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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is now out of date, or that the two methods of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

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

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
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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




November, 1949

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

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

(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
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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
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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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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.
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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
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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

100

200 300 400 500 600 800
FREQUENCY (c/s)

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
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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

bt b0 >
(2)
=== = .
9H oH
4;.1,F:J[: 4p.F:JF. (b)
= = -
] [©)
apk 4uF a2
O : -0
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

6’&‘5’6(\'

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.Beam Tetrode | 14 | Ol ' 0 | e75 | -7 | 74 14 | 100000 | 158 | 8000 | 027
3V4 | Batt.BeamTetrode | 4§ | OO ! 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.







