn upsets the prices of
our raw materials such as high
duty light alloys and copper for
The result is that

some aerials have had to be in-

feeder cables.

creased a little in price, whereas
others are unaffected. We are
sorry, we are all in the same boat,
and none of us can afford to be
philanthropic in business, though
we do try to give better value for

money.

‘¢ Multirod ’’ Array for Fringe
Areas.
This

mentioned before in this page but

new array has Dbeen
of course whilst we do not forget
to thank the Laboratory for the
design of the “ Multirod”’, we are
glad to have been able to test it
in the field outside Laboratory
control. In a recent demonstra-
tion and talk to dealers in and
around Stoke-on-Trent, we tried
to get the London transmission on
I H IE] )
Both were erected

a standard and on the
“ Multirod .
the same height and both had the
Where
the “ H ’’ gave no signal, a reason-
able held on the

“ Multirod””. There was fading and

same length of feeder.

picture was

there was much interference, but

We

agree it might have been our lucky

the picture was worth-while.

day. We do not encourage ordin-
ary domestic viewers to try this
means of Television reception,
because a dissatisfied customer is
no advertisement either for our
manufacturers

aerials or other

receivers. We know there are

many people ‘who will attempt

to receive a picture at any price
and they are generally very en-
thusiastic about indifferent results,
when compared with those received
just outside London. There are
many people situated in {ringe
areas who have spent a lot of
money on a Television Receiver
from which they expected to see
better things: to them, such an
aerial as the “ Multirod ” might
make all the difference between
what is and is not a worth-while

picture.

Low Priced Aerials for ‘¢ Close-
in ’’ Areas.

"We go from the most expensive
to the cheaper types. We cannot

say too emphatically that we
deprecate the selling of an expen-
sive aerial where a cheaper one
do.
discussion as to the ranges at

will There has been much
which aerials will work. At Radio-
lympia on the opening day, the
writer was asked if he could guar-
‘“"Doorod ”

What is
meant by the word “ guarantee '’ ?

antee the use of a
at 10 miles distance.

According to the dictionary defini-
tion, definitely no, but we know
of many “ Doorods ' giving every
satisfaction at St. Albans (about
18 miles) and at Southend (about
30 miles).

We also know of cases quite close
to the transmitter where an H”
type ‘* Viewrod’ is necessary to
Now that we
lightweight range

combat interference.
have the new
we would recommend the L7oo
London, L7or Midland, for this
purpose. It is much cheaper than
the . standard }X spacing used on
the senior ““H” and the ‘“Multi-

rod”. Any T.V. aerial may be
affected by local conditions beyond
the user’s control and therefore
any figures given must be very
Several set makers
dis-

tances for indoor aerials and simpler

conservative.
are recommending greater
dipoles than we do; in our opinion
thése recommendations do not
sufficiently stress that the dis-
tances only apply to favourable
locations and freedom from inter-
ference.
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“*STEREOPHONIC”

AMPLIFIER

. This new amplifier with triode cathode-coupled output stages
has the effect of making the reproduction more like the original
than ever before. A small proportion of this improvement
results from the reduction of the Doppler efect, which is
achieved without lowering the damping factor on the speakers,
with the consequent distortion and transient loss which would
follow.

When listening to an orchestra the low frequencies are usually
heard towards the right, and the high frequencies towards the
left. When reproduced through the Vortexion * Stereophonic ”
amplifier with low and high frequency speakers suitably spaced
according to required listening angle, the high and ow
frequencies are heard in their relative positions simulating the
effect and appreciation of the original.

This speaker placing is necessary because our ears are on a
horizontal plane. The effect would be lost if our ears were

- positioned one above the other, as can be proved by inclining

the head sideways.
Our efforts to achieve * Stereophonic
various choke and condenser cross-over networks between the

L1

results by the use of

amplifier and speakers were unsuccessful, due to the large

_variation of speaker impedance at various frequencies, unevenly’

loading the resonant circuits.

After many months of research we finally achieved our aim
with what is basically two special low-distortion, high-damping
factor amplifiers in one, each coverjng a portion of the audio
spectrum with a sharp cut per octave at change-over frequency.
The acoustical efficiency of the bass and treble speakers may
vary, so a balancing control is fitted to the amplifier. This
simplifies the choice of speakers, since each speaker has only a
narrow frequency coverage.

The * Stereophonic ” amplifier is now in production, and we
invite you to hear a demonstration of what we believe to be
something new and which will add to your enjoyment of music.

Chassis complete with valves

Price 36% gns

Advertisements 61

VORTEXION ‘LIMiTED, 257.261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19

Telephones: LIB 2814 and 6242-3

Telegrams: ¢ Vortexion, Wimble, London.

D1
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Q and L MEASUREMENTS

been widely used for many

years there has been very
little published information about
it until quite recently. H. G. M.
Spratt started the ball rolling
and his article! aroused the interest
‘of others.2 Then ‘‘ Cathode Ray’’3
showed how Q and circuit mag-
nification factor are related and
explained - the principle of the
frequency-detuning method of
measuring Q. )

It seems to be generally ac-
cepted that a Q meter is an in-
strument which is directly cali-
brated in Q and usually one in
which Q 1is indicated by the
reading of a pointer-type meter.
Instruments which operate on.the
detuning principle, therefore, are
not apparently entitled to the
name Q meter, for the measure-
ments are made in terms of fre-
quency or capacitance and Q is
obtained by subsequent . cal-
culation.

The detuning methods are very
old, so old in fact that they are

1

Q-LTHOUGH the Q meter has

¢ $EC ==, éR\, v

r 1

—

Fig. 1. The basic circuit for Q
measurement ; the coil under test
is represented by L, 7», Co, while
Ry and Cy indicate the input re-
sistance and capac:tance of the
valve voltmeter. '

probably new to many! They
were in common use in the early
days of wireless for the measure-
ment of r.f. resistance and decre-
ment—Ilong before the term Q was
invented. -

When a Q) meter is not available
the detuning methods form the
most convenient ways of measur-
ing Q, and also the inductance
and self-capacitance of-coils. The

1 ¢ Meters,”” by H. G. M. Spratt, Wireless
World, January 1949, p. 7.

3 ¢ () Meter Controversy,”” Wireless Worla,
June 1949, p. 216: Julliy 1949, p. 278.

3 « ()" by “ Cathede Ray,” Wireless World,
July 1949, p. 267.

D3

actual measurement is not carried
out as quickly as with a Q meter
and so the latter is a much more
suitable method when many
measurements have to be made.

Detuning
Methods

By W. T. COCKING
M.LE.E.

The detuning methods are par-
ticularly suitable when Q) measure-
ments are required so infrequently
that the cost of a Q meter cannot
be justified. They have the
great advantage that they can
be carried out with apparatus
which is already available in
most laboratories.

In spite of the fact that they
are extremely simple in theory
the detuning methods require
great care in their practical ap-
plication if they are not to be
grossly inaccurate. In this con-
nection, the writer feels that
‘““ Cathode Ray ”’ has been rather
misleading in saying that * fre-
quency is the most accurately-
measurable quantity there is.”
Because this may be true in itself,
it must not be inferred from it
that a determination of () based
on the measurement of frequency
is equally accurate. Further, it
must not be inferred even that a
frequency measurement made with
ordinary simple apparatus is more
accurate than a measurement of
some other quantity again made
with simple apparatus. The
superior accuracy of {frequency
measurement is probably true
only of the best equipment.

The accuracy with which Q
can be determined by the fre-
quency-detuning method is nor-

mally considerably less than the

accuracy of the frequency measure-
ments. It will be shown later
that the error in Q measure-

www americanradiohistorv com

ment can be as great as 2 Q) times
the error in frequency measure-
ment,

It is important to notice that
the operative words are “ can be
as great,” not ‘‘is as great.”
By taking suitable precautions
and adopting the proper tech-
nique, quite good accuracy is
obtainable, but the unthinking
use of the method is likely to
give very misleading results.

The discussion will be based on
the parallel-resonant circuit of
Fig. 1, in which L, », C, represent
the inductance, series resistance
and self-capacitance of the coil
under test. The circuit is tuned
by the variable capacitor C and
it is fed with current I from a
signal source of very high im-
pedance compared wih that of
the circuit. The voltage across
the circuit is measured by a
valve voltmeter having an input
capacitance C, and wan input
resistance R,, and the wvoltage
is denoted by the symbol V.

It is convenient to represent
L and » by an equivalent parallel
combination L; and R as in Fig.
2 and it is shown in Appendix
that as long as Q is independent
of frequency L; = L(1 + 1/Q?
and R = oLQ(1 + 1/Q?). Here
Q = wL/r and is the true Q of
the coil alone, while o is, of
course, 27 times the frequency.
Usually Q is much greater than

TTLLIT
CTITHT

Fig. 2. An equivalent of Fig. 1,

in which the coil resistance 7 is

replaced by a parallel resistance
R introducing the same loss.

unity and so the approximate
relations L; =L and R = oLQ
are nearly always sufficiently ac-
curate. In terms of L, and R,
Q = R/wL,; exactly.

In the following it is assumed
that the current I fed to the
circuit is constant over the range
of frequencies concerned and is
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also independent of the im-
pedance of the measuring circuit.
The voltage V, indicated by the
valve voltmeter, is V = IZ, where
Z is the impedance of the whole
circuit.

In making a measurement the
signal source is set at the required
frequency f, and the circuit is
tuned to it by C for the maximum
reading of the valve voltmeter.
Let this value of C be C,, so that
the total circuit capacitance is
Crp=C,+C, +C,. Call the
voltmeter reading V,.

Alternative Methods

In the frequency-detuning
method the signal source is now
detuned to a higher frequency
fo for which the voltmeter in-
- dicates a lower reading V (it is
common practice to make V =
0.707V,). A note is made of
the frequency, and the source is
detuned to a frequency f, lower
than f,, so that the voltmeter again

reads V. -Then, as shown in
Appendix 2, ‘
J
Qe = 27 V(8" — ).

where S = V,/V, Af = f,—f, and
Q; is the total Q; that is, the Q
of the coil in circuit and as modi-

fied by losses other than those

inherent to the coil.

In the capacitance-detuning
method the procedure is much the
same, but the capacitance of C is
varied instead of the frequency of
the source. The first step is the
same—to tune the circuit to the
signal source, thus obtaining C,
and V,. The circuit capacitance
is then increased to C, to obtain a
voltmeter reading V and is then
reduced below C, to C, to obtain
the same reading V. Then

CT’I’ ‘ 2 ’

Q=2 -Xy(s 1)
where Cq, =C, 4 C, + C, 4C
=Cy —Cy;and S =V,_/V.

As mentioned already, the de-
tuning is usually carried out so
that V =o0.707 V,. This is
purely for simplicity of calcula-
tion, for then S — 1.414 and
v/(S%2 — 1) = 1. With this value
it is clear that the total change of
frequency is 1/Q (or of capacitance
18 2/Q) times the resonance value
of frequency or capacitance.
commonly 100 to 200 so that the
change of frequency or capa-

Qis

Wireless World

citance involved is under 19,
of the resonance frequency or
capacitance. Now this change
must obviously be measured with
an accuracy of the same order as
Q is required to be known. This
is the real difficulty with the
detuning methods.

It is shown in Appendix 3 that
in the frequency-detuning method
the frequency accuracy must be
2Q times the required accuracy
for Q. It is worth considering this
in more detail. It is obvious from
the form of the equation for Q
that if the three frequencies
fp f1 and f, are all known with
the same percentage error and the
errors are all in the same direction,
they cancel one another and
there is no error in the determina-
tion of Q. Calibration errors in
the signal source are not neces-
sarily all in the same direction,
but they quite commonly are, and
as the frequencies are very close
to one another the errors are likely
to be of the same magnitude. In
general, therefore, calibration

errors may not have a serious

effect on the accuracy of the Q
determination.

It is errors in reading the scale
of the signal source or in setting
it to frequency which are im-
portant. These can be in either
direction and, as a result,
enormous errors in Q) are possible.
As an example, suppose it is
required to measure a Q of 200 at
40 Mc/s. Then Af = 0.2 Mc/s. If
one succeeds in setting the signal
source accurately to 40 Mc/s, then
in detuning it will be set in turn
to 40.1 Mc/s and 39.9 Mc/s. (The
frequencies will actually be very
slightly  different from these
because f, is not precisely one-half
of f; 4+ f,, but the difference is
negligible.)

Suppose now that in reading
these frequencies from the scale,

errors of 19 in opposite directions

are made and f, is taken as
40.5 Mc/s and f;, as 39.5 Mc/s.
The difference 4f will be 1 Mc/s
and Q will be calculated as 40
instead of its real value of 200 !
A signal generator is the kind of
signal source which, because of its
convenience, many might be
tempted to use, but it is quite
useless for the determination of
Q by the frequency-detuning
method. - Even when the calibra-
tion accuracy is much better
than 19%, which is not always
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the case, the scale provided is far
too cramped to be read even
to 19.

This applies, of course, to
reading the scale generally, for
which interpolation between the
marks on the scale may be
necessary. When a scale marking
coincides with the cursor, the
reading accuracy is much higher.
A considerable improvement in
accuracy would be obtainable if
the signal generator were used
set only to definite marks on its
scale. This is not possible with
the method of Q measurement
described, but it can be done by
modifying it somewhat. The
procedure is to detune the signal
generator by a fixed amount and
determine the change in voltage
across the circuit instead of
detuning so that the voltage falls
by a fixed amount and noting the
change of frequency. A different
and slightly more complicated
formula is then used to compute Q.

While this is an improvement,
it is still inadequate, because few
signal generators permit small
enough amounts of detuning. A
typical piece of apparatus has
scale marks at o.2-Mc/s intervals
at 10 Mc/s and so would be useless
for the measurement of Q values
exceeding about 10/0.4 = 25,

Wider Voltage Ratios

All this applies as long as the
detuning is carried out for a
voltage drop to o0.707 of the
resonance value; that is, for
S = 4/2. If a larger value of S
is adopted, the detuning is in-
creased and the change of fre-
quency can be more accurately
determined. The accuracy of the
Q measurement is, therefore, in-
creased. Itisshown in Appendix 3
that the accuracy of the
measurement is proportional to
1/ (S% — 1).

Practically, there is a limit to
the magnitude of S, for the
larger it is made the more difficult
does it become to measure the
voltages accurately. The practical
limit to S is probably about 10
using an ordinary valve volt-
meter. It is, of course, possible
to change S by changing the r.f,
mmput to the circuit and if an
accurate attenuator is available
this is probably the best way.
The accuracy will usually fall
off considerably at very-high fre-

D 4


www.americanradiohistory.com

November, 1949 Wireless

quencies, however. Apart from
this, the improvement of accuracy
by increasing S is limited to
about 10 times and is not enough
to permit the use of a simple and
inexpensive signal source.

If high accuracy is to be ob-
tained in the measurement of
high Q values it is necessary to
adopt a method by which the
frequency of the signal source
can be changed by a known
amount with very high precision.
The best, and probably the
simplest, way of doing this is
by setting the signal source to
zero beat with a harmonic of a
crystal oscillator.

The test frequency f, must then
be an integral multiple of the
crystal frequency f,. The circuit
is tuned to resonance with it and
the signal source is then offset
in any desired number of steps
of magnitude f,, by beating it
with the harmonics of f,, until
the voltmeter reading has fallen
a reasonably large amount.

The Q can then be calculated,
but the formula is somewhat
different from the one of Appendix

3;itis
e 1 e
O =z, VO

where §fis the change of frequency
above resonance. If the signal
source is set precisely to zero beat,
all frequency errors disappear, in-
cluding errors in the basic crystal
oscillator. In practice, it is not
possible to set precisely to zero
beat without adopting double-
beat methods, which are relatively
elaborate. If set to the nominal
zero beat by listening in phones
the errors may amount to 250 c/s
or so. They are negligible for
ordinary purposes.

In view of the fact that the
frequency accuracy of the refer-
ence oscillator does not affect the
accuracy of measurement of Q
it might be thought that quite a
simple oscillator would suffice.
In fact, a fairly accurate crystal-
controlled oscillator is needed
if the order of harmonic used is to
be easily identifiable. Thus, if
a Q of 200 is to be measured at
40 Mc/s, the 4ooth and 4oi1st
harmonics of a 100 ke¢/s oscillator
would probably be used and must
be identifiable.

The direct calibration of the
signal source is probably not
sufficiently accurate to do this

D5
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directly and is certainly not if
there is any appreciable error in
the fundamental frequency. When
employing: this method it is
necessary to have an additional
1-Mc/s crystal oscillator mainly
to help in harmonic identification.

Test Procedure

When the highest accuracy is
not necessary it is not essential
that precisely the right harmonic
should be used for the initial
resonance tuning, an error of 19,
in determining f, will affect Q
by only 19,. The crystal oscillator
is then essential for accurate
detuning. The procedure . then
is to set the signal source to the
desired frequency by its dial,
adjust it slightly so that it comes

to zero beat with the nearest -

harmonic of the crystal oscillator
and tune the test circuit to
resonance. The signal source is
then detuned to an adjacent har-
monic, or two, or three harmonics
away, as the case may require,
and §f is known to the crystal
accuracy plus perhaps 250 c/s
due to errors in setting to zero
beat.

If the maximum value of S is
10 and Q) values up to 400 are to
be measurable f,/8f must not be
less than 8o. If the crystal fre-
quency is 100 kc/s, measure-
ments cannot be made at fre-
quencies lower than 8 Mc/s.
If a 10-kc/s oscillator is provided,
and it should be a multivibrator
locked by the 100-kc/s oscillator,
the range can be extended down
to 8oo kc/s. In practice, Q values
of 400 are rare at such frequencies
and the useful range would be
lower, perhaps to 600 kc/s. For
measurements at still lower fre-
quencies a second locked ‘multi-
vibrator at 1 kc/s would become
necessary.

The method clearly becomes too
elaborate to be satisfactory. For
high frequencies, where a single
100-kc/s oscillator will serve the
arrangement is useful, although
it will be necessary to provide a
simple receiver to produce the
beats between the signal source
and the crystal-oscillator har-
monics. This can usually be a
diode detector and an a.f. amp-
lifier.

It is now necessary to consider
the capacitance-detuning method.
In general, conditions are much
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the same, but there is one very
important  difference. It is
possible to measure small changes
of capacitance very easily and
with considerable accuracy. As
a result, the capacitance-detuning
method enables Q) to be measured
much more accurately than the
frequency-detuning method when
only simple apparatus is used.

The way in which accurate
capacitance detuning can be ob-
tained is simply by providing the
calibrated main tuning capacitor
with a second calibrated variable
capacitor in shunt with it and of
very small capacitance. It pro-
vides a total capacitance change
of, perhaps, 10 pF and its scale
is such that it can be read to at
least o.1 pF.

Initially, this detuning capaci-
tance is set to its mid-value and
the circuit is brought into re-
sonance by the main tuning capaci-
tor. The detuning is then carried
out on the small capacitor only
and so the change of capacitance
can be taken from its scale with
quite good accuracy. The fre-
quency accuracy does not enter
into the accuracy of measurement
at all, which is governed only by
the errors in the voltmeter and
in the calibration of the capacitors.

Simplicity

It is in this simple way of de-
tuning that the superiority of the
capacitance method lies.  The
equivalent inthe frequency method
is to use harmonics of a crystal
oscillator as a detuning reference.
This necessitates a considerable
amount of apparatus if a wide
frequency range is to be covered
and just does not bear comparison
with the "small-capacitance vari-
able capacitor of the alternative
method.

From now on only the capaci-
tance method will be considered.
From the formulae in Appendix 3,

Cey
Qe = 22 y/(S7—1).

very - high - frequency work C,,
will usually be 50-500 pF, S can
range from 4/2 to 10 and Q. will
generally be within 50 to 300.
Let S = 4/2 [i.e, /(5% — 1) = 1]
when C;, = 500 pF and S = 10
[i.e., 4/ (8% —1) = 10] when
Cp, = 50 PF, then throughout the
range 2 C;, 4/(S% — 1) = 1000 and
4C = Iooo@T. I Q = 350,

For all but
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A4C = 20 pF; if Q = 300, 4C =
3.3 pF. ,

The usual run of coils which are
tuned by a 500-pF capacitance are
used at moderate frequencies and
generally have Q values around
100-150, for which 4C is some
10-6.6 pF. Much higher Q values
are not common. It can be seen,
therefore, that a 20-pF detuning
capacitor is about right for use
with a 500-pF main tuning capaci-
tor. .

For very high frequencies, a
tuning capacitor of 100 pF will
suffice and is generally advan-
tageous. Q) values at these fre-
quencies may also be higher and a
range of 50-500 is desirable.
The maximum and minimum
values of C,;, may be 100 pF and
20 pF. If Sis varied over a 5:1
range, 2 C;,4/(S% — 1) = 200 and
4C = 200/Q,. This makes 4C
rather small, but S can be doubled
to make 4C = 400/Q,. For

Q = 50, 4C = 8 pF ; for Q = 500, -

4C = 0.8 pF.

If 4C is given a maximum value
of 10 pF, then with a 180° scale,
a change of 0.8 pF corresponds to
an angular movement of 14.4° and
so is not impracticably small.

Coil Self-capacitance

It will have been noticed that
in the  capacitance-detuning
method it is necessary to know C,,

the self-capacitance of the coil..

It is, therefore, mnecessary . to
measure it independently. This
is no great disadvantage, however,
for one usually wants to know the
inductance of the coil and C,
must also be known to determine
this Both L, and C; can be
measured with the same apparatus
as that used for Q.

The necessary formulae are
given in Appendix 4. The pro-
cedure is to set the signal source
to a convenient {frequency f,
to which the coil can be tuned with
a low-capacitance setting of C;
call this C,. The signal source is
then set at a lower frequency f,
such that the capacitance C,

required to tune the circuit to.

resonance is considerably larger.
af =+ 4ff
Then Ll = - W
4f and A4C are the changes of
frequency and capacitance, and

I
Cy = —— —C,—C,.
0 wlz Lj} 1 v

, Where

Wireless World

At first sight one might expect
the errors in measuring L, to be
serious since the procedure is not
unlike that of the {requency-
detuning method of measuring Q
and accuracy depends on deter-
mining a change of frequency.

()

Fig. 3. Inductive coupling to the
signal source is shown at (a) and
capacitive coupling at (b).

However, this is nat so, because
the magnitude of the change of
frequency can be so much greater.

As in all other measurements,
it is necessary to correct the re-
sults obtained for the residual
parameters of the circuit. Capaci-
tance effects have already been
covered, for all strays can be
included in C,. At high frequencies
the inductance of the wiring may
have to be taken into account,
It is important, in order to
minimize such corrections, to make
the leads to the variable capacitors
and valve voltmeter very short.
Wiring inductance which comes in
series with L, is much less impor-
tant for the correction is a simple
subtraction of its value from the
measured value of L;.

The resistance losses of the
circuit, apart from the coil, are
denoted by R,. The simplest

-way of allowing for them is to

determine the dynamic resistance
of a whole circuit from the
formula Ry = 24/(S? — 1)/wdC.
Then the true dynamic resistance
ofthe coilis R = R,;R,/(R, — R,),

- and the true Q is Q = «C,R.

. So far nothing has been said
about the method of feeding the
test circuit from the signal source,
One of the simplest methods is to
put the circuit in the anode circuit

www americanradiohistorv com
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of a valve the grid of which is
fed from the signal source. The
valve must be so operated that its

_internal a.c. resistance is very

high, The method is simple
because the output capacitance
of the valve can be included with
C, and the a.c. resistance with R,
and so no additional corrections
are necessary. It is, however,
difficult to secure a sufficiently
high a.c. resistance while still
keeping the valve operating under
linear conditions and so the method
is not often used.

Coupling to the Source

If the coil under test is not
screened it is common to couple
it very loosely to the coil of the
signal source, either directly or
through some intermediate net-
work. It is not possible to con-
sider all possible arrangements in
detail but a typical one is sketched
in Fig. 3 (a). The signal source is
represented by a generator e
and internal resistance R, and it
is coupled to the coil under test
L by the coupling coil L¢ with
mutual inductance M between the
two. An alternative which is
sometimes more convenient is the
“ top-end ”’ capacitance coupling
of Fig. 3(b).

If the transferred impedance of
the source is to have a negligible
effect on the resistance and react-
ance of the circuit under test it is
necessary that the coupling be-
tween the two be very small.
This in turn means that the power
in the source must be much
larger than the power in the tuned
circuit. If » is the fractional error
in the measurement of Q it is
easy to show that with any
reactive coupling

V2/R
P
where P4 is the source power.

If it is required to measure
tuned circuits with dynamic re-
sistances down to 10 kQ with an
error due to the transferred source
impedance not exceeding 19,
then the power needed in the
source must be at least Pg =
V2/100. > If V is 1 volt, then P
becomes 10 mW.

Many signal generators have an
output of 0.1 Vin 72Q, a power of
only 0.14 mW, and this is obviously
much too small. Even when the
output is 1V, the power is only
1.4 mW. Some generators, how-
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REAT strides have been
made in recent years in the
art of disc recording. The

frequency range recorded has

steadily widened and to-day the
majority of British-cut discs ex-
tend upwards to 15 kc/s. This
widening of the recorded fre-
quency band has challenged the
designers of pickups, who have
responded with an impressive
array of new models.

Whilst there is no doubt that

Wireless World
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PICKUP DESIGN

record substance. Even in a
lightweight design the needle-
point pressure, owing to the small
area of contact with the groove
wall, may be 5 tons per sq inch
at rest, and many times this when

. the stylus is being

+44 accelerated.

L1 11] U m Under these conditions

QLRSI M 142 the groove wall suffers

AT\ o elastic deformation,

\ db and to prevent it be-

\\ -2 coming permanently de-

TGRANS” | - formed, it is necessary

1L to reinforce it with a

-6  solid filler incorporated

_ : jn the record material.

S 3 S 8—8 This compliance in the
= =3 < <) - groove wall enters into

_FREQUENCY (c/s)

Fig. 1.
ture resonance.

the results obtainable from a well-
designed lightweight pickup, used
in conjunction with a good ampli-
fier and wide-range speaker sys-
tem, are very good on the latest
recordings, the results on many
older discs are most discouraging.
At best, reproduction is accom-
panied by a noise resembling a
high-pressure steam jet, and at
worst the noise and distortion is
so bad as to destroy completely
the entertainment value of the
record. The same is true, to a
degree, of many recent issues as
well.  The result is that many
record lovers, who have old and
cherished recordings in their col-
lections, cannot be. induced to
invest in apparatus that makes
these records unplayable.

This is a very undesirable state
of affairs, and the purpose of this
article is to examine the factors
affecting the quality of reproduc-
tion of records, with particular re-
ference to surface noise and har-
monic distortion, and. to show

how this has led to the design of -

a pickup that is able to deal both
with the full range of the latest
discs and, at the same time, get
the very best out of the most diffi-
cult old recordings.

The primary cause of surface
- noise-is lack of homogeneity in the

Effect of stylus pressure on arma-

the armature resonant
system, a fact which is
illustrated in Fig. 1,
which shows the re-

~  sponse at two different
stylus pressures.

The effect of this lack of homo-
geneity is to impart a series of
pulses to the stylus as it traverses
the groove. These will excite
oscillations in any resonant parts
of the reproducing system. The
most vulnerable point is the pick-
up armature. In Fig. 2 is seen
the effect using a pickup with a
rather heavy armature and trac-

By T. S. MARSHALL

ing a 400-c/s note. The oscilla-
tions of the armature are seen
spperimposed on the 400-C /s
trace. Most current lightweight
designs have an armature reson-
ance around 7 to 1o kc/s, which is
well within the audible spectrum.
‘The pulses received by the arma-
ture from the record material
cover a broad frequency band,
and the effect of the armature re-
sonance is to raise the output level
of scratch at the resonant fre-
quency above the general level. If
the pickup system were non-
resonant, the scratch level would
be lower, :

There are three methods avail-
able for the general reduction of
surface noise. The first is to re-
duce or remove everything above
a certain frequency with a low-
pass filter. The second is to insert
a filter tuned to the armature re-
sonant frequency, and the third is
to place the armature resonance
above the limit of audibility. The
first is usually accomplished with
a conventional top-cut circuit that
badly multilates quality before it
has much effect on surface noise.
Sometimes. it is done by means

Fig. 2.. Oscillogram of pickup with 4,500 c/s resonance when tracing
400 c/s note.
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Piekup Design—

ing a permanent point. At the
same time the armature resonance
should lie as high as possible,
which rules out a separate arma-
ture and stylus system.- In prac-
tice it is found that more than
one stylus size will be needed to
deal with the records currently
available, which, taking these
other considerations into account,
suggests interchangeable heads.
As the currently available light-
weight pickups are quite expen-
sive enough for the average
pocket, without involving spare
heads, manufacturing costs have
to be drastically reduced.

A new design fulfilling these
conditions has recently become
available (Goldring  ‘‘ Head-
master’’ pickup). It is of
moving-iron construction, with a
half rocker armature and fixed
sapphire point, and three inter-
changeable heads are provided
~with fixed styli of o0.002in,
0.0025in and 0.0035in radius. The
armature resonance has been
raised beyond 15 kc/s, and is well
controlled.

Wireless . World

If the high-frequency response
of a pickup is sufficiently well
maintained, it becomes possible to

November, 1949

of another will give excessive
noise at 2 thou:, unbearable dis-
tortion at 3.5 thou. and just

take advantage of the pre- tolerable resuits with 2. 5 thou.
; u - 0
EQUALIZER ‘~\ N
’ | \ N
okl N N
o-oos,aF:E'C | X N\, db
0-01 iF _ \‘ o
o-otzs,aF:E_IJ/__E ouT \
o-oz,uFI i 7 \
0-01 uF 22 \ﬁ
i
LLLIL L 20

{0

FREQUENCY (cfs)

1,000
10,000
20,000 h

Fig. 7. Low-pass filter, variable in half-octave steps.

emphasis used on certain British
and American recordings to gain
a further reduction in noise level.
An R-C circuit has been developed
for this which incorporates the
correct values for load and bass

compensation as

db well, and Fig. 6

. +s5 sShows the re-

NG \\' I = JAB I ;]/ DECCA Sponse Of this R

j’ : = 0 with a sample

EMIT | ] N _s pickup, to the

2 3 S S s principal record-
- =% =1 S :

= s o ing charac-

FREQUENCY (c/s) - " teristics. Another

Fig. 6. Response of ¢ Headmaster '’ pickup and important —point

““Tonaliser '’ correction circuit to principal record- i1s not to have a

ing characteristics. wider frequency

range ' available

Another fact of importance is

to keep the ratio of downward
pressure to inertia, at the needle
point, as high as possible, so as
to maintain good tracking on
warped records, and it has been
found possible to achieve a ratio
of unity with this design, dispens-
ing with any form of counter-
balance, at a needle pressure of
only 20 grams. :

The associated circuits are im-
portant in getting the optimum
performance. Fig. 5 shows the
effect on high-frequency response
of the load resistance, from which
it will be seen that by correct
choice of load it is possible virtu-
ally to eliminate the effect of the
armature resonance. The result
on .the bass response of correct
choice of bass compensation con-
stants is shown as well,

than is present on the record, and
Fig. 7 shows a useful tone control
circuit which cuts top response in
half-octave steps, ranging from ‘a
perceptible drop in scratch level
to a distinct cutting of the higher
musical frequencies.

The effect on noisy records of
changing. to a larger stylus is
dramatic to a person accustomed
to conventional lightweight pick-
ups: records giving very bad
noise, even with pre-war pickups
using soft steel needles, yield to
this treatment.

No less marked is the effect on
harmonic distortion" of reducing
the tip size with certain records,
and it is interesting in this con-
nection to note that the records of
one manufacturer may play satis-
factorily with any tip size from 2
to 3.5 thou. radius, whilst those

www americanradiohistorv com

This suggests that further im-
provements are possible in re-
cording technique.

Using the optimum tip size and
the optimum amount of top-cut
allows the extraction of the maxi-
mum entertainment value from
old records which are otherwise

~ quite unplayable; at the same

time the wear is so low that there
is no danger of damaging a
valuable record.

TRANSPORTABLE
SOUND EQUIPMENT

For Medium-Power Public
Address Work

COMPLE'I‘E equipment for use at

banquets, sports meetings, etc.,
has been developed for P.A. service
businesses by the General Electric
Co., Magnet House, Kingsway,
London, W.C.2. It consists of 2o-
or 3o-watt amplifiers in conjunction
with a record player with groove
location device, built-in record
racks, two moving-coil microphones,
three cabinet-type loudspeakers, a

set of spare valves, a complete set

of connecting leads and a kit of
tools. The whole folds up into com-
pact units and can be transported
on the rear seat of a small car.

‘“ MAINS-BATTERY TURNTABLE "’

VALRADIO, Ltd., 57, Fortess Road,
Kentish Town, London, N.W.5, in-
form us that they produce a unit similar
to that described in an article which
appeared under the above heading in
our last issue. It employs a vibrator
specially designed for the purpose and
provides an a.c. output of 30 W,
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TRANSFORMERS & CHOKES

203 STANDARD TYPES—

That’s something like a range ! The “Somerford™
and “Gardner’’ ranges of Transformers and Chokes
will meet EVERY normal need for radio and tele-
vision receiver construction and repair.

The high standard of quality of these components
ensure greater ACCURACY, increased RELIA-
BILITY and a BETTER job every time. Our new
Catalogue gives full details of every 'type. We
shall be pleased to send you a copy.

% MAINS POWER
TRANSFORMERS

% OUTPUT TRANSFORMERS
% SMOOTHING CHOKES
% DRIVER TRANSFORMERS
 E. H.T. TRANSFORMERS
% AUTO TRANSFORMERS

% also A RANGE OF PRECISION
COMPONENTS FOR NATIONAL
RESEARCH LABORATORY &
INDUSTRIAL USE—
«AVON"” «TWYNHAM?®”
«BURLEY” +=HENGIST”

Drawings and Mechanical details
available upon request.

' WHEN THE NEED IS FOR QUALITY
USE CARDNERS AND BE SAFE

“(Garoners Rapio,

SOMERFORD - CHRISTCHURCH - HANTS

Phone :: CHRISTCHURCH 1025

|
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gether. We took the hint and
thereafter played only records of
a quality worthy of the instru-
ment.

Hum is negligible and no trace
can be detected under normal
listening conditions. With the
volume control at maximum and
the pickup at rest one can just
hear a trace by kneeling down and
putting one’s head a few inches

Wireless World

from the loudspeaker aperture.

We liked the feel of the spin-
wheel tuning control and the ap-
pearance of the projecting in-
directly illuminated Perspex scale.
The sensitivity of the radio re-
ceiver is sufficient to bring. in
every worthwhile station and the
selectivity is adequate. There
were a number of self-generated
whistles between stations on all

459

wavebands, and the tuning
seemed a bit cramped on short-
waves after having handled.
several bandspread receivers re-
cently. The quality on powerful
medium-wave stations, however,
was in every way comparable with
the high standard achieved on the
best gramophone recordings.

The makers are Murphy Radio,
Welwyn Garden City, Herts.

NEW COLOUR TELEVISION SYSTEM

" RC.A. Sampling Process

. METHOD of colour tele-
vision which calls for no
increase of bandwidth over

that of an ordinary black-and-

white picture has been developed

by the Radio Corporation of
America. It is claimed that in a
525-line 6o-frame system the

usual channel of 6-Mc/s width is
not exceeded and that a colour
transmission can be received in
colour on a special receiver or in
black and white on any ordinary
receiver.

The initial and final stages of
the system are the same as in the
previous R.C.A. system. The
studio scene is viewed with the
colour camera and provides three
outputs simultaneously corres-
ponding to the three primary
colours—red, green and blue. At
the receiving end these three sig-
nals are fed to three c.r. tubes
which have on them identical and
synchronized rasters and red,
green and blue screens. The three
separate coloured pictures are
superimposed optically to produce
the final colour picture.

Three channels between trans-
mitter and receiver are needed in
this original system to convey the
three colour signals. The new
development comprises a method
of conveying the essential infor-
mation by one channel only. This
is done by sampling the colour
signals in sequence and transmit-
ting only information relating to
colour at these instants of samp-
ling. What might be termed
colour interlace is also used.

~The basic sampling frequency
is 3.8 Mc/s, and each colour sig-
nal is sampled every 0.203 usec

®
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\=1/3.8). The duration of each
sample is short compared with the
time between successive samples
and the samples of the three
colours are staggered in phase
with intervals of 0.0877 usec be-
tween colours. This is shown in
Fig. 1. At (a) two samples of the
green signal 0.263 usec apart are
shown and at (b) and (c) samples
of the red and blue signals re-
spectively. The amplitudes are

"\ GREEN - i

proportional to the amplitudes of
the signals at the instants of
sampling. In Fig. 1 the green,
red and blue signals are shown in
descending order of amplitude,
but this is merely to enable them
to be distinguished easily in the
composite signal (d). In reality
the amplitudes will depend on the
picture being transmitted.

If a train of pulses, having a
repetition frequency of 3.8 Mc/s,

(a) - \/ \ (e)
(b) — N ()
BLUE ﬂ /\
. 1L A\ / (9
(c) NS
GREEN .
I o
| RED—]_ /
BLUE
(d) - (k)
Fg. 1. This diagram ‘llustrates the method of sampl ng the s:ignal. The

resulting pulses are turned :nto sine waves of proportional ampl.tude by

means of low-pass filters

www americanradiohistorv com
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New Colour Television System—

is put through a low-pass filter
with a cut-off frequency of 4 Mc/s
only the fundamental and d.c.
components of the signal will
pass. The output is then of sine
waveform with an amplitude de-
pending on the input pulse ampli-
tude, and a d.c. component de-
pending on the mean amplitude

= SV T - S THR N

This diagram shows the

Fig. 2.
colour sequence in bu'lding-up the
picture in the receiver. Four frames
are required for one complete colour

picture. Courtesy R.C.A.

of the pulses. The sets of pulses
corresponding to the three colour
channels produce three sine waves
which differ only in phase, corres-
ponding to the staggering in time
of the three pulse trains, if the
pulse amplitudes are all the same,
but which differ-also in amplitude
and in their d.c. components if
they are not alike. These three
sine waves are shown in (e), (f)
and (g) in Fig. 1. Tt is particu-
larly to be noted that the maxi-
mum of any of these waves
always occurs when both the
other two are zero and coincides
with the pulse. The addition of
the three waves gives a sine wave
of different phase and with a com-
bined d.c. component. This is the
wave used to modulate the trans-
mitter, when the usual
pulses have been added, and it is
the waveform in the output of the
detector at the receiver.

The sampling times correspond \

relatively (that is, except for the
uniform transmission delay which
applies to the whole signal) to the
original sampling times in the
transmitter.  Therefore, every

QP N —

sync |
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time the composite signal is
sampled its amplitude at that
time corresponds to a maximum
of one of the component sine
waves and to zero in the other
two and so represents one colour.

A set of pulses corresponding to

the original pulses is thus pro-
duced ; they are sorted out into
the three colour groups and
passed to three c.r. tubes—one
group to each.

Colour Sequence

If this were all, a satisfactory
picture “"would not be ‘produced.
With simple and uniform sequen-
tial scanning the transmission of
a blank white raster would be re-
produced as a set of spaced
coloured dots. The green tube,
for instance, would show on its
first line, ‘green, blank, blank,

. green, blank, blank’ and so on.

The red tube would show ° blank,
red, blank, blank, red, blank,’
and the blue ‘blank, blank, blue,
blank, blank, blue,’ and so on.
Their composition would thus
give, ‘green, red, blue, green, red,
blue.’

In order to avoid this the
colour sequence is varied in suc-
cessive repetitions of the same
line and the colour areas are made
to overlap. The arrangement is

shown in Fig. 2. Ordinary inter- '

lacing of lines is used and in the
first and third frames odd lines are
scanned and in the second and
fourth frames the even lines. Four

November, 1949

frames are needed for a complete
colour picture. The letters repre-
sent the colours. The first, fifth,
ninth, etc., lines follow a straight-
forward scan of green, red, blue

- in sequence, the third, seventh,

etc., lines follow the order blue,
green, red, and are staggered half-
a-colour-element sideways. When
the frame interlacing is taken into

-account the first and third lines

of the third frame have the colour
sequence of the third and first
lines of the first frame.

In line 1, for instance, blue of
the third frame appears superim-
posed on half the green of the first
frame and on half the red. Green
is superimposed on half of the red
and half of the blue, while red
comes on top of half of the blue
and half of the green.

In the preferred arrangement of
the system some additional com-
plication occurs because the
sampling rate is halved and sig-
nals up to 1.9 Mc/s only are trans-
mitted in colour, the high-fre-
quency components up to 4 Mc/s
being separately mixed and being
without colour.

The system is extremely in-
genious. It has the advantage not
only of providing colour within
the normal bandwidth of a black-
and-white picture, but of enabling
a black-and-white picture to be
obtained with any ordinary un-
modified receiver. The adoption of
the system at the transmitter
would thus not affect existing re-
ceivers.

ELECTRONIC FLAME-CUTTER CONTROL
Obviating the Need for Engraved Metal Templates

N automatic template-tracing

head has been developed by
Metropolitan Vickers and is used in
the oxygen flame plate cutting
machines made by Hancock & Co.,
Progress Way, Croydon. In prin-
ciple, a photoelectric cell in con-
junction with auto-following mech-

anism is used to trace the outline of
the template, which is merely drawn

‘on paper and placed on a flat bed

below the photoelectric head. The
machine obviates the need for en-
graved metal templates and the
drawings can be used for an inde-
finite production run.

MINIATURE MICROPHONE

Developed by Cosmocord for the Air
Ministry Medical Research Dept.
this miniature crystal microphone
is used to explore sound levels inside
the helmets of air -crews under
actual flying conditions. It is
claimed to have a response sub-
stantially flat from 10 ¢/s to 20 kc/s.

www americanradiohistorv com
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CHOICE
AT

RADIOLYMPIA
BULGIN FOR

SWITCHES,
CONNECTORS,
INDICATORS,
FUSES, etc.,
JACKS & PLUGS,
RESISTORS,
NEON PRODS,
SUPPRESSORS,

ACCESSORIES.
&c.

The hundreds of thousands of visitors to Radiolympia 1949 enthusiastically
acclaimed the New and even wider Range of Bulgin Products as the
finest in the Radio and Electronic fields.  The introduction of Coloured
Components proved yet another point of Bulgin Leadership. So,
proudly, we abide by Radiolympia’s verdict.

MORE THAN EVER BEFORE, THE CHOICE OF CRITICS

(BULGIN ——

Quality LElectronic Components

A. F. BULGIN & CO. LTD,

BYE PASS ROAD, BARKING. Teleprhone; RIPpleway 3474 (5 lines)
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ELECTRONIGC subjects
ELEMENTARY & ADVANGED COURSES

YT

WRITE FOR FREE BOOKLET summarising
careers available in Electronics and giving particulars
of Courses offered by E.M.I. Institutes.

The booklet contains full details of elementary
and advanced HOME STUDY and DAYTIME
courses in Radio, Television, Telecommunica-
tions and Industrial Electronics.

Courses ideal for those seeking recognised qualifications
are also available.

Payment for tuition can be made in easy instalments
if required. '

Write to Dept. 16A
Associated with

1. The most reliable - “H.MV.” .

Designed and built by experts B aslas MARCONIPHONE
in sound reproduction whose
experience and laboratory
facilities are unrivalled

throughout the world.

COLUMBIA -
43, GROVE PARK ROAD, LONDON, W.4. CHiswick 4417/8 [[RENNEREPS

E.147

MODERN PRACTICAL RADIO
AND TELEVISION

This work covers every phase of Radio and Television
Engineering from many viewpoints and meets a great .
demand. The author, C. A. Quarrington, A.M.Brit.,
I.R.E., with a long and wide experience of Radio
Engineering, has been responsible for training a large
proportion of the Radio and Television Service
Engineers in this country, and is also well known as a
lecturer on Radio and Cathode-ray subjects to Uni-
versities, Radio Societies, Trade Associations and
"other interested bodies throughout the country.

It is impossible to detail even briefly in this small
space the exhaustive ground covered by this compre-
hensive work, but the pamphlet we can send you will
show you that these few remarks are no exaggeration.

THE ILLUSTRATIONS

“Modern Practical Radio and Television '’ is profusely illustrated.
It contains 16 full-page plates, over 400 diagrams in the text and 7

) : large folding insets. Each illustration has been specially selected for
The Saltmark o g«a@ its practical utility.

i SEND FOR FREE PAMPHLET
EIII.I.IIII.-IIII.III.II---IIIIII.I-.IIIII.l....lll..lllllll...."
To THE CAXTON PUBLISHING CO., LTD., 42, Clun House,
Surrey Street, London, W.C.2.

Please send me, free of charge, Pamphlet describing ‘“ Modern
Practical Radio and Television.”

2. The most efficient

giving outstanding perform-
ance on either 3 waveband
radio or automatic gramo-
phone.

3. The most attractive

Finished in polished, figured
walnuz with brown and cream
mouldings to tone.

4. The most value

5 valve, 3 waveband auto-
radiogram with twin loud-
. speakers. 8 new type push-
buttons. Dual tone controls.

“HIS MASTER’S VOICE"

There- are 8 superb models to choose from at our
attractive, new ‘‘most value” prices. Every one of
these superb instruments is also within your reach
through the new “H.M.V.” Hire Purchase Plan.

INAMIE. . i iireiee ettt issesrsotrtateseentasiniasnssorasssonsannsnns
( Send this form in unsealed envelope) (1d. stamp)

SEE THEM AT YOUR LOCAL “H.M.V.SHOP’

Address  .......... O

535 TR et et n e

THE GRAMOPHONE COMPANY LIMITED, HAYES, MIDDLESEX .’
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LETTERS TO THE EDITOR

Problems of the New Broadeast Plan + Television

and Women’s Fashions ¢ Dangerous

Wiring ¢ Broadeast Quality

‘ Intermediate Frequency
and the Copenhagen Plan”

I MUST thank Mr. Bishop for his
criticism of my findings, because
as he appears to have arrived at
some erroneous conclusions, it
would seem that a number of points
should have been made clearer.

"All the interference possibilities
within the scope of the article were
included in Table II for the sake
of completeness, and some of them
could be ignored. I thought I had
indicated this by my remarks on
the International Common Fre-
quencies on pages 323-4. Why
need Mr. Bishop have stressed the
same point?

I cannot emphasize too strongly
that my qualifying remarks (page
. 324, paragraph 4), attached +to
Table II regarding the geographical
position and aerial powers of the
relevant transmitters are of the
utmost importance. This was my
sole object in constructing Table I.
This question of aerial powers is one
of the most serious aspects of the
Copenhagen Plan and the extension
of the m.w. band only makes the
situation more dangerous. Under
the Lucerne Plan, the system of
power allocations was technically

sound : 550-1,100 kc/s, 100 kW
max. ; 1,100-1,250kc/s, 60 kW
max. ; 1,250-1,500kc/s, 30kW
max. A comparison between this

and the new plan must give grounds
for misapprehension; e.g., Channel
63, 150kW; 86, 150kW; O9rI,
150 kW ; 104, 60 kW,

Regarding my use of the full
+9-kc/s bandwidth, I agree that
this does produce a somewhat exag-
gerated result in view of the type
of receiver under discussion. Never-
theless, domestic receivers do show
wide variations in cut-off fre-
quencies, and anything between 3
and 7kc/s is fairly common. I
therefore do not think I was un-
justified in wsing the full +o9kc/s,
particularly as caution was indi-
cated by my terming the rejected
i.f. bands ‘‘unsuitable’’ and w=otf
““unusable’’ as Mr. Bishop mis-
takenly states.

Mr. Bishop is correct, regarding
second-channel as long as the
carrier is unmodulated, but directly
modulation takes place, a different
set of conditions arises. Given a

D 19

" clusive, for

strong enough input, interference
can be experienced at peak modula-
tion even with the image carrier
18 kc/s removed from the desired
carrier, provided the receiver re-
sponds to +9kc/s or better. This
modulated condition applies to
oscillator second harmonic inter-
ference, too, and accounts for the
877-kc/s  transmitter - interfering
with the 200-kc/s channel in cer-
tain areas when the receiver has an
i.f. of 456 kc/s. Surely Mr. Bishop
is mistaken when he refers to the
interfering carrier being 6 or 18kc/s
away from the oscillator second
harmonic frequency.

Under the present distribution of
frequencies there are only two
forms of interference shown by the
graphs to be produced by i.fs of
between 456.5 and 465.5kc/s.
These are the one mentioned above
and second-channel interference
from the 1,122kc/s transmitter on
the 200-kc/s channel. As in both
cases the affected areas are outside
the Midland Region, and are there-
fore served by the 1,149-kc/s
relays, I am at a loss to understand
why Mr. Bishop should assume
that this makes these i.fs un-
usable. Incidentally, as we are still
supposed to be operating under the
Lucerne Plan, I think it is relevant
to point out that under the original
plan the following i.f. bands were

reasonably  clear: 329.5-333.5;
406.5-424; 443-482; and 492-500
kc/s.

I do not know on what grounds
Mr. Bishop bases his hopes of a
better service, but the fact that the
B.B.C. intends to use two valuable
frequencies, one of which is ex-
foreign propaganda
broadcasts, and that for this pur-
pose two 150-kW transmitters are
to be used at a most dangerous part
of the m.w. spectrum from the
point of view of interference, the
fact that the power of the 200kc/s
transmitter is presumably to be
raised to 400 kW, and that France
has been permitted the use of a
450-kW transmitter in the lLw.
band with the consequent danger of
increased ‘‘Luxembourg Effect’”’
gives me the impression that they
cannot be too secure. I find it diffi-
cult to understand how Mr. Bishop
can refer to ‘“the orderly distribu-
tion of wavelengths in Europe,”
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when  Radio Luxembourg is
adamant about holding on to a posi-
tion in the l.w. band; when the
seven countries who did not sign
the convention will do just as they
please, and the seventeen who made
reservations will presumably do
likewise should they feel so dis-
posed, not to mention the two that
were not even present.

Finally, I wish to state how sorry
I am that Mr. Bishop has chosen
to ignore my suggestion about the
200-kc/s channel, but instead has
recommended the use of rejectors,
as this rather weakens his case.
Even if I have been unduly pes-
simistic, it is hardly practicable to
use an i.f. of 498.3kc/s, with a
guaranteed maximum deviation
tolerance of +700c/s, as is sug-
gested in one example. As it seems
likely that the B.B.C. are going to
sit back and hope for the best, I
should like to recommend to your
readers the i.f. of 475kc/s as the
best of a bad job, but trouble may
be expected in certain parts of the
North and West of England,
Northern Ireland and Wales. I
sincerely hope I am proved wrong,
but if not, then the best i.f. for
these areas 1s anybody’s guess, but
would seem to be around 365 kc/s.

G. H. RUSSELL.
London, N.W.j5.

* Televising Moving
Images ™

N connection with R. W Hallows’
article, the following may be of
interest. I have noticed that where
an artist is wearing a narrow hori-
zontally striped dress, there is con-
siderable flutter or flicker, due no
doubt to the frequent omission of
scanning lines of the horizontal
stripe of the dress.

In fact, until the problem of the
number of frames and lines is re-
solved the B.B.C. would do well to
censor dresses of narrow horizontal
striped material A. YOUNG.

Chingford, Essex

Reversed Power Leads

ITH reference to ‘‘ Diallist’s’’
note on reversed power leads,
causing the whole of the otherwise
correct installation to become
dangerous, I met a similar case in
which, due to a change in tenancy,

" an existing supply meter was re-

moved and later replaced. Both
the tails were red, and the re-con-
nection was done by a woman
employee of the supply authority
(shortly after the war). = Some
months later one plug after another
was found to be live when switched
off, and it was not until vseve{al
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Letters to the Editor—

had been blamed on the original
wireman that the true cause was
spotted.

Large numbers of such re-connec-
tions were made after the war in the
big re-settlement of evacuated per-
sons, and probably many such cases
may still remain undetected.

“F. GRISLEY.

Leigh-on-Sea, Essex.

Quality of B.B.C. Trans-
missions

N the October issue, page 366,
L while discussing a high-quality
amplifier, the author states:—

““The majority of medium-
wave broadcast  transmissions,
when reproduced with wide-range
equipment, exhibit a most objec-
tionable form of non-linearity dis-

tortion. This takes the form of a

rattle or buzz often accompanying

transient sounds such as pianoforte
music. This type of distortion is
commonly caused by minor dis-
continuities in the transfer char-
acteristic and is frequently associ-
ated with Class ‘B’ amplifiers.”

In view of the above comments,
I feel it only right to say that in the
London area, on the Home Service
(342.1 m), the B.B.C. have in recent
months succeeded in clearing up the
distortion referred to.

I gather that the existence of the
distortion was largely due to the
operation of an ‘‘austerity’’ war-
time transmitter, but, judging by
results, they seem to have cleared
the trouble completely.

Distortions, of course, still occur
occasionally on programme items in
which the recording is below stan-
dard, but a direct transmission is
now substantially free from
‘““cracked piano effect.” ' ‘

P. G. A. H. VOIGT.

London, S.E.19. .

Beacon Interference

I FEEL I must protest most

strongly against the continued
use of the medium-wave broadcast
band for m.f. beacons operated at
Air Ministry and M.C.A. airfields.
The heterodyne whistles perpetrated
by these transmitters completely re-
move all entertainment value from
many interesting continental sta-
tions, and in most parts of the coun-
try at least six such interfering
transmissions are present on domes-
tic receivers. In the London area,
particularly intolerable interference
is caused on the Hilversum 416-m
transmitter by beacon WK (West
Malling?) whilst reception from the
3or-m Hilversum transmitter is

Wireless World

similarly ruined by another beacon
in the Midlands.

I should be interested to know
whether other people feel similarly
about the matter, and whether any
reader could say what the position is
with regard to international fre-
quency allocations. Surely naviga-
tional aids occupy sufficient space
in the spectrum without encroaching
into the broadcast bands in peace-
time. I wonder whether the Post
Office will be able to take action
under the new Wireless Telegraphy
Act against the authorities con-
cerned for causing interference with
broadcast reception.

“MIKEROBE."”

“ The Phasitron”

IN your issue of May, 1948, page
168, there is an article dealing
with phase differences between the
suppressor grid G, and the working
grid G, of a pentode when a radio-
frequency voltage is applied to this
suppressor grid. Phase modulation
with a condenser microphone based
on this principle is furthed dis-
cussed. o

This method was first described
by Dipl. Ing. I. Zakarias in
Tungsram Technische Mitteilungen
for August, 1938.

A test set to control the quality
of coils in service work also based
on this principle was described by
me in the Dutch journal Radio
Bulletin for 1947, number 9.

P. BICKES

Nijmegen, Holland.

City and Guilds Certrgﬁcates‘

ANY radio and electronics en-
gineers specialize for their
profession through the 4-5 year
courses for City and Guilds Examin-
ations, with the knowledge that
Radio Communications Grade III,
plus Technical Electricity Grade II,
has at least the equivalent academic
status of, and is recognized in lieu
of, Higher National Certificate for
Part ““B” of the I.LE.E.’s asso-
ciate membership examination, and
for the graduate examination of-the
Brit. I.R.E.
.Why then, does the Technical and

Scientific Register not recognize this"

equivalent value of C. & G. examin-
ation certificates?

This waste of skilled and experi-
enced manpower is aptly illustrated
by advertisements which appeared
in Wiveless Engineer (p. 34, March,
’49; and p. 26, Aug., ’'49), also in
The Times (‘“Public Appoint-
ments,”” 30/8/49), which invited
applications from electronic and
electrical engineers for positions as
Senior, Experimental, and Assistant
Experimental Officers, for radio,
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radar and electronic work at Farn-
borough and other establishments.
It was stated that candidates should
have experience, and ‘‘at least
Higher National Certificate, Higher
School Certificate or equivalent in
mathematics, or a science or engin-
eering subject.”” Applications were
to be made to the Technical and
Scientific Register.

I hardly like to suggest that City
and Guilds Certificates, or Corporate
Membership of the British Institu-
fion of Radio Engineers is ‘‘ equiva-
lent’’ to Higher School Certificate,
but unless you can help stop this
disfranchisement of qualified Radio
and Electronic Engineers, I am at
present obliged to accept the posi-
tion that the thorough training re-
quired for a C. & G. man is to be
counted as inferior to the qualifica-
tions of an 18-year-old straight from
secondary school with Higher School
Certificate.

“UNEMPLOYED
A.M.Brit.ILR.E.”

« Shared Television
Aerials >’ '

ITH reference to the article on

Y page 287 of Wireless World for
August, I feel that it is desirable to
utter a word of caution on the use
of these matching circuits.

The characteristics of each of the
circuits described depend on the
individual feeders being closed with
their characteristic = impedances.
These closing impedances are nor-
mally provided by the input circuits
of the receivers connected to them.
Should a . receiver be disconnected
from its feeder cable and the cable
left open-circuited, then the inser-
tion loss of the matching network
will be altered, affecting the level of
the signal transmitted to the other
receivers. This, of course, can be
corrected by an adjustment of the
‘““contrast’’ control but a more
serious form of interference may re-
sult in that the impedance of the
network looking from the aerial will
be changed and serious ‘‘ringing”’
may result, particularly if the feeder
cables concerned are of appreciable
length, giving rise to a very unde-
sirable form of interference on the
picture.

Where two or more receivers
sharing an aerial are situated in the
same premises this difficulty may -
easily be avoided, but where an
aerial feeds receivers in different
houses or flats, such that.the user
of one set has no control over the
actions of other users, a consider-
able amount of trouble and annoy-
ance can be caused.

- K. J. EASTON.
Wembley Park,
Middx.
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RANDOM RADIATIONS

Good Work!

IT WOULD BE DIFFICULT to over-
praise the drive, the organizing
ability and the herculean work
which made it possible for Radio-
lympia to open in pretty complete
form on the advertised day. One
realized that the bulldog spirit was
there right enough when, soon after
the first strike announcement,
Admiral Dorling said that the show
would open, even if the exhibits had
to be laid out on the floor! - The
work put in by the organizers, the
exhibitors and the Press Officer ap-
proached what our American friends
would call ““an all-time high.”” It
went on day and night at full
stretch. Unfortunately, it couldn’t
save one of the most important days
from the export point of view; the
pre-view on September 27th had to
be cancelled and that was a loss in-
deed. It’s on the pre-view day that
the overseas buyer is normally most
active. ~As there are no great
crowds, he can examine the stands
at his leisure, without having to
battle his way to them. Nor has he
usually to wait until some of the
technical people on the stand at
which he has arrived can attend to
his enquiries. Unfortunately, no
one has yet discovered a way of
making an hour contain more than
sixty minutes; hence some overseas
buyers, whose visits had been
planned in advance to include just
the pre-view day and the opening
day, were faced with the alterna-
tives of taking in fewer stands, or of
spending less time than they had
originally: intended on the stands
showing apparatus that made the
strongest appeal to them. A pity,
but there it is.

Error of Judgment?

It was said widely that television
stole the show. To a great extent it
did; and in my humble view it
should never have been allowed to
do so. It’s easy to attract the man
in the street and his better half by
any demonstration of visual enter-
tainment than by plain, simple
radio. They come, they see, they
marvel, they covet. But how many
of them live in the present television
service area or in that to be served
by the new station? And even if they
do, there are still large numbers of
homes in those areas which have no
mains supply of electricity, whilst

others have a supply unsuitable for

television. For at least five years to
come the lifeblood of the radio in-
dustry must be concerned with the
plain radio receiver, dealing with
sound alone. To my mind, then,
Radiolympia should concentrate on
being Radiolympia whilst things are
as they are and should not be
allowed to go gay by becoming
Televisiolympia ! '

The Television Scheme

IN H1s OPENING SPEECH the Lord
President of the Council outlined a
television broadcasting system for
this country which won’t be com-
pleted, even in skeleton form, for
another five years. His words made
me go cold all over, Here we are,
the first country in the world to de-
velop practical television, being left
far behind, certainly by the United
States and possibly by other coun-

- tries, in the provision of a nation-

wide television system. Our prob-
lems are far simpler than those of
most other countries because (1) the
bulk of our population is concen-
trated in or around a few compara-
tively small areas; (2) the distances
from area to area are far shorter
than those found in other lands; (3)
it is a simple and not very costly
matter to bring the necessary radio
or coaxial-cable links into being;
and (4) we are not handicapped by
the presence of great deserts or by
large residential areas in territories
of the mountain-and-narrow-valley
kind. If we want to keep our posi-
tion as leaders in the television field,
we must go all out for a rapid ex-
pansion of the service.

It’s Got to be Done

There are, one realizes, big diffi-
culties in the way of shortages of
materials and labour. But television
offers an enormously important
channel for exports to a large part
of the world. Most civilized coun-
tries are eager to start television ser-
vices. Few have the means of
manufacturing their own transmit-
ting apparatus, or the receiving gear
for which their people will clamour.
Marconi, E.M.1., Pye and possibly
other British firms have developed
405-, 525-, 605- and 625-line trans-
mitting systems.  Further, any of
these systems 1is, within reason,
readily adaptable to whatever num-
ber of scanning lines any particular
nation may select as its standard. In
a word, our manufacturers areall set
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to provide a large portion of the .
world with its television equipment
as soon as it is wanted. But look at
the handicap under which they are
likely to find themselves. Prospec-
tive buyers may say to themselves,
reasonably or unreasonably, that, as
Britain has only one transmitting -
station, our makers don’t on .the
face of it appear to have got very
far: would they not be better ad-
vised to buy from a country in
which a wide television network is
a reality and not just a pious
aspiration? We're losing face
through our national go-slow in tele-
vision and we can ill afford to do
that.

The Home Market

There’s another point, too, of very
great importance. A thriving and
vigorous export industry can be
based only upon a large home mar-
ket. At the moment our home
market for television is very re-
stricted.  Little more than one
quarter of our people kive in the
genuine service area of the London
station. The opening, a week before
Christmas, of the Birmingham
transmitter will bring the total up
to about 40 per cent of our popula-
tion. But the industrial districts
of Yorkshire, Lancashire, Durham,
Northumberland, South Wales and
South Scotland will, despite their
enormous purchasing power, still be
(in more senses than one) out of the
picture. Our manufacturers can
hardly -count on selling at home
more than 150,000-200,000 tele-
vision receivers.in the next twelve
months and that isn’t enough to
enable mass production to be de-
veloped as it could and should be
developed, I'd like to see the con-
struction of the main television net-
work made a matter of the highest
priority. If that were done, I be-
lieve that we’d reap a rich reward
in the export markets of the world.
Notwithstanding the war, is it,
when all is said and done, good
enough that our second television
transmitter will come into action 13
years after the first: or that 18
years will pass, should present plans
materialize, between the opening of
the Alexandra Palace station and
that of the transmitter which com-
pletes the skeleton of the national
network? The rest of the world
may well feel that, though we were
first in the field, we couldn’t stay
the course. An understandable atti-
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RECENT INVENTIONS

A Selection of the More Interesting Radio Developments

The British abstracts published here are prepared with the permission
of the Controller of H.M. Stationery Office, from specifications obtainable
at the Patent Oﬁice 25, Southampton Buildings, London, W.C.2, price

2/- each.

Ribbon Microphone
Construction

N ribbon microphones where direc-

tional characteristics are required

it is desirable to provide ventilating

passages in the -pole pieces -for allowing

free circulation of air around the
ribbon.

This result is obtained by making the
pole pieces. of laminar construction, the
laminations being in groups of dlﬂferent
shapes to provide air passages near the
pole tips.  The latter are continuous
and are formed in part by small and
thin elements fixed to the tips of other
elements of larger size shaped to pro-
vide the required air passages around
the thin elements to give air communi-
cation between the two sides.

The Bryitish Thomson-Houston Co.,
Ltd., and W, A. Bocock. Application
date, November 7th, 1046. No. 625,261.

Feedback and Amplification
Control

OLUME control of a simple-type
receiver such as a superheterodyne
reflex receiver is secured by means of
a potentlometer which is at least par-
tially in the aerial circuit, and which
also regulates negative feedback derived

from the speech coil of the loudspeaker.

In the circuit described a triode-
heptode is provided; the heptode serves
as an oscillator and as a frequency
changer and the triode as a neutralized
i.f. amplifier (with a.g.c.) and also as
an a.f. amplifier.
The output valve is
a double diode pen-
tode. Feedback volt-

movement of the electron is produced
by means of uniform magnetic and elec-
tric fields both at right angles to the
electron path and .at right angles one
to the other.

The diagram shows the construction
diagrammatically as well as the input
and output circuits; deflector plates a
are positioned to each side of the beam

. so that the electrons from the cathode

b are deflected by the input signal
relatively to the two anode sections c.
A push-pull input is applied to the de-
flector plates and a push-pull output
is derived from the anode sections c.
The electric field E is obtained by

ages are applied to

the potentiometer,
which thus varies
the r.d. input and N
also the feedback
voltages fed to the
triode grid.

Philips Lamps,

ouT

Ltd. Convention
date (Netherlands),
Mavch 5th, 1943.
No. 624,010,

Beam Deflection Valve

THERMIONIC valve relying on the

deflection of an electron beam so
that spaced anode elements collect dif-
ferent quantities of electrons is de-
scribed, wherein the average velocity of
the electrons is reduced by causing the
electrons to travel in a series of
cycloidal or like loops or hops from
the emitting surface to the anodes. This

WIRELESS
B.Eng.(Hons.), Fourth Edition .

Books Published for ¢ Wireless World”’

Net By
—— Price post
GUIDE TO BROADCASTING STATIONS. Fifth Edition ... 1/6 1/7
RADIO VALVE DATA, Characterlstics of 1,600 Receivmg
Valves 3/6 3/9
FOUNDATIONS OF WIRELESS Fourth revised Edltlon, by
M. G. Scroggie, B.Sc., M.I.LE.E. 7/6 7/10
RADIO LABORATORY HANDBOOK. Fourth Edition, by
M. G. Scroggie, B.Sc., M.I.E.E. 12/6 12/11
WIRELESS SERVICING MANUAL, by Ww. T Cockmg, .I E.E.,
Seventh Edition 10/6 10/10
TELEVISION RECEIVER CONSTRUCTION A Reprlnt of
10 articles from ¢ Wireless World *’ 2/6 2/9

RADIO DATA CHARTS, by R. T. Beatty, M A., B E., D. Sc.,
Fourth Edition—revised by J.McG. Sowerby, B.A., Grad.I.E.E. 7/6

DIRECTION FINDING.

A complete list of books is available on application

Obtainable from all leading booksellers or from
ILIFFE & SONS LTD ., Dorset House, Stamford Street, London, -S.E.1,

7/11
By R. Keen, M.B.E., ) H
.. 45/- 45/9
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Beam deflection amp.liﬁer.

plates at right angles to the deflector
plates and on opposite sides of the elec-
tron path, while the magnetic field H
is produced by external means.

G. H, Metson. Application date,
August 1st, 1946. No. 625,271. '

~ Speed-of-Approach
Detection

HE Doppler effect has been used to

detect the approach of a moving
object; in one form both the outgoing
carrier frequency and a received reflec-
tion signal are converted to inter-
mediate frequencies and intermodu-
lated to produce beats when the re-
ceived signal has a different frequency
due to the approach.

In the new arrangement the trans-
mitter and receiver are linked through
a local oscillator circuit which mixes
a local oscillation with the carrier fre-
quency to produce upper and lower
sidebands. The receiver modulates the
carrier frequency, the received fre-
quency as well as the sidebands, to pro-
duce an i.f. carrier with two i.f. side-
bands spaced from the latter carrier by
the difference between the r.f. carrier
frequency and the received frequency.
These i.f. signals are, in effect, a con-
ventional amplitude - modulated i.f.
wave and can be demodulated by nor-
mal methods; the Doppler beat note
being reproduced from the wave en-
velope.

Sperry Gyroscope Co., Inc. Con-
vention date (U.S5.A.}, November 21st,
1045. No. 624,725.
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