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METALASTIK IN PRACTICE

A few examples from the hundreds of
applications of RUBBER-TO-METAL Welding
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Consult us on all your vibration problems—they can be solved by Metalastik.
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Not much, has it ? Yet, do you realise that
in your own works a small fire can become
out of control in a matter of minutes and
should your fire patrol happen to be in
another part of your premises at the time
they may be too late. One man stationed
at each of your vulnerable points 24 hours
a day can do no more than one Methyl
Bromide Installation taking care of your
whole risk, Because there is literally no-
thing to compare with Methy| Bromide we
invite you to let us prove, by facts and actual
demonstration that Methyl Bromide alone

. can solve your fire protection problem.

ATIO!

FIRE PROTECTION

Churany

THE NATIONAL FIRE PROTECTION CO. LTD.
PETERSHAM ROAD, RICHMOND, SURREY.

Electronic Engineering

May, 1942

D ETNAV

LAMINATED MATERIAL

holds the leadls) -
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and prices on request.
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Its the little things
that count . .

A transformer is only a small part of
your assembly, but on its reliability
depends the proper functioning of the
whole equipment. Woden Transformers
are being used more and more where
reliability Is all important.

Woden make transformers of every type
from IOVA-IOkVA

WODEN TRANSFORMER CO.
Thornley Street, Wolverhampton Tel. ;. Wolverhampton 22829

Makers of Transformers, Power Packs, and Special Receiving and Transmitting Apparatus
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Vol. XIV
HIS issue completes Vol. XIV, will be printed as soon as possible in Batches of data sheets will be
Y Y P

T which contains an unusually
large number of parts owing to
the changeover in title and style in
June last year.

The Editor and Publishers feel that
under the present conditions they
cannot recommend the permanent
binding of the issues, as materials for
a high quality binding cover are not
available, nor is the labour for
binding.

The supply ol a cheaper quality
cover is not in keeping with the stan-
dard that has been sct for this Journal
and it has therclore been decided to
wait until a suitable’ standard cover
can be produced to give a uniform
appearance to bound volumes on
library shelves.

In the meantime, arrangements are
being made to provide a ‘‘self-binder”’
in which the issues can be kept safely,
and which will also serve to contain
current issues when the permanent

, binder is available.

This self-binder is in stiff blue
board with strings fitted in the spine
through which the copies can be
slipped to keep them in place, and
will hold a maximum of 24 copies.
It will be obtainable from the Publish-
ing Department at this office, price
3s. 6d. post free. Applications should
be made direct to the Department
and should be accompanied by a
postal order for the amount.

Index.

The Index to Vol. XIV will be in
two sections, one covering the issues
of ELECTRONICS AND TELEVISION from
January to May, 1941, and the other
issues of LELECTRONIC ENGINEERING
from Jtne, 1947, 10 May, 1942, and

a form convenient for binding with
the Journal,

Finally, binding covers for .past
issues of LLECTRONICS
VISION AND SHORT WAVE “WORLD
are still available, price 1s. gd., post
free, from the Publishing Depart-
ment.

Duata Sheets.

‘I'he Data Sheets, which have been
a feature of the first volume of this
journal and which have rceeived
many expressions of approval, will be
continued in succeeding issucs. The
break in the series in this issue has
been made to accommodate Dr.
Sturley’s circuit diagram, and next
month’s Data Sheet will appear as
usual.

A number of readers have pur-
purchased extra copies of data sheets
complete with binder, and in order to
enable them to maintain their collec-
tion it is proposed to institute a
limited service of which they are in-
vited to take advantage.

URGENT—PRIORITY

You'd be surprised at the number of
*“indispensable "' books and papers that
are never used. Some of them are
out of date under present conditions—
some of them have information that is
duplicated elsewhere.

If you have not already sorted out the
books in your bookcase, please make it a
priority job. One day earlier makes all
the difference to the war effort.

Your local council will collect bulky
packages at no expense to yourself.

Make a memo. and mark it : URGENT.
PRIORITY.

Paper and cardboard salvage is vital to
the war industry—save all you can.

AND TELE-,

posted quarterly to all readers regis-
tered as holding extra binders, the
charge for a year’s supply being
7s. 6d. including postage. Lrrata
slips (an unfortunate nccessity), and
a revised index will be included in the
service. A separate reminder will be
sent to holders of complete binders,
and provided that they do not delay
their request for the service unreason-
ably there will be no break in the con-
tinuity of the sheets,

\ limited number ol binding covers
lor Data Sheets are still available,
price 2s. 6d., post {ree.

The supply of complete binders is
now exhausted, but some are avail-
able less Data Sheets I1X-XI, XVIII,
and XXIII-XXV.

Endeavour will be made to replace
these missing sheets as soon as the
-paper supply enables reprints to be
made, and readers are strongly ad-
vised to take the opportunity of
obtaining the binder while stocks last.
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of the Journal and the eflorts which
are being made to provide up-to-date
information on all matters in the elec-
tronic field.

While it is impossible to predict
what the next year will show, or what
further restrictions will be necessary
in paper and printing, they will con-
tinue to do their best to cover the sub-
ject accurately and inforinatively and
hope that the completion of the next
volume will sée this journal steadily
expanding with paper rationing a
thing of the past.
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Logarithmic Charts and Circuit Performance
By D. N. Truscott, Sc.D., Ph.D.*

o The object of the present artigle is to outline a graphical method of dealing with circuit problems where a wide range of frequencies
is involved. Whereas the power engineer is most often interested in problems in which the load is the variable, the communications engineer

Part |

has to treat those with variable frequency and special methods have to be developed.

The first purpose of the method outlined is to enable

the rapid graphical determination of the performance of circuits consisting of a number of elements over a range of frequencies and with slide
rule accuracy. The charts use logarithmic scales, which give constant accuracy and wide range ; these scales have the further advantage of
enabling the attenuations to be read directly and handle circuits with parallel connexions as easily as{those with series. It is also shown that
the charts may be used in many simple cases for the direct synthesising of circuits having a given attenuation versus frequency characteristic.

It is suggested that the simplicity and directness of the method may appeal to teachers as giving a graphic picture of the behaviour of

circuit elements in combination.

the hehaviour of circuits as a func-
tion of frequency; instances in radio
receiver work are® negative feedback
filters, tone correction networks, and
soon. The normal methods of deter-
mining the frequency characteristics
of such circuits involve a considerable-
amount of calculation, inasmuch as
the impedance of each section has to
be worked out at each frequency, or,
alternatively, the complete general
expression for the network must be
formulated. In either case the result
does not lend itself to visualisation
of the effect of the individual com-
ponents over the range of frequencies
or of any approximations that may be
made.

The use of a chart having logarith-
mic scales of impedance and fre-
quency is well knowir as a rapid
means of determining the impedance
of a given component at any fre-
quency; the object of the present
article is to draw atlention to the
value of similar charts in general cir-
cuit work where slide-rule accuracy
is sufficient and the circuits are not
unusually complicated.

Circuit Elements

The behaviour of a circuit over a
range of trequencies depends upon
the behaviour of its elements, which
is indicated on the chart of Fig. 1.
The vertical scale of the chart is
leg 17| and the horizontal scale log w,
but the axes are marked directly in

* \Ministry of Aircraft Production.

‘drawn as a template).

dance at all frequencies, and so is
represented by ‘a horizontal straight
line across the chart.

The impedance of an inductance
rises with frequency, and is repre-
sented by a line inclined up at 45° to
the frequency axis, while that of a
capacity falls with frequency and so
is a line inclined downwards at the
same angle.

The fact that the impedances of the
circuit elements, resistance, induct-
ance, and capacity, are all represented
by straight lines on the chart is of
fundamenta] importance to the
method to he described, because, as
a direct result, the impedance ob-
tained by combining any two or three
of these elements is represented by a
curve of constant shape (which may be
The effect of
a change in values is a displacement
of the curve without change in shape,
and its position alone is dependent
upon the values of the particular ele-
ments.  This will be explained in
more detail below. Fig. 2 is a chart
of the impedances of the threc ele-
ments, covering a range of 10 19 10’
c.p.s. in frequency and 100 to 10°
ohms in impedance. The range
covered is large and so the reading
accuracy is small, but the valies
repeat in cycles of 10, so that we may
draw a greatly magnified cycle and
use the original chart to determine
the position of the decimal points in
the result. Fig. 3 is such an en-

| .
S I | o -
I I Fig. i. (Left). Basic /]
chart showing resis- N :
§ tance, capacitative <
& ¢ and inductive re- Eoi/\
\ 4 | actance .plotted 3 \J %
o against frequency. ty
9o L . <
T RS
X Vo
3l B similar chart with |53 X
lines covering a wide 4 5,
range of impedance @ 3:
d values. 3 . :KJ ?.
(o) - 0 ¢ ' a2
10 el S raea E > o e lof Q o o 'O’FREfg‘iﬂc_z g-g-?’ = =
N many branches of electrical en- values of impedance and frequency, larged scction, being made to cover
{ gineering it is necessary to know so that no conversion is necessary. 6 cycles for convenience.  Having
A resistance has a constant impe- reviewed the ground on the single

elements, which is probably familiar,
we can now look at the combinations
ol two or three elements.

Series Connexion of Resistance with
Inductance or Capacity.

Consider the lines representing the
impedances of the resistance R and
inductance L of a simiple series cir-
curt. Let w, be the frequency at
which they intersect, then

|Z| = v/R* +w?L?
= RvI + (w*/wy)
and, taking logarithms,
log (|2} = log R +log [v/I + (w*[ws?)]

This shows that the curve repre-
senting '|Z} has a constant shape, in-
dependent of the values of R and L;
the position of the curve is deter-
mined by the value of R and the fre-
quency w, where the lines intersect.
This means that we can make a draw-
ing of this curve and use it to give
the impedance of any series R, L
circuit at all frequencies by placing
it in the correct position on the chart
of Fig. 3. The actual curve is given
in Fig. 4a, and it will be seen that
the total impedance is very closely
that of one of the elements except
in the region where their impedances
arc nearly equal, as would be ex-
pected.

An exactly similar argument follows
for the series connexion of resistance
and capacity and the curve for this
is also given in Fig. 4a.
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Parallel Connexion of R with L or C :—
resistance R and inductance L in

1 T '
] - = f— +
121 R wiL?

Taking logarithms we have :

I

log

or

log |4Z] =log R —

This is plotted in Fig, 4b, and will
be seen to be a similar curve to that
for the series connexion except that
it is inverted about the point of inter-
section.

It 1s important to notice here that
we can determine the nnpedance of
the parallel circuit from the chart,
with this curve, without converting
to admittances and reconverting to
impedances.  This arises from the
fact that log 1/|Z| log |Z]
which involves a change of sign only,
and this is cancelled on returning to
the impedance scale,

A similar result applics for the
parallel connexion of resistance and
capacity.  For convenience all four
template curves are drawn on the
same sheet (Fig. 5) and no confusion
should arise if it i5 remembered that
the impedance of series and parallel

T: (l.)o2
= — I + —_—
R w®

Electronic Engincering

The impedance ol a circuit having

parallel is given by :

where wol. = R.

——
(Uo"]
wz

|[Z] = — log R + log [,\/14-

o [yfr+ =]

w

circuits are respectively always
greater and less than that of either
of their elements.
Attenuation

The simplest gnd the most common
of the circuits giving an output differ-
ing from the input
is the T circuit
formed by the
serics connexion of
two unpcdances Z.,
Z . such as is shown
in the figure. Tak-
ing the input across
the two impedances and the output
across Z., the ratio ot the output to
the input voltage is (since the same
current flows through both):

EJEy = |Zo| [| (Z1 + Z2)|
taking logarithms:—

log E:/Ey = log |Z)] — log [(Z1+2>))

Z,

May, 1942

or, by the delinition ol the decibel -
Attenuation in db.
= log |Z: — log |(Zx + Z2)|i

This means that if we have the
curves for |Z:| and |Z, + Z;| on ocur
chart, we cdn read off the attenuation
of the circuit as the vertical distance
between the lincs at each frequency,
the scale for this is given at the right-
hand side of IVig. 3.

In some practical cases we may be
given the converse case, that is:
given the load input impedance
and the attenuation required, to deter-
mine the circuit. This occurs in tone
correction of gramophone pick-ups,
etc. Here we draw the impedance
curve representing the load impe-
dance, add the attenuation at each
point, and the resulting line is the
total impedance |(Z. + Z.)| needed
to give the required performance; by
fitting the template curves to this re-
sultant total impedance it can be
broken up into its constituent parts,
and the necessary circuit elements
read off. An example of this is given
in the Appendix (Part IT).

Resonant Circuits.

It can be shown in the same way as
was done in the cgse of the series R
and L circuit that the impedances of
series and parallel resonant circuits
having no resistance are represented

= %
L ; . - 41 T
[ || | |
L
L1l =
V4 b1
Series Resistance //
e | R 8 Inductance L P
— P
7R x
a [ = b

N

ol 7/’/ 7. 1

4 Jst d gL

B RY U

3 s

S W s

@ Parallel Resistance
o
R & Inductance L l
|
—I ] FREQUENCY

Fig. 4. (2 and b). Curves of impedance for series and parallel connexion of inductance and resistance. These are not

to scale of Fig. 3.
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Fig. 5. Curves of
series and parallel
connexion of C, L
and R drawn to the
same scale as Fig. 3.

The marks on the
curves are degree
markings.
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4
80 80
Z2=1/uC Z=wl
@
70
60
~50-~
Series R &L . Series R & C
40 = 130
10 20
2 - R
20 - 20
Parallel R & ¢ 30 ~ 40— 30 Parallel R & L
~S0 -
60 60
7O 70
BO
12|
UO
Fig. 6. Curves of
series and parallel
resonant circuits,
not to same scale as
above. For parallel
Z=olL =/4C circuits the curves

are inverted.
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Ly single curves whose position on
the ehart depends only on the values
of the elements. This curve is given
in Fig. 6, for series circuits, and is
inverted for parallel circuits.

Notice that in the case of the series
resonance the impedance of the whole
circuit is less than that of one of the
elements, giving a negative attenua-
tion by following the procedure of the
previous section and a gain as is
well known in practice.

Resonant Circuits with Resistance

The height, or depth, of the peak
in the resonant circuit impedance
curve depends upon the value of the
resistance in the circuit ; in the case of
the series circuit the minimum impe-
dance is exactly that of the resistance.
and- the curves of Fig. 7 show the
shapes of the curves for several dif-
ferent values of resistance (expressed
as a ratio to R, the impedance at the

Electronic Engineering

intersection of the impedance lines of
the inductance and capacity).

In the case of the parallel circuit,
if R = wL/Q, where w, is the fre-
quency of the intersection of the in-
ductance and capacity lines, then the
maximum value of the impedance Z is

Z = QR

in which R is the series resistance in
the circuit and @ is assumed much
greater than unity. Taking logarithms
this gives

log Z =log R + 2 log Q
and, since log Q = log wel — log R
this gives the peak of the curve at
the same distance above the intersec-
tion ol the inductance and capacity
lines as the resistance line is below,
Method of using the Charts.

The most convenient method of
using the charts has been found to
work on tracing paper fixed along one
side of the large chart of Fig. 3. "This

May, 1942

will allow other curves, such as thosc
of Figs. 5 and 7 to be introduced
undecneath.

An alternative method is to trace
the boundaries of Fig. 3 on tracing
paper and move this over the basic
chart as required. Figs. 35 and 7
have been reproduced in correct scale
relationship to Fig. 3 and can be used
to cut templates or copied on tracing
paper. A slight discrepancy may be
introduced due to paper shrinkage,
but this is unavoidable.

It is often convenient to have the
actual attenuations of the series re-
sonant circuit drawn out for various
resistances and charts showing these
will be given next month.

From the foregoing it will be clear
that the system can be extended to
include the addition of impedances at
any anglc and to give both phase
relationships and the magnitudes.

ROSR,

0-5R,

Fig. 7. To the same scale as Fig. 3. Curves illustrating the effect of resistance in resonant circuits.
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Mycalex

Its Manufacture and Properties

Processes in the manufacture of Mycalex : Fig. 3 (left) Compressing the mica-glass mixture in a hydraulic press before final firing, and
Fig. 2 (right), The glass ingredients undergoing preliminary baking before being mixed with mica flour.

ICA is onc¢ of the oldest elec-
Mtrical insulating materials and

for many purposes the most satis-
factory. It has a high dielectric con-
stant (5-7), a high breakdown voltage
and a low loss factor. Chemically it is
a group of aluminium silicate com-
pounds of which two—Muscovite and
Phlogopite are principally used in
insulation work.

Muscovite (KAl,(OH),Si,AlO,,) or
Ruby mica, is obtained from India, and
as the formula shows, contains a high
proportion of silica.  Phlogopite
(KMg,(OH.F),Si,Al0,,) is the so-called

‘““Amber Mica”’ containing an appre--

ciable amount of ferric oxide, which
renders it less suitable for high
frequency work.

Both types of mica suffer from the
limitation of low mechanical strength.
As is well known, sheets of mica can
be split from the solid block to thick-
nesses as low as .oorin., but except
under compression their resistance to
mechanical handling is poor and their
insulating properties are easily reduced
by cracking or tearing.

With the object of improving the
mechanical strength of mica and at the
same time retaining its high dielectric
strength, various forms of bonding have
been used to hold the sheets or flakes
together—a common form of binder is
shellac or bakelite varnish. The flakes
have also been used with a backing of
flexible tape to keep them intact when
bent round a conductor.

C

In distinction to this method of ob-
taining cohesion between sheets of
mica, the compound ‘‘ Mycalex” is
based on finely powdered mica dust
which is intimately bonded with glass
to make a homogeneous tough material
with greatly improved mechanical
properties.

The invention of Mycalex is credited
to Mr. P. B. Crossley, who experi-
mented with glass mica mixtures in
1919 and evolved a satisfactory com-
pound which retained the desirable
electrical properties of mica and at the
same time had the advantage of the
mechanical strength and heat-resisting
properties of glass.

In the original form, lead borate
glass was used with Muscovite, giving
a high degree of insolubility and in-
fusibility, but it was found that the
machining operations presented con-
siderable difficulty. Later, however, in
1930 a new type was developed using
soda glass and Muscovite and it was
found that while the electrical qualities
had been retained the possibilities of
machining were so improved that users
were able to develop shapes with ordin-
ary machine shop equipment, Lead-
less Mycalex is considered a consider-
able advance on the original product
and the development is largely due to
Mr. A. W. Wedlock, the present works
manager of the Mycalex Co.

In 1928 the Mycalex Parent Co. was
established at Harlesden and licences to

manufacture were granted to the West-
inghouse Co. of America and the Quartz
and Silica Co. of Paris.

The G.IZ. Co. of America had already
(1921) acquired manufacturing rights
and were responsible for much of the
carly developmental work in certain
directions.

Manufacture

The manufacture of Mycalex involves
the intimate mixing of mica dust with
the ingredients of soda or lead glass
and the compression of the mixture into
flat slabs as a preliminary to fusing the
glass bond round the mica particles.
The views taken in the factory (Figs. 1
to 4) shows the principal stages in the
process.

The mica, in the form of flakes is
ground into ultra-fine particles by the
grinders seen in Tig. 1, the mica
‘“flour " collecting in the base of the
machine.

At the same time the comnponents of
the glass binder are mixed and given 3
preliminary baking in the furnaces
shown in Fig. 2.

The mica and glass are ‘then
intimately mixed in exact proportions
and placed in a shallow tray under the
hydraulic press (Fig. 3), the thickness
of the slab being determined by the
final thickness required in the finished
product. After compression the slab is
fed into the muffle furnace, ‘' through
which it passes slowly, while the glass
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melts hrmly round the mica particles
(Fig. 4).

The red-hot slab is then allowed to
coo] gradually in an annealing furnace
before being stacked for final nachin-
ing processing.

Under the influence of heat the glass
tends to settle in the centre of the slab,
leaving an excess of mica particles on
the surface, and this excess is then re-
moved by grinding on each face of the
slab. The final result is a homogeneous
mass of mica and glass as the photo-
micrograph of Fig. 5 shows.

Machining

Contrary to what might be supposed,
Mycalex does not display the brittle
properties of glass and can be machined
and drilled with comparative ease, The
following notes on machining are given
by the manufacturers and some ex
amples of finished work are shown in
the photographs of Figs. 6-9. Fig. 6 is
particularly noteworthy as demonstrat-
ing the way in which Mycalex can be
drilled without splintering—the only
precaution taken being the use of
a jig to prevent chipping at the edges.
The drill must not be forced through
the material in order to avoid breaking
on the opposite side of . the
hole. It has been found that the most
satisfactory way of finishing the hole is
to reverse the plate when the cutting
edge of the duill has just penetrated,
and finish the hole from the opposite
side.

It is of the utmost importance that

stresses or strains are climinated
wherever possible when machining
Mycalex, and when dnlling larger

holes, say upwards of § in., the opera-
tor should first drill half the required
diameter, and then, using this as a pilot
hole, open up with a drill to the decired
dimensions.
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Fig. I. Grinding  mica

particles. The fabric bags

at the back cover the air
outlet from the grinder.

The tools for drilling Mvcalex are of
any good high-speed or carbon steel and
the cutting speeds are obviously deter-
mined by the size of the drill, the feed
being regulated, in the case of a hand
feed drill by the skill of the operator.
A good average speed for drills up to
lin. is 500 r.p.m. From }in. to } in.
the speed will be reduced to approxim-
ately 200 r.p.m., the feed being about
2 in. per minute for a % in. drill and
varying according to the size of the
latter.

It is not advisable to use any
lubricant when drilling, since the waste
powder in a wet form 1s apt to clog in
the flutes of the drill.

Tapping and Threading
The procedure for the former opera-

Fig. 4. The finished slab
extracted from the melting
furnace.
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tion is the same as that adopted for mild
steel, except that water should be used
as the cutting lubricant instead of oil,
and it will be found that the tap will go
through the material much faster. Pro-
vided the hole is drilled to the correct
core diameter, the second tap can be
started immediately, and the first tap
dispensed with,

Threading is not done with a die, but
it is possible to cut a thread on a lathe
providing sufficient care is taken and
the tool used is kept very sharp.

The tools to be used for all classes
of turning will be the usual high-speed
steel, while the spindle speed would
depend on the diameter of the Mycalex
being turned, The following are usual :

For 1 in. diameter, 120 r.p.m.
For } in. diameter, 200 r.p.m.

With cutting speed in each case of
4in. to 6 in. per minute. Bz

Specimens have actually been turned
to a diameter as small as 1/32nd in.

Much experience has shown that the
turning of Mycalex on a lathe, unless
the refult’ cannot be obtained by any
other method, is both expensive and un-
satisfactory, and much better results
have been obtained by grinding the
material wherever possible, So satis-
factory indeed has this process been
found that all cylindrical work for
every purpose is now ground instead of
turned.

Strips and Panels

Mycalex can be easily cut with an
ordinary engineers hacksaw, but while
not recommended for quick production,
the best results will be obtained by
using a coarse saw blade, with teeth
well set, the material to be cut only
projecting from the vice about 2 inches.
For example—to cut a strip 6 in. long
project from the vice about 2in., cut
down to jaw, see that the uncut material
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stands out a furthe: .2 in.; and repeat
until the 6 in. is finished.

A convenient method adopted in the
Mycalex Workshops is cutting by band-
saw. Sheets of all thicknesses are cut
up in this manner with a saw of 10 to 12
tecth per inch, running at a speed of
approximately 1,400 feet per minute.
1f a bandsaw 1s not available a milling
machine can be uscd, but this is some-
what expensive.

Moulding

AMycalex can be moulded round metal
insets or into various shapes by a form
of injection moulding. When metal
insets are used, such as the screw
thread shown in Fig. 10, the molten
material is forced into the die under
pressurc in a similar manner to die
casting. Valve bases or lamp sockets
can be moulded without difficulty, as in
Fig. 11. Fig. 12 shows small mould-
ings for bushes and aerial insulators
together with another type of inset for
a high tension- cable connector. The
advantages of Mycalex for the latter
are in its ability to withstand high
temperature indefinitely without
deterioration.

Of the nfetals used for insets,
copper, iron and aluminium are the
most satisfactory and make good
adhesive joints. Brass does not adhere
readily to the material and if it is essen-
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Fig. 10. Effect of arcing on
mycalex. The glass has fused
to the bead shown on the
right of the track. The mica
particles are undamaged.

Fig. 9. Moulded aerial bushes and insulators.
An H.T. cable connector is also shown.

Fig. 8. Mycalex moulded
lamp socket and valve base.

Fig. 7. Mycalex mouldings.

On the left a top cap for valve,

on the right a steel thread
moulded in mycalex base.
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Fig. 6. A slab of Mycalex showing the
variety of holes which can be drilled without
chipping of the surface.

tial to use it a layer of copper should be
deposited first before moulding.

It is also possible to inset Mycalex
rod into metal castings to provide an
insulating connexion between two metal
plates or coil supports. In this case
aluminium is recommended as a satis-
factory metal, and low melting point
alloys (below 700° C.) are first cast in a
metal mould and the rod, previously
heated to 150° C. inserted.

Properties

As might be expected, the mechanical
properties of Mycalex resemble those of
glass, but the presence of the mica adds
toughness to the material, For ex-
ample, the bending strength of plate
glass is between 200 and 500 kg./sq. cm.
against a figure of over 650 for Mycalex.
The resistance of the material to
weathering is also remarkably high,
and the manufacturers have a specimen
which has been exposed to the weather
for over ten years and which still re-
tains the marks of the saw made at the
time it was cut.

The electrical properties depend on
the type of glass binder used and on the
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ELECTRICAL.

Electric Strength (Breakdown)

Surface Breakdown

Volume Resistivity*t ...
Surface Resistivity*t

Permittivity (K)*§

Power Factor (tan §)*§...

* at |7°C t Humidity 60%

MECHANICAL PROPERTIES.

Specific Gravity ...
[ Water Absorption

Qil Absorption ...
(After 48 hrs.

Tensile Strength. ..

Bending Strength—Modulus of Rupture
Compression Test

Crushing Load

Hardness—(Brinell)
(Scleroscope)

Resistance to Impact (VDE)

THERMAL PROPERTIES.

Coefficient of Expansion—At 0° to 30° C.
From 30° to 50°

Plastic Yield (Martens Test) ...
Resistance to Arcing (VDE Test)

PHYSICAL PROPERTIES OF MYCALEX.

All tests at 20° C.

(The inherent power factor of Mycalex is consistently of the order of .005 to .009 at 800 c.p.s-
and .002 at 1,000 K¢/s. without particular reference to temperature and humidity.)

Transverse Strength—Modulus of Rupture ...

.(.Mean“f'or a minimum of three samples.)

(Sheet : 550 V./mil for |8 mils.
. - Std. Product : 600 V./mil for 27 mils.
[Moulded Disk : 200 V./mil for 15 mils.

With electrodes 1} in. apart 25 kV.

" w . | in. apart 20 kV.
| x 10" ohms/cm?
4 x 10° ohms/cm?

Sheet : 6.7
«lStd. Product : 6.5
Moulded Disk : 10.4
Sheet : .0070
Std. Product : .0l

" |Moulded Disk : .02
§ Frequency | kefsec.

2.45
0—.029,
.029%,
immersion.)
Sheet : 5,800 [bs./sq. in.
-+ Std. Product : 8,000 Ibs./sq. in.
9,370 Ibs./sq. in.
9,670 Ibs./sq. in.
13,500 Ibs./sq. in.

17.5 tons/sq. in.
37—47

.. 40

RO
.0000095

.0000088

450° C.
3.

(N
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Fig. 5. Photomicrograph of Mycalex sheet
showing uniform distribution of mica particles.

mica. The table given in the adjoining
column is based on tests by various
authorities and is for British' made
Mycalex.  Figures for the American
type differ in some respects for the
reasons given above.

A valuable property of the material is
that it does not char on flashover or arc-
ing. If the temperaure produced by the
discharge is sufficiently high the glass
on the surface melts and remains as a
bead in the path of the discharge, the
micd particles underneath being un
damaged. This is shown in Fig. 13,
which is an enlargement of the track of
a discharge.

The photographs illustrating this
article were taken by the courtesy of Sir
Herbert Ingram, Chairman of the
Mycalex Parent Co., with whose per
mission this account of a unique and
important insulating material is given.

A Note on RC Oscillators

by D. G. TUCKER, B Sc., (Eng), A.M.LE.E.

N an article in this journal for April,
11942—(“ A Simple RC Oscillator,”

by W. Bacon)—some information is
given on a one-valve RC oscillator,
which can be amplified in two respects
as follows :

(1) The RC network for the oscillator
need not be limited to four sections and
actually any number of secfions from
three upwards may be used. A point
here is that the attenuation of the net-
work at the frequency at which the
necessary 180° phase shift is obtained
decreases as the number of sections is
increased ; thus a larger number of sec-
tions enables a lower gain valve to be
used.

(2) An oscillator depending only on
resistance and capacity for tuning cer-
tainly has the advantage of improved
stability over an inductance-capacity
tuned oscillator, but this is only true
with regard to temperature variations,
and even in this case it is to be noted
that inductors for frequencies down to
about 500 c/s. can be made with a tem-
perature coefficient very httle worse
than that of a good wire-wound resistor.
With regard to supply voltage varia
tions, the RC oscillator is much inferior.

Tests made on an RC oscillator show

that the frequency change is 0.2 — 0.8
per cent. compared with o.05 per cent.
in an LC oscillator (Q approx. 40) for
a change in H.T. voltage from
130 — 120 V.

For a heater change from 4.5 to 3.5 v.
the RC oscillator altered by 2.2 per cent.
for no measurable change in the LC
oscillator.

In these tests, the gain of the circuit
was adjusted so that oscillation took
place on the lowest voltage with a small
margin only (about 1 db)—the best
results are obtained in this way.

The RC oscillator is unstable because
the impedance of the valve and its load,
regarded as a generator, is eftectively in
series with the phase-shifting network,
and can thus affect the phase-frequency
characteristic of the network. Tt is for
this reason that the R value should be
high in comparison with the valve
generator impedance, and not merely to
avoid loading the valve. Tt is interest-
ing to note, however, that no advantage
is gained by making R much higher
than ahout 150,000 ohms, because it is
rot reasonable to inake resistors of
llureka wire above this value owing to
its comparatively low resistivity, and
materials such as nichrome, which are

much more suitable for high values,
have a very inferior temperature coeffi-
cient. - Thus, what may be gained on
voltage stability wi]l be lost on tem-
perature stability.  Only wire-wound
vesistors will be suitable in any case if
good stability is required.

In spite of these disadvantages, the
RC oscillator is a very useful one for
low frequencies, where inductor design
is difficult, and a circuit for a 50 ¢/s
oscillator was made by the present
writer to give a reasonable good per-
formance, Voltage stability is obtained
by using a neon stabiliser for the H.T.
and a barretter for the heater circuit.
The anode of a SP41 valve had 15,000
ohms anode load and the RC network
consisted of three sections of o.ot uF
and 100,000 ohms each. The oscillator
was coupled to a buffer amplifier (an-
other SP41) through 1 xF with a 1
megohm grid leak, Choke decoupling
was used in both valves.

It is always desirable to use a buffer
output amplifier to make the frequency
independent of the load and to enable
a reasonable power to be obtained. The
stability obtained is about 0.1 per cent.
change of frequency for either a volt
age variation of 10 per cent. or a
temperature variation of 10° C.
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X-Ray Analysis in Industry

Conference Organised by the Institute of Physics

In view of the growing importance of X-ray analysis in solving certain industrial problems, the Institute of Physics
decided in 1939 to hold a conference with the object of Interchanging ideas and practical experiences among those
engaged in research in this important subject.

The outbreak of war unfortunately compelled the postponement of the conference till the following year and in
1940 the outlook was so uncertain that a second postponement was reluctantly made.

The subject matter of the papers to be presented, was, however, published in May, 194l and the discussions on
them finally took place on April 10 and Il at the Cavendish Laboratory, Cambridge, where over 250 physicists assembled
under the: presidency of Sir Lawrence Bragg, O,B.E., F.R.S.

Under existing conditions the discussions and a description of the exhibition of apparatus (which was held at
but it is hoped that edited notes may be available at a later date.

the [same, time) may not be published

HE earliest application of X-ray
analysis was 1in the study of

crystalline structure, i.e., the pat-
tern of the atomic arrangement in the
perfect crystal. If a bgam of X-rays is
passed through a crystal, each unit o1
the structure scatters a small fraction of

the incident radiation and this scattered.

radiation will in certain directions add
up to produce an intense beam. In
other directions, depending on the pat-
tern of the structure, there will be no

appreciable scattering. The crystal be- -

haves, in effect, as a three dimensional
diffraction grating, producing a spec-
trum in those directions in which the
path difference between the wavelengths
scattered by adjacent units is an integral
number of wavelengths.

It is well known that an optical
grating will only give diffraction
effects when the spaces are of the
ame order of magnitude as the
wavelength involved. In the case
of the crystal the grating spaces
are of the order of a few Angstrom
units (10—-* ¢cm.) which is comparable to
the wavelength of X-rays. Diffraction
spectra are therefore readily obtained.

In the original method of observing
the diffraction devised by Laue,’ a nar-
row beam of X-rays is passed through a
slice of the crystal and falls on a photo-
graphic plate. On development the
spot formed by the direct beam is seen
to be surrounded by a series of diffrac-
tion spots corresponding to the reflexion
of the incident beam by the lattice unit
planes of the crystal. Sir W. L. Bragg
showed that if the beam strikes the
planes at an angle © (Fig. 1) the path
difference between reflexions from suc-
cessive planes is ND = 2d. sin 8.

If an appreciable refracted beam is to
be formed the waves reflected from suc
cessive lattice planes must be in phase,
or 2d. sin © = mA where A is the wave-
length of the X-rays and » is an
integer.

In Laue’s method, X-rays with a con
tinuous range of wavelengths were used
and each set of planes reflected the
appropriate wavelength to fulfil the
equation above.

X-Ray Spectrometer. )
In Sir W, H. Bragg’s X-ray spectro-
metert use was made of the homogen-
eous rays of characteristic wavelength,
which were first discovered by this in-
strument. The crystal is mounted on a
spectrometer table and oriented so that
a required set of lattice planes is

\SB
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parallel to the axis of rotation. X-radia-
tion from a slit aperture is passed
through the crystal which is then rotated
until the equation above is satisfied. The
reflected beam is detected and measured
by means of an ionisation chamber and
the successive orders of reflexion cor-
responding to ascending values cof m
are found.

Other Methods of Analysis.

If the material to be investigated is
not in the form of a well-defined crystal
or is otherwise inconvenient to handle
by the foregoing method, a mass of
crystalline powder 1s niounted on a hair
in the centre of a hollow cylindrical box
which has a photographic film fixed
round its inner periphery. The material
may be either ground into powder or in
its natural form. We now have a ran-
dom arrangement of particles which
produce reflexion from all the crystal
planes and the developed film shows a
series of lines which correspond -to each

‘reflecting lattice plane. This method
was first used by Debye and Scherrer®
and Hull® but is limited if the structure
is complex.

Schiebold’” proposed to rotate the
crystal about an axis parallel to one of
the crystal axes, the beam being
directed in a line at right angles to the
axis of rotation. As the crystal rotates
each set of planes in turn fulfils the
conditions of the equation and a spot
pattern is made on a photographic film
perpendicular to the incident beam.
Deductions from Analysis.

Since diffraction effects may be pro-
duced by an infinite number of arrange-
ments of the scattering matter, the de-
ductions drawn from examination of
the refraction photographs must be
largely a matter of intelligent trial and
error and correlated evidence must be
added before a definite conclusion about
the structure of the substance is reached.

Apart from its atomic pattern, a
crystalline material has many charac-
teristics, such as crystal size, shape,

orientation, state of perfection, and in-
ternal strain, which has a profound in-
fluence on its mechanical and other pro-
perties. X-ray analysis measures such
characteristics, and is consequently an
important aid in an industrial labora-
tory. The main concern of the confer-
ence was with the technique of such
analysis and its results.

Applications to Electronics.

H. P. Rooksby® has recently investi-
gated the nature of the coating on
thermionic cathodes by the powder
method and has compared the X-ray
patterns of a barium and strontium car-
bonate mixture and a solid solution con-
taining 5o per cent, (molecular) of
barium carbonate.

It is shown that when the final coat-
ing contains a solid solution of
BaO/SrO the emission is higher than
when they are tormed from a BaCO,—
SrCO, mixture. Maximum thermionic
activity is always associated with a
single-phase type of oxide and to ensure
this the carbonates must be applied in
the form of a solid solution.

X-ray examination also shows that
during life reduced emission is accom-
panied by a loss of BaO, the actual
change in the oxide coating being
shown by a movement of the diffraction
lines towards the position of pure
strontium oxide.

In fluorescent materials for cathode-
ray tube screens the presence of minute
traces of impurity (‘‘ activator ”’) in the
phosphor is known to increase the effi-
ciency of the material considerably—in
fact some materials only become
luminescent in the presence of such im-
purities. The position of this impurity
in the lattice structure of the phosphor
can be demonstrated by X-ray analysis
and it has been shown for manganese
activator that it does in fact substitute
for atoms of the main lattice.? The
addition of manganese to zinc orthosili-
cate expands the lattice by a measur-
able amount and the phosphor is in
effect a solid solution of manganese
orthosilicate in zinc orthosiicate. The
X-ray analysis of phosphors has in some
cases proved so accurate that it is used
for production checking of compounds,
and if new fluorescent materials are to
be blended the X-ray method enables
the composition of each phase to be
measured separately whereas the deter-
mination of the composition by other
methods is almost impossible.
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Diffraction Photographs and how they are produced.

CRYSTAL
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Laue photograph of benzil

(right), using radiation from

a copper target. The diagram

on the left shows how the

spots are produced by re-

flexion at the planes around a
crystal zone.

(Photo: by courtesy of the
Institute of Physics).

- C faxis

Photograph of urea nitrate

taken by the rotation method

(below). (Right), Layer lines

of a rotation photograph on a
flat plate.

(Photo : by -courtesy of the »
Institute of Physics).

[

Sir W. L. Bragg's Address.

In his address to the conference on
the opening night, Sir Lawrence Bragg,
President of the Institute of Physics,
traced the development of X-ray analy-
sis from the original experiments by
Laue, his own interpretation of them in
terms of refiexion by the crystal struc-
ture, and his fathei’s early work on the
X-ray spectrometer. During the first
two years he and his father collaborated
in the work on the structure of various
crystals and in the improvement of
technique. In 1921 Sir Wm. Bragg
opened a pew field with his work on
organic crystals — naphthalene and
anthracene. Lanteérn slides showed an
interesting comparison between some
early results and those obtained with
modern apparatus and refinements.

(Right). Patterns obtained
on a flat plate, and on a film
arranged round the periphery
of the camera with the crystal
at the centre, The photo-
graph below shows a spectro-
graph of long-chain paraffin
taken by this method.

(Photo: by courtesy of Dr. K

Lopsdale, R.1.).

In dealing with the present and future
of X-ray analysis, the president pointed
out that in conjunction with the elec-
tron microscope the diffraction method
covered the whole field of microscopy
from the visible region to the atom.

He saw as one main field the exten-
sion of X-ray analysis to highly com
plex organic compounds whose struc-
ture had not yet been elucidated by
classical chemical methods.

A new field which is hardly yet ex-
plored is that of sub-microscopic struc-
tures within metals such as occur in
age-hardening and which profoundly
affect the physical properties.

Further scope for X-ray analysis is
in biochemistry, in which investigations
have already been made on the composi-
tion of hemoglobin and the vitamins.

May, 1942
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The arrangements were in the hands of
Dr. Lang, the Secretary of the Institute of
Physics and Dr. Sykes, the organising
secretary of the conference and at the
conclusion of the meeting appreciation was
expressed for their efforts in making it a
success.
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Frequency Modulation

Part VII.—Frequency Modulated Reception (Concluded)
by K. R. STURLEY, Ph.D., A.M.L.E.E.

O frequency modulated broadcast
Ntransmission has yet been sanc-

tioned in this country, and the cir-
cuit diagram of the frequency modula-
tion receiver should be regarded only
as a prototype, for the author has had
no opportunity of carrying out ex.
llaustive tests upon it with standard
transmissions.

The circuit diagram is in the nature
of a summary of the design procedure
outlined in the previous series of six
articles, and to complete the analysis
the method of calculating the com-
ponent values is briefly indicated below.
The receiver is assumed to have preset
signal circuits, tuned to a central fre-
quency of 45 Mc/s, and having a pass
band from 43 to 47 Mc/s. An intermedi-
ate frequency of 4.5 Mc/s is employed.

l. The Aerial Input Circuit

The details of the aerial input circuit
are as follows :

Radiation resistance of
dipole aerial. = 8o(2

Characteristic impedance
of the feeder to match
with the aerial.

‘T'otal inductance of the
centre tapped coil L,
(any suitable value pre-
ferably less than L,
may be chosen). =o0.284 H

Total capacitance across
the secondary coil ; this
is the sum of C,, the
valve, wiring, and coil
self capacitances. (20
uuF is suggested in the
February article, but
this is too low for the
high gm R.F. valve,

262, which has a high
input capacitance), = 30 uuF

Total inductance of the
secondary coil, Z,. = 0.416 yH

Undamped Q of the
secondary circuit, Qo =

Grid  input resistance
(Rq1) of the R.F. valve,
262, at 45 Mc/s. = 3,000{)

Total equivalent series
R of the secondary
circuit, including the
valve grid input resist-
ance. = 0.785+4.62

wl,

80(2

= 3.405Q2

The Q of the secondary
circuit damped by the
valve resistance Rg1
wl,

5405
= 21.7§

Optimum coupling between the feeder
and secondary circuit calls for the fol-
lowing value of mutual inductance A, *
between L, and L,.

Zs, R’
M, = o
w Ral
where Za, = total imPedgnce of the
primary  circuit = /A%, + X%, and
Ry, == characteristic impedance of
the feeder
X5, == oL, = 6.28 x 45 x 0.28 = 79Q0.
Zan o= A8 £ 797 = 112.3Q
112.3 5.405
M, = —_— —— = o.104 yH.
6.28 x 45 8o

If the coils L, and L, are wound on
a 4 inch diameter former with 16
S.W.G. at 10 turns per inch, the total
number of turns are approximately 4
and 6 respectively.

Owing to optimum coupling the over-
all Q of the tuned secondary circuit is
halved, i.e., is 10.87, so that the band
width (over which the loss does not
cxceed z db) is

45
Af=1f,/2Q0= - =
275

and this satisfies the requirement for
preset signal tuning.

Optimum coupling gives a voltage
step-up from the feeder to grid of V
and the expression* is

+ 2.07 Mc/s,

M,
Amplification = ~—nx =
ZC,TZ:J\)'z-
0.104 x 10-*°

= 2.85
2 x 30 % Io-" X 112.3 X 5.405

A.V.C. is not applied to V, since
change of signal grid bias affects the
grid input resistance and capacitance,
thus varying the band width and tuning
of the secondary circuit. There is a
decrease of about 4 yuF in the grid in-
put capacitance from normal to maxi-
mum negative bias, and the operating
input capacitance is of the order of
15 upF. Wiring and coil (L,) self
capacitance account for about 5 yuF so
that capacitance C, requires to be about
10 ,u,,u,F

2. The Anode Circuit of the R.F.
Vailve V,

The preset signal circuit leading to
the frequency changer may be inserted
in the anode of the R.F. valve, and
coupled by capacitance and grid leak to
the grid of V,. This has the advantage
of 51mpllc1ty and generally highest
stage gain from the grid of V, to the

* Receiver Aerial Coupling Circuits, K. R. Sturley,
Wireless Engineer, April (1 rgu) page 137.

grid of V,, but it has the serious dis-
advantage of high *‘stray’ capacit-
ance, since there are two valve capacit-
ances (from V, and V,) across the tuned
circuit. This can be mitigated by using
a smaller inductance for the signal coil,
or by using transformer coupling. The
former is the simpler solution, for it is
difficult to obtain a very high mutual
inductance between the primary and
secondary of the transformer. Thus
the value of Z, is selected to be 0.28 yH,
which gives a total tuning capacitance
of 44.5 uuF. Of this total, approxim-
ately 15 uuF is contained in the grid
input capacitance of the frequency
changer, 10 yuF in the anode output
capacitance of the R.F. valve, and
s unF in stray and coil self capacitance,
leaving a capacitance for C, of approxi-
mately 15 puF. The resistance R, is
the grid leak of the frequency changer
valve, and it also acts as the damping
resistance for providing the wide pass
band. Its value is calculated as fol-
lows: we will assume that the un-
damped circuit Q. is 150, as for the
aerial «circuit, that the frequency
changer grid input resistance 1s the
same as that of the R.F . valve, vis.,
3,0008) (this is very nearly so because
the valve is a hexode), and that the
internal slope resistance of the R.F.
valve can be neglected.  The overall
Qa of the damped circuit is therefore
given by

ol
Qa = =
wL,/Qo : ] (u)L,)’/:‘,,OOO
1 1
= = 30.4
1/Qo+wl;/3,000  .0066+.0263
To reduce Q to Qr = 11.25, the value

required for a pass-band of 1 2 Mc/s,,
the resistance R, is
wl,.Qd Qr 19%30.4x 11.25
R,= = = 1485Q2
Qi — Oy 18.15

The mutual conductance of the R.F.
valve, Z62, is 7.5 mA/volt, and the re-
sultant dynamic impedance of . the
anode tuned circuit is wL,Qr = 8gofd.

The amplification from the grid of
V, to the grid of V,=

7.5 x 10> x 890 = 6.67

3. The Oscillator Circuit

A separate triode valve is employed
as it is generaly more stable and easier
to maintain in oscillation than the triode
section of the triode-hexode. The anode
of the triode section of V, is returned to .
cathode. ~The electron coupled form of
oscillator is employed because it is easy
to oscillate, negative feedback, due to
the portlon of the tuning coil ‘between
cathode and earth, assists amplitude
and frequency stability, and one side of
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FREQUENCY

Resistances (in ohms).

R 1 50,000 R20 30,000 R38 13,800

R 2 1,000 R21 20,000 R39 0.1 meg

R 3 200 R22 0.1 meg. R40 0.1 meg.

R 4 1,485 R23 1,000 R4 0.2 meg.

R 5 25,000 R24 300 R42 0.5 meg. (var.)
R 6 18,000 R25 14,500 R43 10,000

R 7 1,000 R26  0.25 meg. R44 0.1 meg.

R 8 250 R27 30,000 R45 2,000

R 9 50,000_ R28 20,000 R46 2,000

R10 18,000 R29  0.25 meg. R47 0.1 meg.

RIIl 50,000 R30 1,000 R48 10,000

Ri2 30,000 R31 39,200 R49 0.5 me

RI3 30,000 : -3 MEg.

RI4 20,000 R32 300 R50 10,000 (var.)
RIS 39'200 R33 0.1 meg. R51 0.5 meg.

R16 0.1 meg. R34 182,000 R52 100

RI17 1,000 R35 40,000 R53 100

R18 300 R36 10,000 R54 180

R19 39,200 R37 44,000 R55 180

the tuning capacitance, C,;, can be bypasses radio frequencies and C,, any

earthed. The inductance of the coil L
is'0.416 uH, and the cathode tapping on
this 6 turn coil occurs at approximately
2 turns up’ from the earthed end. The
tuning capacitance is made up of the
grid input capacitance of V, and V,
(about 17 uuF), wiring and coil self
capacitance (about 5 uuF), the fixed
capacitor C,, (7 uuk), and the series
combination of C,, and C,;+ C,, is a
fixed capacitor of 30 uuF restricting the
range of C,;, a variable air dielectric
capacitor with ceramic insulating sup-
ports and a maximum and minimum
valué of z0:and 5 uuF respectively. The
oscillator frequency—in order to obtain
greatest stability—is selected to be
lower than the signal frequency, and
variation of C,; then covers the desired
frequency range from 38.5 to 42.5 Mc/s,

Constant H.T. supply is an essential
requirement for frequency stability and
two ‘decoupling capacitors are used
from. the anode of V, to earth. C,

audio or hum voltages in the H.T. sup-
ply. Better H.T. regulation can be ob-
tained with a gas filled device such as a
neon tube (shown dotted in the dia-
gram), and then C,, becomes uuneces-
sary. /X,, must be reduced to about
10,000(). .
4. Intermediate Frequency Amplification
Details of the design of the inter-
mediate frequency amplifier were given
in the fifth article (March, 1942). We
will only state the values of the induct-
ances and capacitances, and show the
method of calculating the damping re-
sistances required to provide the band
width of + roo kt/s. at the intermediate
frequency of 4.5 Mc/s.
(a) The first [.F. transformer in the
anode of the frequency changer valve
2.

Total inductance of primary or
secondary (L, and L,} = 25 uH.
Total capacitance of primary or

secondary = 50 pul’.

Cpo—

RI6

F——A

R2¢

.
1

MODULATION RECETI

Values of Components

Capacitances.

width = 22.5.

Mutual inductance between L, and
Ly M, = 1.11 gH.

If the initial Q of the undamped
primary or secondary is Qo = 150, the
cquivalent parallel resistance of either
circuit is wl,Qo = 106,000{2. Assuming
the grid input resistance of the next
valve V, can be neglected.

The extra damping resistance (X, and
106,000.Q ¢

Qo — Q1

106,000 x 22.5

Ry,) required =

150 — 22.§
18,7000
The amplification of the frequency
changer V, when g, = 0.3 mA/volt
gewl, 22.5

2
= 2.38g
A.V.C. is not applied to the frequency

C | 10 ppF (approx.) Cl9
C2 00l uF C20
G 3 0.01 pF Q|
C 4 |5 puF (approx.) ™
C5 00IuF
C 6 100 uuF o
C7 00l pF G
c8 00! puF
C 9 20 upF (fixed) and

30 zzF gmax.)variable, air) ggg
Clo 0.01 uF C28
C| | 50 ,,L,,LF C29
Cl12 20 ppF (fixed) and

30 ppF (max., variable, air) C30
Cci3 7 puF C3l
Cl4 30 puF 32
CI5 20 puF (max., variable, air) E33
Cl6 50 upF C34
CI7 0.0l ppF C35
ClI8 16 uF (electrolytic)

Required Q for +100 kc/s band
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ER CIRCUIT

.001 uF C36 20 upF (fixed) and LI o028
0.1 uF . 30 uuF (max., variable, air) L2 046
0.1 uF C37 100 puF L3 0.28
20 puF (fixed) and C38 0.1 puF L4 25
30 upF (max., variable, air) C39 8 uF (electrolytic) L5 25
0.001 uF 30 puuF (max., variable, air) L7 25
20 puF (fixed) and C4l 50 puF L8 25
b0 puF (max., variable, air) C42 70 puF $ﬁxed) and L9 1935
0.1 uF 30 ppF (max., variable, air) 5
0.1 uF C43 50 puf Lio 25
0.1 uF C44 100 puF LIt 25
30 upF (fixed) and C45  0.05 uF LI2 125
"0 ppF (max., variable, air) C46 2 puF LI3 125
30 puuF Cc47 2 uF

.00} uF C48 25 uF (electrolytic Mutual Inductances.
0.1 uF C49 25 uF (electrolytic M 0.104
0.1 uF C50 0.05 uF M2 LI
0.1 uF C51 0.05 uf M3 1.235
20 uuF (fixed) and C52 25 uF (electrolytic) M4 1.235
B0 puF (max., varlable, air) C53 25 uF (electrolytic) M5 0.384

- -—_—

-

changer valve V, because variation of
signal grid bias varies the input resist-
ance and capacitance of signal and
oscillator grids, causing variation of
tuning and damping and, most serious
of all, change of oscillator frequency.
(b) The second 1.F. Transformer,

This is an overcoupled transformer
(Qx = 2) with nearly twice the Q of
the transformer in the frequency
changer anode circuit. The inductance
and capacitance values are the same as
for the first transformer.

The required Q = go.5

Mutual inductance between

Lyand L,, M, = 1.235 pH*
Extra damping resistance
WL:Qonr
(R,; and R,,) = —
Qo ~ Qur
106,000. 40.5
150 — 40.5
= 30,200{)

& A misprint in the March issuc gave M, as r.rr,

The double humped frequency res-
ponse of this transformer.has a trough
at 4.5 Mc/s, 2 db below the peak, hence

the amplification of valve V, at
45 MC/S gm‘-"[ﬂQT
2x 1.26
[KTW63, gm=1.5 mA volt,
. —2db=1/1.26]
1.5 x 10-* x 28,700

= = 17.1

3452

A.V.C is applied to the valve V, as
the input resistance and capacitance
change resulting from signal grid bias
variation is designed to be small. The
A.V.C. decoupling capacitance C,, 1s
smaller ‘than its counterpart in the
amplitude modulation receiver since
undesired amplitude change of the fre-
quency modulated carrier,” when. fed
back along the A.V.C. line, tends to
cancel the amplitude variation of the,
carrier. ~It is in fact a form of nega-
tive feédback. X

Valves.

VY | Marconi Z62

v 2 o X65
V3 " H63

Y 4 b KTWeé3
V5 " KTW63
Y6 = KTwé63
V7 . KTZé3
vV 8 - Dé3
V9 1 D63
V10 e H63
Vil 5 H63
Vi2 - KTé66 P
Vi3 % KTé6

ic) The isolator stage.

An isolator stage is necessary in the
I.F. amplifier to reduce the regenera-

tive and degenerative effect of the
anvde-grid capacitance of the I.F.
valves. Its single tuned circuit com-

ponent values are.
Total inductance L, 19.35 pH
Total capacitance 64.5 uukF
Required dynamic. resistance

of circuit = 12300{)
Extra damping resistance £,;
wl,Qo % 12,300
wl.Qo x 12,300
82,000 x 12,300
— = 14,500f)

69,700
Amplification of valve V,
(KTW63)=gmRp
1.5 X 10~ " x 12,300
=T8¢5,
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(d) T'he last 1.F. amplifier stage.
This is identical with the 1st ampli-
fier stage (valve V, and the second L.F,
transformer), .except that the limiter
stage, which follows, reflects a load on
to the secondary of the transformer,
necessitating an increase in the second-
ary damping resistance 2,,, Damping
due to grid current in the limiter valve
V, can be taken as half the D.C. load
resistance, viz., 4#,, = 50,000().
The required total secondary damping
resistance = 39,200}

Extra damping resistance X,,

39,200 X 50,000
50,000 — 30,200
= 182,000(2

(€) 7'he limiter stage.

The resistance X,, and capacitance
C,, provide self bias for the limiter
valve V, which takes grid current. The
combination of grid current bias and
low anode and screen voltage provides
the limiting action to suppress ampli-
tude modulation. The resistance #,,
and R,, act as a potentiometer {o reduce
screen and anode voltages to approxim-
ately 40 volts. C,, is a large decoup-
ling capacitor (8 uF) to bypass the low
frequency components of any amplitude
modulation present at the grid of the
limiter valve.

The limiter anode circuit contains the
phase discriminator for changing the
frequency modulation into amplitude
modulation,

Details of the component values for
the phase discriminator have been
given in the last issue (April, 1942) and
were as follows :

Total inductance of primary or
secondary (L,, and L,,) = 12.5 pH.

Total capacitance of primary or
secondary = 100 uuF.

Required Q = 27.9.

Mutual inductance between L,, and
L, My = 0.384 uH Qk = 0.856.

The primary circuit is already
damped by the two dicdes (V, and V,)
in parallel, i.c., by 42,,, and the load
resistances in parallel, i.e., }R,,, so that
it has a detection circuit damping re-
sistance of R,,/6 = 16,666Q2. If O, =
150, to reduce the overall Q to 27.9
requires a total damping resistance of

wl,, x 150 X 27.9

12,1000}
150 — 27.9
extra damping resistance, R,
16,666 X 12,100

4566
= 44,0008}

The damping resistance across the
secondary due to detection is equal to
R,, = o.1 M, and the total required
damping resistance is again 12,1002,
hence extra damping resistance, R,,

12,100 X 100,000

= 13,8008(7]’900

Electronic Engineering

5. The Detector Stage

Little comment is needed on the de-
tector stage, the resistance X,, and
capacitance (,, act as an R.F. filter be-
tween the detector output and first A.F.
valve. If pre-emphasis (increased
amplification of the high audio fre-
quencies contained in the modulation)
i1s used at the transmitter, C,, is in-
creased to .0005 uF in order to obtain
de-emphasis at the receiver.

6. The Audio Frequency Amplifier

The push-pull output stage necessi-
tates either a transformer, with a centre
tapped secondary, in the output of the
A.F. valve, or an extra phase reversing
valve. The latter method is adopted in
this receiver on the score that RC coup-
ling gives better frequency response
than transformer coupling.

The second A.F. amplifier valve,
V., acts simply as a phase reverser,
and its input voltage is derived from a
potentiometer across the output of the
first valve V,,. The degree of tapping-
down is equal to the amplification of
V.., and the resistances %,, and %, are
calculated as follows :

Slope resistance of
V,, (H63) = 66,000{)
Amplification factor = 100
100 X 100,000

100,009 + 66,000

= 6o

Stage gain of V,,

l‘)sa
Ratio of —
Ru * Rso

In the circuit diagram A,, is 10,0000
and variable, so that a maximum ratio
of 1/51 is obtainable. The correct posi
tion on X, can be found by inserting a
transformer in the H.T. lead from the
centre tap of the output transformer
primary. Phones across the secondary
of the first transformer in the H.T. lead
give minimum volume when the tap-

1/60

" ping point on R, is correctly adjusted.

7. The Output Stage

This uses two tetrodes (KT66), triode
connected , to act as push-pull triode
valves. The resistances &, and R,,, in
the screen circuits, guard against high
frequency parasitic oscillation, to which
push-pull cirquits are often very prone,
A common bias resistance equal to 37,
may be used for the two valves if de-
sired; and this has the advantage of re-
ducing hum and audio frequency nega-
tive feedback in the cathode circuit.
The disadvantage is that independent
bias adjustment for matching the valves
is not possible. If separate bias
resistances are used, matching is per-
formed by adjusting one bias resistance
to give minimum volume in phones con-
nected to a transformer in the H.T.
lead to the centre tap of the output
transformer.

The anode-to-anode load for the two
KT66 valves in push-pull is 2,500, so
that a step-down transformer ratio of
approximately 13 to 1 is required if the
loudspeaker speech coil impedance is
15 ohms.

May, 1942

Frequency Modulation.

Corrections.

We regret that some errors—mainly
typographical—have occurred from time to
time in this series of articles.

A complete list appears below, and
readers are asked to correct their original
copies accordingly.

Part 3, p. 585, col. i.
omitted between

LN} L\ -}
(1 + —) and (r + —)
L, L,

line below it in Equation 8.

Muttiplication sign

in the

Addition sign missing between Z; and Z_
in the denominator of the first expression of
Equation 9, which should read : gn E; Z,

z, + z,
Ea\

The denominator in the last expression
should read : 1 + (R w C)2.
Part 3, p. 585, col. ii.

'‘ reactance value "’

‘* reactance valve."”
Part 4, p. 629, col. i.

Add footnote :

The insertion of a series resistance in the
cathode lead to reduce grid circuit damping
from the valve requires a small capacitance
(about 5 mmfd.) from cathode to earth in
order to be effective.

Part 5, p. 683, col. i.

should read

Sign of equality omitted between
Go 1
and of Equation 4.
gmega gmwcgaRoo
p. 683, col. ii.

For ‘' changer value' read ‘' changer
valve.”
For Q2 read Q, in Equation 6.
p. 684, col. i, line 8.
The correct figures are: Q.k, = 2 gives
ky = 0.0495 and M, = kL, = 1.235 pH.
same col., 6 lines from bottom.
For T? read T,.
col. ii, line 17.
R has been omitted from Rp, = 15,900Q.
Part 6, p. 712, col. ii.
The equation for the slope should read :
2

49
Slope = 3 — 2 Af, etc.
2

fr
4Q°Af
- A 2 3/2
w [+ (5]
fr
p. 713, col. ii.

Equation 5f = fc should be suffixed to S,
reading Si=g
p. 714, col. i.
Below Table 11, the expression for A
shoulg read: A = Qz2Af/fc and not
Q. Affo.
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The abyss of nearly

THE trapeze artiste is an aristocrat in the profession. To
avoid “ missing it” his life has been an intensive
specialization.

When the wheels of industry must
run fast less time is available for analysis, for thought, for
experimentation.  The chances of “missing it” are thus
perilously magnified. It is therefore natural that industry to-
day in ever widening fields is relying upon the Simmonds
Organization for the development and supply of products
bred of the successful resolution of specific problems.
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Differential Input Circuits for Biological

HE difticulties of recording simul-

taneously two or more bioelectric

potentials, . using conventional
grid-earth amplifiers with a common
earth lead, were well demonstrated by
Adrian and Matthews' #™ * in 1934. In
the case shown in Fig. 1, an impulse at
D appears in amplifiers 1 and 2, in
opposite phase owing to the impulse
feeding back through the common
earth, which under these circumstances
may be regarded as a common cathode
load. Matthews designed a differential
input amplifier (2) to overcome this:

the circuit is shown in Fig. 2a.
Two input valves are ~used. On
considering the circuit it may be
seen that it is a modified Wheat-

stone Bridge (Fig. 2b), V, and V, being
the variable elements in the arms, dif-
ferences of potential being measured be-
tween the anodes—in this case by a fol-
lowing valve. There is no potential
difference between the anodes when
V, = V,, R, = R,, and the grids of V,
and V, are at the same potential. When
a negative impulse is fed into V,, an
amplified positive change appears
across R, this upsets the balance of the
bridge, A (Fig. 2b) becoming positive
with respect to B, and the change is
recorded by the next stage in the normal
manner, When similar in-phase im.
pulses are-fed into V, and V, the ampli-
fied changes across R, and R, are ex-
actly the same, there is no potential dif-
ference between A and B, and so noth-
ing is registered by the succeeding

. stage. The circuit only amplifies the
difference between two impulses fed
into V, and V,; it is in fact a differential
amplifier.

Ry

I_..

'Fig. 2. Matthews’ differential input amplifier {a) and
its equivalent circuit (b).

Matthews’ circuit has found appfica-

tion in bioelectric work since (a)
radiated interference (e.g., mains hum}
appearmg equally in V, and 'V, it not

Man-

. Department of Electroencephalography,
chester Royal Infirmary,

Amplifiers

By M. G. SAUNDERS, B.Sc.*

S &

A B IC ]
Surface of Brain or Nerve

I 2

Fig. |. Method of simultaneous recording from nerve
using a reference electrode A and common earth lead.

Surface of Brain or Nerve

Fig. 3. Arrangement of Input leads for balanced

amplifiers.

amplified, and (b) the inputs are inde-
pendent of earth, so that the electrode
arrangement in llg 1 may be safely
used, or still better that shown in
Fig. 3, as was done by Adrian and
Yamawiga® and by Grey Walter* for
electro-encephalography.  The main
disadvantage of this circuit lies in the
fact that the H.T. battery is “ floating *’
and any slight leaks to earth produce a
bad background.*

Schmitt® in 1937 described a differ-
ential amplifier based on a different
principle; the circuit is shown in Fig. 4.

V, and V, are high mu pentodes type
6C6, 57 or 6J7. V, is a pentode ampli-
fymg in a normal circuit, except that
the screen potentiometer network is
made up of R., R, and the valve V..
The anode of the latter is connected to
the screen of V,, one end of R, and
through R, to' a lower tapping on the
H.T. supply, the value of which has to
be found experimentally.

There are three adjustments to make
for correct working conditions. Firstly,
the H.T. tap for V, is made roughly in
the order of the screen voltage of V,.
Secondly, with the grids of V, and V,
tied to earth the resistance R, is ad-
justed until alteration of R, causes no
change in the current consumption of
V,; under these conditions there is no
potential drop across R,. Finally, simi-
lar in-phase impulses are fed into the
grids of V, and V, and R, is adjusted
until no output appears across R,. The
principle upon which the circuit works
is as follows: V, amplifies normally;
V, has as its anode load R, and R,, the
latter being variable, so that the ampli-
fication of this valve may be adjusted

by R,. R, acts with V, as the other
arm of the screen potentiometer net-
work of V,. R, is adjusted, as has been
stated, until there is no potential drop
across R,; this makes the output, with-
in reasonable limits, independent of
mean input voltages and makes adjust-
ments of the gain of V, simpler. When
an impulse is fed into V, an amplified
change appears across R, and R,; this
alters the screen potential of V, and so
modulates V, An impulse through V,
undergoes a 180° phase change, thus
modulation of V, by V, is out of phase
to direct modulation and when the gain
of V, equals the gain by modulation
through V,, in-phase signals cancel out,
whilst the diflerence between out of
phase signals is amplified normally.
The advantages of this circuit lie in its
conventional H.T. supply—with the
negative earthed, and a high gain.
Schmitt claims that this circuit satis-
fies the six conditions he considers
desirable in differential input ampli-
fiers.*

Differential amplifiers using push-
pull throughout are commonly used in
America. With large in-phase inputs a
tendency to modulate out of phase in-
puts may occur. To overcome this,
Offner’ described a circuit using de.
generative feed-back. The circuit is
shown in Fig. sa, which represents a
push-pull circuit having a common un-
by-passed cathode resistance R¢. Since
R is the cathode resistance, the poten-
tials across it follow the 1nput potentials
into V, and V,, the amplitude of these
being dependent on the values of R
and Rp. When in-phase signals are fed

HI+ |

AT

Fig. 4. Schmitt's differential amplifier using high gain

pentodes.
into V, and V,, these appear across Re
reducing the gain of this stage due to
negative feed-back. The gain under
these circumstances may be calculated
from the formula

Iz (Rc + Rp)

Rc(#+1)+Rp7*'Rn
where G = the effective gain across the
valve, u = the amplification factor of
the valve, R, = the cathode resistance,

G = (1)
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Fig 5. Offner’s feed-
back amplifier with
common cathode re-
sistahce, and (b) a
similar circuit with
feed-back reinforced
from a later stage.

<

!

Rp = the anode load and R. = the im-

pedance of the valve. Since R, is com-

mon to V, and V., the potentials de-

veloped across it will be twice that for a

single valve and the formula (1) can be
rewritten as

2R -F Ry,

2Ro(u # 1) + Ry + K,

ﬁhe output will be divided %etwcen Re and

p.

E=G— - e ¢s: (8)

. R, + 2R,
where £ = output across R;, G,Ry and
R¢ as before. Su that the output across
Ry shall be very small R, may be made
very large (it being necessary under
these conditions to bias the cathode back
to a normal working cathode-grid volt-
age).  When out-of-phase impulses are
applied to V, and V, out-of-phase
potentials appear across R¢ and so can-
cel out, no degeneration takes place and
the valves amplify normally, . Further
amplified degeneration can be obtained
by-feeding back oyer one or two stages;
this is shown in Fig. 3b. Degeneration
occurs in each stage in the manner des-
cribed and this is reinforced by feeding
back the potentials developed across the
cathode resistance of the second stage to
the grids of the valves of the first stage.
In 1938 Matthews® described briefly a
differential input circuit using two
valves with a common cathode load foi
phase inversion—a method used by
Schmitt® and by Tonnies?® in similar
circuits. Matthews’ circuit, originally
due, it appears; to Tonnies, has been
described " in greater detail by the
latter.' The circuit i= shown in Fig. 6a.
I'or analysis of the inethod of working
it is convenient to split the circuit up
into two parts (Figs. 6b and 6c). Con-
sider the circuit in Fig. 6b. V, is here
in a cathode follower circuit (7a and
7b), irput into the grid appearing across
R¢ in the same phase and of amplitude
dependent on the valve characteristics

Rp

Modifications of Tonnies’ circuit for reducing

Fig. 7.
gain of Vy.

and the value of R¢. The actual gain
can be calculated from the formula.
nRe
G o )
Re(p +1) + Ry

with similar notation to that used pre-
viously. G is always less than unity,
but approaches it the higher the value
of R¢. Consider next Fig. 6¢c, where V,
has load distributed between anode and
cathode; the stage gain may be cal-
culated from formula (1). There are
two outputs of opposite phase, one
across R, and the other across Ry, that
across Refollowing the input. In Fig, 6a
the two circuits are joined by the com-
mon cathode load R.; let the grid of
V. be earthed and a positive impulse
put in V,; then a positive impulse ap-
pears across Re of the same phase and
amplified about o.95 times for average
values of R.. This positive impulse
appearing across R, modulates the
cathode of V, against its grid and
causes an amplified positive potential to
appear across R,. At first sight it may
seem that the gain of V, follows
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value of the vpposing potential (E.) set
up across R¢ by V, may be calculated
from the formula

E.R.

- (6)
1/g8 + Re

with a similar notation and g = mutual
conductance of V,. The value of E 1s
always less than E and owing to this a
certain amount of negative feed-back on
V, tukes place; this feed-back may be
cxpressed as a fraction of Re.

E =By & 'Ry

ke =

(7)
E

Since Ry and the effective value of R,
are known, the gain of V, may be cal-
culated from formula (1) where R¢ here
equals its effective resistance. The
whole calculation may be done in steps,
potential E (formula 1 and ) developed
across R¢ from V, (considered separ-
ately) being found first; then E.
(formula 6), the back potential from V,
so giving the effective resistance of R. ;
knowing this the stage gain can be cal-
culated (formula 1), Rc here equalling
the effective resistance of the cathode
load. When an impulse is fed into the
grid of V, a similar chain of events to
that just described takes place. There
s, however, a loss across Re (formula
47 and as a consequence the output
across R, due to an impulse put into V,
is less than when it is put into V,; the
circuit in other words does not truly
differentiate. The gain of V,, when
amplifying its own impulses, must be
reduced to compensate for the loss from
V,. Tonnies suggested two methods of
reducing the gain of V, (a) by a poten-
tiometer in-its grid circuit, as shown in

Fig. 6. Tonnies’

differentlal input

circuit and its
equivalent.

L
1,
© 1

fornula (1) and that it is approximately
1.9 (where R¢ = Rp); this is not so,
however, owing to certain character-
istics introduced by V, and the common
cathode load R-. When a positive
potential is fed into the grid of V,, a
similar potential develops across R,
making the cathode of V, approach its
grid, 'V, takes less current and the
potential difference across R decreases,
5o opposing the potential introduced by
V,. The potential; across thus re-
mains practically constant and V,
amplifies as though it had a much re-
duced cathode load. The value of the
potential (E) set up across R by an
impulse into V, may be determined
from the formula i
G.R;
B . - <o (s)
Rp + Re

where (= the gain of V, considered
separately, R¢ = the cathode resistance
and Rp = the anode resistance. The

Fig. 7a, and (b) by putting a resistance
across the anode to cathode, shown as R
in Fig. 7b.

The values of the resistances in the
arms of the potentiometer for method
(a) can be calculated knowing the loss
from V,, which may be determined from
formula (4); loss introduced by the
potentiometer is made to equal this. An
example will illustrate this better.

V, =V, = MH and from formula (4)
mRe
gainof V, =G = ——m«——
R¢ (p. + l) + Ra
and loss =1 — G.
& = 40, Re = 70,000 and Ra = 11,000
40 X 70,000
so that G=— —— =0.975
70,000 (40+ 1)+ 11,000
and the loss =1-0.975=0.025 Or 2.5%.

A similar loss may be introduced by
resistances of ratio 2.5 to 97.5 in the
potentiometer arms, experimental find-
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ings gave 2.4 to 97.6. The use of a
grid potentiometer is likely to cause bad
background in high gain amplifiers and
the second method (b) is to be pre-
ferred. ‘The value of this resistance is
best found experimentally.

In order that the valves V, and V, in
Fig. 6a should work over the same part
of their slope, their anode currents
should be made the same. This may be
done by reducing the H.T. volts of V,
until the current consumptions are
roughly the same; further fine adjust-
ments may be made by altering R
(Fig. 6.) The circuit is shown in Fig. 8a.

To next stage

i
i
|
i

Fig. 8. Methods of matching valve operating points
in circuit of Fig. 7. Rc in diagram (a) should be
variable.

An alternative method of matching up
the valves is o insert an anode load in
V, (Fig. 8b.) the value of which is equal
to Rp, of V, and may equal, but not be
greater than R , the cathode follower
action of V, being unaltered. For low
voltage inputs, the exact matching of
the currents of V, and V, does not

appear to be very critical.

In the writer’s opinion the circuit of
Oftner should prove the most satisfac-
tory, as it is the simplest to adjust. In
this country it has not, however, been
customary to use push-pull throughout
—possibly on account of expense. Con-
sequently, one of the other circuits has
Leen preferred, and that of Tonnies is
most commonly in use.

The author would like to thank D-.
Schlapp of Manchester University for
his kind help in the preparation of this
paper. Certain expenses for the experi-
ments involved were defrayed by the
Robert Turner Neurological Research
Grant.
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Book Reviews

Automatic Record Chaﬁgers

and Recorders
John F. Rider. J. F. Rider Publishing Co.,

404 4th. Ave., N.Y., US.A,

In these days of restricted publication.
and thin paper copies it is a pleasant
change to handle a volume no less than
2 in. thick with over 700 large quarto
pages. It is an encyclopadia of record
changers, copiously illustrated with
photographs of the mechanisms and full
service instructions.

The opening chapters deal with
motors and their maintenance, record-
ing apparatus, pickups and needles. A
full description of the types of record

ample of the R.C.A. RP-152C changer.
Although the bulk of the service data
deals with American types there are
several which are equivalent to the
British, ¢.g., Garrard RCy.

The index and manufacturers’ data
on record changers has been arranged
in the way that has proved successful
in other Rider Manuals, and the whol
production is a worthy addition to the
service engineer’s library.

The Radio Handbook
(8th (1942) Edition) by the Editor of Radio.
640 pp. 577 figs. and 4| tables. (Editors
and Engineers, Ltd., Santa Barbara, Cali-
fornia). Price §1.75 in U.S.A., elsewhere
$2.00.
The Radio Handbook is a general
compilation of information on the prac-
tical aspects of radio.

Investigation to determine the prin
cipal sale of previous editions indicates
that there were two main classes' ot
buyers: those who were using the
handbook as a reference work and hence
had greatest need for the comprehensive ‘
tables, charts, and formulie; and those
schools who were using the Radio

| I{andbook as a radio instruction text

book. |

As a consequence of this investigation |
the valve tables have been expanded ‘
and brought up to date, and the refer- ‘
ence material has been considerably in-
creased. To assist those using the hand
book as a text the theory chapters hav(
been rewritten and expanded with an
eye to increasing their suitability to this |
application.

The handbook contains the most com-

one book on all types of transmitting,
receiving, and special-purpose valves,
4 pages being devoted to this extensive
listing,

This vear the price of the Radio
{andbook has been increased 10 per
cent. to offset the increase in the price of
paper and printing, and to cover 32
pages more text.

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

Electronic Engineering

—Recent Progress
By J. M. A. LENIHAN, M.Sc., A.Inst.P.

URING the past ten or fifteen
Dycars, much attention has been

devoted to determining the elec-
tronic charge and mass, and to more
fundamental enquiries concerning the
ultimate nature of the electron. The
following is a brief summary of the
principal trends in experiment and
theory at the present time.

Measurement of electronic charge ‘6’

(a) Oil Drop Method.—Millikan’s
careful experiment has been repeated,
with mihor modifications, by a num-
ber of workers. The most recent

results are:—
Backlinand Flemberg (1936) ‘e = 4.800
Ishida, Fukushina and Suet-
suga (1937) ... e = 4.806
Hopper and Laby (1941) e = 4.802
Millikan (1917) found e = 4770

!

(e is expressed in absolute electro-
static units x 10-1'°))

‘These results are not in very good
agreement, and the divergence among
them has been the subject of con-
siderable discussion. The trouble is
that no completely reliable determina-
tion of the viscosity of air (y), which
appears in the calculation of e, has
yet been made, and the four authors
listed above all used different values.
The position is clearly put by Robin-
son (1938): Taking five recent esti-
mates of n and recalculating the re-
sults of Millikan, Backlin, and
Ishida, he obtains fifteen values for
e, ranging from 4.752 1o 4.854! It
is possible that the uncertainty may
be resolved in the light of some ex-
periments performed since 1938, and
this point will be elaborated later.
Fortunately, e has been found by a
variety of other methods, some of
which will be briefly described,

(b) X-ray Method.—The molecules
forming a. crystal are arranged in
regular fashion, and may be used as a
three-dimensional diffraction grating
for X-rays, From the diffraction
pattern obtained by sending a narrow
beam of X-radiation through a cry-
stal, it is possible to calculate the
spacing of the molecules, and there-
fore the number of molecules in each
cubic centimetre of the substance.
From this may be found the Avoga-
dro constant, N-—the number of
molecules in one gram-molecular

weight of the substance. "The value
of e is then simply calculated from
the Faraday constant of electrolysis
E, which is the quantity of charge
carried "by one gram-molecular
weight of a univalent element when
completely ionised in solution, and
therefore equals Ne. The X-ray ex-
periments make possible an accurate
estimate of N; F is known from elec-
trolytic measurements.  The first
worker in this field was Backlin
(1928), and recent results are:-

|
e — 4805 |

l Backlin (1935)...

( Sodermann (1935) e — 4.806

| Bearden (1935) e = 4.804
Robinson (1938) corrects these

figures for a slight error in the wave-
length of the X-ray lines used, and
finds, as the mean value

e =.4.803
which is generally accepted as the
best value of e from X-ray determina-
tions.

The methods which follow do not
give e directly, but lcad to some
combination of the three fundamental
constants—e, m (electronic mass) and
h (Planck’s constant). Values of in
and h are assumed in order to calcu-
late e.

() Limit to
X-radiation.—It

Wavelength  of
is a fundamental
postulate of the quantum theory
which rules modern physics that
radiation of frequency v has energy
in packets, or quanta, of amount hv ,
and cannot have less than one quan-
tum. X-rays are produced wlen
fast electrons strike a suitable target,
and obviously an electron must have
energy at least equal to hv before it
can cause X-radiation to be emitted.
The energy acquired by an electron
in falling through an accelerating
potential difference X is Xe, and the
maximum frequency of radiation re-
sulting from the impact of such an
electron is given by

hvmax = Xe
Maximum frequency corresponds to
minimum waveleigth, and therefore
he
— = Xe c =
Amln
If the minimum wavelength produced
by electrons falling through a known
potential difference is measured, ¢

velocity of light
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may be calculated. By this method,
Du Mond and Bollman (1937) found

e = 4.8026
- (d) Photoelectric Effect.—We have
just seen that the energy of an elec-
tron may be transferred to a wave, In
the form of X-radiation. Conversely,
X-rays falling on to a surface may
give up energy in amounts /iv o elec-
trons, which will be emitted. The
energy of electrons produced in this
way has been measured by magnetic
deflection experiments; it is, of
course, equal to hv (with a small cor-
rection for the energy lost by the
electron in breaking through the sur-
face). A summary of several re-
searches on these lines is given. by
Robinson (1936) and the results, re-
calculated by Dunnington (1939) give
the value

e = 4.795

(e) Ionisation.—When an electron

changes its position inside the atom,
its energy changes also. If the energy
change i1s E, it is accompanied by
radiation of frequency given by

hv=FE
It a substance (usually a vapour) is
bombarded with electrons, accelerated
by a variable potential difference, X,
radiation will first occur when Xe =
hv, v being the frequency corre-
sponding to the -electron-jump with
smallest energy charge. X is in-
creased then, until radiation first
occurs—usually in the form of light.
The frequency of this radiation is
measured spectroscopically, and e is
found.  Further increase in X wi]l
lead to radiation of higher frequen-
cies, and e can be calculated in each
case from the minimum P.D. re-
quired to produce the radiation.
Using this method, Whiddington and
Woodrooffe (1935) obtained the value

e = 4.812

(f) Compton Effect.—It has been

stated that light of frequency v, has
its energy in quanta of hv. When a
light-quantum collides with a free
electron, that is, one not closely at-
tached to an atom, interchange of
cnergy takes place according to the
ordinary laws of mechanics, with a
relativity correction, Light scattered
by free electrons will therefore merge
with reduced energy, and longer
wavelength.  The wavelength shift
was calculated by Compton (1923)
and verified experimentally. A deter-
mination of e¢ from the Compton
cffect was made by Ross and Kirk-
patrick (1934). Their result, recal-
culated by Dunnington (1939) is

e = 4.7956
To cone a little nearer homne, we may
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consider a method which, though not
of first-grade accuracy, is interesting
because it depends on simple proper-
ties of the thermionic valve.

(g) Shot Effect.—The electron
stream in a valve reaches the anode
as a hail of independent electrons
rather than a continuous stream.
This discontinuity produces irregular

variations of anode current, and
therefore fluctuations of voltagu
across the anode load. ‘i'his pheno-

menon, known as the shot ¢ifact, was
examined theoretically by Campbell
(1909) and later by Schottky (1918),
with whose name it is generally asso-
ciated. If the anode load of a satur-
ated diode consists of a resistance
R in parallel with a condenser C, it
may be shown that the r.m.s. value
of the fluctuating P.I). across C is
eRI

Vims =
2C

I being the current flowing. Camp-
bell’s result has been tested experi-
mentally by Hartmann (1921), and
the most recent result is that of
Williams and Huxford (192g), who

found e = 4.766.
For further information concerning
the shot effect, the reader is referred
to Moullin’s book on Spontaneous

Fluctuations of Voltage (Oxford,
1938).
(h) Anode Current in a Diode.

We may mention in passing ‘that
the anode current in a diode is given
by a relation of the form:

Y
‘I=K E'"

m
where E is the anode voltage, and K
is a constant depending on the size,
shape and scparation of the clec-
trodes. Many attempts have been
been made to produce an exact ex-
pression for I in valves of diffcrent
designs, but so far theory has not
advanced sufficiently to enable an

accurate calculation of e by this
method.

Discussion of Results,

Of the methods described, the

X-ray and oil drop experiments pos-
sess the least inherent inaccuracy, and
should therefore give the most reliable
results. Until a few years ago, it ap-
peared that these experiments gavce
different results. Thus Robinson
(1935) quoted as the most probable
value of e
4.767 from oil drop experiments.
and 4.805 from X-ray experiments.
Shortly after this, scveral fresh
determinations of 4 were made and in
1938 Rohinson considered e = 3.803

Electronic Engincering

to be the Dbest value from both
methods. ‘T'his vicw is confirmed by
the very recent oil drop determination
performed in Melbourne by Hopper
and Laby. Their apparatus differs
from the conventional design by hav-
ing a horizontal electric ficld, so that
the charged drops fall obliquely. This
enables the measurements to be made
with greater accuracy. Using what
they consider to be the most probable
value of r the authors find e = 4.8020,
and recalculate Millikan’s result, with
the same value of 7, to give e =
4.7992. Considering all the informa-
tion at present available, it is reason-
able to suggest that the value of ¢
does not differ from
4.8025

by more than one part in five thou-
sand. This must not be taken as a
final figure, but it is doubtful whether
the accuracy of the oil drop and the
X-ray determinations can be in-
creased much further.

The Nature of the Electron—Wave or

Particle ?

Having reached a fairly satisfac-
tory estimate of the electronic charge,
we may counclude by considering an-
other aspect of the electron—its wave
nature. ‘The interchange of energy
between waves and particles, in, for
example, the photoelectric effect and
the production of X-rays, has been
mentioned. It may be said, in
general, that radiation behaves somc-
times as waves (interference and
difiraction) and sometimes as parti-
cles (Compton effect and photoelectric
effect). Seeking a way out of these
inconsistencies, de Broglie (1924)
suggested that a wave motion is asso-
ciated with every. particle, and fills
the surrounding space..  The hypo-
thesis may be stated in the alterna-
tive form that space is filled with
waves, and an aggregation of thesc
waves at one place constitutes an
c¢lectron, or some other unit of
matter. The wavelength associated
wish an electron, according to do
Broglie’s theory, is of the same order
as that of X-radiation—about 10-°
cm., and it was suggested by Elsasser
(1925) that electrons, if they had
wave properties, could be diffracted
by a crystal, in the same way as
X-rays. Davisson and Germer (1927)
showed that this was the case;-elec-
trons scattered from the surface of a
nickel crystal, used as a reflexion
grating, were arranged in a diffrac-
tion pattern, thus exhibiting a pro-
perty characteristic of waves. Similar
behaviour has been established in the
case of protons, and cven whole
atoms,

May, 1942

T'he results of wave mechanics have
been used by several workers in de-
termining the electronic charge and
mass. Von Iriesen (1935} measured
the deBroglie wavelength of electrons
from their diffraction pattern and
calculated that e = 4.796. Bearden
(1938) experimented on the refraction
of electron waves in a diamond cry-
stal, and, using the theoretical results
of wave mcchanics, found e/m =
1.7601 x 107 e.m. units, correspond-
ing to ¢ = 4.803.

It does not at the moment appear
likely that this new branch of physics
will greatly influence the development.
of electronics, but it is too early to
inake such a prediction with any
confidence.
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Measurement of Frequencies Below 15 kc/s.

Abstracted from paper read before the |.E.E. on ““The Technique of
Frequency Measurement and its Application to Telecommunications,”’

by J. E. THWAITES and F. J. M. LAVER

c/s. and 10 c/s. can be measured by

making the oscillation apparent to
the ear or eye of an observer, who uses
.a stop-watch to time the completion ot
a convenient number of cycles. For
frequencies less than about 1 cycle in 20
seconds it becomes difficult to estimate
accurately the completion of the cycle;
and for frequencies above 10 ¢/s. mental
counting becomes impracticable and is,

FRILQUENC[ES between about o.05

in fact, increasingly difficult above g
c/s. even for trained observers. The
method is not accurate over short

periods, as a typical example will show.
Consider a frequency of 2 ¢/s. measured
by timing 100 cycles of oscillation, over
approximately so seconds.

Error in estimating completion of
100 cycles exactly is, say, + o.2
cycle, z.e., + 0.2 %.

Error in estimating time interval with
stop-watch 1s, say, + 0.2 second,
j.e., + 0.4 %.

Overall accuracy = 0.6 %.

The stop-watch method may be im-
proved by using a mechanical device to
count the number of cycles.

In Fig. 1a the application of an alter-
nating voltage of suitable value to the

3
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Fig. 1.
input. terminals will cause the valve
anode current to vary synchronously be-
tween zero and some 5 mA; the anode
relay operates at 2.0 and releases at
1.5 mA and impulses a counter con-
nected in the local circuit.

Fig. 1b shows a circuit suitable for
the comparison of two audio fre-
quencies. The input tones applied at
A and B combine in the transformer,
and the difference or beat frequency
produced by the double diode is ampli-
fied by the triode portion of the valve.
The relay is set with neutral mechanical
bias, and electrical spacing bias is con-
trolled by a rheostat. The usc of a

Fig. 2.
common H.T. feeder resistor for the
operating and bias windings causes the
bias to vary at the beat frequency, in
such a manner as to increase the sensi-
tivity of the relay. - The circuit will
operate satisfactorily for frequencies
between 0.003 c¢/s. and about 150 ¢/s.

Three types of counter may be used,
the double recorder, the uniselector and
the Veeder. These counters limit the
frequency range to 100 c/s., 50 c/s and
10 c¢/s. respectively. The relay may
also be used with Case’s circuit to actu-
ate a recording microammeter. (See
below).

Fig. 2b represents a drum chrono-
graph used for comparing the perform-
ances of frequency standards and stan-
dard clocks. Thus the chronograph
might record hourly clock impulses
over a period of several days. The
method of interpreting the record may
be most clearly demonstrated by an ex-
ample. Consider a chronograph with a
drum 100 cm. long and so cm. circum-
ference driven at a nominal 1 r.p.s. by a
nominal 1,000 c/s. control. The carriage
is traversed at a rate of 0.5 mm/s. the
pen being impulsed at 1 second inter-
vals by a standard clock. Suppose the
trace is a straight line inclined to the
axis of the cylinder at a slope of 1 cm.
on the 100 cm. length.
Advance on 100 cm. =

1 cm.
Advance on 0.5 mm. =

1X0.5

— — 0.0005 cm.
1,000
50.0005
Rate of revolution = r.p.s.
50

© 1.00001 T.p.S.
Control frequency = 1.00001 x 1,000 =
1,000.01 C/s.

With such a chronograph a slope of
1 mim. on the 100 cm. length, which cor-
responds to a deviation of 1/10° from
exact frequency, can be discerned.
Case’s Circuit !

The circuit shown in VFig. 3a was
originally used by Muxwell for approxi-

mate measurements of capacitance. So
long as the time constants are low
enough to ensure complete charge and
discharge within the limits of measure-
ment, then the quantity of electricity
which traverses the milliammeter in a
given time depends on the number of
discharges of the condenser in that
time, 7.e., upon the frequency of the cur-
rent which impulses the relay. In prac-
tice a 100 c/s. calibration frequency is
applied and the condenser C is adjusted
s0 that the meter reads 100, and then it
is direct reading in frequency to an
accuracy of about 1 per cent., over a
range 5-200 c/s.

To extend the arrangement to fre-
quencies as low as 0.z ¢/s. a modified

O

/100

_:'k._

-~
Q
Q
b3

—jtih
\

i

Fig. 3.

circuit, shown in Fig. 3b is used, in
which the meter circuit is given a high
time constant in order to prevent the
individual pulses of low-frequency
oscillations from affecting the meter
réading. The use of a neon lamp to
stabilise the voltage improves the ac-
curacy of measurement. A synchronous
motor driving a series of cam switches
may be used for L.F. calibration.

Electronic Frequency Indicators
There are many circuits which use
thermionic  valves or gas-discharge
tubes to replace the polarised relay of
(Coneluded on p. 770)
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Measurement of the Slope and Duration

of

Television Synchronising Irhpulses

By R. A. MONFORT and F. J. SOMERS -

A Summary of a paper presented at the L.R.E. Convention, 1941, and subsequently printed in

THE tolerance prescribed for the
steepness of wavefronts as well as
the duration times of the various
impulses that go to make up the com-
posite synchronising signal require
measuring equipment capable of deter-
mining fractional microsecond time
intervals. A further requirement
equally as important as high precision,
1s that the measuring equipment should
be simple, and easy to use under actual
vperating conditions.

An idea of the precision required may
be gained from the fact that under the
present standards of 525 lines, 6o fields,
interlaced, the maximum time allowed
for the transition from the 10 per cent.
to the go per cent. amplitude point of
the horizontal synchronising wave is
only o0.25 microsecond. The tolerance
allowed for variations in the width or
duration of horizontal synchronising
impulse is also a small value, being
limited to 0.64 microsecond. Similar
close tolerances have been ‘specified for
other parts of the wave.

It can be shown that faithful repro-
duction of the wave of Fig. 1awhich

—>) | 004 H. Max.

. *- Y10 of Max Synch

Y10 of max Synch.
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= Leviel ZF DTN
-~ -4 -oroaw— L+ 3
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0.021‘1 [“xoo0rH ".
Min 014K
Min

" O
Time——>

Puise Width = w = Di x /100 7%

Slape of G P
Leading Edge” %5 * 1007

Fig. I.

R.C.A. Review, Yol. VI. No. 3.

has equal build-up and decay times of
0.5 per cent. of a scanning cycle re-
quires that the oscilloscope signal
amplifier be responsive up to the 200th
harmonic of the scanning-line fre
quency. Translated into terms of the
present television standards, this means
that the oscilloscope signal amplifier
should have linear phase and flat ampli-
tude response from below Go c.p.s. up
to at least 3.15 megacycles/scc. A tube
having a screen diameter of at least five
inches should be emploved, but a nine-
inch tube is preferable for accurate
work,

On a five-inch oscilloscope screen, the
necessity of showing at least two cycles
means that D (Fig. 1b) will be less
than 100 mm. At the same time the
probable error in scale reading, taking
account of the width of the oscilloscope
tracc may easily amount to + 1 mm. It
can readily be seen that serious errors
will occur if attempts are made to
measure the slope of the leading edge
of the horizontal synchronising wave
with this setup, since the value C’ being
less than 0.4 mm., cannot be accurately
read with the scale. As a matter of
fact, errors due to unsteadiness of the
image and non-linearity of the saw-
tooth wave can easily add up to more
than 1 per cent. of the scanning cycle,
making the error greater than the value
to be measured.

A method of measurement which is at
once simple and accurate within reason-
able limits, uses an oscilloscope with
sine-wave horizontal deflection. The
frequency of the sine wave used is
either the same or a harmonic frequency
of the impulse being measured. The
pattern on the oscilloscope screen is
stationary since the sine wave is de-
rived either, from the synchronising
generator or directly from the synchron-
ising impulse itself. A convenient
phase-shifting device is provided so that
the part of the wave of greatest.interest
can be moved to the centre of the screen
where it appears expanded horizontally.
This feature of sinusoidal sweep tends
to increase the accuracy obtained in
measurement of impulse widths and
slopes, since the dimensions to hé
measured are larger for a given width
df horizontal time axis than if sawtooth

S e ——————
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/8 t
!
a I
) U e ) 4
- f Y Amplitude
o
= 0 N|

waves arc used. Also, since only one
cvcle appears on the screen, the
effective horizontal time base can be
wider than with sawtooth sweep, where,
as already pointed out, more than one
cycle must be included in the horizontal
direction.

The procedure in making measure-
ments with sine-wave horizontal deflec-
tion is illustrated by Fig. 2a, which
shows a train of horizontal driving im-
pulses as they appear on the oscillo-
scope using 15,750 cycle sine-wave
sweep. This type of impulse is utilised
for energising the horizontal sawtooth
wave generators of television cameras
and video monitors in the television
plant, and normally has a timc duration
of 6 per cent. of a scanning cycle. The
impulse is moved to the centre of the
screen by ‘means of the phase-shifting
device already mentioned and its width
or duration can then be found by means
of the following equations (Fig. 2b).
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* L ] Write for Booklet
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of J. M. C. contacts
and contact
materials.

*

The selection of suitable
contact materials and
types of contact,
presents problems to
designers in all grades of
electrical engineering.
It is accordingly our
keen desire to be of
service by presenting
the fullest available in-
formation and guidance
to those’ who seek
assistance in determin-
ing the most suitable
contact for a specific
job. May we assist you?

JOHNSON, MATTHEY

X GO. LIMITED
73/83, HATTON GARDEN, LONDON, E.C.1

Telephone : HOLBORN 6989
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Another 65-watt

SOLON

This  65-watt  industrial
SOLON fitted with
tapered bit—a popular shape for
Pencil bit
models are

type
is an oval
all
types

general work.
and heavier
also available.

Details of this and other models

sent on request.
= aézm I :

SOLDERING IRON

Due to the heavy de-

mands, it is necessary to

order well in advance to

avoid disappointment in
delivery.

W. T. HENLEY'S TELEGRAPH WORKS CO.,
Engineering Department., Milton Coutt,
WESTCOTT, DORKING, SURREY.

CONSTANT
VOLTAGE

LT D,

A NEW ADVANCE IN TRANSFORMER DESIGN

Line voltage variations of
+ 15% reduced to + 1%

Stabilize your Electrical Instruments by using an
“ ADVANCE ” Constant Voltage Transformer
TYPICAL SPECIFICATION :

Input Voltage: P ¥ 190-260 V. 50 €.

Output Voltage: 230 v. + 1%.

Max, load: X o9 T 150 watts.
Input power factor over 909%.
Write for details. Price on application.

—_

ADVANCE COMPONENTS LTD.,

Back Rd., Shernhall St., Walthimstow, London, E |7

Telerhone . Larkgwoed 43166-7
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By measuring C and D in mm., with a
transparent scale attached to the oscil-
loscope screen and applying the above
equations, the duration of the impulse
can readjiy be found.

One of the most serious sources of
error in making measurements of this
kind is in taking the millimetre scale
readings. It can readily be shown,
however, that errors in scale readings
are minimised when sine-wave sweep is
used, as compared to linear or sawtooth
sweep. To give a concrete example,
suppose we are measuring the width of
the horizontal synchronising impulse
which has a specified duration of 8 per
cent. +1 per cent. of a scanning cycle
and that the D dimension is 100 mm.
For the sawtooth sweep, the value of C
will be 8 mm. However, the error in
reading the scale can easily be as much
as + 1 mm. Consequently, reading
D 1 mm. too small and C 1 mm. too
large, gives an answer of g.1 per cent.
which represents an error greater than
the allowable tolerance for the width of
the wave. Under the same conditions,

Electronic Engineering

using sine-wave sweep with D also
too mm., readihg D 1 mm. too small
and C 1 mm. too large, gives an answer
of 8.42 per cent. which is within the
prescribed tolerance. Another source of
ervor is the presence of harmonics in
the sine wave, While a rigorous analy-
sis has not been made for all possible
harmonic conteft, depending on its
phase, can produce a maximum error of
0.22 per cent. of scanning cycle in the
measuremert of ithe width of the hori-
zontal synchromising  signal.  This
amount of error will probably not be ex-
ceeded if the arithmetic sum of all har-
monics present is held down to 1 per
cent.

[f reasonable care is taken to mini-
mise the errors referred to, the sine-
wave method gives impulse widths to
an absolute accuracy of + 4 per cent.
of a scanning cycle. While higher ac-
curacy is desirable the results are at
least practical, since they are within the
tolerance prescribed for these waves.

Increased accuracy can also be ob-
tained with the modified measurement
procedure shown in Fig. 3, which
eliminates the need for charts or scales
and gives impulse-width and slope
values read directly from a calibrated
dial. In this arrangement, the wave is
brought into approximate position with
respect to the cross hairs by means of
the coarse phase adjustment. A fine
phase adjustment provided with a dial
calibrated in 1 per cent. of a scanning
cycle is then used to shift the wave
back and forth with respect to a fixed
hair line in the centre of the oscillo-
scope screen. The difference in dial
readings for the go per cent. amplitude
point of the wave at position “ A ” and
the 10 per cent. amplitude point at posi
tion ““ B ”” gives the slope of the leading
edge of the impulse directly in (per
cent, of a scanning cvcle. The slope of
the trailing edge can be measured in the
same way. Similarly, the duration of
the impulse can be found by taking two
readings at the intersection of the 10
per cent. amplitude line and the verti-
cal index mark. The phase-shifting
arrangement shown is a modification of
that described by Hartshorn* and gives
a constant output voltage within the
limits of voltage regulation of the
amplifier feeding it. Over the small
range required of the calibrated phasc
shifter, R and C can be chosen so that
there is negligible change of amplitude
with change of phase. Tests show that
the results obtained with this arrange-
ment are independent of moderate
amounts of compression in the hori-
zontal deflection amplifier of the oscil-
loscope, since even under these condi-
tions the sweep will be linear in the
central portion of the screen where ob-
servations are made, This latter feature
plus the elimination of scale-reading
ervors makes for increased accuracy.

* L. Hartshorn, Proc. Phys. Soc. (London) Vol. 49,
Part 2, March, 1937.
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Frequency Measurement below 15 kc¢/s.—
(Concluded from p. 767)

Case’s circuit.  Instruments of this
type may be used for frequencies as
high as 100 kc/s. to an accuracy of + 3
per cent, The arrangement of a com-
mercial model is shown in Fig. 3c. The
instrument consists essentially of an
electronic counter and an indicator.
Thus when an alternating voltage is ap-
plied to the grids of the gas-discharge
tubes each tube becomes alternately
conducting and non-conducting. At
each tramsition of the current from one
tube to the other a current pulse
traverses the indicator circuit, and the
wneter reading depends on the number
of pulses per second, i.e., upon the fre-
quency.
Bridge Circuits

The alternating voltage of unknown
frequency is applied between two points
of an-electrical network, and by a suit-
able adjustment of the values of self or
mutual inductance, capacitance and re-
sistance, the unbalance voltage between
two other points is reduced to zero as
indicated by a detector. One of the ad-
justments depends on the frequency of
the alternating voltage so that the cir-
cuit may be used as a frequency meter.

Of the many circuits which may be
used, the Wien cdpacitance bridge
(Fig. 4) is perhaps the most convenient.

l P

n

Fig. 4.
‘I'he balance conditions are
S C
K=—. -
R 1 + w?C2Q
R I+ »C?
P=—.~—

S w?C2Q

whence w?KCPQ = 1; f = — —
2r/ (KCPQ)

Robinson? made this-a direct-reading
frequency meter by arranging K = C,
S =2R,and Q = P. Also R, S, K and
C are kept fixed, and to avoid the need
for a double adjustment P and Q are
altered together in equal steps. For
balance w = 1/(PC), so that for direct
reading the steps of P and Q go in con-
ductance values, e.g., 100, 50, 33.5, 25, 20

. 11.1, 10 ohms. The measurement ac-
curacy is about + o.5 per cent. and the
bridge may be used for frequencies up
to about 20,000 c/s. Headphones or. a
valve voltmeter are used as the null de-
tector, and since the bridge is not
balanced to harmonics, the use of filter
circuits is recommended.

! N.P. Case : A Precise Method of
Measuring Frequencies from 5 to 200
¢/s.” Proc. I.R.E. 1930, 18, p. 1586.

2 C. Robinson, ‘* A Direct-reading Fre-
quency Meter for Telephonic Currents,’’
Post Office Electrical Engineers’ Journal,

’1924, 16, p. 171.
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Capacity Diaphragm Manometer
(J. C. Lilly)

A new type of diaphragm manometer
for direct pressure measurements in the
arterial blood stream and in other fluid
systems uses a r.f. crystal-controlled
oscillator and a pressure-sensitive con-
denser in the pick-up unit. The mano-
meter has a needle for arterial punc-
ture at one end which communicates by
way of a short length of stainless steel
tubing with a diaphragm (see Fig.)
about 1 in, effective diameter by
.005 in. thick.

This is held .ocos in. from an elec-
trode 3/16 in. diameter, the whole being
assembled in a small box 4 by 34 by
2 in. which also holds the r.f. circuit.
The circuit is of the conventional type
with crystal control (14 Mc/s.) and is
battery operated.

The sensitivity of the manometer
system is 1 mm. Hg. per inch deflection
on the C.R. tube and the cut-off fre-
quency approximate 580 c.p.s. with
a No. 22 needle, It is pointed out
that the sensitivity can be increased by

using a dielectric liquid in the
diaphragm-electrode space such as
glycerin,

—~Rev. Sci. Inst., Vol. 13, No. 1

(1942), page 34.
INDUSTRY
Two Bridge-Controlled Thyraton
Thermostats

(D. Bancroft)

Two circuits for the regulation of
temperature by means of a bridge-con-
trolled thyratron are described. The
first utilises a resistance thermometer,
the second controls through changes in
the resistance of the furnace winding.
Improved stability is achieved by ade-
quate filtering of the voltage applied to
the control grid of the thyratron. The
circuits are so designed that extreme
overload in control voltage never causes
erratic behaviour, thus when the ther-
mostatic bridge is set for a new tem-
perature, unstable operation does not

occur, the control 1is established
smoothly and promptly.
—Rewv. Seci. [Inst., Vol. 13, No. 1

(1942), page 24.
Insulation Resistance Meter
(. Rehfisch)

For testing small mica or ceramic
condensers, this meter has been de
signed to cover a range of 10'-10"
with alternative test voltages of s5oo0,
750 and 1,000. The supply is connected
to the unknown resistance R: in series
with a known resistance R; (Ryx), the
voltage across the latter being
measured by a valve circuit. From V,
the applied voitage and the value of Ry,
Ry may be found. Circuit details are
given.

—Wireless Eng., Vol.

(1942), p. 49.

19, No. 221
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Egg-Laying
as a
Relaxation

Oscillation

Van der Pol has already pointed out that
the formation and deposition of an egg can
be described as a relaxation process (Phil.
Mag., 2, 978), the egg material being piled
up gradually and released suddenly.

The sustained production of eggs can
then be regarded as a series of relaxation
oscillations.

In an undisturbed relaxation system
discharges take place when the
accumulating material (energy) reaches a
certain level, but the length of period may
change if the stream of material (energy)
varies.

If the bird were an undisturbed
relaxation system, eggs of fairly constant
size would be expected at varying intervals
according to the amount of food available.

This is not the case in ducks, where
eggs of varying size are deposited regularly
in the morning on consecutive days,
sometimes for months with pauses of one,
seldom two or more days between each
clutch.

Now constant period length and
variable amplitude, although foreign to
relaxation oscillations, are characteristic
of the well-known type of sinusoidal
oscillation. A duck's egg laying activity
combines features of both types of
oscillations due to the synchronizing of an
external sinusoidal 24 hour rhythm on the
relaxation system. The eggs of a clutch,
decrease in weight so that the first egg is
usually the heaviest and the last egg the
lightest. The differences between the
biggest and smallest egg laid by one duck
are not great (c. 20%) and extremely small
eggs (35 gm.) and big eggs (double yolked.
eggs—more than 110 gm.) are exceptional.

Kalmus.—Nature, Vol. 148, p. 626, 1941,
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An Electron Microscope for 220 KV.
(H. O. Muller and E. Ruska)—Siemens and
Halske Electronoptics Laboratory

For high resolution to be obtained
with the electron microscope very fast
electrons, .obtained by adceleration
through high voltages, must be used.
The advantages arise from the greater
depth of penetration of the electrons,
except in the case of extremely thin
layers. This is true for light and dark
field illumination.

‘I'he electron microscope was there-
fore designed for 220 KV—using two
stages. The circuit for obtaining a
smoothed H.T. supply variable up to
220 KV is described. The electron
microscope, employing a final beam
current of 20-50 microamperes is a
modification of the usual Siemen’s pat-
tern, which is described in detail by
von. Borries and Ruska (Siemen’s Z.20,
217, 1940). Magnetic focusing lens
systems are employed both for the ob-
ject lens and the final magnifying
‘“ projection ”” lens; the focal lengths
were 3.2 and 1.8 mm. respectively, as
compared with 6.5 and 3.5 mm. ob-
tained hitherto with electrostatic lenses
with only 40-50 KV final voltage. This
in magnification alone gives a four-fold
improvement. The desirability of the
combination of a magnetic focusing
system with a high voltage in the pene-
tration electron microscope was pointed
out by Ruska in 1936.

FFigures show photographs, at a mag-
nification of 15-16,000 taken wijth the
present apparatus in comparison with
others at lower voltages. These are—
Serpentine asbestos, Granule of Tuber-

cle bacillus. Blood corpuscle of
patient  with “ Thrombopenischer
Purpura,” Bacterium and finally the

improvec gradation at high voltages.
—Kolloid Zeitschrift Bd. g5 (1941), p.
214

MEASUREMENT

Geiger-Muller Photoelectron Counter
(Duffendack and Morris)

The construction of a photoelectron
counter with a nickel cathode and a
quartz envelope is described and an
account is given of comparative tests'on
the measurement of the relative intensi-
ties of spectral lines with the counter
and by means of photographic spectro-
photometry. The counter has a linear
response to variations of intensity of
light over a wide range. For measur-
ing the relative intensities of spectral
lines the counter tube is mounted on a
spectrograph behind a slit which moves
on the focal plane of the instru-
ment so that spectral lines are
measured singly. The application of
the counter in spectrochemical analysis
is . demonstrated and comparative
analyses of the same materials by use
of the counter and by method of
spectrochemical analysis are given,

—four. Opt. Soc. Am., January,

1942, p. 8.
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The information and illustrations on this page are given with the permission of the Con-

troller of H.M. Stationery Office.

Complete copies of the Specifications can be obtained

from the Patent Office, 25, Southampton Buildings, London, W.C.2, price |s. each.

INDUSTRY

Photographic Recording and
Reproduction of Impulses

To provide an improved apparatus
and method of operation whereby dif-
ferent frequency components of im-
pulses, such as those of audio-fre-
quency, are recorded in different forms,
and to obviate the distortion usually in-
volved hy recording all the impulse
frequencies in the same form.

The diagram shows light from a
source 15 projected through a lens 16,
a multi-apertured wask 17, a single-
apertured mask 18, a cylindrical lens 19
and a spherical lens 20 to a galvano-
meter 1dirver 21, Frem this mirror,
light is reflected through lens 22, the
light slit of mask 23 and lens 24 to «
photographic record 25. The function
of the multi-apertured mask is to pro-
duce at the mirror a pair of oppositely
shaded penumbra shadows, the images
of which are vibrated transversely to
the light slit 26 in accordance with the
high frequency components. Thus the
aperture 27 produces at the slit an
image 27" which is brightest at its lower
cdge and becomes gradually darker as
its upper edge is approached. Simi-
larly, the aperture 28 produces at the
slit an image 28’ which is brightest at
its upper edge and becomes gradually
darker as its lower edge is approached
H——

If the operating coil 29 of the recording
galvanometer 1s energised in accord-
ance with the high frequency impulses,
there is produced on the record strip a
high frequency push-pull record track.
The low frequency push-pull record
track is produced by the single-aper-
tured mask 18 which is moved longi-
tudinally to the slit by means of operat
ing coils 30 and 31.  These coils are
supplied with the low frequency com-
ponents qf the recorded impulses. The
distortion which would otherwise be
produced by fogging of the valleys and
under-exposing the peaks of the high fre-
quency waves is not present in such low
frequency waves.  The superiority of
the variable area record track with
respect to phatographic development

processes is retained. I'he masks 17 and
18 are mounted closely together and
slightly spaced from one another hori-
zontally for the purpuse ol separating
the images 27° and 28" and producing
tmage separation line.
Radio Corporation
Patent No. 538,771.

of America.

Improvements in Photoelectric Cells.

The object of the invention is to pro-
vide an improvement in selenium cells.
The second layer instead of consisting
of a single metal is a composite layer
made up of a number of component
metals, which are applied subsequently
to the application of the first layer.

The selection of the composition of
the sccond layer enables additional
colour filters to be dispensed with or
very much simplified. This layer serves
not only as the conductar for picking up
the current generated when the light
falls on the cell, but also as a colour
filter of closely adjusted transparency
spectral distribution.

—G. A. Vessi. Patent No. 542,599.

CIRCUITS

Circuit arrangement employing critical
transit time electron discharge valves.
Circuit arrangements in a high fre.
quency system where means are pro-
vided for predetermining the terminal
impedance of the circuit. This com-
prises a diode coupled to the circuit and
means for varying the electron transit
time of the diode to cause it to be critic-
ally related to the high frequency
period so as to function as a negative
resistance.
Standard Telephones and Cables.
Assignees of I". B. Llewellyn.
Patent No. 541,604.

Frequency Demodulation.

A demodulator for. frequency modu-
lated signals in which the frequency
variations are converted into amplitude
variations by means of a valve circuit
having two states of stability. This is
triggered from one state to the other
by the successive half cycles of the fre-
quency modulated wave applied to it,
and produces unidirectional pulses
varying in frequency in accordance
with the frequency variations. ~These
pulses have constant ampljtude irre-
spective of any.amplitude changes in
the incoming signal above a predeter-
mined threshold value, the pulses being
integrated to produce an average cur-
rent varying in accordance with the
frequency variations.

—Marconi’s Wireless Telegraph Co.,

Ltd. Assignees of . R. Clark.
Patent No. 539,254,
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CORRESPONDENCE

Electronic Switching

DeaR SIR,—In the circuit diagram
accompanying my - description of
Clothier’s electronic switch applied to
; medical research there is one variation
from Clothier’s original circuit.

The bias ot both pentodes s shown
variable by the resistances R.z7 and
R.29. This is unnecessary as the traces
settle down to positions equidistant
from the mid-positions on the tube and
any attempt to position the traces asym-
metrically wrth respect to the mid-posi-
tion introduces a D.C. component which
is lost in C.g.

If the bias of V.6 is returned to a
fixed centre tap on R.27 the difference
in bias causes the traces to set them
~clves on either side of the mid-line.

The loss of extra L.F. and the D.C.
component in C.g is a drawback, as if
one trace swings slowly the other trace
tends to swing in the opposite direction
by an equal amount.

The frequencies where this begins to
show depend on the value of C.9 and
the deflector plate—earth resistance.

In the equipment which I have in
hand now [ am omitting C.9 and rais-
ing the tube anodes to approximately .
the anode potential of V.5 and V.6. R.27
and R.2g should then give an absolute
setting of position and the coupling on
the slow swings be abolished,

Recent trials indicate that four traces
on the same tube should be perfectly
satisfactory

Manchester. G. D. DawsonN.

Photography of Tube Traces
DEAR SIR,—In the formula for the
fractional error given on page 721 of the
April issue (col. 1) a minus sign appears
instead of a multiplication sign between
L+D [R — (R? ~ h¥)]
and
g ID + R — /(R* = h?)]
The curves have, of course, been de-
rived from the correct formula.
Highbury, N. H. Moss.

Simple R.C. Oscillator
DEAR SIR,—Mr. Bacon, in his note on
a * Simple R.C. Oscillator’” in the
April issue omits to record that the cir-
cuit was described by Ginzton and
Hollingsworth in  /Froc. [.R.E. for
| February, 1g941. It was, in fact, first
described in a U.S. patent as long ago
as 1921.
The detailed calculations for the fre-
quency and amplification necessary to
reproduce oscillations- wil he found in
’ the above paper and these give the cor-
rect value for the frequency as:

7 1
L S
10 2xRC

{and the minimum amplification as
271/49 or 5.53.

Both these figures depend on R being
much greater than the anode imped
ance of the valve.

Newcastle.

J. M. A. 1.ENIHAN.
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COMMUNICATIONS DEPEND....

BULGIN

FOR

JACKS

A Large and comprehensive
range of Jacks, standard to
B.S.S. 666, fixing with single
3* hole to panels 0.036—0,250”
thick ; single-, double-, and triple-
pole, with and without switching.
Only 2}” rear depth. * Panel-area ’
taken up=+"X§" average. Best
bakelite insulation,- nickel-silver
leaves \[silver switching-contacts.

PARTS....

In countless dnstances quite
intricate pieces of apparatus
are wholly dependent on the
proved reputation and relia-
bility of their component parts.

All products from the House
of Bulgin are pre-eminent for
superior design and workman-
ship, and every article bearing
our Trade Mark has to pass
exacting and exhaustive tests
during the course "~ of its
production.

We ask the kind;inaulgence
of the Trade on delivery until
peaceful conditions return.

“ The Choice of Critics

BULGIN

REGISTERED

Tel.

s TRADE » MARK

A. F. BULGIN X CO. LTD., BY-PASS RD., BARKING, ESSEX

Rippleway 3474 (4 lines)

773

A spontaneous expression of opinion
may constitute an apt specification,
but hardly of the kind to which we
are accustomed,

In any case, in these days it is not
easy to carry out an .exacting
specification but ‘' where there's a
will, there's a way '* and it is done,
and done very carefully, but
unfortunately not as quickly as we
would like.

You know the difficulties don’t you,
but although deliveries may be
delayed our services are at your
disposal freely and immediately.

Manufacturers of Variable Voltage
Transformers, Constant Voltage (flux
regulated) Transformers, Trans-
formers with high leakage reaction,
Scott Groups, Swinging Chokes, High
Current  (plating)  Transformers,
Battery Charges d.c. supply units,
Flash  Testers, Amplifiers, etc.

W ANDOREW & COMPANY (7D

BOREHAM WOOD

HERTS
TELEPHONE « ELSTREE 1875
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NOTES FROM THE INDUSTRY

Retirement of Mr. E. Gimingham

The resignation of Mr. E. Gimingham
from the Board of the Edison Swan Co.,
severs another link with the early days
of the lampmaking industry and Sir
Joseph Swan, the father of the electric
lamp in this country.

Mr. Gimingham was associated with
Sir loseph in 1885 and supervised the
manufacture of lamps first at Newcastle
and then at Ponders End. He also
made the first vacuum flasks for Sir
James Dewar and the first vacuum
diodes for Sir Ambrose Fleming, who
was consultant to the company at the
time.

The most important of Mr.
Gimingham’s own contributions to the
laimp industry was the development of
the ‘“ Pointolite *’ lamp in collaboration
with Mr. S. R. Mullard and the modern
version of this lamp differs in little
respect from the original type made to
his design. He also designed a dual-
filament lamp incorporating a reserve
filament which was brought into use by
removing a mica separator from the
contacts in the cap,

Mr. Gimingham has long held the
esteem of his colleagues and workers on
the company’s staff for his practical
abilities and unfailing friendliness and
we join with them in wishing him good
health in his well-earned retirement,

Increased H.T. Battery Prices

With the approval of the Central
Price Regulation Committee the Asso-
ciation of Radio Battery Manufacturers
give notice that the retail prices of all
the Association’s batteries are increased
by 20 per cent.as from-April 1, 1942.

The following are typical revised
prices for popular types of H.T. bat-
teries, all including purchase tax.

6o v. gs. 7d. 120 v. 115. 1d.
108 v. gs. 1od. 126 v. and bias 13s. 7d.

The Television Society

The new issue of the Society’s jour-
nal, which has just been issued, con-
tains a complete report of Dr. Bosch’s
lecture on the ‘“ Augetron ’> with much
additional matter omitted from the
lecture.

It is in fact a monograph on the sub-
ject, and is available to non-members of
the Society at a price of ss. net. Applica-
tions should be sent to the Editor, Mr.
W. G. Mitchell, Lynton, Newbury,
Berks.

Although the Society’s activities have
been greatly curtailed by the war, they
are looking forward to re-opening fresh
premises as soon as opportunity permits,
and the hon. general secretary, Mr. J. J.
Denton, would be pleased to answer in-
quiries from any readers interesting in
furthering - television  developments
after the war. His address is 17
Anerley Station Road, S.E.zo.

OBITUARY

We regret to- have to
deaths of :

Mr. P. KELLY, Managing Director of
the Edison Swan Co. Mr. Kelly was
originally with the G.E. Co. of America
and later with the I.G.E. of
Schenectady. In 1920 he was engaged
by the B.T.H. Co. as manager of their
Bombay Office, but returned to the
I.G.E. before taking charge of the Mer- -
chandising Sales Dept. of the B.T.H.
in London. He was appointed Manag-
ing Director of Ediswan in 1928 and
was also on the Council of ELMA and
Chairman of the C.M.A.

MR. P. K. TURNER, the first editor of
The Wireless Trader, and well-known
in his connexion with Messrs. Hartley
Turner, the ¢ quality ”’ amplifier and
loudspeaker manufacturers. ‘Mr.
Turner was a member of the I.E.E. and
the author of many articles on radio.
He was also Editor of Experimental
Wireless for a short time,

Mr. J. C. WILSON, formerly with the
Baird Company, was employed by the
Hazeltine Service Corporation of
America at the time of his death in
December, 1941. His textbook on
‘“ Television Engineering > which was
first published in 1937 was the first com-
prehensive book on the subject. Mr.
Wilson had many friends in this country
who will learn of his death with sur-
prise and regret.

record the

"

MULTICORE SOLDERS LTD.
BUSH HOUSE, LONDON, W.C.2

Tem : 5583/4

are avoided.

firms, and the Ministries.

nical information and free samples of Ersin Multicore.

AVOID DANGER of H.R. or DRY JOINTS

The experiences of the leading manufacturers of Radio and
Electrical Equipment have shown that only by using ERSIN
MULTICORE SOLDER WIRE, which contains three cores of
non-corrosive Ersin Flux (A..D. Approved), and the correct

soldering technique, can they ensure that H.R. or Dry Joints

If you are engaged on Government Contracts write for Tech-

For the

present, supplies of Ersin Multicore are restricted to such

IN THE NATIONAL INTEREST. Even if you do not yet enjoy the advantages of Multicore;
in the National interest endeavour to use an alloy containing a lower tin percentage.
technical assistance in overcoming difficulties.

We are glad to give
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ELECTRADIX=———

A.C./D.C. MAINS MAGNETS, 2 wound poles, 110
or 220 volts, 5/6. Small i2-volt solenoids, 2 In. x ¢ In.
plunger, 6/6.

FRACTIONAL H.P, MOTORS, D.C. 50 volts
shunt, 1/20 h.p., K.B., 2,000 revs., 24/-. 50/70 volts
shunt, 1/6 h.p., Crypto, 1,500 revs., 27/6. 110 volts
shunt, |(|2 h.p., Croydon, 2,500 revs., 26/-. 110 volts
shunt, 1/2 h.p., Maudslay special; 4,000 revs., 45/-,
220 volts shunt, 1/12 h.p., Croydon-Wilson, 2,400
revs, 30/-. 240 volts shunt, 1/3 h.p., Wagner, 1,440
revs, 55/-. 110 voles shunt, 1/6 h.p., Keith B., 1,250
revs., geared to 80, 45/-.

FRACTIONAL A.C. 30 volts, 1/100 h.p., centi-
midget induction, 58 revs., 15/-. 220 volts, /25 h.p.,
2,800 revs., 55/», Self-start induction, 230 volts, 3 h.p.,
new Higgs, 84/6,

DYNAMOS BARGAINS. Rotax, 6/12 volts 8}
amps., D,C., 3rd brush size, 8 in. x 44 in., 1] Ib., cost
£10, unused, 15/- (carriage 2/- extra). G.E.C. Double-
current Dynamos, 6 volts and 600 volts, ball-bearings,
7 Ib,, as new, 25/. (carriage 2/6 extra), Charging
Dynamos, 16 volts, 15 amps., Leitner, 1,500 revs., 75/-.
ALTERNATOR.—Perm. Magnet Alternator.
Hand drive, 80 volts, 25 m/a. Useful tester, 10/6.
8-WAY Lucas-Rotax Switch boxes, 8 levers and
fuses for charging, etc., 3/6. 6-way Push Button,
R.A.F. switches, 2/9.

Please add postage on mail orders and send stamp for
replies to enquiries.

ELECTRADIX RADIOS
18; Broughion St., Queenstown Rd., London, S.W.8

— hOne : Macaulay 2159.

RADIO

—ENGINEERING
AND TELEVISION

Complete Postal Courses of
Instruction. Recommended
to all who desire to obtain
a thorough technical and
practical knowledge.

Apply :—
BRITISH SCHOOL OF TELE GRAPHYLrp.

179, Clapham Road, London, S.W.9.
(Estd,, 1906)

v arley
Quality

Components

I.LF. TRANSFORMERS

WIRE WOUND RESISTANCES
L.F., CHOKES & TRANSFORMERS
MAINS TRANSFORMERS

DELAY SWITCHES

Varley (Prop. Oliver Pell Contro] Litd.)
Cambridge Row Woolwich, S.E.18

| LONDEX for RELAYS

FOR A.C. AND D.C.
All types, including Time
Delay Relays, High Sensi-
tive Relays, Synchronous
Process Timers and
complete Centrol Plants.

Synchronous Time Delay
Relay PRL (as illustrated).

Ask for leaflet SPN/EO

LONDEX LTD

Manufacturers of Relays

Aneriley Works, 207 Anerley Road,
London, S.E.20, ’Phone: SYDenham 6258/9

‘BLOCK CONDENSER, large size.

Electronic Engineering

GALPINS
ELECTRICAL STORES

21, WILLIAM_STREET, SLOUGH, BUCKS.
Telephone : Slough 20855.
Cash or C.O.D.

ELEC. LIGHT CHECK METERS, small, late type,
good makers, fine condition, electrically guaranteed,
00/250 volts, 50 cy., | ph. A.C. 5 amp., 10/-; 10
amp., 12/6 ; post /-, .

D.C. ELEC. LIGHT CHECK METERS, 200/250 v.,
5 and 10 amps., 7/6, post |/-.

AUTO CHARGING CUT OUT AND VOLT-
AGE REGULATOR, ex-R.AF,, sult any dynamo up
to 20 v. at |15 amps., fully adjustable, with wiring
instructions, complete in metal case, 3/6, post 9d.

| MF., 4,000 v.
working, 15/-, carrlage 2/..

2 kw TRANSFORMER,
suitable for rewinding, 25/- each ;
both carriage forward.

complete with clamps,
| kw. ditto, 17/-,

DYNAMO for lighting or charging, shunt wound and
interpole, output [10 volts 66 amps., price £20,
carrlage forward.

HIGH TENSION TRANSFORMER, input 110/
220 v., 50 cycle, single phase ; output 45,000 volts at
7 miliamps, In first-class condition, small portable
type. Price £12 10 .0, carriage paid.

D.C. MOTORS LAMINATED fields, approx % h.p.,
110/210 volt. Price 20/-, carriage 2/-.

AUTOTRANSFORMER, size 2,000 watts, tapped,
common, 100, 200, 220 and 240 volts. As new. Price
£6 5 0, carriage paid.

MILLIAMP METERS, by * Weston’' and
" Turner,”" 2" dia., Flush mounting, moving coil,
reading 0—5 M/A, zero adjusting. Price £3, post
free.

MILLIAMP METERS, cxactly as above but reading
0—50 M/A. Price £2 10 0, post free.

I kw. AUTO TRANSFORMER, wound with
16 gauge D.C.C, Wire, in new condition, tapped
0—75—175—200—220 and 240 volts, wire and
stampings worth the cost. Price.-£2 10 0, carriage
paid.

MOTOR BLOWERS, 2° disc outlet, for 110 v.
D.C., or will work on 150 volt A.C., small size, Ball
Bearing, in perfect working order. Price £2 10 0,
carriage paid.

MQRSE KEYS, high grade ex Naval service keys,
condition as new, very solid construction, good
contacts. Price 15/, post free.

20 voit D.C.COMPOUND WOUNDMOTORS,
1/20 H.P., speed 2,000 R.P.M., totally enclosed, Ball
Bearing, a really high-class job, in new condition,
ampr. 3—75, make good dynamo. Price 30/-, carriage
paid.

X RAY TRANSFORMER, in oil-filled tank, input
120 volts, 50 cycles, single phase ; output 80,000 volts
at 10 K.W., also fitted winding at 12 volt for Coolidge
Tube heating, In first-class condition. Price £I15,
carriage forward.

A.C. INDUCTION MOTOR, by Crypto, 230 volt,
50 cycle, | PH, Ball Bearing, one horse power, speed
1,450 R.P.M., in first-class condition and working
order. Price £10, carriage pald. ®

ROTARY CONVERTOR, D.C. to D.C,, Input
220 volts ; output 12 volts at 50 amps.,, D.C., Ball
Bearing, condition as new. Price £10, carriage
forward, or 17/6 passenger train,

DOUBLE OUTPUT GENERATOR, maker
** Crypto,”’ shunt wound, outruts 60 volts at 5 amps,
and 10 volts at 50 amps,, Ball Bearing, condition as

new. Price £10, carriage forward, or passenger train
17/6.

ALTERNATOR, output 220 volts, 50 cycles,
I.LPH.. at 180 watts, do | amp. easily, speed 3,000
R.P.M., self exclting, condition as new. Price £10,
carriage paid.

TRANSFORMER, input 230 voits, 50 cycles,

ILPH. ; output 00—0—1100 volts at 220 M/A;
also 6 volts C.T. Three times, earth screen, wound to
B.S.R., weight 32 Ibs. Price £6 10 0, carriage pald
passenger traln,
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Classified Announcements

The charge for miscellanecus advertisements on this
page Is 12 words or less 3/-, and 3d. for eve

additional word. Single-column Inch rate displayed,
£1. All advertisements must be accompanled by
remittance. Cheques and Postal Orders should be
made payabie to Hulton Press, Ltd., and crossed, and
should reach this office, 43, Shoe Lane, London, E.C.4,
not later than the I5th of the month previous .to

date of Issue.

LOUDSPEAKERS .

' 3.0(?0 SPEAKERS P.M. and energised 4" to 14",

including several Epoch 18”. Sinclair Speakers,

Pulteney Terrace, Copenhagen Street, N.1.
LOUDSPEAKER repairs, British, American, any

make, 24-hour service; moderate prices.—Sinclair

Speakers, Pulteney Terrace, Copenhagen Street, N.1.

MORSE EQUIPMENT
FULL range of Transmitting Keys, practice sets and
other equipment for Morse training.—Webb’s Radio,
14, Soho Street, London, W.1. Phone : GERard z089.

RADIO MAP
WEBB'S Radio Map of the World enables you to
locate any station heard. Size 40” by 30" 2 colour heav:
Art Paper, 4/6, post 6d, Limited supply oniLinen, 10/6,
post 6d.—Webb's Radio, 14, Soho Street, London, W.1.
'Phone : Gerrard z089.

TELEVISION
GOOD selection of shop soiled Television sets by
Baird, Cos;or and Murphy. Details on request.—
A.C.S. Radio, 44, Widmore Road, Bromley.

PORTABLE double-beam C.R. osclllograph, similar
to Cogsor 339, high sensitivity, wide-band amplifiers,
linearised time-basc, corrected tube, complete unused.
Highest offer above fso secures. Box No. 648.
Electronic Engineering.
TUITION

PRACTICAL Radio Postal Courses, coaching for
ILLP.R.E, R.A.F. Location, and .D. exams.;
booklet free.—Secretary, I.P,R.E., Bush House,
Walton Avenue, Henley-on-Thames,

WANTED
ALL TYPES of used Radio Sets, Radio and Elec-
trical accessories. Bought for cash. University Radio,
22, Lisle Street, W.C.2. 'Phone: GER 4447
WE OFFER cash for good modern Communication

and all-wave Receivers.—A.C.S. Radio, 44, Widmore
Road, Bromley.

=mwmm VALVES AND SPARES s
NATIONAL UNION, PHILC v .
R O, TUNGSRAM ETC
Philco replacement Coils, Volume Controls,
; Condensers, Resistances etc.
No lists. Please send stamp and state requirements.
E. H. ROBINS, TRADING GO0., LTD.
32, City Road. Cardif.

¥ BOOKSELLERS TO WORLD #°
New and secondhand Books on every subject.
Catalogues Free. Books Bought.

113-125 Charing Cross Road, London, W.C.2
Tele: Gerrard 5660 (16 lines). Open 9-6 inc. Sat.

\

Also HOOKS, RINGS, etc.
Write for ' A. J. PRATT & SONS, Ltd.
Catalogue E. 7 WO ODBRIDGE STREET, E.C.I

all®]
= I
VIBRATICN PROOF FUSES

- SWITCH OR FUSE €EDwaro
Nalh\ PANELS - SWITCH

G WlcoX
FUSEBOARDS W; co 1o

PANE
SHARSTON RD - WYTHENSHAW - MANCHESTER
dm 6

I
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SPEAKERS

THE BORLD'S FINEST REPRODUCERS

TRANSFORMER

LAMINATIONS

Core Widths i to |, (E’s and I's.)
EIGIIT STOCK SIZES

A Comprehensive Bulletin together with details of Associated Covers
ard Clamps with design data will be sent to manufacturers on request

BriTisu RoLA LIMITED
MINERVA ROAD - PARK ROYAL - N.W.10 « W /1Llesden 4322
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THE * FLUXITE
QUINS ** AT WORK.

“Don't worry — I'll
mend it,”’ cried EH,

“Done worse things
than this in my day.

“ Where on earth is
that lad

“ With the FLUXITE,
begad 7"’

“ You're standing on
him ! shouted they.

See that FLUXITE is siways by you—in the house—garage—work-
shop—wharaver speeady soldering is needed. Used for 30 years In
governmant works and by leading engineers and manufacturers,
Of lronmongers—in tins, 4d., 8d., /4 and 2,8. Ask to ses the
FLUXITE SMALL-SPACE SOLDERING SET—compact but sub-
stantial--complete with full iastructions, 7 6. Write for Fres
Book on the art of ** soft ’soldaring and ask for Leaflat on CASE-
HARDENING STEEL and TEMPERING TOOLS with FLUXITE.

To CYCLISTS 1 Your wheeis will NOT keep round and true uniess the spokes
are tled with fine wire at the crossings and SOLDERED. This makes a much
stronger wheel, It's simple—with FLUXITE—but IMPORTANT,

THE FLUXITE GUN puts FLUXITE
where you want it by a simple prassure.
Price |/6, or filled 2/6.
FLUXITE LTD. (DEPT. T.V.),

BERMONDSEY ST., S.E.I. M
N A
ALL MECHANICS W/LL HAVE \.,ﬂ e

FLUXITE

IT SIMPLIFIES ALL SOLDERING

“AFTER THE WAR” TELEVISION

With the coming of Peace, and backed by the Technical
advances that have resulted from the war years, TELE-
VISION will again spring to life and offer opportunities,
as never before, {0 the trained man.

Now is the time to prepare for this new *‘ market.”” Our
Home-study ¢¢ Television’ Course is comprehensive,
up-to-date and suitable both for the amateur and ex-
perienced Radio Engineer.

We definitely guarantee
“SATISFACTION—OR REFUND OF FEE "

You are advised to send 2§d. stamps for (post free) detalls of this
special Television Course and subsequent matter immediately, to investi-
gate Its possibilities. Details will also gladly be sent of A.M.L.E.E. and
A.M.Brit.l.R.E., Examinations and other courses In all branches of
WIRELESS ENGINEERING, Including particulars of our special SHORT
WAVE and RADIO SERVICING COURSES which are in such

d d. — =
BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
Principal : Prof. A. M. Low.

337, Shakespeare House, 17/19, Stratford Place, London, W.I.

| “COSMOCORD” |

CRYSTAL
PICK - UP

LICENSED BY BRUSH
\ CRYSTAL CO., LTD,.
Y § under Brit. Pat. Nos.

"' 366,252 and 454,595

Retail Pricé 30/- Plus Tax

Wholesale Trade only supplied.
SOLE SELLING AGENTS

SALE, TILNEY & Co., Ltd.,

_ 3» LLOYD'S AVENUE, LONDON, ECJ3

-/

LIMITED
LONDON E.I7

COMPANY
WALTHAMSTOW

Telephone: LARkswood 1044 (Pte. Br. Exch)
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Schools, Instructors and those training as
operators will find a wide range of Morse
Equipment in stock at Webb’s Radio. Some
of this equipment is described here, including
a new American type Key at 8/6, and two
very useful Audio Oscillators. Many other
lines are generally available. Send us your

requirements or call at our depot, 14, Soho
Street.

\

| AUDIO OSCILLATORS. Mode! O.A.1. For

pnivate use. This drives one or two pairs of 'phones—
gives 1,000 cycle note and is operated from A.C. mains.
The cost including two valves is £2/5/~. Model O.A.2.
Produced for class training, it has alternative outputs
for 20 or 50 pairs of high-resistance headphones, or for
two loudspeakers. The note is variable in pitch and

volume. Entirely A.C. mains operated, Supplied
M complete for £7/10/=.

2 AMERICAN TYPE MORSE KEY. A British-made version
of this popular key is made available at very small cost. A well-
talanced key, considerably lighter in operation than the ordinary
type. Black, crackle fmisﬁ, metal base, Price 86.

WEBB’'S RADIO,

Telephone : GERrard 2039,

Hours of Business : 9 a.m. to 5 p.m.

3 MORSE KEYS.. Our range also includes
British-made Bar-type Keys of standard ** Post
Office ** pattern. We list three types which are
available 1n quantities from stock.

SCHOOL pattern in chromium-plated brass on
polished wood base, at 8/6.

HEAVY DUTY model in solid lacquered brass on
wood base, 15/=.

SPECIAL Model, illustrated, with heavy oontacts
back and front, lacquered brass, wood base, 28/-.

4 HEADPHONES. Webb’s have available a special light-
weight headphone manufactured for tralning purposes by Messrs,
S. G. Brown solely for Webb's at 17/6 a pair. All other popular
headphones are available from stock including the famous
Brown's ** A * adjustable reed, at 57/6.

4 SOHO STREET, OXFORD STREET, LONDON, W.

Saturday, 9 a.m. to |2 noon.

eoland ;' Gordon and Gotch (A/sla), Ltd.
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