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Monthly Commentary

Plea to Set Designers

T can reasonably be assumed that manufac-
turers of broadcast receivers are at present con-
sidering, more actively than at any time during

the past five years, the designs of their post-war
products. Apart from the more obvious and funda-
mental aspects of design, of which the problems
are self-evident, there are many secondary matters
to which thought should be given. One of these is
raised by The Wireless Trader, which has recently
stressed the desirability of planning sets for easier
maintenance and repair. That journal, and those
of its readers who have contributed to the subse-
quent discussion, seem to be agreed that many
sets are sadly deficient in this respect, and that
nearly all of them are susceptible to improvement.
Lack of accessibility, especially of components
likely to need replacement, is the main complaint.
It is pointed out that the removal of the chassis
from the cabinet usually entails much unnecessary
work, partly because components are often
mounted inside the cabinet in such a way that they
must be disconnected before removal can be
effected. It is suggested that. the chassis should
be easily removable as a complete receiver unit,
except perhaps for the loud speaker, in which case
there should be sufficient length of speaker lead to
avoid the need for disconnection. Unnecessary
complications, such as fanciful tuning scales of

extremely doubtful ‘‘ sales appeal '’ that necessitate -

complicated cord drives, are condemned, as is the
practice of fitting multiple high-tension leads in
battery sets. Correspondents of The Wireless
Trader also deplore the fitting of multiple ‘‘ wafer "’
switches in such a position that the set must be
more or less stripped before a faulty contact can
be put right. They also plead that trimmers should
be mounted accessibly, and that design should be
made uniform so that all trimmers may be
actuated by a standardised tool. A particularly
strong case is made for fitting ‘‘consumable”’
components (such as electrolytic condensers) in a
way that allows easy access and replacement.
All these pleas seem to be eminently reasonable,

and we think it will be to the ultimate benefit of
all—not forgetting the consumer, who ultimately
bears any unnecessarily high service costs—that
the question of easy maintenance should be borne
in mind by designers. Of course, arguing on the
principle that prevention is better than cure, it may
be urged that designers would be better occupied
in devising broadcast receivers that do not break
down, and that the prospective buyer of a set will
be anything but favourably impressed on being
told that a particular type of set is designed for
easy repair. That is true enough, particularly of
the cheaper kind of set, but it must not be for-
gotten that after the war the industry will be cater-
ing for a much more critical market. At least half
a million persons have been introduced to more or
less technical aspects of wireless during the war.
They will know that all wireless apparatus stands
in need of occasional overhaul, and will be favour-

.ably impressed to find that reasonable precautions

have been taken to ensure easy—and consequently
cheap—maintenance. The influence of this large
section of the public is likely to be widespread.

Railway Radio.—Although the idea of using
wireless communication for increasing the safety
and efficiency of railway operation is by no means
new, comparatively little progress has been made
in applying it in practice. To the layman in rail-
road matters this is rather surprising; here, it
would seem, is one of those cases where the special
attributes of radio communication could be used
to great advantage. The subject has lately been
discussed at great length in the U.S.A., where a
sub-committee of the Senate has heard a mass of
evidence on the possibilities. The Federal Com-
munications Commission has declared itself to be
sympathetic towards the general principle, and no
fewer than nine railroads have been granted
authority to instal experimental operational radio
systems. Conditions are vastly different in this
country, but -the matter is one that should, we
think, be considered seriously here.
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WAVE GUIDES

How to Visualise Their Action and Characteristics

HERE are at present two
ways of explaining wave
guides. One, the proper-way,

is mathematically. That was all
right so long as the only people
interested in wave guides were a
few scientists, who, naturally,
could cope with the mathematics.

1
— U O S
//’ //-r’; _\\\\\\\\
N,
(\ C (\(\_” o) ) >
~.
\\\ ~ - ///
‘CURRENT
Fig. 1.  Magnetic field repre-

sented by broken lines circling
the direction of flow of an electric
current. - :

But as wave guides come into
practical use, many who handle
them will find their mathematical
ability too elementary to derive
much. enlightenment - from the
standard treatises. To them a
wave guide has to be described as
a pipe which if radio waves are
fed into one end will deliver them
at the other.

This conception is not likely to
satisfy the mentally inquisitive,
nor does it help one to apply wave
‘guides intelligently nor even to
maintain them in a serviceable
condition.

Wave guides are, in fact, only
one example of a technique that
will no doubt come into common
use as applications are found for
very short wavelengths. Other
devices are cavity resonators, such
as rhumbatrons, and "radiating
horns. -

In ordinary ‘ circuit” theory
we are accustomed to base our
ideas on currents and voltages,
with magnetic and electric fields
as incidental phenomena. To
understand wave guides and other

Fig. 2. Electric
field represented
by continuous
lines between
places at different
electricpotentials

==l

t

By
Sqdﬂ. Ldr. M. G. SCROGGIE

enclosed space devices it is neces-
sary to reverse this order and think
in terms of the fields, with currents
and voltages as secondary effects.
So the first step is to brush up one’s
knowledge of fields with the aid of
a favourite text-book, remember-
ing that fields are not in the form
of lines (even imaginary ones) but
that the lines in diagrams are just
to show the directions in which
the magnetic and electric forces
act, and to some extent to indicate
the relative intemsity of those
forces in different parts of the
fields. '

- ELECTRIC
FIELD

\\‘\

AR ANA)

Al A\ VA

AR to,
17 : " 1 W4V5 ’0;\,
-] L L - MO Oop
; L «:’/ T oy
Fig. 3. In an electromagnetic

wave the directions of the electric
field, the magnetic field and the
motion of the wave are all three
. at right angles to one another.

Here are the leading points
briefly :
1. Every current (that.is to

say, electric' charge in motion)

either along a wire, or in space as
in an electron stream, is associated
with a magnetic field, which acts
as indicated by loops drawn
around the current path (Fig. 1).

2. Every voltage is associated
with an electric field, which acts
between points which are at differ-
ent potentials (Fig. 2).

3. Every moving (or growing,
or collapsing) magnetic field causes
a voltage to-be generated, and
therefore an electric field ; while
a moving electric field similarly
generates a magnetic field ; so it
is possible for the two to be
mutually supporting in the form
of an electromagnetic wave mov-
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FIELD

ing at right angles to the forces of
the two fields, which are at right
angles to one another (Fig. 3).
A sort of intermediate stage
between ordinary circuits, where
we are concerned chiefly with
currents and voltages, and wave
guides, where the fields- demand
primary attention, is the trans-
mission line, where both are
important. = As it is just pessible
to push circuit theory. far enough
to provide a useful picture of the
action of transmission. lines, they
may serve as a bridge, for those
who have got so far, to proceed to

form some workable ideas about -

wave.guides. The following does
not claim to be a rigorous treat-
ment of wave guides, but an
approach to them from a modest
knowled e of transmission lines
and elementary geometry.

We start off with a short length
of parallel transmission line closed
at both ends, and consisting there-
fore of a rectangular piece of
metal (Fig. 4) ; a is the length and
b the width of the two parallel
conductors, and ¢ is their spacing.
Suppose electrical waves are. set
moving along this line, by coupling
it to some high-frequency genera-
tor. The waves are -totally
reflected at a short-circuited end.
They then travel to the other
short-circuited end, are reflected
there, and presently they reach -
the starting point, which may be

Fig, 4. A short
* length, a, of par-
allel transmission
line, short - cir-
cuited at each’
end, forms the
starting point for
considering the
action of wave
guides.

. QE»

assumed to be anywhere along the
line. :

‘Whether the " twice-reflected
wave will tend to-.cancel or to
reinforce the wave now starting
from that point will depend on
their relative phases. If the
double journey is exactly half a
wavelength, they will differ in



phase by that amount, which is
180 degrees, and therefore exactly
opposite in phase. If it is ome
complete wavelength the wave
just starting at any point is
exactly in phase with a wave that
“has done one lap of the course, and
with another that has done two,
another that has done three, and
so on. If there were no loss in the
line or radiation from it, the
amplitude built up in this way
by a generator of sustained
oscillations would increase without
limit, If the line is of copper
or other highly conducting metal,
spaced by air or other low-loss
dielectric, the build-up is very
considerable,  and the line is
sharplyi.zesonant. As the fre-
quency, and thérefore the length
of the wave, is varied the reflected
waves fall out of step and the
build-up is less.

For the double journey to be
one wavelength the length a4

Fig. 5. When the
‘“line”’ shown in
Fig. 4 is half a wave-
length long it reson-
ates, and the maxi-
mum current (and
magnetic field) is at
the ends, with maxi-

MAXIMUM
VOLTAGE

mum voltage (and ’
electric field) at the &
centre. At (a) the

distribution of fields

is shown diagram-

matically ; (b) shows

the current' (I) and

voltage (E) distribu-
tion.

must be half a wavelength, M2.
Obviously resonance occurs when
a is any whole multiple of A/2;
but A2 is the shortest possible
resonant length, and for the
present we shall assume it.

‘While waves travelling in the
same direction will always be in
phase, the relative phases of waves
travelling in opposite directions at
any point depend on the distance
of that point from the reflecting
end. At the end itself the short-
circuit ensures zero voltage, which
involves a voltage phase reversal
on reflection. At the centre of our
short line, which is A/4 from both
ends, a furthet phase reversal, due
to the time:taken by a wave to
make the double journey over this
distance, brings the voltages into
phase again, so at this point there
is permanently an alternating
voltage maximum, and therefore
maximum intensity of alternating

Fig. 6. Perspec-
tive view of the
‘“line”” (Fig. Is)
greatly extended
in the dimension
b, and marked
off into zig-zag
strips of width d.

|
e

electric field between the con-
ductors. Current—and conse-
quently magnetic field—is dis-
tributed in an opposite manner as
shown in Fig. 5 (where, however,
it must be remembered that the
magnetic field occurs go°® out of
phase with the electric field, so
they do not both reach their peak
values simultaneously). We have,
in fact, the standing wave system

wavelength X = 24, along the
direction a.
Next, suppose such a rectangu-
lar tube to be marked off into
strips of width d forming a zig-
zag transmission line, as shown in
- perspective in Fig, 6. Any wave
moving along such a ‘“line”
strikes the wall ¢ of the tube at an
angle 6, and in accordance with
the wusual law of ‘reflection  is
reflected at the same angle. Fig.7
is a side view of a tube in which
the dimension d is equal to 2a

I tan@ and therefore the zig-zag
' ““line 7’ employs the whole of the
€ tube.

The dotted line CGON etc.,
marks its centre, and the portion of
tube wall the edge of which is
seen as ADB forms the first short-
circuited end or - reflector; DE

% is the second, BF the third, and
so on. From D draw DH per-
pendicular to CG. Let us, acting
for the moment in blind faith,

IMUM
RENT

(b) assume that the wavelength is
L v twice HG, i.e., A = 2a cos 6.
that is charagcteristic of a resonant Suppose that at a given moment

a wave moving along the strip CG
has reached a positive voltage
maximum at H. This positive
crest is indicated by a row of
plus signs + 4+ +. Then as
HG is /2, the preceding negative

line.

Now imagine the dimension b
to be greatly increased until it is
much greater than either a or c.
The rectangular-section tube thus
forméd is still resonant to the

The Fig. 6 system is further developed by enlarging the -width
The instantaneous
ath

Fig. 7.

d of the strips until they occupy the entire material.

positive and negative crests of a wave travelling along the zig-zag
CGOH are shown as 4+ 4+ and - - - - -srespectively.
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Wave Guides—

crest must be at G, shown by a
row of minus signs — — — —
(GK). Along one half of the strip
this crest has already been re-
flected ; and, as voltage reflection
at a short circuit is accompanied
by reversal of sign, the reflected
half is shown as positive (GJ).
From the geometry of the system
it is obvious that JD is equal to
KD, which is A/2, and therefore
a negative crest coming from G
has reached the line DM. At the
end D it has reached the reflecting
wall and ‘'so a positive crest is
just starting from here towards B,
and as DK is A/z there is a
negative crest at K, extending
across- the strip to L. This
obviously lines up with the crest

Wireless World

are equal and opposite and so
reduce to zero. A little thought
leads to the conclusion that the
same is true all along a straight
line DG. .

At the intersection of DM and
GL two negative maxima coincide
to give a doubly negative potential
at this point, which obviously
lies along the axis of the tube.
DH and G]J similarly intersect to
give a positive peak. The point
along the axis, half way between
these opposite peaks, lies on DG,
which we have already seen to be
a zero. By taking intermediate
values, the potential can be
mapped out over the whole area,
and will be found to have a
sinusoidal or wavelike distribu-
tion along the axis, and also across

the arrows near D and G. These
join up to form continuous loops,
as shown in Fig. 8. Another set of
loops, of opposite polarity, exists
in the next lSw-potential region,
where current is flowing in the
opposite direction.

Phase. Velocity

Now imagine the whole system
in motion, Assuming the tube to
be air-filled, waves travel along
the “ line ”’ at mnearly their speed
in free space, 3 X I0' cm/sec.
usually devoted by C. As they do
so, it can be seen that the entire
field pattern suggested by Fig. 8
must move axially along the tube.
During half a cycle, the positive
crest at GJ in Fig. 7 has moved
aleng GQ to DMP, from which it

['X
p P B oo B 4
I T [ —_——— e e \\\+ +/+
- Tl Tt —— - RN T
B — N+ )4
- T, + | + 0ty
== e B 7 ++; S
~E= T
== e AR
a -3 3 + N R I P
= 1 *L o oy
-+ - -’ NS
Y | ———— + 14 ++| + 14t
= e S e
J N oA Ny
N i + e e I P IR
) IR I - N
- P~ LX

SeEcTiON AT X X

Fig. 8. Instantaneous distribution of fields in the Fig. 7 system shown in end and side elevation. Electric charge

is indicated by + and — signs in varying concentration, with electric field lines between them.

The magnetic

field forms loops, the ends of which appear as lines in the section view.

GK. It can similarly be shown
that the next negative crest lines
up with DM, and so on. So the
dividing up into strips of any
particular width is just an artificial
aid to consideration of the pro-
blem : whether the strips are
broad or narrow, the positive and
negative crests (and all inter-
mediate phases) line up with one
another to form a continuous
broad front at right angles to the
direction in which the wave is
moving.

At the instant selected for
consideration, then, and on the
assumption that A = 2acosé,
the positive and negative crests
are distributed along diagonal
lines inclined at an angle 6 to the
axis of the tube.

It is clear that before we can
derive the whole potential pattern
on this visible wall of the tube we
must do some cancelling out.
Take D, or G, or in fact any point
along the edges, where the reflect-
ing metal forms a short-circuit
to the opposite wall : the potentials

the tube. This is suggested by
the + and — signs in Fig. 8.
The opposite wall of the tube,
behind that shown, presents the
same pattern in reverse sign ; and
the lines of electric force join
positive and negative points on
opposite walls, at right angles to
the paper in the diagram.

Associated Magnetic Field

So much for the electric field
pattern, frozen at this particular
moment in time. What about the
magnetic field ? . The region be-
tween G and D in Fig. 7 is at this
moment at zero potential, but is
about to become positive as the
fronts HD and GJ advance on

it. For this to happen, there must -

be ‘a redistribution of electric
charges which necessitates current
flowing (in the eonventional direc-
tion) from the back wall to the
front, especially in the regions
around D and G. From Fig. 1
it can be seen that a magnetic
field must exist inside the tube
along the directions indicated by

WWW americanradiohistorv com

can be seen that the field pattern

has moved along the axis a dis-
tance equal to GP. The axial
velocity of the fields, called the
phase velocity,, Vp, is therefore

GP
C X G—Q;and, as GPQ == 0, Vp =
C/sin 6. As we started off with
the  assumption A = 2acos¥,

6 and hence Vp depend on the
ratio Aa. The smaller this is,
the less is cos 6§ and the more
nearly sin 8 approaches 1 and Vp
approaches C. When A = 2a,
cos 8 = 1,sinf = o; and Vp == o0.

The conclusion that Vp is never’
less than the speed of light and
may be infinitely great may seem
rather startling, and contrary to
the doctrine that nothing can
travel faster than light. But if
the meaning of phase velocity is
considered, it will be seen that it
does not involve any physical
movement at that speed. When
the crest DM in Fig. 7 travels at
velocity C from Q to O, the inter-
section between it and the reflect-



ing walls travels from D to E,
which may be a much greater
distance ; but an intersection is a
mere geometrical relationship and

1sC

3
e
g C
pul
w
>
osCl*
o - L
osd a 1sd 2a
WAVELENGTH

Fig. 9. Phase velocity, Vp, and
group velocity, Vg, vary as shown'
in relation to the velocity of light,
C, as wavelength is varied in re-
lation to guide width, a. For this
type of wave (H,,) the critical
wavelength equals 2a.

does not mean that energy has
moved from D to E. The cutting
intersection between- the blades
of a pair of scissors travels from
pivot to points at a far greater
speed than any part of the seissots.

Group Velocity

Consider now two adjacent but
oppositely polarised centres of
electric field intensity, such as
those shown in Fig. 8. They are
‘half a wavelength apart in phase
distribution ; but the actual energy

Wireless World

in one of these centres has to
move to the position of the other
along the zig-zag path at the
velocity C, and therefore the
axial velocity of the energy,
which is what counts for signalling
purposes, is less than C. It is
called the group wvelocity, Vg,
because it is the velocity, along
the tube, of a group of waves
forming, say, a dot in a morse
signal. In the time taken for a
wave to move along the “‘ trans-
mission line” from G to O in
Fig. v its axial movement is
equal to DO. So Vg is equal to

DO .

C X BE Csin#. We have
already seen that Vp = C/sin 6.
It follows that VpVg = C;,
and as A = 24 cos @ it is a simple
matter to plot Vp Vg in terms of
A for a wave guide—as our tube
has become—of width a, as has
been done in Fig. 9. When A = 24,
as we assumed for Figs. 4 and s,
the wave is reflected back and
forth across the tube, and its
velocity in a direction along the
tube is zero.

If the wavelength is very

261

slightly decreased, the signal
moves along the tube, but over
such a zig-zag path that it does so
comparatively slowly, and the
multiple reflections involved in
quite a short axial journey cause
a fairly large attenuation., The
speed and attenuation at first
both rapidly improve as the

- wavelength is reduced ; then as the

wavelength becomes very short
in relation to the width of tube,
the attenuation begins to increase
slowly, while the velocity tends
towards C.

The wavelength Ac = 2a is
called the critical wavelength,
and the corresponding frequency
the critical frequency ; the guide
cannot effectively transmit any
wavelength not shorter than this.
For wavelengths greater than
about 10 centimetres, therefore,
wave guides are inconveniently
bulky in comparison with coaxial
feeders; but for shorter waves
they are easier to construct and
more efficient, because there is no
inner conductor requiring solid
insulating material to support it.

(To be continued.)

REME.
MOBILE
RADIO
REPAIRS

WWW americanradiohistorv com

The repair and maintenance of the Army’s
tel ications equip t—the collec-
tive term used for radar, wireless and line
gear—is the responsibility of R.EM.E,, and
the illustrations show a repair workshop of
a mobile wireless detachment which pro-
vides repair facilities behind the front line.
These mobile workshops, which have proved
their value in fast moving warfare,
handle all but the simple repairs and adjust-
ments to the wireless and line equipment in
the hands of units in the front line, which is
undertaken by men of Royal Signals. Equip-
ment beyond repair in the combat zone is
returned to the large static telecommunica-
tions workshops set up in the various
theatres of operation.
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Resistance and Capacitance Measurement with the

PENTODE-DIODE VALVE VOLTMETER

| Constructional Details of a Suitable Adaptor Unit

N the course of experimental

work, one often wishes to

know the approximate elec-
trical properties of a component,
so that its suitability for some
purpose may be determined. The
time taken for precision tests in
cases where a large tolerance is
permissible is not usually justified.
In any case, an approximatg test
is a very useful preliminary to
more exact work.

Apparatus may be designed to
carry out approximate tests very
quickly. In the case of resistance
tests, for instance, the direct-
reading ohmmeter can save a lot
of time as compared with the
Wheatstone bridge ; but there is,
of course, no comparison as regards
precision of measurement.

In the case of condensers it is
usually desirable, before using
them at all, to check approxi-
mately not only the capacitance
but also the insulation resistance.

® Ok

TEST TO_VALVE
VOLTMETER
"""""" POTENTIOMETER ~ . |

G
I A _©s

B N m
8 & ow

8
T

o
X
i

EI I

Fig. 1.—Panel layout of adaptor
for resistance and capacitance
measurement.
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By  T. A. LEDWARD,
AM.IEE.

This is not meant as a reflection
on new apparatus by reputable
manufacturers, but an experi-
menter usually collects an assort-
ment of components of uncertain
origin and history. The careful
man will, of course, check even
new components, ‘“just to be
sure.”” The insulation test of a
condenser is often quite as impor-
tant as the capacitance test. In

~some cases 100 megohms or less is

sufficient, whereas in others,
1,000 megohms may not be good
enough. .

Ranges Covered
The adaptor to be described

“was designed principally for check-

ing capacitance and insulation
resistance of condensers, and is
intended for use with the Pentode-
Diode Valve Voltmeter recently
described in Wiveless World (June
1944), but it may, of course, be
adapted for use with any valve
voltmeter of suitable range and
capable of reading either AC or
DC. -

Additional resistance ranges
have been added for convenience,
so that the resistance tests are

" not confined to insulation values.

Three ranges of capacitance cover
0.0001uF to 8opF, while three
ranges of resistance cover 1,000
ohms to 5,000 megohms. A
fourth capacitance range is pro-
vided for very low values. The
minimum value that can be indi-
cated on this range is roupF, and
the scale is marked as shown in
Fig. 1 at 100, 1,000 and 2,000 upF.
This range is not intended to be
so accurate as the other ranges,
but it does serve the very useful
purpose of showing whether an
internal open circuit exists be-
tween the tag and the foil of a
very small condenser. Such open
circuits, though perhaps not very
common, are by no means un-
known. It is an advantage for
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such a test that the test pressure
should be low, and the pressure
of two volts used in this adaptor
complies with this requirement.
The testing of electrolytic con-
densers is not covered by this

apparatus.

The indicating instrument on
the valve voltmeter is a 2}” dial
o—1 milliammeter, and it is obvi-
ously undesirable to attempt to
mark the scale for the above
ranges of capacitance and resist-

ance. One alternative is to plot
curves of instrument readings
o o OE -0
test C i HT
O - O O +?
o .
rest R )
o O
4V AC
o
ADAPTQOR "VOLTMETER

Fig. 2.—Connections between volt-
meter and adaptor,

against C and R respectively ; but
if this is done the shape of the
curves is such that they are very
little use for even approximate
accuracy. The best way is to
draw straight scales showing in-
strument read.ag on one side and
C or R on the other. A pointer
knob on the range switch can then
be made to indicate the particular
scale required for each range. This
will be clear on referring to the
panel layout shown in Fig, 1.

The test voltages for the adaptor
are taken from the valve volt-
meter supplies.  The resistance
test -requires 250V DC at 2{mA
maximum, while the capacitance
test requires 2V 50 c¢/s at less than
1mA maximum, For the DC
supply a connection is taken from
the HT+ terminal on the valve
voltmeter, while for the AC supply
a connection is taken from omne
terminal of the valve heater 4V



supply, which gives 2V to earth.
The earth connection forms the
other common terminal for both
supplies. Fig. 2 shows connec-
tions between adaptor and volt-
meter.

These practical details of the
finished instrument have been
given before explaining the prin-
ciple of operation. in order to
indicate the convenience of the
combination for rapid tests.

The -valve voltmeter switch
must be set to AC for capacitance
tests and to DC for resistance
tests. The switch Sz on the valve
voltmeter should be set to «“ INEF”
and the range switch to 1 volt.
Having set the selector switch S
on the adaptor to the appropriate
range, and switch S, to C or R
as required, the C or R test
terminals are short-circuited by
means of the appropriate key
Kr or K2, and the adaptor
potentiometer P is set to give
full-scale reading on the wvalve
voltmeter. = This corresponds to
zero for * resistance tests and
infinity for capacitance tests, so
the instrument cannot be damaged
by using the wrong range. In the
case of resistance tests, the zero
adjustment described must be
made every time the range is
changed. In the case of capacit-
ance tests,” however, once the
adjustment has been made for
infinity with K2z depressed this
adjustment holds good for all
ranges of C. .

In explaining
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R2 be inserted in the circuit, the
voltmeter reading will fall to,
say, vI.

: ¥
N I = —————-
oW U R Re XV
VI rV %
and— =~
v R1 + R2 Rx
R1
Y + Rz
butv =1
Rt
theref _——
erefore vx Rl T RS

This expression, then, gives the

instrument reading for any value

of Rz if Ri1 is constant. The
applied voltage need not be con-
stant so long as it does not alter
during the time interval between
setting the potentiometer and
taking a reading. Clearly, the

setting can be quickly checked by

pressing the key Kz.

The capacitance test is just as
simple to perform and not much
.more trouble to understand. The
outline of the circuit is shown in
Fig. 3(b). The condenser C
might, of course, be omitted, and
the scale suitably calibrated for
different values of Ci with R
constant. But there are two
disadvantages -in  doing this.
First, the scale range for a single
value of R would be much more
limited ; secondly, the reading
would be very dependent upon
correct frequency. This method
has, however, been used for the

_0.01 volt, then
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Now with K open and Cr in
circuit, the new voltage applied
to the voltmeter will be

v % Cx v
R crrc”
vCiV ¥V
and — = ——o— . e
v RECI+C "R
G
T Ci+C
but v=1 1
Cr
Ci +C
This expression gives the reading

VI =

Therefore v1 =

*for any value of Cx if C is constant.

As already stated, this simple
calculation assumes the reactance

of C, ie. , to be low com-

fC
pared with R, as otherwise the
effect of R would considerably
modify the conditions, and render
a much more tedious calculation
necessary. As R must not exceed
2 megohms, the loweést practical
value of C is about o.01uF,’'so
that this value determines the
lowest capacitance range. If the
lowest reading is assumed to be

Cr Cr
Ci+C Cr1+ o1
therefore Ci = 0.000101uF .
and -this-is the lowest value of
capacitance that can be tested in
this way. For the three ranges

_ operating on this

0.0I ==

the circuit ar- - — prllnc1p1e,f the
rangement it will 10 _VALVE r o Jo_vave values of C are
be convenient to T Y voLTMeTER VOLTMETER 61, 0.1, and
start with the V(so ofs) C_-TL ‘ TouF respec-
resistance “test, R tively, and the
which is similar j K ‘ ranges are ;—
in principle—ex- 0.0001 £0 0.8 uF
cept for minor l 0.001 to 8 uF
modifications— and

to that used in R2 : Cl ©(b) o.01 to 8o pF
many  ohm- (2) In the fourth
meters. In Fig, Fig. 3.—Basic circuits (a) for resistance and (b) for capacttance range there is no
3(a), if Rx is a measurement. %fclternal capac-
potentiometer ) itor C, and no
resistance, V a test voltage fourth—very low—range, in order fixed shunt across the potentio-

and R2 a resistance under test;
" then if R2 is short-circuited the
voltage across the portion # of the
potentiometer will be

%V
UV ==
RIX

Let v be adjusted by means of
the potentiometer to®give a
reading of 1 volt (i.e. full-scale)
on the valve voltmeter. If, then,

to obtain the necessary sensitivity.

The more satisfactory arrange-
ment, which has been adopted for
the three principal ranges, is to
make R so large by comparison
with the reactance of C that R
may be neglected in our calcula-
tions ; then, if the voltmeter is
adjusted to full-scale, i.e. 1 volt,
with Ci  short-circuited, the
voltage v will be
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meter, so that when this range is
in use the potentiometer resistance
is simply in series with the capacit-
ance under test. By similar
reasoning to that previously
applied, it can be shown that the
reading will now be equal to

R2

R2 1012 2
P\ +v (2 TrfCI)
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Pentode-diode Valve Voltmeter—
where C is in micro-microfarads,
and the full-scale adjustment is
made exactly as before.

For the frequency of 50 c¢fs,
which is used in this case, the
eéxpression becomes

RrR2
1013 X 10%¢
C1?

The main consideration in the
case of the insulation tests is the

R* +

Wireless World

The best procedure is to deter-
mine in this way the most suitable
values of shunt and series re-
sistance for the ranges required
and then to insert the nearest
obtainable values. The exact
values of the resistors used may
then be measured and the scale
indications calculated therefrom.

The complete circuit diagram of
Fig. 4 shows the actual values
used in the writer’s instrument.
It will be seen from this diagram

Sy q
u:'x_S g9s = iMa
392 s 2
Q22 o
TO VALVE
YOLTMETER

_______ G

48MN
40,0000

4250V
—0

g w g J_
b
b 33 TR g
o © ° %
o
x° s G
tow puf
|| RanGE - |
25,0000
K3 L
YEST 1/7
R j K2

-0
2V S0Oc/s

Fiz. 4.—Complete circuit diagram.

Component values are those used

in the author’s instrument,

maximum value of the.insulation
that can be indicated. This is
limited by the maximum value of
R, but in this case R is made up
of the potentiometer resistance
of say 2.25 megohms maximum,
and a series resistance. In prac-
tice, it is found necessary to shunt
the potentiometer in order that
the series resistance may have a
reasonable value. Suppose we
consider it impracticable to make
this series resistance more than
50 megohms—and this value can
be quite readily made from a few
smaller values in series—then, as
the voltage across the potentio-
meter for full-scale must be about

2 volts and the test voltage is

250 volts, the total resistance
across the potentiometer terminals
will be

0 = 0.403 megohms.
2502 X 5 403 meg
Taking the potentiometer resist-
ance to be 2.25 megohms, the
shunt required will be
2.25 X .403

225 — 403 = 0.49 megohms

approx.)

that the potentiometer resistance
which enters into the foregoing
calculations is made up of two
fixed resistors of 1 megohm each
and one o0.25 megohm resistor
having an adjustable contact—
an ordinary ‘‘ volume control.”
The total ‘ potentiometer” re-
sistance is thus 2.25 megohms.
This is shunted as shown, accord-
ing to the range in use.

In the case of the condensers it

gestion is intended for those who
do not wish to go to the expense of
condensers 'guaranteed within
close limits. If there is no access
to a capacitance bridge, compari-
son may be made with known
resistances in the following
manner, using a 50 ¢/s supply :

Connect the capacitance to be
measured in series with a resist-
ance of approximately the same
ohmic value as the capacitive
108
2afC
(approx.) where C is in micro-
farads and f = 50. A 3000 ohm
resistance, for instance, will serve
in the case of a 1uF condenser.
Connect the valve voltmeter across
the resistance and apply about
1.5 volts at 50 c/s to the series
circuit (see Fig. 35). Note the
voltmeter reading.” Now replace
C with a variable resistance Ri1
and adjust Ri until the same
reading is obtained as before.
The total impedance must then be
the same as before, i.e.

I
R Ri: = —— 2
R \/ oo T 8

where C is in farads and fin cycles
per second.

From which

reactance, i.e. make R =

I

C(pF)=
(kE) «/ (27f)2(R,*+ 2RR1)
or where f = 50 ¢/s -
_ 3183
v R1(R1+2R)
The accuracy of the foregoing
method depends upon correct fre-
quency and accurate resistance
measurement. It is more reliable
than one depending upon voltage
and current measurement in addi-
tion to accurate frequency. The

X 108

microfarads.

3 -

Fig. 5.—Method
of checking
values of stand-

ard condensers.

is better to make up the three
values required, of o.01, 0.1, and
1.0pF respectively, by obtaining
the nearest one of each size, but
slightly low in value, and then
adding small values until the
correct capacitance is obtained,
the test being made by means of a,
capacitance bridge. This sug-
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~-QOE
O (0]
230V
SOcls
(o]
3 o

accuracy of the voltmeter does not

affect the result, as it is only used

to show equality of two readings.
If the 1uF condenser is checked



in this way, then the o.1pF may
be checked by means of a simple
. 10/1 bridge and buzzer, set up
specially for the purpose, and
using the 1uF as standard. Sifni-
larly, with the same 10/1 bridge,

Wireless World

cut into sections, as shown by the
dotted lines in Fig. 1. The metal
foil and switch bodies are earthed.
Any surface leakage is thus taken
to earth without affecting the
reading.

O
+HT
R8 250V
50,000 0 R2
10,000 1 APPROX 8,000 0
Sl
RIS ac
© R4
2,0000
250uF .
1,000 0 K R3
APPROX. * C > 80000
tou Fi
~HT
(
-0
av
100 O AC
—0

Fig, 6.—Revised circuit of pentode-diode valve voltmeter incorporating
improvements described in the text.

‘the o.orpF condenser may be
checked by comparison with the
o.x ;J,F.

‘When testing the insulation
resistance of condensers, par-
ticularly the larger ones, the time
taken to charge through a series
resistance " of several megohms,
before taking a reading, would be
excessive. To obviate this a key
K3 is provided, which, when
depressed,
to charge up to the test voltage
through a 235,000"0ohm resistance.
The insulation reading is then
taken with K3 open.

It is important that there
should be no leakage over the
surface of the panel from HT + to
anything else, such as another
terminal which would affect the
grid voltage. One way of ensuring
this would be to use a metal panel
and bush all terminals. In the
writer’s instrument a plywood
panel, faced with Jin. ebonite,
has been used. Metal foil is
interposed between the ebonite
and the wood, and the ebonite is

allows the condenser-

- It will-be noticed in Fig. 4
that the o.1 and the 1uF conden-
sers are provided with shunt
resistors. These resistors serve
the purpose of *“ leaks *’ to prevent
the accumulation of charges which
would be dissipated rather slowly
through the potentiometer resist-
ance. The latter is, however,
effective for this purpose in the
case of the smaller o.01pF con-
denser. These leak resistors are
sufficiently high in value to
prevent any effect on the instru-
ment reading.

The scales may be conveniently
drawn in indian ink on a sheet of
bristol board and then glued to an
aluminium plate of the shape
shown in Fig. 1. The surface
may then be treated with a good
clear paper varnish and the plate
fastened to the panel with very
small brass screws. A neat and
durable finish is thus obtained.

The accuracy of the readings
when using the adaptor, assuming
that the capacitance and resistance
calibrations have been carried out
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by calculation as described and
not by direct use of wvariable
standards, depends upon the volt-
age characteristic of the wvalve
voltmeter closely following the
scale of the o-1 milliammeter. The
pentode-diode voltmeter was de-
signed to achieve this end so that
a special voltage scale wotld not
be required.

Further experience with this
instrument has shown that in some
cases the values of screen resistor
given in the original description
(W.W. June, 1944, p. 164, Fig. 4)
do not quite give a true linear

calibration and, although the error

would in any case be small, it is
usually preferable to increase the
valde of these resistors, R7 and R8
to about 50,000 ohms. Although
the value is not critical it is
advisable, after adjusting Ri1s.
and R16 to give full-scale reading
for 1 volt, to apply o.5 volt and
see that the milliammeter then
reads o.5. If it reads low, increase
R7 and RS, readjust R15and R16,
and test again at half-scale. Any
readjustment of R7 and R8 will
require readjustment of Ri15 and
Ri16. With the higher values of
screen resistor it is advisable to
omit the 4000-ohm resistor shown
in series with HT -+

Another point is that if the input
source under test has a low
impedance value, parasitic oscilla-
tion may occur. This may be
entirely obviated by inserting at X
100-ohm resistorsin series with the
grid of each of the valves Vi and
Va.

OUR COVER

HE air-cooled valves illustrated
on the front cover of this issue
form part of the equipment of the
latest RCA 5-kW transmitter, the
5E. Only one valve is employed in
the power amplifier stage, the other
being for replacement.

THE WIRELESS INDUSTRY

ECHNICAL details of multi-circuit

rotary switches are contained in

a new brochure (No. 76) issied by

““ Diamond H” Switches, Ltd.,
Gunnersbury Avenue, London, W.4.

A portable gas-fired air heater for the
accelerated drying of paint finishes has
been developed by Plastic Spray, Ltd.,
3, Vere Street, London, W.r.

An illustrated booklet received from
Manches%r Metal Works, Ltd., 370-374,
Bury New Road, Salford, 7, describes
the wide range of presswork undertaken.
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Improved =

CATHODE-RAY CURVE TRACER

Plotting X and Y Axes Simultaneously with Required Curve

HE very great flexibility of

the normal cathode - ray

tube is never more fully
demonstrated then when it isused
to plot the complete dynamic
characteristics of some non-linear
variable. This application is of
very great value in the rapid test-
ing or selection of certain com-
ponents, where many minutes
would be required to take a series
of readings and plot a graph by

Fig. 1.—Elementary circuit of

cathode-ray curve tracer. S

represents the specimen under
examination.

hand. A further valuable feature
of the method is that by modifica-
tion of the applied test waveform
the graph may be extended into
regions where it would be impos-
- sible to make the test in the con-
ventional way, owing to overheat-
ing troubles. (For example, the
performance of metal rectifiers or
valves at very high instantaneous
current and voltage loadings.)
The most elementary form of
curve-tracing circuit is shown in
Fig. 1. "Here, S represents the un-
known variable whose voltage-
current characteristic is required
. to be plotted on the screen, and R
is a non-inductive resistance. The
voltage drop across R must be at
all times proportional to the cur-
rent in the circuit, and since this
voltage drop is applied across the
Y plates, it follows that the ver-
tical displacement of the -spot
must be at all times proportional
to the current in S. Since S is
directly connected across the X
plates, the horizontal deflection
must be proportional to the vol-
tage across S. The horizontal and
vertical displacements of the spot
are therefore always proportional
to the voltage and current in S,

By A. H. B. WALKER,
B.Sc. (Hons.), D.I.C., A.C.G.l., AM.LE.E.

(Research Department, Westinghouse Brake
and Signal Co., Ltd.)

and this is merely another way of
saying that the voltage-current
characteristic of S is plotted on
the screen. Here it is important
to note that this is’ true for any
waveform of voltage applied to
the circuit. If S is suspected of
having a characteristic which is

dependent upca frequency, it is

therefore an easy matter to vary
the frequency of the applied vol-
tage and observe whether the
plotted characteristic changes.

Phase Shift

Normally this simple circuit is
very limited in-its application, as
the voltages which are developed
must be suitable for direct connec-
tion to the plates, and R must be .
commensurate with S to obtain a
reasonable diagram. It is usual,
therefore, to interpose amplifiers

as might be expected, as it isclear
that any phase-shift introduced in
the amplifiers would appear as dis-
tortion in the display.

_ Unless such phase-shift is com-
pletely eliminated at the working
frequency, the result will be very
nearly meaningless, as parts of
the diagram which should appear
as lines will open out into loops,
and the test sample may be sus-
pected of a hysteresis effect which
is not actually present. It is nor-
mally convenient to work at a
cyclic frequency of 50 c/s when
tracing valve or rectifier charac-
teristics, etc., as the test voltage
is then easily obtainable from the

- supply mains, and the repetition
frequency is high enough to avoid
flicker. A suitable - circuit is
shown in Fig. 2, and with the
values indicated, the time con-
stants. are suitable for working at
a frequency of 50 c¢/s. With this
arrangement R is chosen accord-
ing to the characteristics of S,
and the applied AC voltage is
varied by means of the supply

SHIFT -—Wmh*ﬁ
R2
VWWWW A SHIF T
Clas
=C2
RS R6
*+ 500 V s AAMANAd ——AMWN—— 500 V
Fig. 2. Curve
tracing circuitwith c3
amplification  of

both current and
voltage scales. R1,
R2, 3-5 megohms ;

_ c4
RB{ ' )

R3, R4, 500 ohms ; R
R5, R6, 75,000 W=
ohms; R7, RS,

100,000 ohms ; C1,
Cz2,” 4uF 800V ;

_—

potentiometer, Ry
and R8 are -then
adjusted to give

the required size

C3, (:24,°Vo.25,LF, and proportions
50V. ac to the ) Rlo’cted
characteristic,

between the test circuit and the
tube so that R may be made
small, and also in order that mea-
surements may be performed at
low voltages. The design of such
amplifiers is by nomeans as simple
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One serious disadvantage, how-
ever, remains, and this is that the
graph plotted on the screen is not
‘in fact plotted on graph paper,
but on plain paper, and a curve
of this nature is of very limited



use. The normal way in which
the ‘‘ graph paper’’ is supplied is
in the form of a ruled celluloid
scale which is mounted directly in

Wireless World

two upper contacts only are used
to switch the measuring circuit.
As the reed swings from side to
side, the points A and B will be

SHIFT  —AAAAA,

5B
L1}

MH 41
4500 V = AAAN At
RO A R7

VWA SHIFT

MH 4}
E —-NANW——+50<5v
—AMW—
e
RS 8 RIO
e A ANV
“““““ 1
DRIVING |
Yo STANDARD
i - ViBRATOR
f :4// UN

front of the screen. The trouble
then arises that the ' graph’’ and
the ‘* graph paper’’ are not rigidly
connected, so that variations in
. the shift circuit, or variations of
X and Y gain which may be
necessary, always move the origin
of the graph. The ohvious place
for the graph paper, or at least the
X and Y axes which define the
origin of the graph, is on the
screen itself. A very simple way
of achieving this desirable result
is shown in Fig. 3, the only addi-
tional components required being
a normal vibrator unit of the type
genérally employed in battery-
driven high-tension supply units,
and three resistances. .
The vibrator is driven by ener-
gising the coil from a low voltage
source of DC in series with a re-
sistance. In Fig. 3, the coil is
short-circuited at each swing to
the left, thus releasing the reed,
the current through the contacts
being limited by thé resistance.
The reed itself is earthed and the

-0« AC O

Fig. 3. The addition of a standard vibrator unit to the curve-tracing cir-

cuit of Fig. 2 enables both axes to be plotted on the screen simultaneously

with the characteristic curve of S. Rg, R10, 20,000 ohms, other values as
Fig. 2.

earthed in turn, and thus the Y
and X amplifiers will be alter-
_nately paralysed.

Tracing Sequence

The result is shown in Fig. 4, in
which the '‘curve represents the
path which would be traced out
by the spot with the vibrator in-
operative. Assuming the spot to
start moving from the origin, let
point A be earthed by the reed,
the Y (or current) amplifier will
give zero output, but the ampli-
fier will continue to move the spot
to the right, so that the spot will
move along the X or voltage axis.
The reed now commences its re-
turn swing, and as soon as point
A is released, the spot resumes its
tracing of the required character-
istic, and this continues while the
reed is swinging over to B. As
‘soont as B is earthed, the X deflec-
tion voltage vanishes, and the
spot therefore travels along the Y
axis until B opens again, when the
cycle is resumed.
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It might be thought from this
that nothing but a muddled pat-
tern would appear on the screen;
but in practice, using a 50 cycle
““curve tracing’’ supply, and a
vibrator operating at a frequency
of 120 cycles, the spot flies across
from one duty to the other so
rapidly, relatively to the supply
frequency, that the fiy-over traces
are invisible, while the two axes
and the curve appear quite con-
tinuous. The fly-over is made as
rapid as possible by keeping leads
short and reducing stray capaci-
tances to a minimum. The rela-
tive brilliance of the axes and the
curve can easily be varied by
changing the drive conditions of
the vibrator. For instance, if the
vibrator is overdriven, the time of
dwell -on each side becomes long
compared with the fly-over time,
so that both axes become brilliant
and the curve faint, or even
dotted. The opposite result is
easily achieved by wunderdriving
and bending out the side contacts
slightly so that the time of dwell
on either side is short compared
to the fly-over time. The curve
then appears brilliant, and the
two axes faint or dotted. The
best adjustment in general is that
which gives equal brilliancy on
both axes and curve, particularly
if photography is contemplated.

One very pleasing feature of the
system is that the axes are always
drawn just long enough for the

Y (CURRENT) axis

T, . \ :'/

Kl
»
11

</pom1' B EARTHE!/

I’l !' .

A

O \ / Y
POINT ATEARTHED
X (VoLTaGE) AXiS

Fig. 4.—Path of spot when tracing
out characteristic and axis simul-
taneously. The missing sections
of the axes and the curve are
filled in in successive traces. The
‘fly-overs’ are invisible.

curve being examined. If, for
example, R7 and R8 are changed
to alter the shape of the curve,
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Improved Cathode Ray Curve Tracer—
then the axes expand and contract
as necessary to accommodate the
curve. Calibration remains set if
R7 and R8 are not changed, and is

Fig.5. Photographs of
typical curves plotted
simultaneously with the
X and Y axes on the
screen. Note thatwhat-
ever the proportions of
the curve, the two axes
are automatically
drawn just long enough
to accomodate it.

easily checked by connecting
known walues of resistance in
place of S. The ‘‘characteristic
curve’’ of these resistances is of
courseé a straight line through the

Wireless World

origin, and the measurement of
the angle between this line and
either axis will check the calibra-
tion, and also prove that phase
shift is absent. The results are

clean and satisfactory, as may be
seen from Fig. 5, which shows
characteristic curves of some
typical crystal detectors plotted
with the axes by this method.

In conclusion it is hoped that
this simple addition to known
curve-tracing technique (since it
can be so readily extended to simi-
lar circuits which are used for

tracing B-H curves, valve charac-
teristics, etc.), will prove helpful
to others, who when confronted
with a curve on the screen have
difficulty in locating the origin.

Letiers to the Editor

QA and Cathode Follower . Resistor Colour Code .
“Doctored” Reproduction

Cathode Follower Output
MY letter in your July issue on

the modification of the
Wireless World Quality Amplifier
to take advantage of the low
impedance presented to the load
by a cathode follower type of cut-
put stage has resulted in several
queries, most of which are con-
cerned with the penultimate
stage. )

It was first intended to use
impedance coupling in the anodes -
of the original MHL4s, but it is.
impossible to obtain full drive for™
the PX4s without over-rating the
previous stage. This scheme was
then dismissed and the following
possibilities were considered : —

(i) A cathode-coupled high-
ratio transformer stage used as
suggested by D. Baker in the
May issue of Wireless World.

(ii) A normal push-pull trans.
former stage with separated
primary and secondary wind-
ings.

(iii) An auto transformer stage
such as was finally adopted.
The first of these projects was

abandoned because it seems to
have little that is superior to an
anode coupled stage except when
damping of the load is important.

Here it is not. Moreover, the stage
will be less sensitive than the nor-
mal type because of the loss of
valve gain. :

The third scheme was developed
in favour of the second for two
main reasons. First, the leakage
reactance in an auto-wound trans-
former should be less important
than for the equivalent double-

wound type, and, secondly, the-

permissible space factor in the
winding space could be less. The
second fact is well known and
would allow better interleaving of
the sections. The observation on
leakage reactance can be explained
as follows. If the leakage react-
ance is such that there is, in effect,
no coupling between the anode-to-

" ANODE +

OUTPUT

ANODE

unit it will correspond with the
difference  between impedance
coupling and auto-transformer
coupling ; in fact, neglecting any
stray or other capacities, and
assuming the output impedance
very large, the maximum possible
loss with a 1: 2 ratio as has been
adopted would be 6 decibels.
The neglected quantities are im-
portant but apply also to the
double winding, so the benefits of
auto-winding still survive.

The choke was designed for
200H at zero DC, was wound on
an old mains transformer core of
overall area 1} sq. in., carried a
total of 8,000 turns of No. 36
SWG enamelled wire, had a re-
sistance of 1,000 ohms, and used a
butt-jointed core to
allow for any out-of-
balance plate cur-

OUTPUT

rent. Any assembly
of the approximate

1,000T 20007 1,000 T 1,000 T

Sectionalising of 200H choke.

anode winding and the other
winding, then in a double-wound
unit the attenuation will be infi-
nite, whereas in an auto-wound
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2,0007

| proportions given
above will serve ad-
mirably and the in-
ductance can be
. considerably less
than 200H before any marked
bass attenuation results. The
present interleaving . i5 possibly
inadequate and the arrangement

‘,000T



as shown in the accompanying
diagram would probably be satis~
factory.

Transformer drive, incorporat-
ing phase splitting, could be used
in place of the tapped choke and a
transformer of the Ferranti AF5C
type could be driven from a
medium-impedance triode, pre-
ferably by parallel feeding. This
involves alteration of the stage
prior to the MHL4 one and the
transformer would have to handle
a 7o-volt input without distortion.
With MLg4s and the auto-trans-
former nothing need be altered
earlier in the circuit than the
anode connections to the MLys,
provided the loss of gain is not
excessive.

The PX4s still operate into the
original load of 8,000 ohms, but
this is primarily because it is in-
convenient to change it. Power
output is ample and there is no
perceptible distortion at normal
output levels on the loudest peaks.
The load might be reduced to
about 4,000 ochms, but a high load
gives better damping and smaller
anode current swing; otherwise
the matching is not critical.

The figure of -20 given for the
damping factor of the cathode

coupled stage is based on a recom- .

mendation * that the ratio of the
load impedance to the output
plate resistance might be termed
the ‘‘damping factor’ of the
stage for want of a better defini-
tion. It is a very useful quantity
for comparing output stages but

completely ignores the behaviour -

of the load. For example, a loud-
speaker matched to the cathode-
coupled PX4s to give a load of
8,000 ohms would normally pre-
sent 60 per cent. of that load in
the form of DC voice coil resist-
ance; that is, about 5,300 ohms.
The additional 200 ohms internal
resistance of the output stage is
almost negligible. Even with
anode-coupled PXy4s the plate re-
sistance of 1,600 ohms is a minor
part of the whole resistance that
decides the 'degree of damping
possible. Two comments seem
necessary. First, this so-called
““damping factor” is only accu-
rate when the load is entirely
dynamic in character, but serves
as a comparative term for output
stages provided its limits are
understood. Secondly, any further

* ¢« Radio Designers’ }fandbook”
Smith : Chap. 2 Sec. (5).

: Langford
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reduction in output impedance in
an amplifier for driving a loud-
speaker is useless until a very
marked increase in loudspeaker
efficiency becomes possible.

As a last note, the two filament
windings of the transformer that
supplies the PX4s must be well
insulated and should have low

capacities between themselves and

with respect to earth to avoid
loss of high audio frequencies.
Marked attenuation in the present
amplifier at about g,000 c/s is
attributed either to this or to in-
adequate interleaving of the driv-
ing choke.- A. C. ROBB.
Liverpool.

Magnetic Recording

’I‘HE lucid article by G. L.
Ashman on magnetic record-
ing, in the August issue, is a: useful
contribution to the scanty litera-
ture published in this country on
the subject. While recognising
it was intended to be only a
limited exposition, certain other
information could have been in-
cluded with advantage.

For example, no mention of
typical wire or tape velocities is
made. These speeds vary from,
say, 8oft. per min. with certain
perpendicular methods of tape
magnetisation, to 36oft. to 6ooft.
per min. in wire recording,
although the o.004in. wire in the
General Electric Model 50 recorder
travels at only 174ft. per min.,

giving 66 min. speech, and ap-

proximately 295ft. per min. in the
Marconi-Stille tape recorder, as
used by the B.B.C.

Secondly, although mention is
made of perpendicular and longi-
tudinal magnetisation, cross or
transverse magnetisation (in which
the magnetisation is in a direction
perpendicular to an edge and
parallel to the surface of the tape)
is not noted. Thirdly, as well as
feeding the ‘‘ erasing’’ or ‘‘ wash-
out” head with steady DC to
magnetise the tape to saturation
point, thus removing any pre-
vious recording, this eliminating
effect is often performed by
applying a  relatively  high-
frequency current of, say, 7,000
c/s in some recorders (using a
high-stop filter in playback) to
30,000 c/s in the G.E. Model 50,

from a valve oscillator.

Fourthly, a few facts on the life .

of magnetic recordings would
have been of interest. It is re-
ported that recordings on ‘‘iron
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wire’’ made in the early 1900s
are still playable, and, with
special tungsten-steel - alloys to-
day, a 2 db. loss in reproduced
level occurs after about 5,000
playbacks, and even after 160,000
playbacks the volume level drops
only 4 to 6 db.

Lastly, to supplement the ex-
cellent list of references appended
to Mr. Ashman’s article, may I
offer the following references,
chiefly concerned with interesting
practical designs?

! D. W. Pugsley, ‘Fundamentals
of Magnetic Recording,’’
Q.S.T., May, 1944.

*T. J. Malloy, ‘A Magnetic
Recorder,”” Electronics, Janu-
ary, I1938.

* "*Wire Recorder,”” English Mech-
anics, April s5th, 1940.

* R. L. Mansi, ‘‘Construction of
Apparatus for Recording Sound
on Steel Wire,”” Electronics and
Television and S.W. World,
January, February, March,
1940.

D. W. Aldous, ‘‘Recording on
Steel Tape,” Wireless World,
June 2gth, 19309.

DONALD W, ALDOUS.

Torquay, Devon.

o

Resistor Colour Code

MAY I support W. Bowen's
suggestion in the August
Wireless World on Standardisa-
tion of Resistors? But I fear no
argument, however convincing,
will have any effect on any
standardising body once they
have publicly proposed a definite
arrangement as a ‘‘ standard.”

If there is even a faint hope of
its adoption, I suggest that it is
time to alter the existing “‘ body
tip-dot” convention. - Whether
one is a service-man trying to
trace a circuit for which the
manufacturer . has omitted to
paste a diagram of connections
inside the cabinet, or an experi-
menter looking in a box of
assorted resistors for something
that will do for, say, a grid-leak,
what one first wants to know is
the range of the resistor; i.e., if
it is between 1,000 and 10,000 -
ohms, or between 100,000
ohms and a megohm—informa-
tion only to be obtained from the
colour of the ““‘dot,”” often in-
visible in the receiver or appa-
even with the aid of a
dentist’s mirror. Only of second-
ary importance is the first figure,
now the ‘““body” - colour; and
with the existing wide tolerance
a knowledge of the reputed
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Letters to the Editor—
second figure (now
normally useless.

Suppose that instead of reading
the colour-code in the order
‘“body-tip-dot” as at present,
the order were °‘tip-dot-body,”
i.e., tip=first figure, dot=second
figure, body=number of zeros.

It would be much easier to
trace an unknown circuit; the
body-colour strikes the eye imme-
diately ; and we can be almost cer-
tain that a green body is a grid-
leak, an orange body an anode
load, a brown body a self-bias
resistor, and so on.

Having noticed a green body
we suspect a grid-leak, and the
tip—always visible in the wiring
but less obtrusive than the body
—being, say, red, tells us that it
is 2MQ (or possibly 2.7 nominal).
If we have a resistor of small
tolerance it may be worth looking
te see if it has a dot; for many
purposes it does not matter

C. R. COSENS.

Cambridge University Engin-

eering Laboratory.

¢ Adesthetics of Sound
Reproduction ”’
IN the second paragraph of his
article in the July Wireless
World H. A. Hartley states that
he is ‘“no longer an exponent of
plain, unadulterated high-fidelity
reproduction.” May I express the
opinion that he has not so much
altered his views as widened his
definition of high-fidelity repro-
duction to incorporate the fact
that the reproduction system.in-
cludes all the steps from the in-
struments to the listener’s ear. All
measures taken under the head-
ings “Doctormg or ‘‘Electrical
Synthesis ** are, I believe, not so
< much attempts at the artistic side
of music-making as rather brutal
efforts to correct for faults in the
system which, at the moment, one
cannot correct otherwise.

Mr. Hartley explains, in an ad-
mirable manner, why a distortion-
less and wide-band amplifier is not
the sole requirement of high-
fidelity reproduction and that the
microphones, pick-ups, loud-
speakers, cabinets and listening-
room acoustics are all part of the

system. When we have failed to-

improve some part of the
mechanical system any more, we
may still do much towards high-
fidelity reproduction by electrical
means in the amplifier; e.g., by

“ﬁp”) iS '
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neutralising the speaker resonance
with a dip in the frequency-
response curve. We are not syn-
thesising a new kind of music, but
bringing the system, as a whole,
nearer to true high-fidelity:
Similarly, the full band-width
of the amplifier will not neces-
sarily give the best reproduction
if there are imperfections in other
parts of the apparatus. Suppose

the pick-up produces a scratch,_

then above some frequency the
scratch will be greater than the
programme level and we find it
more tolerable to cut out these
high frequencies altogether rather
than put up with the addition of
an objectionable noise. But here
again we are not synthesising a
better kind of music so much as
ensuring that what went into the
microphone comes out of the
speaker with a minimum of inter-
ference and without the addition
of intolerable noises. If we had a
perfect reproduction system
throughout, then there would be
no ‘question of cutting the top or
using any other dodges, but since
some of the major components of
our reproduction system are so
bad, the best we can do is to try
to neutralise those faults in the
easiest way, which nearly always
happens to be in the amplifier
itself.

Some degree of correction will
probably always be necessary, if
only for the listening-room
acoustics, but I"do emphasise that
we must not try to build anything
new from a programme ; we must
ensure that studio sounds are
reproduced as accurately as pos-
sible in the listener’s ear.. Should
any other balance of sound be

more pleasing to the ear than the
original orchestra, I feel that the
instruments would have been' de-
signed by the musicians through
the ages to give this improved
balance. There does not seem to
be much dissension amongst the
musicians about which sounds are
musical and can be combined in
musical works when listening to
the original instruments, and 1 be-
lieve that there will be the same
sort of agreement amongst them
when listening to high-fidelity

" reproduction sounds.

Mr. Hartley writes on the
@sthetics of sound reproduction as
a competent authority, but I do
deprecate any arguments which
seek to justify distortion of any
kind. V. W. ' GREENHOUGH.

Derby.

I8
¢

H. L. KIRKE, the new chairman
of the L.LE.E. Radio Section, joined
the B.B.C. in 1924 and in the
following year was appointed to
his present position as head of the
Research Department. For a few
years prior to his B.B.C. appoint-
ment he was in Marconi’s Wire-
less Telegraph Co.
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Angles o BRIMAR PRESTIGE

21

Jolly, glad [ got
that Brimayr valve.,
/ts made all the
difference (o my
radio set | ”

s It’s not unusual to find that fitting Brimar
" Valves gives an added ‘“‘punch” to radio
reception. This is because they work to very
close limits given with unfailing reliability.

RIMAR
VALVES

STANDARD TELEPHONES AND CABLES LIMITED, FOOTSCRAY, SIDCUP, KENT.
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\ Transformer problems which may bother
] you are just ‘ meat and drink’ to our Research

Department—may we ease your burdens ?

PARMEKO LTD., LEICESTER, Makers of Transformers

SEPTEMBER, 1044

WHAT IS MEASUREMENT?

An cighth of an inch or so extra can
win you the first prize in a vegetable
show. But you can’t run a tape
measure round a microampere. You
need an instrument.

FOR
ACCURATE MEASUREMENT

USE ACCURATE INSTRUMENTS

When installing Electrical Measuring
Instruments, sound workmanship is
essential to satisfactory performance.
That is why it is always policy to
specify M.LP., the standard by which
dependability is judged.

The illustration shows 23" Galvanometer
in desk type stand.

MEASURING INSTRUMENTS

(PULLIN) LTD,,

Electrin Works, Winchester Street, Acton, W.3
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PENTODES AS DYNATRONS

Summary of the Negative Resistance Characteristics of
Various Commercial Pentodes

ECENT work on the transi-
tron oscillator has diverted
attention somewhat from

the use of the dynatron, both as a
source of signals and as a measur-
ing instrument at audio and low
radio frequencies. The working
of both oscillators depends on the
connection of a negative resistance,
produced by the valve, in parallel
with the positive dynamic resist-
ance of a tuned circuit. The
latter is thereby neutralised, and
in the absence of effective circuit
resistance oscillations are pro-
duced.

The simple theory of the dyna-
tron has been adequately dealt
“with elsewhere ;1 it is sufficient to
say here that its operation depends
on secondary emission from the
anode of a tetrode, and is there-
fore considered to be not so stable
as the transitron, which does not
depend on secondary emission.
The production of secondary e¢lec-
trons is so liable to be affected by
the surface conditions of the
emitting electrode that the sta-
bility of the arrangement suffers.

+ 90V - 4+

~cally sinusoidal.

By G. A. HAY,
B.Sc., Assoc.Brit.l.R.E.

electrodes (c.f. the transitron), and
is also easily controllable by vary-
ing the control grid bias. It is
therefore invaluable for measure-
ment purposes,? particularly where
comparisons are wanted between
two quantities, and when adjusted
correctly its waveform is practi-
Moreover, it is
the writer’'s experience that the
unreliability of the dynatron as
a signal source is very much over-
rated ; it is also thought good
enough for incorporation in a well
known precision beat-frequency
oscillator and heterodyne wave-
meter. Like other valves of
orthodox construction, its working
is materially affected by transit
time and other related effects; it
can, however, be relied on up to
about 10 or 15 Mc/s, depending on
the valve chosen and its associated
voltages and circuits.

It is generally recognised that
the best all-round dynatron oscil-
latoristhe Mazda

100V

PERK 230Vu

AC/S2  screened
tetrode, while for
special purposes
where low anode-

I3
o
v.v‘v‘v

r——f

earth capaci-
tance is wanted

+115V

) 23 YA
IN £o [

the Mullard
S4VA is useful.
Both valves are

YQ v

now relatively
inaccessible, and

BALANCED

X 1000

O 10
~20V

On the other hand, the negative
resistance produced by the dyna-
_tron is wholly independent of
coupling circuits between two

IM. G. Scroggie: ¢« Applications of the
Dynatron,” Wireless Engineer, Vol. X, p. 527,
1933.

? M. G. Scroggie: ‘“ Radio Laboratory Hande
book.””

AMPLIFIER

Fig. 1.
graphic
used for examining
valve characteristics

in this article will
be shown how
modern RF
pentodes may be
used in  their
stead; the
optimum work-
ing conditions
for wvarious
applications will also be discussed.

In the RF pentode, which is, of
course, a development of the
screened tetrode, the harmful
effects of secondary emission are
eliminated by interposing between
screen and anode a suppressor
grid, which is earthed and has the

CRT

Oscillo-
apparatus
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effect of producing a region of low
potential which the slow moving
secondary electrons cannot pene-
trate. - These, therefore, return to
the anode ; the primary electrons
are not appreciably affected as
they have considerable kinetic
energy due to the high screen
voltage. If now the suppressor
grid 1is disconnected from earth
and given the same order of
potential as the screen, the two

- grids can be treated as one for all

cases where transit time is negli-
gible, and the -characteristics

l OI I
REVERSING
SWITCH

O T0
+100V

IS v

o 10
-20V

o

Fig. 2. Circuit used for measure-
ment of valve characteristics.

obtained will be those of a tetrode.

Generally speaking, the best
valve for dynatron purposes will
be that which gives the, numeric-
ally lowest mnegative resistance,
as this will then neutralise a low
value of positive dynamic resist-
ance, corresponding to a poor
tuned circuit. Given a satis-
factory . valve in this respect,
preference must then be given to
the valve which shows a long,
straight negative resistance curve,
as this will give an output of high
amplitude and good waveform.
Accordingly, several pentodes used
as described above were examined
and compared with the Mazda
AC/Sa. The VI, curve was
traced on a cathode-ray tube using
the apparatus outlined in Fig. 1.
This method was used as it
enabled a quick and convenient
selection to be made. Of all the
valves examined, the following
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Pentodes as Dynatrons—

were found useless as dynatrons :
Brimar 6K7G, 7BsE, Mullard
EF36, EF38, EF39, VP4A, VP4B,
Osram MSP4; while promising
results were obtained from Brimar

3

N\

\\\PEF 50'

< N \\Aleﬂe
£ .
i~ o \\'\—///
\ :51P4l
-
i) 20 40 60 80 100
Vy-V

Fig. 3. Characteristics of pentodes :
V, =115V ; I, = smA.

Valve l —R, (ohms)
EF50 28,000
6J7G 29,000
SP41 26,000
VMP4G 21,000
AQ/S2 29,000

Table 1 : Values of R, ealculated from
Fig.83atV, =35 V.

6]7G, Mullard EF 50, Mazda SP41, -

Osram VMP4G. The latter group
were then investigated by the
point-to-point method, using the
circuit shown in Fig. 2. It was
soon found that the outstanding
valve in this class was the Osram
VMP4G, and this was made the
subject of more detailed tests
later. It has the additional
advantage of having a top-cap
anode, and compares in character-
istics very favourably with the
AC/S2, the shape of the curve
being very similar.

For a fair comparison between
different valves, it was necessary
to decide on some standard con-
ditions.. The cathode current I,
was finally taken as the critical
factor, as it will be shown later
that the negative conductance
1/R, is directly proportional to T,
and almost independent of the
screen voltage V,. In Fig, 3 are
shown the negative resistance
characteristics of the four valves
6J7G, EF50, SP41 and VMP4G,
at a cathode current of 5 mA, and
screen voltage of 115 V. The
calculated values of R, at an
anode voltage of 35 V. are shown

Wireless World

in Table 1, together with the value
for an average AC/S2. It will be
seen that the first three are
similar in that they show numerous
bends and have a relatively short
negative resistance region :
whereas the VMP4G suffers from
neither of these defects. The
choice of a valve will depend on
the particular purpose for which
it is required. If the valve is
wanted for mnegative resistance
measurements where the grid bias
is to be measured accurately, the
VMP4G is ideal, as it has a-long
grid base, and adjustment of bias
will be easy. On the other hand,
if an oscillator is required as a
signal source with automatic am-
plitude control, a short grid base
is wanted so that the control
exercised will be more critical.
The VMP4G has one rather
important disadvantage. It has
been stated above that the
negative conductance is approxi-
mately proportional to cathode
current, and so for bad tuned
circuits a high cathode current is
wanted. This current divides

into two, part returning via the

screen, and part via the anode, so
that I, =TI, + I,. Now if I, is
sometimes zero or negative, as in

the VMP4G, then I; will be equal

2

| ﬂk | VMP4G

{mA
e

==
AN
N

\:omA

[+ 20 40 . 60 80 100

v, -V

Fig. 4. Charécteristics of VMP4G
at various cathode currents: V,

“1

Ia-mA

= ISV.
I, (mA) —R, (ohms)
1 125,000
2 53,000
5 21,000
8 13,300
10 . - 10,500

Table 2 : Values of R, for the VMP4G
caleulated from Fig. 4at V, — 35 V.
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to or greater than I,. The limit
to the negative resistance attain-
able is thus set by the power
dissipating properties of the
screen. . This, of course, is also an
argument against an excessively
high screen voltage (see later).
On the other hand, if I, is always
positive, then I; will be less than
I,, and the latter can be increased
to a greater value than before
without fear of overheating the
screen wires. (It is assumed that
the maximum dissipation per-

.-missible at the anode is far in

excess of that at the screen.) For

100,
N //
60 Ly
10°
Ra
40
20|
% 2 ) o
Ie=mA

Fig. 5. Relation between R, and
I, from Fig. 4.

this reason the EFs50 or SP4r1
might be considered as alter-
natives to the VMP4G where
straightness and length of charac-
teristic are not important.

In Fig. 4 are shown character-
istics of the VMP4G at cathode
currents of 1, 2, 5, 8 and 10 mA.
From this the corresponding values
of R, were calculated for V,=35V:
these are shown in Table 2. In
Fig. 5, 10%/R, is shown plotted
against I,;, and the proportionality
is quite apparent. So we may

conclude that R, = %. —II— Where k

. [
is a constant, approximately equal

to 1.05 X 108 for this particular
valve,at Vy=115V.and V=35V,
The makers quote a maximum safe
screen and suppressor grid current
of 7 mA, but the author has had
specimens running continuously
with no apparent deterioration on
currents of the order of 20 mA.
Much depends on the particular
specimen selected. Incidentally
the variation in ‘* goodness ”’ of
different valve specimens is much
less than might be expected. Out
of ten valves selected at random
from a stock, four showed charac_



teristics similar to those shown,
one was slightly worse, three very

much better, and only two defi- .

nitely were useless for this par-
ticular application.

The variation of negative resist-
ance with screen voltage V; was
then investigated. It is generally
believed that the negative resist-
ance decreases with increasing
screen voltage. This is true only
when V, is comparable with V,,
i.e. when the secondary electrons
are equally attracted by the anode
and screen. Under conditions
where the secondary electrons are
nearly all attracted back to the
screen (V,>2.V,), the negative
resistance is practically indepen-
(ent of screen voltage, provided

e cathode cuvvent is kept constant
oy alteration of grid bias.

Fig. 6 shows the static character-
istics of the VMP4G for various
screen voltages, I, being kept
constant at 5 mA. It will be seen
that for V> 60 V. R, is-substan-
tially constant. The only advan-
tage at normal frequencies con-

ferred by a high screen voltage is-

in the length and straightness of
the curve obtained. Although
this enables. greater amplitudes
and powers to be generated, the
condition is to be avoided if
possible, as with constant screen
current the power dissipated is
proportional to the screen voltage,
and may therefore become
dangerously high. It is best to
‘work with a screen voltage of

-

60V QO\/
1

-/
/

180V
VMP4G] \
240V
.3 ; N

[} 20 40 60 80 100
Vy -V
]
Fig. 6. Characteristics of VMP4G

at various screen voltages : I, =
: smA.

T ~@mA
N

about 120 V. as this is roughly
the makers’ maximum figure, and
it is sufficiently high to ensure
that the majority of the secondary
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electrons are collected by the
screen.

The choic.e of anode voltage to-

be used in any given case depends
mainly on the amplitude required.
If vV, is the voltage at which the
upper bend occurs (normally about
10 V.) then the amplitude of
oscillation is given approximately
by Ve = Vo — V', as the oscil-
lation 1s first limited by the upper
bend. For example, if-V,” = 10 V.
and an amplitude of 20 V. peak
is wanted, V, will be V. + V'
=30 V.. If oscillation is also
limited by the lower bend in the
characteristic this relation does
not hold. It must also be remem-
bered that a low anode voltage
means a high anode current, and
hence a smaller screen dissipation
for a given cathode cuwrent.

Although this investigation is
by no means exhaustive, it is
hoped that it may serve again to
draw attention to the dynatronm,
particularly for laboratory work,
and to point out that excellent
results may be obtained with
valves which are easily accessible
at the present time.

BOOK REVIEW

Porcelain and Other Ceramic Insu-
lating Materials; Vol 1. By E.
Rosenthal, Pp. 287. Chapman
and Hall, 11, Henrietta Street,
London, W.C.2. Price 28s.

HE announcement of a book on
ceramic insulating materials in
two fairly high-priced volumes by
Dr. Ernst Rosenthal gave. rise to
hopes that we should have an
authoritative standard work on the
subject, comprehensive, and up to
date: and itis a little disappointing
to find that Dr. Rosenthal has
apparently not aimed so high. He
has set out to provide a readable
and well-iltustrated introduction to
the subject for the benefit of
engineers, electrical and chemical
manufacturers, and users of ceramic
materials generally; an excellent
aim in its way, but one for which a
single modest volume would have
been more suitable. However, we
must not be ungrateful for what we
have. The first volume now before
us does give a good general idea of
modern methods for the manufac-
ture of ceramics for electrical pur-
purposes, including the differences
between British, American and Con-

tinental practice, the nature of the

raw materials as well as the finished
products, and the methods for the
testing of both.

““Wedging and slapping consists
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of cutting the body into pieces with
a copper wire, throwing these pieces
with great force against each other,
and finally beating them with a
wooden appliance similar to a long-
handled hammer having a large flat
face at the end. : This instrument is
called a maul.”’

This quotation is given because
it is curiously representative of both
the merits and defects of the book.
It is interesting, but not too wel
constructed, and leaves you not en-
tirely satisfied that you have reallv
got to the bottom of the matter.

As to construction, a strictly
logical order is no doubt unneces-
sary in a work of this kind, but it
is disturbing to the general reader
to find an introductory chapter fol-
lowed immediately by one of two
pages only on sparking plugs, with
one of twenty-odd pages on raw
materials, and another of over a
hundred pages on manufacturing
methods much later in the volume,
The third chapter discusses the in-
fluence of glazes on the character-
istics of the material.

Once the reader has become re-
signed to this looseness of construc-
tion he is able to appreciate the
good peints of the work. It bears
the stamp of a man who knows the
ceramic industry from the inside,
and is fully alive to the factors-
which determine the electrical be-

" haviour of his materials and the

means by which these factors are
controlled in- manufacture. The
materials are throughout presented
as consisting of minute crystals of .
one kind or another embedded in a

* glassy: matrix, and. the discussions

of the formation of this glassy phase
and the changes in crystal size and
uniformity which may occur on fir-
ing are most interesting to any ex-
perimenter who has met the differ-
ences in electrical and mechanical
characteristics ascribed to these
changes. The detailed tests of both
raw materials and finished products,
and .the elaborate means of control-
ling the drying and firing processes
show how important is the scientific
side of the industry. Nevertheless,
there are still so many stages at
which it is said that no definite rule
can be given, experience is the only
guide, that it becomes clear that the
manufacture of ceramics is an art
not to be acquired by reading
books, instructive though they un-
doubtedly are.

It is at first sight surprising that
only 35 pages of a two-volume work
should be devoted to high-frequency
ceramics, but there is a good and
well-illustrated account of those
materials and products that have
become standard practice, and a
brief reference to the newest devel-
opments which include a material
with a permittivity as high aE 1 i;oo.
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V—Designing a Small Experimental

N outline for Class “C7”
oscillator design was dis-
cussed in Part I of this

- series (April, 1944, issue), and it
is here proposed to consider its
application to the design of a
small experimental radio heater,
capable of heating limited quan-
tities of thermosetting moulding
material. This is not a construc-
tional article specifying compo-
nents to be wused and giving
detailed layouts, but it seeks to
summarise the ‘‘ raison d’etre”
for the selection of component
values and circuit arrangement.

The paper design of a power
oscillator forms a sound basis
upon which to commence con-
struction, but it must be remem-
bered that the final adjustments
are governed by measurements
taken under working conditions.
It is well to limit the endeavour
to a small equipment using
relatively cheap components, so
that the results of “ experimental
error” are mnot likely to be
financially catastrophic. )

The choice of an oscillator valve
is of first importance and the
Osram DA41 has beén selected,
owing to its robust nature and
the fact that it is no larger than
valves with which most readers
will have had experience. This
valve may be operated with zero
bias at full anode voltage without
damage occurring due to excessive
currents. No precautions need
be observed to ensure the safety
of the valve should the automatic
grid leak bias be removed due to
cessation of oscillation.

Cathode Emission

A knowledge of the total emis-
sion of which the filament is
capable is helpful in commencing
paper design. This is not usually
given by manufacturers for smaller
valves, as tungsten is the only
filament material having reason-
ably stable emission, and its use
is restricted to the larger types of
transmitting valve. When thori-
ated tungsten wire is used for the
filament, as in the case of the
DA41, the conditions existing at
the surface of the filament are
somewhat variable and the emis-
sion consequently erratic. If

By
L. L. LANGTON,
“AM.IEE.

an oxide coated filament is used,
emission stability is even worse,
as comparatively turbulent con-
ditions exist on the emitting
surface.

A wvalue of total emission for
thoriated or oxide toated filaments
may usually be computed from
such data as is published con-
cerning the wvalve. . The value
obtained "is much less than the
emission of which the filament is
capable, for, owing to unstable
operation, a considerable safety
factor is involved.

In the case of the DA41, the
published figure for anode dissipa-
tion is 40 watts and the maximum
HT wvoltage 1,000. When the
valve is used under Class “ C”
conditions, with an operating arc
of 140 degrees, the ratios of DC
and AC valve currents to total
emission current are 0.2z and 0.39
respectively.  Assuming a grid
current 6f 20 per cent. of the
anode current, the ratios for DC
and AC anode currents become
0.176 and 0.302. Selecting a
reasonable value of E, min. of
200 volts, the working total
emission may be found, as ex-
plained in Part I of this series,
by equating power output and
anode dissipation to power input
at the anode.
0.1761 X 1000 = 40 + S—O—O—X—zo—ﬁg?—l

I = 725 mA

For this value of total emission
the alternating anode current will
be 725 X 0.302 = 220 mA. The
DC anode current will be 725 X
0.176 = 128 mA, and the DC
grid current 725 X 0.049 = 32 mA.
The output power is seen to be
%i)g_j_gf = 88 watts and the
input 1000 X 128 = 128 waltts,
giving a power efficiency of 69 per
cent.

The use of two valves may be
expected to give an output of
about 170 watts and, while push-
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pull operation is usually to be
preferred, there are factors which
militate against its use in the
present case. The wvalves em-
ployed are normally used for low-
frequency power amplification,
and the interelectrode capacities
are higher than would be found in
more expensive valves of equiva-
lent power, specially designed for
high-frequency operation.

The comparatively high anode-
cathode and grid-cathode inter-
electrode  capacities form a
potential divider of relatively lo

_reactance at high frequencies, wit

the common point at cathode
potential. This arrangement forms
a Colpitts oscillator, and the
position of the grid tap will not
be the only factor controlling the
amount of feedback in a con-
ventional push-pull circuit. It is
also improbable that an indis-
criminate pair of valves of the
type specified would have suffi-
ciently similar characteristics for
satisfactory push-pull operation at
high radio frequencies.

Circuit Details

A circuit diagram of the equip-
ment is shown in Fig. 1. Two
valves are operated in parallel,
and the interelectrode capacities
(shown dotted) form the feed-
back circuit. The RF current
flowing in the feedback circuit will
not be the total circulating current,
as most of this will fow in tFr
“ work "’ circuit, which will be
lower reactance.

Under these conditions, the
feedback energy is less than
could be obtained with the cathode
taken to the common electrode of
a split tank condenser and the
“Q” of the loaded tank circuit
should not be too low, as there
would then be insufficient feed-
back to maintain oscillations. A
loaded ““ Q7 figure of 40 will
prove satisfactory in the present
case.

The optimum anode load is

— in\2.
w> - P and

V2

for two DAg4r’s in parallel =
1,870 ohms. This load wvalue,
divided by the working “ Q™
figure, will indicate the optimum

given by <



value of inductive reactance in
the tank circuit. This will be
46.8 ohms and, at an operating
frequency of 30 Mc/s, the required
tank inductance is

46.8

18.9 X 107

“Work "’ is contained between
electrodes which are connected
across an extension of the tank
coil. The extended coil will, with
the ““work” capacity, largely
determine the frequency of opera-
tion and its inductance to cover
a reasonable range of ““work”
should be 1pH. When centre-

= o.25pH. (approx.)

Wireless World
required. Tubing of this thickness

wound on to a 1I}in. former,
should be annealed immediately
prior to winding, to obviate the
risk of the tube collapsing.

For a frequency of 30 Mc/s,
the LC multiple is approximately
28uH . ppF, so that stray and
“work ”’ capacities  together

- should amount to 28uuF. The

irequency of operation will be

oo
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meter, perforated with small holes
to allow the escape of gas, or they
may be made of copper gauze. It
is convenient to remember that the
capacity of a parallel plate con-
denser, such as these electrodes
form, is given with fair accuracy
by the expression :—

2 A
C =—X —upF where A and
9 D

-

a
8Y 54
a

L L k' bkl

o o orm
|

it

tapped as in Fig. 1 the inductance
inchided in the anode circuit will
be o.25pH, since the inductance
varies as the square of the turns.

Coil Design

The optimum shape for a coil
to give the highest “ Q" is
_obtained when the ratio of length

diameter is about o.8. This
-ould, for our present case, give
a coil of large diameter and about
two turns, and such an arrange-
ment would be awkward in making
the adjustments which will be
later described.

Taking a length to diameter
ratio of 3, the inductance of a coil
is given closely by the expression
L = 0.007.N2D, where N is the
number of turns and D the mean
diameter of the coil in inches.
With copper tube of 3/16in.
outside diameter (having a wall
gauge of 18 SWG) wound on a
1lin. former, the mean diameter
of the coil would be 1in. and,
for an inductance of 1pH,

1
\/ 0.007 X 1.437

= 10 turns are

modified should such capacities
be different from this figure, and
the possession of an absorption
wavemeter, covering the range
25-50 Mc/s, 'is advantageous in
carrying out adjustments.

An expression for the value of
grid bias voltage for Class “C”
operation was given in Part I of
this series. When applied to the
case of the DA41, having values
of E min. and E, max. of 200 and
150 respectively and an operating
arc of 140 degrees, the required
bias is go volts and, for a grid
current of 64mA, the bias resistor
is 1,400 ohms. A fixed resistor
of this value should be used in
series with a variable resistor of
equal or greater value as a pro-
tective measure, mentioned later.
No grid condenser is wired directly
in parallel with the grid resistor,
as the coupling condenser between
the tank coil and grid serves the
purpose of maintaining the DC
potential of the grid, and its
reactance is of a suitable value.

“Work” electrodes can be
copper discs of about 3in. dia-
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Fig. 1.
RF generator for experimental di-

Basic circuit of small-power

electric heating. Component values
are discussed in the text.

D are the area in square inches
and the separation distance in
inches. The capacities will, of
course, be increased proportionally
to the dielectric constant of the
“work "’ included.

Strips of stiff paper of width
varying from %in. to 1in. and hav-
ing a length of about gin., may be
bent into circles and the ends
stuck to form a range of cylinders
to act as electrode separators and
to contain such “work’” as
bakelite powder. The very mini-
mum of fish glue should be used
in sticking the ends, otherwise
burning is likely to occur at the
joint.

Adjustments

The valve is tapped across five
turns of the tank coil to give the
required loading if the operating:
frequency is 30 Mc/s. Should the
frequency be higher, the tapping
position may be taken down the
coil’ to maintain Il at the
optimum load value. For depths
of bakelite powder of #in. to 1in.,
the ““ work ”’ is situated across the
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whole 10 turns of the coil, but
when the depth of “ work” is
reduced to about £in., it should be
across only 5 turns.

The quality of all components
in the oscillator must be of high
grade, and particularly does this
apply to the grid condensers, in
which position several should be
tried and those which overheat
rejected. The grid and anode
current meters are shunted by
condensers, for should a large RF
current flow through the meter it
would be destroyed due to the
temper of the hair-spring being
impaired by heating.

Wireless World

as high as is consistent with
efficient operation. It is a good
plan when including unknown

‘work ™’ to commence operations
with maximum gnd resistance in
circuit.

- The RF chokes should be of the
UHF type, capable of carrying
260 mA in-the anode circuit and
64 mA in the grid circuit. . They
should be of sufficiently low self-
capacity to present a predomi-
nantly inductive impedance at the
frequency of operation. Those in
the filament leads should consist
of 2 yds. of 20 SWG wound as
self-supporting coils having a
diameter of 1in. and a winding

WORK ELECTRODES

THERMAL
AMMETER

GRID"
CURRENT
GB CONTROL

Fig. 2.%: Suggested chassis layout.

DA 41s
0

V ANODE CURRENT

The grid RFC must be mounted below

the chassis to avoid coupling with the “‘tank’’ circuit tuning coil.

The inclusion of a thermal
ammeter of o-10 amps. range in
the “ work ”’ circuit is essential in
- making adjustments for maximum
efficiency and, when read in
conjunction with the grid and
anode current meters, it enables
a complete assessment of operating
conditions to be formed. It is
very mnecessary, when making
adjustments, not to exceed a grid
current of 64mA, or the valves
are likely to suffer damage. Points
to be watched in connection with
this are that there is plenty of
inductance in the “ work”™ cir-
cuit relative t6 the depth of work
and that the grid resistor should be

length of 24in. Their resistance
will. be approximately .06 ohms
and the filament. voltagd dropped
across them will be 0.6 volt.

Earth connections should be
taken to a common conductor of
copper tube or copper braid, and
this may be joined, to the chassis
at one point. Connections to the
“work ’ electrode should be of
copper braid, so that the large
RF currents will be carried with
low loss.

A suggested chassis layout is
shown in Fig. 2. Every effort
should be made to introduce no
avoidable stray capacities between
the anode, grid and cathode cir-
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cuits. It is wise to keep. the
“work ”’ leads short to minimise
I’R losses and to rely on adjust-
ment of the tap position to achieve
matching. Grid chokes should
be mounted in a position where
they are screened from the tank
coil, as any RE voltage induced
into them will influence feedback
and modify the grid drive voltage.
With the grid connection to the
tank coil removed, there should
be no trace of grid current.

The ““ work "’ electrodes may be
supported upon a platform made
of polystyrene or some similar

_material of extremely low loss.:

Neither electrode is at earth
potential, so that care should be
observed in their arrangement.

. The RF ammeter may also be

mounted on the platform ad]a,cem'

to the “ work,”

Screening

Screening must be thorough for
equipment of this type which will
operate over a fairly wide fre-
quency band, owing to the varying
tank capacity formed by different
shapes of ““ work.” The most
convenient method is to contain
the entire equipment within a
screened cubicle which conforms
to the recommendations of Post
Office Engineering Instructions,
Radio Interference, Crrox, which
is obtainable from the Engineer-
in-Chief’s Office’ (Radio Branch),
G.P.O., Harrogate. With this
arrangement, one is able to con-
centrate upon the . adjustments
being made without continually
having to rescreen the  work ”
and equipment.

In cases where it is incon-
venient to install a screened
cubicle, a rectangular metal frame
supporting well bonded wire gauze
or mesh of 25 SWG or larger
diameter, and having apertures
not exceeding }in. X %}in. may be
placed over the oscﬂlator and
“work.,” The clearance between
the screen and the ““work” .
circuit should preferably not be
less than 6in., and the bottom of
the frame should be flanged and
screwed to a copper sheet under
the oscillator. It is well to screen
the power supply unit in a similar
fashion and to use screened supply
leads to the oscillator. A filter of
the type indicated in the P.O.
leaflet Cizor should be mounted
in the screen at a point where the
mains leads enter.

The power unit should be



capable of delivering 300 mA at
1,000 volts for HT, and 5 amps at
8 volts for the oscillator filaments.

The rectifier shown to the right
in Fig. 2 employs hot-cathode
mercury-arc rectifiers, connected
in a single-phase full-wave circuit.
The RMS voltage of a transformer
secondary between centre point
and ome end is 1.11 X the DC
output voltage and the peak
reverse voltage across the rectifiers
3.14 X the DC voltage. Average
and peak rectifier currents are
respectively o.5 and 1.0 X the
DC current.

Smoothing is of the choke input
type, and this component should
have a minimum inductance of
7 henries and a DC resistance not

exceeding 50 ohms.

Wireless World

The con-
denser may have a value of 3 to
4 pF and can consist of electro-
lytic condensers connected in
series with a resistance of about
100,000 ohms in parallel with
each, to equalise the wvoltage
distribution across them.

A thermal delay switch. controls
the main supply to the HT
transformer primary to obviate
the risk of flashback when switch-
ing on. The user must also ensure

that the valve is operated at a

temperature within the limits
prescribed by the manufacturer.
UHF chokes are connected in the
artode circuit of each rectifier to
prevent parasitic oscillation.

A refinement of great value is
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the inclusion of a * Varac®
autotransformier to control -~ the
voltage applied to the primary of
the HT transformer. Where this
can be done, the power supply
unit may be somewhat larger and
capable of delivering 1,500 volts

at 350mA. With the added
control which this refinement
gives, the oscillator may be

operated with more than 1,000
volts, provided that adjustments
are such that the grid and anode
currents are not greatly exceeded,
Before undertaking the con-
struction of any RF heating
equipment the permission of the
G.P.O. must be obtained, and
they must be satisfied with the
screening measures proposed.

TAYLOR SIGNAL GENERATOR

An AC-operated Modulated Test Oscillator for Receiver Alignment

HE basic circuit of this instru-
ment consists of a 6] 5 triode RF
oscillator, anode-modulated at 400
c/s by a similar valve with common
choke coupling. There are five

RECTIFIER

X5G :
<UUMAINE
TRANSFORMER

AING
RF FILTER

AF OUTPUT CONTROL
L AF OUTPUT JAGK

ranges giving fundamental fre-
quencies from 100 kc/s to 23 Mc/s
and a sixth scale on the dial enables
the first harmonic to be used for
television frequencies up to 46 Mc/s.

A stepped attenuator in conjunc-
tion with a continuously variable
potentiometer gives a range of RF
output from o to o.r volt. Both
controls are calibrated and the
output in microvolts is given
approximately by multiplying the
settings of the two dials.

The depth of internal modulation
is fixed at approximately 30 per
cent., but there is provision for
external modulation when the

AF OSCILLATOR-AMPLIFIER
Bdb 0

modulating valve is used as an AF
amplifier. . Alternatively the modu-
lator may be used as a 400 c/s
source with an output range of
o to 1 volt.

RE TUNED
CIRCUITS

RF OSC|LLATQR
6J5G

: RF
ATTENUATORS

<= e T

% S

Exterior and in-
terior views of the
Taylor Model 65A
signal generator,
showing principal
circuit components.
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The instrument is well screened
and a test with the output leads
removed at a distance of about a
foot from an average 4-valve super-
heterodyne receiver working at full
sensitivity showed mno detectable
radiation. The low radiation is in
part due to the provision of an
efficient RF filter in the mains leads.

A 6X5 valve is used as a power
rectifier and the total consumption
of the instrument is about 15 watts.
The mains voltage adjustment
covers 200-250 VoOlts.

The instrument weighs 10} 1b.
and the dimensions of the steel case
are 123in. x 8%in. x 6in., so that
although intended primarily for the
test bench it is not unduly bulky if
required for a service call to a house
where AC mains are known to be
available.

The price is fr4 14s. and the
makers are Taylor Electrical Instru-
ments, Ltd., 419/422, Montrose
Avenue, Slough, Bucks.
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TOWARDS SYNTHETIC MUSIC

Avoiding Intermediate Processes

T would almost appear that
H. A. Hartley and others have
discovered, albeit late in the

day, that something ‘‘ other than

high-fidelity reproduction’’ can
be @sthetically satisfying. But
this ‘‘something’ is nothing

less than an artistic imitation (as
opposed to something aiming at
being an exact copy, or facsimile,

of the original) and its successful |

creation depends upon the observ-
ance of principles which were dis-
cerned and formulated by the best
critical and philosophical minds
many generations ago. Materials
and mediums may change—the
subtle movement of an artist’s
brush may give way to the mag-
netically induced excursions of a
coil of wire through a magnetic
field—but the basic laws govern-
ing the means by which man’s
spirit is moved and his. deepest
emotions stirred remain immut-
able from one age to another.

In this arrogantly mechanistic
era it is regrettably necessary to
stress that the ultimate source of
all wsthetic experience is the
divinely creative urge in the in-
dividual human being, whether he
be the creator of the work of art,
the interpreter, or the recipient.
The quantitative, linear perfec-
tion of the straightest-of-straight
high-fidelity apparatus is of no
avail if the effect of its perform-
ance lacks the one spark capable
of firing the asthetic emotions.
Science most certainly becomes
abortive without a qualitative
aim. A world devoid of value is
meaningless.

Second-rate Art

It is important also to empha-
sise that electrical imitation can
never become a great art. In his
address to the Brit. I.R.E. on
March zoth, Dr. Malcolm Sargent
pointed out that his art—the art
of musical interpretation and per-
formance—was itself a reproduc-
tion, a process of transforming
printed notes into sound. What
we hear from our loudspeakers is,
therefore, a reproduction of a
reproduction.  As such it cannot
claim equal status with the fine
arts. Ruskin put this clearly by

«*‘ Synthetic Reverberation,”

By PATRIC STEVENSON

In this article, arising out of
H. A. Hartley’s contribution
on “Aesthetics of Sound
Reproduction” in our July and '
August issues, the author urges
the claims of truly synthetic
music as opposed to ¢ doc-
tored ”’ receiver response.

saying: ‘‘No great art ever was,
or can be, employed in the careful
imitation of the work of man as
its principal subject. . . Art
which reduplicates art is neces-
sarily second-rate art’’1.

For electronic technique to be-
come a direct medium for great
art we must wait for the arrival of
the truly synthetic score. Only
then will the composer be brought
into line with other artists, and,
working directly upon the ultimate
sound material itself, build up his
synthetic track for reproduction
by apparatus of predetermined
characteristics, secure in the
knowledge that no middlemen in
the shape of performers will come
between him and the distortion-
less impact of his vision on the
world.

That such an idea is more than
a dream was evidenced by the
description of Rudolf Pfenniger’s
synthetic sound system.? In
addition, the latest possibilities in
the way of stereophony (possibly
accomplished by artifically pro-
duced phase differences?), synthe-
tic ‘reverberation, ‘‘sound dub-
bing,”’ ‘‘subsonics,”’ etc., are
unbounded.® Indeed, the merg-
ing of composition and perform-

.ance in one technique would be

but the logical culmination of
present tendencies. Critical appre-
ciation of the gramophone is

1« The Harbours of England.”

¢ Wireless World, Feb. 8rd, 1933. See also
an article by the present writer in The Muisical
Times for Sept. 1936, entitled ““ Exit the Per-
former ? 7

3 See ‘‘Theatrical Uses of the Remade
Voice, Subsonics and Reverberation Control,”
by Harold Burris-Meyer. Journal of the Acousti-
cal Society of America, 16-19 July, 1941. Also
Wireless World,
May 11, 1939, .
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gradually reducing the number ot
executants whose skill is deemed
worthy of perpetuation on the
wax.

The next step is to abolish the
ambiguous score and fallible per-
former. We can visualise the
future composer abandoning all
study of conventional notation
and instrumentation for the
meticulous and microscopic analy-
sis of sound-wave patterns. He
will buy his ‘“ tone stencils”” from
composers’ ‘‘ tonemen’’ much as
artists now buy pigments fror
artists’ colourmen, and spend hi.
creative hours in an electro-
acoustic laboratory surrounded by
cathode-ray  tubes,  harmonic
analysers, frequency meters, reels
of sensitive film, photo-electric

cells, standardised reproducers,
and innumerable other devices.
Once he has ““written™ his

““ score’’ he can rest content (pre-
supposing unlimited facsimiles)
that everyone who runs his film
through the standard type of re-
producer will hear exactly what
he intended them to hear; exactly
what he has put on the record.

Instant * Playback ”

In addition to knowing that no
unsympathetic interpretation of
his music can mar its presentation
to the public, the composer will -
have the great advantage of being
able to hear his work, in its full
colours, bar by bar, as it °
written. There will be no lon,
waiting for a first performance
after which he may have to re-
score his composition.

Initially, no doubt, the syn-
thetic composer will create in tra-
ditional symphonic tone colours—
much as early motor car designers
were hypnotised by the form of
existing horse-drawn vehicles and
took time before they evolved a
shape really suited to mechanical
propulsion. But after a while he
will arrive at new combinations
of stencilled wave-forms giving
rise to novel tone colours and
effects of unexampled beauty
without precedent in the history
of music. By painstaking com-
parative analysis of wave forms
and the delicate manipulation of



stencils he will be able to produce
a more perfect tone than that of
a Stradivarius in the hands of a
Kreisler, or, if he so desires, con-
jure up.the sound of sixty strings
all played by instrumentalists of
this calibre.
Goossens, the horn of a Brain,
the trumpet of a Hall, will be
there at his command whenever
required. No passages he may
conceive will fail through over-
stepping the powers of human
lungs and vocal chords, and the
choral finales of yet unwritten
Ninth Symphonies will soar
effortlessly = through the upper
limits of hearing without any feel-
ing of discomfort or strain.

visney Technique — in Sound

Should the composer’s genius
lean towards caricature and the
expression of caustic wit, what
unlimited opportunities await ex-
ploitation in the distortion of
typical waveforms! The range of
expression open to him, from thé
bizarre and macabre to ethereal
evocations of ineffable beauty,
will far exceed anything we can
at present imagine.

Before the evolution of this
composer’s El Dorado, however,
there will certainly be a period
providing ample scope for elec-
tronically synthesised music of
the kind advocated by Mr. Hart-
ley. And until the emergence of
synthetic sound as a first-hand
medium for artistic creation it
may well happen, as Dr. Sargent
believes, that music will be
written for existing instruments,
but expressly designed for cal-
alated electronic eduction by
means.of predetermined reproduc-
ing channels, thus forming a half-
way house between old and new.
Ernest Newman has seen other
potentialities in broadcasting and
studio technique, namely, the
opportunity to produce master-
pieces like the Berlioz Requiem in
such a manner as to bring off tri-
umphantly all the effects which
misfire under normal concert con-
ditions.* The success of any in-
novation like this calls for close
co-operation between musician
and engineer. Eloquent pleas for
such co-operation were made at
the Brit. I.R.E. meeting, and it is
to be hoped that much liaison
work will be done in the future.

4 See, for example, The Sunday Times, Dec.
19th, 1943.

The oboe of a
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STANDARD FREQUENCY

TRANSMISSIONS

DDITIONS and  alterations

having recently been made in -
the standard frequency transmis-
sions broadcast by the U.S. National
Bureau of Standards, we give below
details of the revised schedule. This
service is broadcast continuously by
the Bureau’s station WWYV at Belts-
ville, Maryland, near Washington,
D.C. - :

At least three carrier frequencies
are now transmitted at all times to
ensure reliable coverage. They are:

2.5 Mc/s broadcast from 2300 to

1300 GMT.

5 Mc/s broadcast continuously

throughout the 24 hours.

10 Mc/s broadcast continuously

throughout the 24 hours.

15 Mc/s broadcast from 1100 tO

2300 GMT. )

Two standard audio-frequencies,
440 c¢/s, the standard musical pitch
corresponding to A above middle
C, and 4,000 c/s are-broadcast con-
tinuously on 10 and 15 Mc/s. Both
are also transmitted on the 5 Mc/s
carrier frequency in the daytime but
only the 440 ¢/s from 2300 to 1100
GMT. The lowest radio frequency
(2.5 Mc/s) carries the 440 ¢/s only.

The audio frequencies are inter-
rupted precisely at the hour and
each five minutes thereafter for one
minute during which the station’s
call letters are given in morse except
at the hour and half-hour when a de-
tailed announcement is given by
"phone.

The accuracy of all the fre-
quencies is one part in 10”. The
time interval, marked by the pulse
every second, is accurate to 0.00001
second.

Information on how to receive
and utilise this service is given in
the Bureau's pamphlet “Methods
of Using Standard Frequencies
Broadcast by Radio,”” obtainable on
request from the National Bureau of
Standards, Washington, D.C. The
Bureau welcomes reports of difficul-
ties, methods of use, or special
applications of the service.

BAIRD " TELECHROME "
A DEMONSTRATION of the
latest system of stereoscopic
colour television was given recently
by J. L. Baird. It employs a special
double-beam cathode-ray tube with
a 1o-inch internal mica screen
coated on one side with blue-green
and on the other with red-orange
fluorescent. material.  Colour pic-
tures are seen directly without the
aid of revolving filters or lens sys-
tems, and for stereoscopic effects the
picture is viewed through coloured
glasses.
We hope to give a more detailed
account of this new development in

our next issue.
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GALPINS

—ELECTRICAL STORES—
“ FAIRVIEW,”
LONDON ROAD, WROTHAM,
KENT.

TERMS : Cash with order. No €.0.D.
All prices include carriage or postage.

MASSIVE GUNMETAL WINCH, complete with
long handle, for use with #in. dia. wire cable,
weight 50 1bs., condition as new.

ELECTRIC LIGHT CHECK METERS, first-class
condition, electrically guaranteed, for A.C. mains
200/250 volts 50 cy. 1 phase 5 amp. load, 11/~ each

SOLID BRASS LAMPS (wing type), one-hole
mounting, fitted double contact, S.B.C. holder,

_and 12 volt 16 watt bulb. 4/-.

TUNGSTEN CONTACTS, &in. dia., a pair mounted
on spring blades, also two high quality pure
silver contacts, fsin. dia., also on spring blades,
fit for heavy duty, new and unused. There is
enough base to remove for other work. Set of
four contacts, 4/~

RESISTANCE UNITS, fireproof, size 10 X 1lin
wound chrome nickel wire, resistance 2 ohms to
carry 10 amps. 2s. 6d. each.

3-PHASE TRANSFORMERS, 410v. to 240v. at
2kW, size'of core 14in. by 1lin. by 5 square inch
section,  £10. .

TAPE MACHINE, fitted Klaxon 220v. D.C. motor
geared drive, rheostat control, 18 obhm relay
complete with tape reel and tape. £7.

AIR PRESSURE GAUGE by famous maker.
10in. dia., reading 0-4,000 1b. per square inch,
as new, in case. £7 10s.

SWITCH FUSE in wrought iron case, 3-way, for
400 volts at 40 amp. 45/=.

MOVING COIL ampmeter reading 0-850 amps.,
Gin. dia., switch board type. Price £3 10s.

ROTARY CONVERTER, input 40 volts D.C.
output 75v., 75 m/A, A.C., also would make good
50v. motor or would generate. £2.

DYNAMO, output, 20v.-10 amp. Ball bearing,
shunt wound, speed 1,750 r.p.m. £5. '

AUTO TRANSFORMERS.
tapped 0-110-200-220-240; 1,600 watts,
1,000 watts, £5.

Step. up or down,
£7;

H.T. TRANSFORMER, in case, size 10X 7 X 6in.
(no oil), 200v. to 10,000 volts, C./T. output;
23 KVA at 500 cycles, intermittent rating, £8.

METAL RECTIFIERS, size 5 X 4§ X 4}ins.,, not
Westinghouse, output 100 volts at 500 M/A,
price 32/6 ; ditto, 5} X 2in,, not Westinghouse,
output 100 volt at 250 M/A, price 17/6 ; ditto,
output approx. 100 volt at 50 M/A, price 10/

POWER TRANSFORMER, 4kW, double wound,
400 volts and 220 volts to 110 volts, 50 cycle,
single phase. Price £285.

AMPLIFIER COMPONENTS, from dismantled
American 10-watt amplifiers, all metal cased and
compound filled. Input transformers, 15/=}
Interstage, 7/6 ; Push-Pull input, 10/~ ; Push-
Pull output, 20/- 3 Push-Pull output, 10/ ; Power
Transformers, 12/6 and 25/- ; Capacitor Packs,
10/~ and 20/- ; Reactors, 12/6 ; Audio Filters, 7/6.

MOVING COIL AND M.I. METERS,
FOR FULL DETAILS OF ABOVE AND OTHER
GOODS, SEND FOR LIST, 24d.
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IN DEFENCE OF FM

IN a letter to the Editor of Broad-

casting, Dr. Edwin Armstrong
corrects a statement which recently
appeared in that journal. The state-
ment was *‘ the facts are that it costs
every bit as much to install and
operate an average FM station as it
does an- AM.”
.. Dr. Armstrong states in his'letter :
““From the very start' of FM the
initial cost of equipment and the
cost of operation have been substdn-
tially less than AM. These costs
will steadily decrease with the com-
ing of large-scale manufacture, and

with the introduction of unattended .

remote controlled

transmitters

advantageously placed to dominate

the surrounding terrain.

““It has long been practical to
operate stations of moderate power
in this way, In fact the more ex-
acting requirements of the State
police systems have been met for
years in precisely this manner. [
believe that the time is not too far
distant when transmitters covering
local areas will be switched on and
operated with as little concern and
attention as is given to the public-
atddrgssd systems which are now
standard equipment for
o quip, every large

SPONSORED PROGRAMMES
IT was recently reported in the
London Evening Standard that
the B.B.C. Listener Research De.-
partment was ‘‘testing public
gpu%;on ozfl the question of the intro-
- duction of commercial br i
after the war.” oadeasting
T}:e Listening Panel, a cross-
section of about 500 listeners, were
invited to state whether they would
or would not favour the introduc-
tion of commercial broadcasting in
either or both of two forms. One
was that time should be sold to
advertisers in exchange for allowing
them to mention their products in
the programmes and the second that
Parliament should permit one or
more commercial stations, financed
by advertisers, to operate in com-
petition with the B.B.C.
. It was later reported that the pro-
ject had been cancelled !

SCIENTIFIC RESEARCH

N the belief that ‘‘academic and

industrial research are interdepen-
dent and complementary and that
substantial advances in industry
cannot be looked for without corre-
sponding advances in academic
science,”” the directors of Imperial
Chemical Industries have offered
to provide eighty Fellowships, to be
held by senior workers in certain
sciences at nine universities in Great

" transatlantic long-wave sta-

.Britain. The Fellowships will be

of the average value of f60o0 per
annum,

The subjects prescribed in the
scheme, which is to operate for an
initial period of seven years, are
physics, chemistry and the sciences
dependent thereon, including
chemotherapy ; that is to say, any
branch of physics or chemistry
may be included as well as applied
sciences such as ‘metallurgy and
engineering.

COMMERCIAL TELEVISION
AN indication of the growing in-

terest in, and potentialities of,
television in the United States is
given by the issue of a brochure on
the planning of commercial tele-
vision programmes by the REKO
Television Corporation. This cor-
poration has been formed to *‘ make
available to the producers of tele-
vision a complete programme-
building service.”’ Behind it are the
vast resources, equipment, studios
and research facilities of RKO-
Radio Pictures and Pathé News.

Of the fourteen licensed television
stations in the United States, nine
are now operating regularly in five
cities—some for seven days a week.
There are also fifteen licensed ex-

perimental relay stations. In ad-
dition there are 31 applications
pending for , commercial stations

covering another 13 cities.

OBITUARY

WE regret to announce the death,
by enemy action, of F. J.
Mortimer, Editor of Amateur Photo-
grapher, which is issued by our cwn
Publishers. He was a Past Presi-
dent and Honorary Fellow of the
Royal Photographic Society and
had a long and - distinguished
career - in. photographic art and
specialist journalism, having edited
Amateur Photographer for nearly 40
years.

One of the early phases of wireless
development js recalled by the
recent death in France of J.
Bethenod. From 1907 onwards he
worked on RF alternators, and a
350 kW machine of his design was
installed at the La Doua

tion, near Lyons, in 1920,
replacing the Poulson arc
formerly used.

«WHAT HATH GOD
WROUGHT ? ”’, the message
sent by Samuel Morse when
he demonstrated his’ system
of telegraphy on May 24th,
1844, is featured on this U.S.
postage stamp issued to mark
the centenary of the event.
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__ WORLD OF WIRELESS——

FREQUENCY ALLOCATIONS

SOMETHING approaching the in-

terim international conference
on frequency allocation for which
Wireless World has pleaded is fore-
shadowed by-a recent announce-
ment from Washington. An inter-
American radio conference has. pro-
visionally been arranged to take
place in Rio de Janeiro next spring,
to which all countries in the Eastern
Hemisphere will be invited. Post-
war communications problems, in-
cluding the allocation of frequencies
in the Western Hemisphere and the
reorganisation of the International
Telecommunications Union, will be
considered by the delegates. ’

In view of the growing demands. ...

on the higher frequencies for avia
tion and marine communications
and for long-distance telegraphy
and telephony, a proposal has been
made in the States to discontinue
international broadcasting as at
present undertaken and thereby
make available many more channels.
It is further suggested that inter-
national broadcasting should be
limited to point-to-point relay
systems. ’

LEE. “RADIO” SECTION

IT has been announced by the
Council of the Institution of
Electrical Engineers that on the

_ recommendation of the Wireless Sec-

tion Committee it has decided to
change the name to Radio Section.
The rule dealing with the scope of
the Section has been modified to
read as follows :—

“The Section shall include
within its scope all matters relating
to the study, design, manufacture
or operation of apparatus for com-
munication by wave radiation, for
high-frequency and electronic en-
gineering, or for the electrical record
ing or electrical reproduction of
sound.”’

WHAT THEY SAY
WORDS INTO PLOUGHSHARES.—
This young industry has men
of great ability in the leading posi-
tions. If in peacetime they can do

for the public what in wartime they




did for the Services, there is. no
doubt that—given anything like
reasonable support—they can well
be left to look after the future.—Sir
Thomas Polson, Pye, Lid.
FREEDOM OF THE
should be an offence for any British
subject to promote, or assist in pro-
moting, any broadcast -affecting
Parliamentary elections from wire-
less stations outside the United
Kingdom.—The  Speaker’s Con-
ference on Electoral Reform.
AMERICA’S RaDI0O OUTLOOK.—
Progress of the invasion is the key

to future trends in radio production. .

If results are good, our present
military-radio surplus will be ample,
and civilian radios can be scheduled
as 1945 opens. But if the invasion
slows down, another two billions of
military radio may be immediately
called for, deferring any civilian-
-radio  schedules. — Editorial in
“ Electvonic Industries,” New York.

ReLAvING TELEvVISION.—General
Electric engineers have invented a
revolutionary electronic tube, now
being widely used in war applica-
tions, which will make possible
radio relaying. of television pro-
grammes for quick post-war expan-
sion of the service.—General Elec-
tric Company, Schenectady.

ETHER?—It ;

PERSONALITIES’

Dr. Edwin H. Armstrong, the FM
pioneer, has been awarded the first
Certificate of Appreciation given by the
U.S. Chief Signal Officer ‘for loyal
and patriotic services rendered the
Signal Corps of the Army of the United
States in the "accomplishment of its
vital mission during a period of
national emergency.”” It is understood
the Signal Corps is now making ex-
tensive use of frequency. modulation.

Samuel Ruben, of New Rochelle,
N.Y., has also been awarded the U.S.
Chief Signal Officer’s Certificate of
Appreciation for his work which has
resulted in the increased durability and
reduction of size of dry batteries.

Edward R. Murrow, who is in charge
of the London office of the C.B.S., has
been awarded the Peabody Radio
Award for outstanding reporting of the
news., The Peabody Awards are made
annually in recognition of ‘‘the most
disinterested and meritorious public

- service rendered each year by the
broadcasting industry.”

Rene Morin has resigned the chair-
manship of the Canadian Broadcasting
Corporation and is succeeded by
Howard B. Chase. Mr. Morin is remain-
ing on the. Board of Governors. Dr.
Augustin  Frigon, assistant general

manager of the Corporation, is con-’

tinuing to act as general manager.
Dr. A. Hoyt Taylor, head physicist
at the U.S. Naval Research Labora-
tories, has been awarded the American
Medal of Merit. The citation reads

“Dr. Taylor laboured tirelessly in a

course of intensive research and experi-
mentation which eventually resulted in
the discovery and development of
radar.”

Wireless World

IN BRIEF

U.S. Signal Equipment.—During the
current financial year the U.S. Signal
Corps has an appropriation of
$2,130,000,000 for radio and . radar
equipment. This is 83.7 per cent. of
the Corps’ total allocation. Over half
the expenditure ig for airborne equip-
ment. .

Wired Wireless.—A significant amend-
ment in the renewed ten-year agree-
ment between the Norwich City Council
and Norwich Relays, Lid., is that
“ should the CouncH during the period
of the agreement desire to use its elec-
tricity mains and services for the pur-
pose of a relay service it may do so
at any time after two years’ notice to
that effect.” .

Security Ban Lifted.—South African
radio stations are again announcing
their identity. For 2% years they have
remained anonymous to prevent hostile
aircraft  from identifying particular
radio stations; now the ban is removed.

New Address.—The temporary
address of the Radio Component Manu-
facturers’ Federation is 22, Surrey
Street, Strand, London, W.C.2. Emer-
gency: telephone calls only should be
made to Temple Bar 1641.

1.E.E. Council.—The following officers
were elected at an Ordinary Meeting

of the Institution of Electrical Engineers,

to fill the vacancies on the Council
occurring on September 3oth: Presi-
dent, Sir Harry Railing; Vice-President,
W, J. H. Wood; Hon. Treas.,, E. S.
Byng; Ordinary Members of Council,
H. Bishop (B:B.C.), W. N. C. Clinch,
1, C. Winfield and Dr. R. W. Sillars.

I.E.E. Radio Section.—At a meeting
held on May 17th last, the following
were elected to the Radio Section Com-
mittee: Chairman, H. L. Kirke
(B.B.C.); Vice-Chairman, C. E. Strong
(Standard Telephones and Cables);
Ordinary Members of Committee, Dr.
J. Greig (Northampton Polytechnic),
Dr. S. E. A. Landale (Admiralty Signal
Establishment), E. M. Lee (Belling-and
Lee), S. B. Smith (Marconi’'s W.T.
Co.) and K. J. R. Wilkinson (B.T.-H.).

British Sound Recording Association.
—The Hon. Tech. Secretary of the
B.S.R.A—D. W. Aldous, of * Strath-
dee,” Studley Road, Torquay, Devon—
informs us that a leaflet is in prepara-
tion setting out the objects and future
plans of the Association. Interested
readers should write for a copy to Mr.
Aldous.

Institute of Physics.~—At a meeting
of the Electronics Group of the Insti-
tute to be held on September 19th at
5.30 in the rooms of the Royal Institu-
tion, =21, Albemarle Street, London,
W.1, Dr. A. Sommer, of Cinema Tele-
vision, Ltd., will deliver a paper on
“ Principles of Photo-Electric Emission
and Their Application in Photo-Electric
Cells.” :

Institution of Electronics.—A lecture
on the Electron Microscope . will be
given by Dr. D. G. Drummond at a
meeting of the North-West Branch of
the Institution to be held at 6.30 p.m.
on Friday, September 2znd. Non-
members can obtain tickets from L. F.
Berry, 14, Heywood Avenue, Auster-
lands, Oldham, Lancs.
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RANDOM RADIATIONS

A 7 Tip

OU remember that I gave

recently a tip for keeping the
reciprocal of = in mind if you have
reason to do so; all you have to do
is to ask yourself: ‘“Can I remember
the reciprocal? > The number of
letters in those words give you the
answer: 0.318370. A reader tells
me that whilst turning over an old
French mathematical work he came
on a rather remarkable way of
remembering the value of = to ten
decimal places. The aid to memory
here is the sentence: ‘' Que j'aime a
faire connaitre ce nombre utile aux
sages,”’ which may be Englished as
‘“How I .love making known this
number useful to the wise.””” The
numbers of letters in the  French
sentence (but not in its translation)
give you 3.1415926535. 1 can
hardly imagine any ordinary per-
son needing to memorise = to ten
places. Here’s an English jingle
that gives it to eight:

See = here I state
Correctly to places eight.

Pinning it Down! ,

Would you believe that in quite
recent times an attempt was made
to enforce legally the all-too-round
figure value of 3 for #? It was

in that queer part of the United -

States where they stand so four-
square for the literal interpretation
of the Bible that a schoolmaster was
prosecuted—you may recall the case

© t-~ohing the elements of the
Evolution ruee., . )
of = it was argued that the wid
Testament told of a ‘‘sea of brass’’
in the Temple furnishings whose
circumference was 30 cubits and ‘the
diameter ten. .As the ‘‘sea’ or
basin was stated to be round it fol-
lowed naturally #hat the true value
of = must be plain three! Actually
those who built the Temple prob-
ably had = taped to the equivalent

“~tter

of at least two places of ,decimals“

through their contacts with the
Assyrians and the Egyptians.
Either the ““sea’’ was slightly oval
or—more probably—the writer of
the description was wusing the
approximation for the -circumfer-
ence/diameter ratio generally em-
ployed by the non-mathematical of
his time. .

Oooao
A Little Hotter

IF you happen to live in a place
where the mains voltage is at the
lower end of one of the ranges for
which electrical appliances are rated,
you may find that your soldering

By “DIALLIST

iron doesn’t get hot enough to do
neat sound work with wartime
solder. Much of this is a good deal
harder, owing to the shortage of tin,
than the corresponding grades of
pre-war days. In fact, even if your
voltage is 230 you may feel that
you’'d be glad of a little more heat
in the bit. For most electrical con-
nections, and particularly for those
in radio apparatus, I use Multicore
solder, which flows readily with a
200-230-volt iron heated from =zoo-
volt mains; but for the harder types
I like my bit to be hot enough to
singe a piece of newspaper brown
when laid for a moment upon it.
Here’s a way of getting that extra
little bit of heat that makes so
much difference. The heater ele-
ment is generally situated near the
business end of the iron. Between
the *housing of the heater and the
handle are several inches of metal
tube, from which a good deal of
heat is radiated and so wasted.
Bind this part of the tool with
asbestos string (I untwisted a piece
of asbestos string about as thick as
a cigarette and used two strands)
and protect this with a binding of
ordinary string. Besides increasing
the temperature of the bit by a
small but appreciable and useful
amount the binding serves another
purpose: you don’t burn your
fingers if in a moment of a absent-
mindedness they stray from the

handle on to the metal part of the

iron.
Ooo
Network Problems
FELLOW: soldier sends, me a
resistance network  problem

which has apparently caused some
argument in his unit, though it

The cube problem.
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seems fairly straightforward. Here
it is: twelve one-ohm resistors are
connected in the form of a cube;
what is the resistance between oppo-
site corners such as A B in Fig. 1?
You can make the problem a bit
more tricky by wiring up the twelve

Another. arrangement of resistors.

resistors in the way shown in Fig. 2.
Neither will puzzle the initiated;

but beginners may find them
amusing.

onoao
Riveting

EVER tried your hand at rivet-
ing? Small jobs, I mean; not
the sort that occur-in shipbuilding
or boilermaking. It is a fascinating
art and a very useful one to acquire
for both construction and repair
work. Actually it’s not a bit diffi-
cult, and if you try it you’ll find
a good deal of pleasure in the neat
jobs that you can turn out. I've
been a rivet addict for years and
riveting has saved me a lot of bother
time and again. Here’s a typical
job. To an existing pressed steel
radio chassis I wanted to fix an
extension measuring 4in. x 4in. to
hold some additional components.
You can solder steel, but riveting is
simpler and makes a very strong
job. The first thing to do was to
cut out a piece of metal 4in. x 44in.
to allow for the overlap. Close to-
one edge of this were drilled five
holes which were just a push fit for
the rivets.

Doing the Job -

Actually I had no ready-made
rivets of suitable size in stock and
they aren’t easy to obtain nowa-
days. But I had some #in. nails
made of softish brass with round
heads. One of these was passed
through the drill plate and the
appropriate drill chosen. The plate
was drilled as already described and
corresponding holes were drilled in
the chassis. One of the nails was
put through the middle hole in both
plate and chassis and shortened
with end cutters so that about %in.
was left protruding. The work was
now placed on a block of steel, the
head of the nail resting on the



block and the cut-off end pointing

upwards. The next process was to
deliver fast, light blows on the end
of the nail with the round end of a
small ball-pane hammer. This
burred over the end of the nail,
shortening it and forming a second
head. The two pieces of sheet
metal were thus drawn together,
and when they were nearly tight
the second rivet was put in in the
same way. The job was finished by
a tightening of all the rivets and
the neat shaping of their second
heads with the ball-pane hammer.

Useful Tips

Here are one or two tips that you
may find useful if-you hgven’t tried
riveting before. First, the holes
drilled must be a close fit for the
rivets; if the rivets aren’t tight in

-—+heir holes you can’t do sound
ork. Second, if you can’t get
proper rivets use mnails of softish
brass or copper—you can usually
buy flat-headed copper tacks $in.
long from ironmongers.  Third,
don’t leave too much protrusipn
when you snip off the end of your
rivet. Last, don’t use too heavy
a hammer and remember that many
fast, light blows are far more effec-
tive and make for much better work
than a few hard ones.

0aao

Three-phase in the Home

HE recent”article in The Elec-
trician (quoted in last month’s
Wireless World) on the virtual
elimination of the most poisonous
types of interference with wireless
reception by the adoption of the
three-phase motor for domestic
appliances made good reading. As
the writer says, the installation of
three-phase circuits in our houses
could lead to the disappearance of
that kind of interference as we know
it nowadays; it had in fact done so
" Germany before the war. . The
:srmans are canny folk in some
ways, even if they are crassly stupid
in others. They foresaw that man-
made interference in wartime might
‘cramp the style of various military
radio devices and they decided to
do away with it. I don’t know how
long ago three-phase supplies came
into regular domestic use in that
country, but I do recall that the
radiation. of interference was made
a punishable offence in Hitler’s
Reich in 1937 or '38. Our outlook
is different: there is no war wmotif
underlying the bulk of our legisla-
tion; but we might well take a leaf
out of their book by outlawing in-
terference and by introducing
domestic three-phase circuits. Cer-
tain it is that the development of
short-wave wireless and of television
will suffer in this country if we
don’t.

Wireless World
Could 1t be Done ?

The present voltage limits for
household purposes date back to a
time when wiring systems, switches
and safeguards were not nearly as
good as they are now. As ‘‘Super-
visor’' pointed out in The Elec-
trician, there is little, if any, more
risk of accident with g400-volt three-
phase than with 230-volt single-
phase supplies. The objection may
therefore be ruled out. Probably
the chief kick against the compul-
sory use of three-phase motors in
domestic appliances would come
from manufacturers, on the grounds
that they have to cater for custo-
mers who have DC sapplies and must
therefore use universal motors. It
is only a. matter of time for all
supplies to become standard AC
and, so far as we can see, progress
in “this direction should be rapid
when the war is over. The case
could be met by making it an
offence to use any but a three-phase
motor on AC mains after a certain
date. I believe, though, that the
best results could be achieved not
by legislation but by the influence
of the manufacturers themselves, in
whose interest it would be to edu-
cate the public up to the enormous
advantages of the three-phase
motor, which is much more sturdy
and reliable than ‘its universal
counterpart. The latter would then
die a natural and unlamented death,
as more and more of the still exist-
ing DC supplies are changed to AC.

0oaao

Resonance ?

CORRESPONDENT, who is at

pains ' to point out that he
makes no claim to be psychic or
anything of that kind, writes to tell
me that he has the curious gift of
being able to tell whether s50-cycle
AC is flowing by merely touching
the insulating covering of a con-
ductor. “‘If, for example,”” he

writes, ‘I put my finger on a pear }

switch or a torpedo switch, I can
feel the current when it is in the
‘on’ position.”” I can only deduce
that my correspondent’s natural
frequency is 50c/s and suggest that
when opportunity arises he should
plot his response curve, carefully
examining it for peakiness or signs
of hump should he be feeling under
the weather! A fellow I know used
to claim that his natural frequency
was that of the local broadcasting
station and that he could enjoy the
programmes by holding a crystal
lightly between his teeth. When he
had his appendix removed he feared
that the loss of a turn might necessi-
tate recalibration; but all was well,
for he found that reduced induct-
ance had been offset by increased
capacity and he soon became used
to his new L/C ratio.
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THE ““FLUXITE QUINS”» AT WORK

¢ How many times have I said,
When you're testing a set that’s gone dead,
And you dash for FLUXITE,
¢Don’t go wild, you young sprite,
AND RUSH OUT WITH THE 'PHONES ON
YOUR HEAD 11’

®
See that FLUXITE is always by

you — 1n the house — garage —
workshop — wherever speedy
soldering is needed. Used for
over 30 years in Government
works and by “leading engineers
.and manufacturers. Of all Iron-
mongers—in tins, 8d., 1/4 & 2/8.

Ask to see the FLUXITE
SMALL-SPACE SOLDERING
SET—compact but substantial—
complete with full instructions,

7/6.
o

TO CYCLISTS! Your wheels will
NOT keep round and true unless the
spokes are tied with fine wire at the cross-
ings. AND SOLDERED. This makes
a much stronger wheel. It's simple—uwith
FLUXITE—but IMPORTANT.

The FLUXITE GUN
puts FLUX[TE where
you want it by a
simple pressure.

Price 1/6, or filled, 2/6,
ALL MECHANICS w/iL

IT SIMPLIFIES ALL SOLDERING
Write for Book on the ART OF " SOFT”
SOLDERING and for Leaflets on CASE-

HARDENING STEEL and TEMPERING
TOOLS with FLUXITE. Price 1d. each.

FLUXITE LTD.

{Dept. W.W.), Bermondsey Street, S.E.I.
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AIRCRAFT INSTALLATIONS

N order to minimise the risk of

collision and to facilitate traffic
control in conditions of low visibility
an aircraft radiates a carrier wave the
frequency of which is controlled
through a variable condenser geared to
the moving part of an aneroid, so as
to indicate automatically the in-
stantaneous - altitude of the machine.
Simultaneously a modulating note,
indicative of the direction in which the
craft is travelling in azimuth is
superposed on the carrier through a
coil, the effective inductance of which
depends upon the instantaneous angle
between the fore-and-aft line of the
craft and the N-S line of a magnetic
compass associated with the coil. This
controls a modulator which provides a
distinctive frequency for any particular
course, a change of direction from N
to S through east being distinguished
from the direction N to S. through
west, by sub-modulation.

A ‘receiver is also provided for pick-
ing up signals radiated from any other
aircraft in the vicinity. Reception is
synchronised to occur only during the
intervals between transmission on any
given machine. The receiver may also
be used to give an indication of the
relative - distance, based on signal
strength, of the machine with which it
is co-operating.

Square D Company. - Convention
date (U.S.A.) February sth, 1941. Nos.
559243 and 559259.

CATHODE-RAY TUBES

THE fluorescent screen of a cathode-
ray tube is liable, in the course
of scanning, to be injured by various
forms of ionic bombardment. Negative
ions come from the cathode and are
subject to the same deflecting fields as
the electrons, but respond differently,
owing to their smaller charge-to-mass

RECENT INVENTIONS

A Selection
of the More Interesting
Radio Developments

ratio. For this reason, they travel in
a substantially straight line and so
always strike against the centre of the
screen, thereby causing what is called
‘“ion-spot.”” Positive ions may also be
attracted towards the screen by local
potential gradiénts created by secondary
emission; these cause small blemishes
known as ‘“‘smudge.”’

According to the invention, the screen
is covered, on the. side facing the
‘““gun,” by two separate protecting
layers, the combined thickness of
which is still permeable by the normal
scanning stream. The first layer con-
sists of pure aluminium, five to ten
molecules thick, and the second of
aluminium oxide which is made at
least double the thickness of the first.
The oxide layer serves to absorb the
energy of the negative electrons, whilst
the metal layer prevents the migration

of local positive ions to the sensitive

surface of the screen. ‘

Marconi’s  Wireless Telegvaph Co.,
Ltd. (Assignees of R. R. Law). Con-
vention date (U.S.A.) May oth, 1941.
No. 559331.

TELEVISION AERIALS

HE aerial for a television receiver

is mounted inside the cabinet, so

that it can conveniently be re-tuned

when necessary, and its directional
properties utilised.

As shown in the diagram, either a
pair of dipoles P or a frame aerial F
can be switched at choice into circuit
with a transmission line I, which is
terminated by different input couplings
A, B, C, D, to the grid of the first
valve of the set. The various couplings
are adapted, either by the addition of
an extra length of line L1 or by suit-
able loading reactances such as the con-
densers K, Kr and Kz to vary the
effective electrical length of the trans-
mission line in order to tune the circuits
to a selected waveband.

The frame aerial may- be made of
$in. copper tubing which is bent into
a square of 16in. side. This is
mounted for rotation about’ vertical
and horizontal axes, so as to make the
best use of its directive properties, and
more particularly for reducing the effect

of local sources of ‘disturbance. The
overall length of the two dipoles is,
say, 17in., and they also are rotatably
mounted. The frame aerial is screened
at the high-potential parts, whilst the
dipoles are capacity-loaded at each end.

The smallness of the aerials is offset
by their high Q" factor, which
ensures sufficient damping to cover a
six-megacycle channel on each of the
available tuning switches.

Philco Radio and Television Corpmn.
(Assignees of W. H. Newbold). Con-
vention date (U.S.A.) December 14th,
1940. No. 559423.

BATTERY VOLTAGE INDICATOR

LTHOUGH the end of the useful
life of a high-tension battery is
generally indicated well in advance, by
the usual symptoms of falling voltage,
these are apt to be ignored by the
optimistic listener until the set finally
gives up the ghost at some incon
venient or critical time. Failing a volt-
meter it is hard to know when, for
instance, a nominal 1z0-volt unit has
dropped 30 volts and is ripe for replace-
ment. R
An ordinary incandescent lamp con-
nected across the cells is not easily
adapted to give the indication required,
whilst its current comsumption would
prove a heavy drain. Instead, the in-
ventors use a small gas-filled glow lamp
to serve as a permanent watch-dog. A
tube of this kind can be designed to
quench at a voltage of, say, 25 per
cent. below the ignition voltage, and
to consume less than one-tenth of a

watt.
Akt. Electrod. Convention date
(Sweden) November 15th, 1938. No.

559513.
DIRECTIVE AERIALS

TO prevent undesired reflection

effects, it is necessary, in the first
place, to miatch the impedance of the
aerial to that of the feed line. In the
case of the *““vee” or *‘ double-vee "
(rhombic) type of directive aerial, the
problem is further complicated by the
fact that the angular arrangement of
its limbs causes the.aerial impedance

to vary exponentially from a minimum

at the close-set terminals to a maxi
muin at the point where the aerial con-
ductors are most widely separated. As
a result, reflection losses are set up
within the actual- framework of the
aerial.

,—‘
1
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Aerial system designed for installation inside a television
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receiver cabinet.



According to the invention, each limb
of ‘the aerial consists of a hollow
‘“cage’’ or ‘‘sausage’ made up of,
say, six identical wires. These are
threaded through supporting rings so
that each cage is of circular cross-
section throughout, though the diameter
of the cage increases from one end of
each ‘“vee’’ limb to an intermediate
point, and then decreases to the
opposite end of the same limb. This
ensures a smooth gradient of impedance
along the length of the aerial, and so
reduces losses due to internal reflection.

Standavd Telephones and Cables, Lid.
(Assignees of C. R. Buwrvows). Con-
vention date (US.A.) July znd 1041.
No. 550886.

VARIABLE CONDENSERS

N outer tube Cr is insulated from
two inner coaxial tubes Cz, C3.

C2 is fixed and is threaded to allow
C3 to be screwed in and out by means
of a contrel knob K. This alters the
effective area of overlap 2, 3 between
-+he outer surface of C3 and the inner
rface of C1, thus varying the overall

c3.

\

Compact capacitor.

capacity of the wunit. It should be
noted that the gap 1, 2 formed when
the unit is partly unscrewed, as shown,
has no appreciable capacity effect,
because the external screw thread on
the tube C3 is too widely separated
from the outer electrode Ci. The
arrangement gives a comparatively
large tuning range to a condenser
having small dimensions.

Two or more similar units may be
combined ‘or interleaved to form one
coaxial assembly, with ganged control
from a single tuning knob. The single
unit shown can be applied to a
nominally ‘‘ fixed "’ condenser, in order
to compensate for changes in tempera-
ture or humidity
A, Faber.
, 1942. No. 559627.

FM TUNING INDICATOR

HE tuning of a frequency-modulated
receiver is complicated by the fact
that three widely separated resonance
peaks occur within each signal wave-
band, the presence of the two outer
ones being due to the slope of the
detector characteristic. At the same
time the full benefit of the high signal-
to-noise ratio given by this type of
modulation can only be secured when
the set is accurately adjusted to the
true or centre peak of resonance.

To simplify the problem an auxiliary
AF note is deliberately introduced
during the process of tuning, by switch-
ing in a tapping from the mains-supply
transformer to the screen grid of the
last IF amplifier. It is known that
the ordinary balanced diode type of
frequency discriminator acts auto-
matically to wipe out any amplitude
modulation that may be superposed on
the signal, provided the circuits are
accurately tuned to thé centre fre-
quency of the signal carrier, but not

Aé?lication date August

¢

Wireless World

otherwise. The set is accordingly ad-
justed until the sound of the mains
“ hum ”’ disappears, whereupon the tap-
ping from the mains transformer is
switched off, leaving the set ready for
reception.

Philco Radio and Television Corpn.- ‘

(Assignees of C. T. McCoyv and P. McF.
Craig). Convention date (U.S5.4.)
October 21st, 1041. No. 559555.

CHASSIS CONSTRUCTION

TO facilitate inspection and repair
the component parts of a wireless
set are distributed over the four shelves
or panels provided by a crossshaped
carrier or supporting member. This is
conveniently made by joining together
two L-shaped metal plates, which give
the required cruciform cross-section.
The carrier is mounted between two
rectangular end pieces, so that the
whole forms a rigid assembly.

When withdrawn from its outer
casing the carrier can be turned to rest
firmly on any one of the four sides of
the rectangular end pieces, thus allow-
ing the operator to bring any selected
component into the most convenient
position for servicing.

The cruciform shape of the internal
carrier also serves to divide the outer
casing into four separate rectangular
compartments, which are mutually -
screened from each other.

Stratton and Co., Ltd., and H. A. J.
Laughton. Application date Septem-
ber sth, 1042. No. 559877.

BEAM AMPLIFIERS

ELATES to ‘the focusing and de-

flecting plates or electrodes of a
cathode-ray type of tube, particularly
when used as a beam amplifier.

It is pointed out that if the electron
stream is allowed to fill substantially
the whole of the space between the
focusing plates, a high degree of aber-
ration will occur because, in effect, the
full aperture of the lens is being used.

According to the invention the plates
on opposite sides of the stream are set
parallel to each other, as usual, for
most of their length, but their ends
are flared outwards to double the
normal separation, The axial length
of the flared part is made equal to the
transverse distance between the parallel
parts of the plates. The Tesult is to
double the effective aperture of the
flared portion, or lens, relatively to the
normal width of the electron stream,
and to reduce the aberration ratio sub-
stantially to unity. In this way the
stream can be concentrated into a
narrow ribbon in the vicinity of the
twin output anodes or targets.

Input signals are applied across one
of the pairs of focusing plates, which
then serve as deflecting electrodes to
sweep the beam from one to the other
of the two anodes, the resulting changes
of potential across the latter providing
the amplified output.

Western Electric Co., Inc.
tion date (U.S.A.) May 3Ist 1941.
560453.

Conven-
No.

A i3
[§ 1
[ The British abstracts published |}
{ here are prepared with the !
 permission of the Controller of
{ H.M, Stationery Office, from !
{ specifications obtainable at the !
1 Patent Office, 25, Southampton
{ Buildings, London, W.C.2, price !
! 1/~ each. 4
!
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RTEXIO

50 WATT

AMPLIFIER
CHASSIS

The new Vortexion 50 watt
amplifier is the result of over
seven years’ development with
valves of the 6L6 type. Every
part of the circuit has been care-
fully developed, with the result
that 50 watts is obtained -after
the output transformer at ap-
proximately 49; total distortion.
Some idea of the efficiency of the
output valves can be obtained
from the fact that they draw
only 60 ma. per pair no load, and
160 ma. full load anode current.
Separate rectifiers are employed
for anode and screen and a
Westinghouse for blas.

The response ‘curve is straight
from 200 to 15,000 cycles in the
standard model. The low fre-
quency response has been pur-
posely reduced to save damage
to the speakers with which it
may be used, due to excessive
movement of the speech coil.

A tone control is fitted, and the large eight-
section output transformer Is available to
match, 15-60-125-250 ohms. These output
lines can be matched using all sections of
windings, and will deliver the full response to
the loud speakers with extremely low overall
harmonic distortion.

PRICE (with 807, etc. type valves) £18.10.0

Plus 25% War Increase

MANY HUNDREDS ALREADY IN USE
Supplied only against Government Contracts

VORTEXION LTD.
257, THE BROADWA

WIMBLEDON,—

~S.W.19,
Phone: LIBerty 2814
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New Thoughts on

VOLUME EXPANSION

Contrast Should be Proportional to

devotees of high-quality re-

production is now: going into
the construction of circuits for
contrast éxpansion. In the view
of the writer, this effort is mis-
directed, and it is the intention
of these notes to make a case
against contrast expansion for
broadcast listening. There is, of
course, the normal reasoning that
as the compression of the pro-
gramme is not effected by a
simple electrical device, restora-
tion cannot be so effected. This
is a well-known argument and the
usual reply of expansion enthu-
siasts is that inaccurate expansion
is better than none at all.

A second, and in my view
wholly  satisfying,  argument
against expansion is also known.
The environment of the average
listener is not a silent one. Pass-
ing traffic, bird singing, the noise
of the fire, and of the movements
of other members of the house-
hold; all these produce an am-

QUITE a lot of effort arﬁong

bient noise level which serves as -

a distraction and as a desensitis-
ing influence to the ear. For com-
fortable listening, the lowest
levels of programme should be
about 10 db. above the level of
the click of Aunt Fanny’s knit-
ting needles. The average level,
however, should be such that the
-voice of the announcer is at
ordinary speaking level. Orches-
tral tutti should not completely
deafen the listener. In fact, how-
ever, even without.expansion, the
range transmitted is such that a
fixed volume control setting
means that on a summer evening
a concert will be forced on a silent
neighbour, or drowned by the
lawn mower of an energetic one.
This, then, is the practical case
against contrast expansion. The
-answer to it is usually produced
by some fortunate individual who
lives in the heart of the country,
with no traffic, no neighbours,
and no Aunt Fanny; he can say
quite truthfully that he thinks
these factors are over-rated.
Expediency is a bad master,
and the two anti-expansion argu-

By THOMAS RODDAM

ments given above will not apply
to the happy listener who receives,
in a quiet and lonely room, a pro-
gramme compressed from its
original 60, 8o or even 120 db.
range to possibly 30 or 40 db. by
an electrical device. Such a

listener, if the field strength at

his receiver is high, will say that
by expansion complementary to
the original compression he can
restore the programme to its full
original, limited only by the
linearity of the intervening cir-
cuits and the absence of binaural
effects. The writer believes that
this is not so, for reasons which
he has never seen given elsewhere.

Audience :
Let wus

Contrast Ratios

consider the raw

~ material with which we are deal-

ing. The material which merits
most attention is music written
and played for concentrated lis-
tening, and we should also con-
sider talks and public speeches.
In considering musical pro-
grammes we shall exclude broad-
casts of piano music; the piano
can be played as a chamber music
solo instrument or as a partner of
an orchestra, and its range is
completely under the control of
the player. With strings the con-
trast is produced by variations be-
tween small groups of players and
the whole orchestra. In general,
we find that the contrast of our
material is related to the size of
the audience for which the music
was written. The contrast of
which a large orchestra is capable
is of the order of 8o to 120 deci-
bels; this corresponds to an
audience of several thousands;
the music itself, if early 19th cen-
tury, was written for a smaller
orchestra, but concert halls, too,
were smaller, and the composer’s
expectation of 70 to go decibels
contrast is in proportion. At the
other end of the scale, the family
group listening to a sonata will
not expect more than about 20
decibels contrast. Between these

WWW americanradiohistorv com

Size of Room

two extremes we have the quin-
tets, octets and small string
orchestras, which, playing at
parties (or should one say recep-
tions?) have an effective audience
of the order of 100. Turning to
individual performances, the
range of levels in: a * fireside
chat” is small—the listening

" group is the family ; for the larger

audiences at Nuremburg rallies,
vast changes of levels were
adopted to produce the desirec
effects.

We judge numbers logarithmic-
ally ; we talk of half-full theatres,
of there being twice as many
people as usual at a meeting. Let
us plot range against audience size
using a logarithmic scale for the
size of audience. We can see that
a linear relationship is probably
correct, so far as the word *‘ cor-
rect”” can be used of such intan-
gibles.

120
« 100
xS ]
PN
Z 0 -

o

1 10 00 1,000

SIZE OF AUDIENCE

Contrast range plotted against
size of audience.

The size of the audience is ar
index of the size of the room. N
one likes to live, like Citizen
Kane, in a room far too large ; no
one really likes a room which is
too . small to move about in.
Thus, as the contrast is propor-
tional to the size of audience, we
can say that the contrast should
be proportional ta the size of the
roomnt. '

This, then, is the conclusion
reached. If the receiver is so de-
signed that any desired contrast,
compressed or expanded, can be
obtained, abandon all academic
ideas about the contrast needed in
the place where the performance
is actually taking place. The de-
fining quantity is the size of the
listener’s room and the contrast
should be controlled to suit this.



Usually compression rather than
expansion will be needed.

There is no reason to fear a.loss
of emotional wvalues. Twenty
decibels in the home is worth
sixty in the concert hall. The
writer has spent some time listen-
ing to programmes with greatly
compressed range. His experience
showed that quite quickly the ear
. grows accustomed to weighting

changes of level, and to regard-
ing, say, 10 db. change as some-
thing really important, and the
effects of, say, 30 db. crescendo
in the original are appreciated
with much smaller level changes
in the home. Just as we can
graduate from the pentatonic
scale of the bagpipes to the sub-
tleties - of quarter-tones, so, very
quickly 'if broadcast listening is
our main source of music, we can
derive full enjoyment from very
compressed programmes.

The advantage of compression
in the home is not confined to
serious listening- Music used as
a background gains as well. The
function of background music is
to provide a level of non-signifi-
cant sound which will mask signi-
ficant and disturbing sounds. If
the level is too low: it fails to pro-
vide full masking ; if it is_too high
the music insists upon being itself
significant. By compression we
can reduce the intervals in which
either outside sounds or the pro-
tective screen obtrude and thus
improve the efficiency of our
background.

For those who wish to test the
soundness of these proposals, the
following course is recommended.
Construct a compressor by modi-
fication of your present expansion
circuits. Listen seriously to this
for a few days with a compression
ratio of, say, 3: 1 (60 db. reduced

_to 20db.). Thenincrease the range
slightly, say, by bringing the
compression ratio down to2: 1 (60
db. reduced to 30 db.). Regarding
this as the final answer, listen to
it with the enhanced level sensi-
tivity that the high-compression
listening has produced. This

second period should enable a

decision to be made.

GOODS FOR EXPORT
The fact that goods made. of
raw materials in short supply
owing to war conditions are
advertised in this journal should
not be taken as an indication
that they are necessarily available
for export.

WIRELESS WORLD

1»T/ze Future . . .

!

LTHOUGH concealed today

in tropical kit or. battledress,
without its familiar trademark,
discerning technicians can easily
recognise the well-known brand of
BULGIN RADIO PRODUCTS
in every piece of Service radio
apparatus. Today, as in the
past, they stand predominant for
originality, design and -reliability,
ready to co-operate in the future,
in the shape of ¢ things to come.”

{Please quote priovity and Contrvact Nos.)

“The Choice of Critics”

“-

Registered Trade Mark

A. F. BULGIN & CO. LTD., BYE PASS RD., BARKING, ESSEX

Radio and Electrical Component Manufacturers.

TEL. : RIPPLEWAY 3474 (5 lines).
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Dream Jet

CAR manufacturers used to spénd
a lot of money in research work
during the last peace in an endea-
vour to produce a vehicle which was
absolutely womanproof, or, in other
words, so absurdly simple to drive
that even a woman would be hard
put to it to muck things up, but
needless to say they never suc-
ceeded. Even had they produced a
truly ‘‘ one-knob *’ car either it would
have been woefully inefficient or the
innards would have become prohibi-
tively complicated.  One of these
two things nearly "always occurs
when an attempt is made to produce
a piece of mechanism which is ex-
cessively simple to operate.  The
one exception to the rule seems to
be the push-button wireless set, - of
which I have always been so strong
a champion, so far as the ordinary
listener is concerned.

In the case of push-button tuning
of the correct type the set can not
only be made adbsurdly simple to
operate but it can be allowed to
have far more efficiency-producing
complications than would be feasible
in an ordinary knob-tuned set.
Without push-button tuning such a
set would tend to become reminis-
cent of a government department,
bristling all over with controls. If
push-button tuning is adopted we
can, by the use of a sufficient num-
ber of cams on the push-rod asso-
ciated with any particular station,
cause the set to have optimum cir-
cuit coupling and, in fact, optimum
everything else for the most efficient
reception of the particular station
concerned.  There is nothing new
in this suggestion, since I myself as

well as others have advocated it’

again and again in this journal.
The thing which brings the whole
idea to the f{forefront once again,
however, is the article on voice-con-
trolled devices which appeared in
the August issue of this journal. By

P e e

Shuffling over in your carpet slippers.

the adoption of this excellent idea
the one remaining objection to my
ideal push-button set is removed,
namely, the necessity of shuffling

over in your carpet slippers'to the~

set in order to prod one of the

.order to

UNBIASED

by
FREE GRID
‘ °

buttons. When this idea gets to the
production stage it will only be
necessary to bawl at the set and the
appropriate station will be tuned in.
If a crooner or other offensive noise
butts into the programme a curt
“put a sock in it’’ will
be all that will be needed.

It does seem, however, as if there
is still one small point which has

been overlooked,

and that is that é
unless the micro- =N
phones associated o

with the apparatus
are not to be made
unduly ° sensitive
they will have to
be mounted mnear
our armchairs. A
multi - wire cable -
link to the receiver
is unthinkable in a
wireless house-
hold; it would be
no better than the
armchair push-
button controls with which some set
makers used to supply us-before the
war. The only solution is a minia-
ture wireless transmitter linking
microphone and receiver, and until
this 1s produced 1 for one will
have nothing to do with voice
control.

Echoes of 1940

INCE it seems to be the fashion
nowadays for people in high
places to tell us all about what a
close shave we ‘had in 1940, and
how near we came to the brink of
the abyss, I see no reason why I
should not follow suit and reveal
to you a certain radio aspect of
Adolf’'s preparations for the
invasion of Britain.

As you well know, quite
early in the crisis period of the
war the B.B.C. started to pre-
pare against sudden invasion
by getting us acquainted with
the tonal idiosyncracies of their
announcers by causing them to
tack their names on to each
news bulletin. The B.B.C.
authorities are as a matter of
fact still doing this; no doubt
they know their own business best.

Unfortunately for the B.B.C.,
their well-meant precautions would
have played right into the hands of
the Germans, had they invaded us.
Hitler’s technical experts had made
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elaborate preparations so that well-
known voices like those of Alvar
Liddell and his fellow-announcers
would have been replaced by others,
the imitated accent being so perfect
that even the announcers’ wives
would have been deceived. Believe
me, that is saying something, as any
of you married fellows know.

One cannot help but admire the
ingenuity of the scheme and the
painstaking way in which it had
been prepared. As in the case of
most great schemes, the basic idea
was absurdly - simple. I suppose
that all of you are familiar with the
Walt Disney cartoon films and are
also acquainted with the fact that
each individual ‘‘frame’ of the

Chinese anticipation
of Pfenniger.

original is not drawn personally by
Walt Disney. Such a thing would
be almost impossible for one man to -
accomplish and, of course, a team of
artists is employed under his direc-
tion.

In this case the magic name is not
Walt Disney but Rudolf Pfenniger,
who, as described many years ago in
Wireless World, succeeded in
making reproductions of the human
voice and of other sounds, not by
recording them in the ordinary way,
but by studying sound tracks of
ordinary records and then copying
them manually, eventually learning
what kind of indentation was made
by each delicate and subtle tonal
shade in the world of sound.

Actually Pfenniger was not the
first in the field by any means, and

“in Wireless World of January izth,

1034, I produced evidence that
the system was used for a utilitarian
purpose by Chinese farmers, and I
reproduce herewith the sketch I
made at the time, which is, I think,
self-explanatory, an  interesting

point being the substance of which * -

the diaphragm of the reproducing
sound box was made, namely, a
tightly stretched missionary skin.*

It was indeed fortunate that Adolf
did not actually invade, as when I
laid my information before "the
Ministry of Home Security they
failed wutterly to appreciate its
importance.



