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stretches the unseen highway. Back and forth, day and night,
go the soundless impulses—traffic of the world’s wireless communication.
The efforts of Rediffusion Ltd. are directed to the design and | 4
production of equipment for such essential services. / s / 5

J

REDIFFUSION ives

DESIGNERS AND MANUFACTURERS OF COMMUNICATION EQUIPMENT

VICTORIA STATION HOUSE - VICTORIA STREET « LONDON + S-W-I (PHONE VICTORIA 883})_
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Hith all the Ocean for @ Road ..

. a ship ploughs its way to port. Often contact with the world seems all
but lost through fog or gale. But thanks to radio, contact is never lost. )
Fach ship, great or small, can receive whatever warnings, whatever orders, whatever
news or encouragement its guardians afloat and ashore may send forth.
Dubilier are proud to know that they are helping this great work, helping in the
equipment which is bringing the ships home,

. oL A

C.R.C. 160
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! EIMAC EQUIPPED . B
BRAZILIAN ARMY STATION

N Vacuum Tank
Condensers

{

2 1 Eimac 750T
Paw of E!mn( | &
- 50T’ * Eimac RX 21

Rectifier

With a single 750T in the final stage and a.pair of
250T’s as modulaiors this station puts 1200 watts-on
the antenna. Operated by remote control on four fre-
quencies using phone, CW and ICW. ]

The transmitter was. constructed by Maya Rebello
& Comp. of Rio de Janeiro and employs Eimac RX 21
rectifier tubes as well as Eimac vacuum tank condens-
ers in the final circiit. The design and construction
does credit to its makers and the use of Eimac Tubesin
the most important sockets is convincing evidence of
their superiority and position in the world of radio.

Follow the Leaders to ®

A‘ﬁ’

FRAZAR & CO, LtD. *
301 Clay St., San Fm_'.asco. Californaa, [J.S. A, « Cable "Frazar”

Photos from top to bottom show a rear view Z trans-
wmitter, the remote control and a front view of the trans.
mistter constructed by Maya Rebello & Comp. of Rio de

Janeiro for the Brazilian army . -

Export Agents: Frazar & Co., Ltd., 301 Clay Sticet, San Francisco, California, U 'S. A
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To-day, wherever Bullers
Low Loss Ceramics are used,
reception is clearer and better
than ever before.

Years of research in Bullers Laboratories
have developed these materials to such a high level of
efficiency that Dielectric Loss is virtually eliminated.
Bullers Ceramics are now playing a vital part in
mamtammg communications under all conditions.

BULLERS LIMITED

THE HALL, OATLANDS DRIVE, WEYBRIDGE, SURREY
. Telephone : Walton-on-Thamaes 2451
. Manchester Office : 196 Deansgate, Manchaster

Bullers

azhgﬂneédl‘w«

Made
in Three
Principal
Materials:

FREQUELEX. An Insulating
material of Low Dielectric Loss.
For Coil Formers, Aerial Insulators,
Valve Holders, etc.

PERMALEX. A High Permit-
tivity Material. For the construction
of Condensers of the smallest
possible dimensions.

TEMPALEX. A material of
medium permittivity. For the con-
struction of Condensers having a
constant capacity at all temperatures.

LOW LOSS CERAMICS
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==WEARITE=X

VIBRATORS for Dependable Power

Representing the .results of - several years
research into vibratory technique, they
embody the most recent development of
British and American design, and are
manufactured . in this country to
most exacting standards.

If you have a ‘ vibratory”
problem our technical staff

will be pleased to co-op-

erate in its solution.

Manufactured under “ OAK > Patents 460470 etc., ete.

WRIGHT & WEAIRE LTD.

HIGH ROAD, TOTTENHAM, N.I17. Telephone: Tottenham 3847-8-9

List ROT 2/1 describing
TYPE IV COMPRESSOR & VACUUM PUMP

Vacuum 24 in. Hg. ‘Pressure 10 Ib. Displacement 3 cubic feet per minute.
N Motor with Automatic
Direct Coupling Relief Valve
SR N
HENRTEY Cooling Fan Vacuum Nozzle
3 ”
_][ I A ‘Piessure Nozzle Revﬂ?gai:b"ﬁgap
i Compressor &
Soupling ey Vacxﬁlm Pump
Cast iron
Bedplate Baffle Chamber
S —

Price complete as illustrated £18 18s. 0d.
An all-purpose unit for every laboratory and works.

W. EDWARDS & CO. (London) LTD.,
- - Southwell Road, tondon, S.E.5.

Tele tﬁone : Telephone :
BRlxton 1195 Edcohivac, Phone, London.
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Our descriptive Qemph]ﬂ]
No. 11 has been revised, and
the new 15th Edition of
this technical handbook on
rectification mow _includes
detpils of the Westalite'
Rectifier, with _complete
information on use
rectifiers and circuits,
etc. A copy canbe
on n:rlimtion, accom-
:ﬂi/ by a remittance
Do];‘t. Ee.,
WESTINGHOU»E
BRAKE & SIGNAL
Co.' Ltd., Pew Hill House
Chippenham, Wilts,

TELCON
CABLES

HIGH
FREQUENCY
TRANSMISSION
and RECEPTION

Full particulars of all Telcon Products from :

THE TELEGRAPH CONSTRUCTION
& MAINTENANCE CO. LTD.
Head Office: 22, Old Broad Street, London, E.C.2
Telephone : London Wall 3141
Temporary Address : Blackstone, Redhill, Surrey
Redhill 1056
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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.

SIMMOND S

THE SIMMONDS *:38l'* NUT SPIRE ™3™ NUTS
SIMMONDS-CORSEY CONTROLS FRAM OIL & ENGINE CLEANER
SIMMONDS CONTENTS GAUGES SIMMONDS INDUSTRIAL  AND
FOR AIRCRAFT. MARINE CONTENTS GAUGES
SIMMONDS POSITION INDICATORS SIMMONDS JOINTING COMPOUND
SIMMONDS ELECTRIC TEMPERATURE SIMMONDS CRYSTAL UNITS
AND PRESSURE GAUGES SIMMONDS~-GOUDIME

SIMMONDS AIRCRAFT FLOORING NAVIGATIONAL INSTRUMENTS

SIMMONDS AEROCESSORIES LTD

A COMPANY SIMMORDS G RO UP

, 0F
LONDON e MELBOURNE - PARLS » NEW YORK

. ALL ENQUIRIES t0 GREAT? wES T ROAD, LONDON

Y
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SIR

 WILLIAM BRAGG

His Appeal as a Lecturer

Sir William Henry Bragg, O.M., K.B.E., F.R.S., Director of the Royal Institution of Great Britain, died in London on
March 12, 1942, at the age of 79. His greatest contribution to science -was in X-ray Spectroscopy and Crystal Structure

for which he received the Nobel Prize in 1915.

Throughout his career he consistently

urged the value and importgnce

of sciemtific research and was a member of the Adwisory Council for Industrial Research. .
Among his less well-known activities was the delivery of lectures on a variety of scientific subjects to popular andiences

at the Royal Institution and elsewhcre, and the following note, written by one of his staff, illustrates how ke gave the

same care and enthusiasm to his work as o the more serious aspects of sciemce.

of Sir William Bragg’s success as

a lecturer, although to those who
heard him often this might seem
quite simple.  There was the evi-
dent aim to please the audience
rather than to impress them, but it
was usual for both results to be
achieved. . :

At the Royal Institution he found
himself free to turn from the rather
academic type of lecture and to adopt
the Fatfaday - Tyndall - Rayleigh -
Dewar tradition of utilising the
appeal of experiments and demon-
strations on a generous scale. This
he did with great zest. He dearly
loved a demonstration, and would
often say with reference to the tradi-
tional strict limit of one hour for the
lectures: “‘If it is only talk, then you
must stop; if it is an experiment,
don’t leave it out.”

However, he never allowed even
a good demonstration to hold up the
flow of a discourse, and if, in pre-
paration, an experiment developed
uncertainties, his verdict would be:
‘“ What a pity, but we must keep
that until it can be made less trouble-
some.”’

Thus it was that he was a com-
fortable lecturer to demonstrate for,
and if the unforeseen hitch did
occur, neither the audience nor the
anxioug demonstrator was allowed
to get disturbed. Sir William would
find some . soothing or humorous

IT is not easy to give a true picture

>

way of belittling the trouble and pass .
quickly to a diverting interest, very
nearly in the manner of the late Sir
J. J. Thompson. ‘

In the early days, especially of his
Royal Institution Lectures, Sir
William habitually sought to test his
plans by quiet discussions in which
he explored the views and reactions
of all concerned to his ideas. Thus,

‘when proposing a rather searching

cougse on new developments in cry-
stal structure work, he felt that it
demarided some fundamental ground-
work on crystal- orders and groups
—specialist knowledge, so to speak
-—‘‘but, do you think,’’ he would say,
‘“‘that our audiences would care to
stand that?”’

"scaled table

‘When, however, he was assured

that the audience would be receptive
he would say: ‘‘Then they must have
good models to make it clear.”’” Good
models, and good big ones, they
aceordingly had.
° Not only crystal types and groups,
but models of X-ray reflections from
crystal lattices were soon shown, in
this case working models with mov-
ing levers for the X-ray beams and
contact studs for the crystal lattice
were made $o that as the beam swung
round at certain definite positions a
series of contacts were made through
the lattice studs to signal an X-ray
reflection at these angles.

Following such a lead it became
very desirable to demonstrate the
real thing, and finally it was done:
an X-ray spectrometer in operation
in the lecture theatre with a projection
of a diamond crystal in a beam of
X-rays being turned slowly on its
before an ionisation
chamber. At certain angles of the
rotation the main X-ray beam was
diffracted by the diamond into the
ionisation chamber and the electrical

response which resulted was ampli--

fied sufficiently to give a deflection on
a galvanometer. The quiet but thril-
ling verdict of the lecturer was *“You
have done well,”’ and to the audience
later ‘‘This is quite easy, you know,”’
followed in parenthesis with a dis-

arming smile: ‘“When you know how -

to do it, of course.” W.].G.
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The Input Impedahce of

T is hardly necessary to, emphasise
Ithe practical significance of the

¢ Input Impedance’ of a coupled
circuit system as used in electronic
engineering work, If the locus of the
extremity of the input impedance vector
is plotted for a range of frequencies, the
resultant graph will give not only the

resonant frequengies of the system but,

amongst other important information,
this graph will show at once what con-
sequences will result in so far as the
supply of active and réactive, current is
concerned, if the supply frequency dif-

fers from the resonant value by a given,

percentage.
The mathematical solution of the
--equations for a coupled circuit is well
known for the case in which the resist-
ance of the circuit is relatively small,

but with the exception of some special

cases, . the solution-of these eqhations is
very -cumbersome and involved and
arithmetical and other mistakes are not
easily avoided when applying the solu-
"tion to given circuit constants, whilst in
the case for which the resistance of the
circuit is not negligibly small, the
mathematical solution becomes 50
involved as to be practically unmanage-
able, )

In this article a description is given
of a simple graphical method for obtain-
ing the input impedance of a coupled
circuit, when the resistances of the com-
ponent branches have any given values
and the application of the method in-
volves no mathematical knowledge ex-
cept that of the elementary rules for
vector operations. By means of 'such a
graphical method not only can the re-
quired input impedance be found for
any given value of the supply fre-
quency, but the process also enables a
ready survey to be obtained as to the
general effect of a change of one or
more of the circuit constants.

© L

| Comm

Fig. 1.

In Fig. 1 is shown a simple series cir-
cuit comprising a resistance of R ohms,
an inductance of I henry and a
-capacitance of C farad, the circuit
being connected to a source of variable

* Department of Electrical Engineering, University
of Sheffield, -
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a Coupled Circuit System

By T. F. WALL, D.Sc., D.Eng., M.L.E.E.*

A

+)
Reactance: (0

Fig. 2. The graphi-
cal construction for.

12

:Suscept‘ance

determining the im-
pedance of a coupled
eireuit.

=]

’ B

e

Z=R +j{wL—1/wC)=R+;X ohms (1)
where the *‘ real ”’ part of the equation
is the resistance R in ohms and the
 imaginary ’ or ‘j’ part is the
reactance X, also expressed in ohms. If
a pressure V be applied to this circuit
the relationship between this pressure
and the corresponding current will be
V = 1IZ. (2)

If a number of impedances, Z,, Z,,
« .. were to be connected across the
supply terminals then, since the cur-
rent will be common to all the imped-
ances, the equation (2) may be written

V=IZ + 2, + .. o00)) 3)
That is to say, the total impedance of
the circuit is obtained by taking the
vector sum of the total number of im-
pedances which are in series in the
circuit. o

When the frequency is such that

wlL = 1/wC a condition of resonance

exists and the impedance then becomes
equal to the resistance R of the circuit
so that the current vector will then Le
in phase with the supply pressure vector
V and consequently g

‘¢ admittance 7 of the circuit shown in
Fig. 1is, Y = 1/Z =

+ Vector quantities are printed in heavy type.

=1IZ = IR, The

Locus of
Locus of Admittance
Impedance  Vector
Vector
frequency f. If w = 2af is the value of 1 R—j(wL—1/wC)
the ‘ circular frequency ”’ the imped- =
ance vector of the circuit may be R+j(eL—1fwC) R+ (wL —1/wC)?
‘written, Y = 3
or¥ =G - jB @

The *“ real ”” part G of this admittance
vector is the °‘ conductance’’ and the
imaginary part B is the * susceptance.”
The admittance, conductance, and sus-
ceptance are measured in ° reciprocal
ohms ” which may consequently be
written 1/{).

The current in the circuit may then be
expressed by the equation,

1f a number of circuits of respective
admittances Y,,¥, . . . be connected in

parallel across a common supply pres-
sure V the total current which will be
supplied will be
I=L+L+...=V(Y,+¥,4+...)
=VY¥r .. .. (6)
so that the total admittance of the
parallel system of circuits is obtained
by taking the vector sum of the indivi-
dual admittances, The impedance
vector Z = R + jX may be written in
the equivalent form,
Z = Zei“ (7)

yvilere the magnitude of the impedance
i3 Z = \/(R? +X?®) and the phase angle

‘o is defined by tan & = X/R. The cor-

responding admittance vector may then
be written, . '
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L=
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I |M[ I
Fig. 8. Example of eircuit to which the con-

struction of Fig. 2 appies. . Values are as
follows: ) ;

Electronic Engineering

in reciprocal ohms 1/{} and the conduct-
ance is marked to the same scale alogg
the horizontal axis. It is seen, there-
fore, that for any given impedance
vector OP the corresponding admittance
vector is OQ where the negative angle
& which OQ makes with the horizontal
axis is equal to the positive angle which
the impedance vector makes with this
axis. The circle OQN is said to be the
‘“ inverse ” of the straight line AB with
respect to the point O. This principle
of * inversion ” provides a relatively

. simple, but extremely powérful method

for the solution of many circuit prob-

Ly=L,=10Hy. C,=C, =25 X 10-°F. lems which otherwise could only be "

Cu=56Xx10?F. R=10Q

Y=1/Z=1/Ze® =(1/Z)(e-1%)=Yei%(8)
Reverting now to the simple series

circuit of Fig. 1 which is assumed to be ’

supplied from a source of variable fre-
quency and constant pressure. As the
frequency o varies, ‘the reactance
X = (L -1 /mC? will also vary and for
the particular value ‘wn of the frequency
such that woL = 1fwoC that is, when
wo = 1],/ LC, the total effective react
ance becomes zero so that the imped-
ance is then Z = R. As already stated
this. represents a condition of resonance
and is characterised by the fact that the
current vector will then be in phase
with the pressure vector.

In Fig. 2, a distance OM to scale,
equal to the resistance R ohms of the
circuit, is marked off along the hori-
zontal or ‘“ real ”” axis, and along the
vertical or “j’ axis is marked off the
reactance MP to the same scale in chms
and corresponding to the given fre-
quency w so that the vector OP will
then represent the impedance vector, Z.
As the frequency decreases, the value
of (wL.—1/wC) will decrease and even-
tually become zero in which case the
extremity P of the impedance vector
will come into coincidence with M. For
a_further decrease of the frequency the
reactance will become negative so that
the extremity P of the impedance vector
will then move below the horizontal
axis. For all values of the frequency,
however, the extremity of the imped-
ance vector will remain on the straight
line AMB which is parallel-to the ¢ j "
axis that is, at right angles to the axis
of the resistance which is the horizontal
or “real ’’ axis. This impedance vector
OP may be written in the form of equa-

tion (7), viz., Ze'*. The admittance vec-
tor Y .of this circuit which corresponds
to the impedance vector Z will then be
obtained by writing as in equation (8).
Y = 1/Z = (1/Z)e- 1% =Ye; %
Now it is easily shown that the ex-
tremity ‘of this admittance vector will
move over a circuit OQN of centre C
and which will pass through the origin
. O, the diameter ON of this circle being
at right angles to cthe straight line
AMB.. On the right-hand side of Fig. 2
is shown the scale for the * j 7 axis of
the admittance (that is, the susceptance)

solved by means of complicated and
difficult mathematical methods.
~ In order to show how these results
may be applied to the case of two
coupled circuits, the system shown in
Fig. 3 will be taken as an example.
Considering first the part II of the
‘coupled circuit of Fig. 3, the vertical
impedance line is shown in Fig, 4 by
AB and has been drawn at a distance of
10f) to scale, from the ordinate axis.
The corresponding admittance circle
OQN will then have a diameter of

1/10 = 0.1 Marked in on this

705

and the circular frequency o in mega-
units to. which each point refers is also
marked in. That is to say, this circle
gives the admittance for the portion II
of the coupled circuit shown in Fig. 3
for all values of the supply frequency.
for example, at a frequency of
o = 6.6 x 10°* the effective reactance of
the portion II of the coupled circuit.will
be: (wl, — 1/wC,;) = (6.6 x 10° + 10%)
—(10® + (6.6 x 10° x 2.5)) = 66 — 60.6
= 5.4 ohms. 3

This reactance is marked off by MP
so that OP is the vector of impedance
for this frequency. The vector OQ s then
drawn making a negative angle « with
the horizontal axis equal to the positive
angle « which the impedance vector
OP makes with this axis. The vector
OQ. then gives the admittance Yy, of the
portion II of the coupled circuit for this
particular value of the supply fre-
quency. At this same frequency the
admittance of the coupling condenser
Cuy shown in Fig. 3 is ¥u = joC 4
:S{ x 6.6 X 10* x 5 x 10-* =.j x 0.033
1/€), If this susceptance is added to
the vettor Vi; = OQ as is shown in
Fig. 4 the resultant vector is the total

Q- admittance of the two parallel portions
circle will be seen a number of points II and M of the coupled circuit of Fig.
go, A 58 59 ST L
- | 6 - Admittance %IC
J I Yn +Ym 5 )
s Bl Oég;
§ 49 04,
cqr, 5 +
=)
2 o2
— O—u
o1 64
od Lol \_ 685 | /d 02
3 ls2s a3/ i
- [oz8s s I// =
[ 2 \
A A b
J K | . \ * Qe — '/\A 'Q. = -
ey § . 685 dmittance
63 J\R" ek Circle Y 06
1 _jimpedance Frequencies -in Mc/s.
8o Bl Line Zn ;

Fig. 4. Graphieal construction for the circuit of Fig. 3.
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3. That is to say, the point § in Fig. 4
is a point on the resultant admittance
curve Y;; + Yy shown by the full-
line loop in Fig. 4.

If this procedure be carried out for a
number of different frequencies the full-
line looped curve shown in Fig. 4 will
be obtained for the total admittance of
the two’ parallel portions II and M of
the coupled circuit.

It is next necessary to convert the
admittance looped curve Y,; + Yy of
Fig. 4 into its equivalent impedance,
that is to say, this admittance is to be
inverted .with respect to the origin O.
This is easily done as is shown in Fig. g
where the. vector OV shows the imped-
ance Zjy + x for the frequency w=8x10*
and is obtained by inversion of the
corresponding vector of the looped
admittance curve of Fig. 4. Finally,
to this impedance of the two parallel

branches I and M must be added the’

impedance of the portion I of the
coupled circuit of Fig. 3 that is,
Z, = j(wL; — 1/0C,). For the frequency
o = 8 x 10° for example,

8 x 10° 10°
Z = ]( - )
“8x2.5

10°
=j(80—350)=j30 ohms
and if this reactance is added to the im-
pedance vector OV as shown in Fig. 5
the resultant, as shown by the point W
gives the input impedance’ of the
coupled circuit. If this procedure is
followed for a number of different fre-
quencies o the input impedance looped
curve shown in Fig. 5 will be obtained,
it having been assumed that the resist-
ance of the branch II of the coupled cir-
cuit is R = 10Q. In Fig. 5 is also
shown to the same scale, the input im.
pedance looped curve for the case in
which the resistance of the branch II
of the coupled circuit is R = 20f).
Summarising the procedure,
sequence of steps is as follows :—
(i). Draw the vertical reactance line
AMBin Fig. 4 for the branch IT of the
coupled circuit at the horizontal dis-
tance RQ from the origin O thus giving
the impedance Zj for any frequency.
(ii). Invert the impedance line AMB
into the admittance circuit OQN thus
1

the

obtaining the admittance ¥i; =

for
mn | !

the branch 1I of the coupled circuit.

(iii). To this admittance circle add
the admittance ¥u of the coupling con-
denser Cu, thus obtaining the looped
curve of Fig. 4 for the total admittance
Yy + ¥y of the branches II and M
in parallel, :

(iv). * Invert the total admittance
looped curve Yii + ¥u of Fig. 4 to
obtain the corresponding impedance

B I .
Zy+n = and to this add the
Yu+ ¥y )
impedance Z, of_ the brahch I thus
obtaining the input impedance

Z.=Z, +Za+y =Z,+1/(¥y 1 1/Z))

The input impedance looped curve of

Electronic Engineering

Fig. 5 for R = 102, shows that the ** j
compenent of this impedance vanishes
for three different values of the supply
frequency, viz., for o = 6.34 x 10°;
7.75 x 10°; and 8.9 x 10° respectively,
so that for each of these frequencies the
input current will be in phase with the
supply pressure and consequently, each
of these frequencies will give a
condition of resonance. Of these three
frequencies the two extreme . values,
6.3 x 10°: and 8.9 x 10° give an input
impedance of 10f) that is, equal to the

resistance of branch IT of the coupled .

circuit, whilst for the intermediate fre-
quency of 7.75 x 10°, the input imped-
ance is 66.6Q. It is also of interest to
note that the frequency w = 7.75 x 10°
is the condition of current resonance for
the two parallel branches II and M
in Fig. 3. Thus, in the closed circuit
formed by these two branches in
parallel the two capacitances Cy and
C, are in series so that the total effective

- { L L - /..,c,)}+ (oL; — 1/uCr)(0l.q — 1/(..0,){

ll)CM

1/wCg) }: gﬁ o

April, 1942
C xGC,
capacitance is Cy = — . The
: Cn + Cz

resonance frequency for this closed cir-
cuit when the resistance is relatively
small, is then given by
oL, = 1foCyg or o = 1/,/{L.Cy)
For the numerical values given in Fig. 3:

2.5 x §
Ck= (— ) .10-"=1.67 x 10~"

2.5 + 5§
10-° that o

I

and L, = henry, so

= 7.75 x 10°

A 10-% % 1.67 x 10-°

It is of interest to note that the
general solution of the equations for thé
input impedance of the coupled circuit
of Fig. 3 shows that, when L, = L, and
C,= C, the frequencies for unity. power
factor will be given by the three solu-
tions of the equation,:

1 .
- (oL,—

-

UM

(9)

4G

INPUT_IMPEDANCE .

40

Fig. 6.

Imput Impedance diagram for two values of R.
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and consequently, each of these fre-
yuencies will correspond to a condition
of resonance. Thus for the case in
which R = 20Q; Cy = 5 x 10-*F. C,=
2.5 X 10-°F; L, = 10-*H. the capacit-
ance Cg= (C,xCy)+(C,+Cu)=1.67x
10—'F and the frequencies for pressure
resonance will be w=6.75x10%; 8.35 x

10® respectively. The frequency for cur- ]

rent resonance will be v = 7.75 x 10°
(see the input impedance loop for
R = 2002 in Fig. 5). When R = O_the
cquation (g) reduces to

1 I (3
(..,L,_ )(..,L.__) -
. wC g wC, 7 lwCy
3
: (MLf—-——- 1 =0

wCa/ |

(10)

and the solutions are then:
Fressure resonance

o =1//L,C, = 6.34 x 10°
{Cyu +2C))
— = 8.9X10* -
L,C,Cx
Current resonance
w=1f/(L,Cx) = 7.75%10~"*

If the coupling coefficient of the
circuit of Fig. 3 is defined by

J cC, - -
k =
(C,+Cy) (C,+Cuw)

" then for C, =

C,
Cy k= ———,
. C,+Cx

If wo denotes the circular frequency
for curremt resonance, that is

o= I/;\/(L.Cn
Cl + 'C!

'\‘/ L,C.Cx

then the pressure resonance frequencies
will be given by

.n}= TR

Wy

The fact that goods made of
raw materials in short supply
owing to war conditions are
advertised in thls magazine
should not be taken as an in-
dication that they are necessarily
available for export.
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A Simple R.C. Oscillator

by W. BACON, B.Sc.,

incorporate some form of induct-

ance capacity tuning. There are,
however, a number of circuits in which
inductance is dispensed with and the
frequency of the oscillation produced
determined entirely by means of resist-
ance-capacity networks.

Such an arrangement has the advan-
tage of improved stability since. one
component likely to cause considerable
variations, the inductance, has been

THE majority of valve oscillators

eliminated. @ Very low frequencies,
also, are more easily produced.
Frequency change for a given

condenser swing is in addition gener-

ally greater, since in the majority of

L it

R R R R

=

AAAA
AA'

Figs. 1 and 2.

cases the frequency of these oscillators
depends directly on the capacity in-
stead of on the square root of the
capacity.

A classification of the principal <ir-
cuits of this type is made below, a sim-
ple one which is not so well known
being described in greater detail.

(1) The multivibrator, is -perhaps the
most familiar. It consists in essence of
a two-stage resistance capacity ampli-
fier, the output of which is coupled to
the input. An almost square wave
form, rich in high harmonics, is pro-
duced. The frequency generated may
be synchronised with a multiple or sub-
multiple of an external frequency.

(2) - Positive feedback sufficient to
cause oscillations is applied to
an amplifier in the normal way.

Negative feedback 1is also applied
through a resistance-capacity circuit
arranged to give zero negative feed-
back at one. frequency only. Oscilla-
tions then take place at this frequency.
(See’ H. H. Scott, Proc. I.R.E., Feb.,
1938).

(3) An amplifier with an uneven num-
ber of stages is provided with phase ad-
vancing interstage couplings. At some
frequency this will result in output and
input being in phase. If amplification
is sufficient for output to be greater

than input, then if these two are
coupled together an oscillation of this
frequency will be set up.

(4) An amplifier with an even num-

ber of stages is, provided with alter-

nate phase advancing and phase retard- .

ing interstage couplings. As in the
«case of (3), with output coupled to in-
put and sufficient amplification there
will be some frequency at which output
and input are in phase and at which
oseillation takes place.” An example is
the oscillator made by Messrs. Muir-
head and Co.

A One-Valve Circpit .

The circuits described above use two
or more valves. The arrangement of
Fig. (1), uses only one. A description
of it nray therefore be of interest.

The grid of the valve, which should
be a triode of fairly low impedance, is
connected to the anode by means of a
{our-stage resistance capacity network.

For oscillation to take pkace two con-
ditions must be satisfied. .

(1) A signal applied to the grid must
reappear after travelling round the net-
work with at least its original
magnitude.

(2) The output from the network must
be in phase with the input to the grid.

The frequency of oscillation is déter-
mined by condition (2) and will be such
that the change of phase through the
network is 180 degrees. A signal at the
grid will then be changed through a
further 180 degrees when it appears at
the anode, which together with the
change through the network will cause
it to reappear at the grid in phase.

If the limbs of the network are as
shown, then there will be roughly 43
degrees phase shift in each stage, and
the frequency of oscillation will be
given approximately by

1/2rf.C = R, or f =1/2aCR.

" With this condition it will be seen
that each stage at least halves the volt-
age, i.e., the total attenuation of the
network is 1 to 16. The amplification
of the valve must thus be sufficiently
great for the voltage developed across
the load to be rhore than 16 times the
input signal to the grid.

It will be seen from Fig. 2 that it is
essential for R to be large in compari-
son with either the load resistance ‘or
the internal impedance of the valve

since the feedback circuit will then have |

the minimum loading effect on the
valve. .

An interesting application .is: to the
case of an existing amplifier which 1s re-
quired to be provided with self-gener-
ated tone. Provided the first stage of
the amplifier is resistance coupled, “an
oscillator constructed on theSe lines
may simply be plugged in in place of
the first valve. A convenient and com-
pact tone generator is thus provided.
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Can Sound-on-FiIm Supp.lant, thé‘ Record?‘._

by R. HOWARD CRICKS, F.R.P.S.*

VER since the commercialisation
E of the sound film in the kinema
over twelve years ago, endeavours
have been made to adapt its principles
to .other applications. . At frequent in-
tervals we are assured that the gramo-
phone disk is doomed, and that every
drawing-room will contain a film
phonograph (to. use the recognised
American term).
One argument used by opponents of
- the disk is that it has for many years
been supplanted in the kinema by the
sound film, except for the ‘‘ non-sync.”
(those records played during intervals,
and not synchronised with film). This
fact, however, has [ittle bearing upon
the general argument, for the principal
reason for the abolition of the disk as a
carrier of sound fdr the film was the
risk of synchronism between film and
disk being lost, often with humorous
results, Another factor was that even
the 16 in. 33% r.p.m. disks used gave a
running time of less than ten minutes,
so necessitating frequent change-overs
to maintain continuity.
Quality of sound, be it noted, did
not enter into the question. Until com-
paratively recently, it has been
admitted that the disk was capable of a
higher quality of sound than the sound
track on the film,
The commercial gramophone record
has a great advantage over any other
system of sound storage : that it is made
by a mass-produetion process in which
the actual labour time per disk has
been reduced to about one minute.
far as one can see, such a development
of mass-production methods is an utter
impossibility. in regard to the sound
film. :
It is virtually certain, too, that a film
phonograph can never be made as inex-
pensively as a disk reproducer. There-
fore, so far as mass sales are concerned,
the disk is likely to continue to hold its
own for many years to come. .
On the other hand, the actual manu-
facturing cost of the final pressing is
not necessarily so important a factor as
it may seem in the nect cost to the con-
sumer. There are numerous factors
which help to swell the price of disks—
not excluding manufactusers’- profits.
Taking the better class of record, one
might say that the cost per minute of
runnidg time averages from 1s. to 2s.
If a narrow-gauge film could be pro-
duced at say {d. per foot, carrying four
tracks and running at a speed of say
15'ft. per minute (oné-sixth. the speed
. of 35 mm. sound film) we should arrive

at a cost of about 3d. per minute. Ac-
cording as to whether the process of
arriving ‘at the retail price is additive or
multiplicative, so this manufactufing

e

h; !\lf!on.. Sec. British Kinematograph Society:

As’

Fig. 1. Prineciple of Philips-Miller
Mechanographic Reeordlyg System.

cost may or may not prove a deterrent
to further progress.

Type of Film Recording

There are certain undeniable advant-
ages to be gained by the substitution of
film for the disk. As an indication of
what can be done, let us first consider
a few of the suggestions that have been
made in recent years,

One of the most gbvious is for record-
ing programmes for subsequent radi®
transmission. As far as the B.B.C. is
concerned, magnetic recording has been
generally  preferred; but films have
been widely wused by Continental
stations.

In a beautifully fitted studio in
Aldwych, a large proportion of the
Luxemburg programmes were recorded
for shipment to the Continent and trans-
mission over the air back to British
listeners. The system employed was

‘that developed by the firm of Philips,

and it was the Philips-Miller mechano-
graphic system that -was used in
Aldwych and in a number of Conti-
nental studios.

In this system, the recording is done
not by photographic means, but by
means of a tiny chisel which vibrates
vertically and cuts into a very thin
opaque layer upon a moving film. The
chisel has an obtuse-angled V point,
and thus the deeper the cut the wider
becomes the clear area of the track.
(Fig. 1). Such a track can be either re-
produced ~from the original, or can be

_printed by photographic means.

Another mechanical recording system
was demonstrated in London in 1933,
by a French inventor, René Nublat.
Known as ‘‘ Le Ruban Sonore,” the
principle involved was that a diamond
point vibrated by the sound impulses
actually cut the film in two halves, <he
jagged edge of the cut forming the re-
cording. A recording thus produced
was naturally rather fragile; and an in-
genious system was used for duplicat-
ing ; by means of an anamiorphotic lens

system the tiny modulations (of the

order of 0.1 mm.) were enlarged 10 dia-
meters in the direction of the modula-
tion only, and printed upon an ordinary
positive film. .

Multiple-Track Films

Turning to more orthodox systems,
several types of apparatus have béen
developed in which a number of tracks
—four or six—were recorded side by
side on film, and after one track had
been played through, the direction of
travel of the film was reversed and the
next track reproduced.

Such a system was developed just be-
fore the war for the purpose of record-
ing complete books for the use of the
blind. The reproducing apparatus_was
so simple that a blind person could
easily manipulate it, and a complete
book could be recorded on a couple of
rolls of film.

Advantages of Film Recording .

Examination of the above-mentioned
applications of the sound film demon-
strates that the principal advantage en-
joyed by the film over the disk is’its
ability to play without interruption for
a considerable length of time. At the
existing standard running speed of
sound film, 1,000 ft. of 3smm. film or
400 ft. of 16 mm. lasts for approxim-

ately 11 minutes; if such a film were to +

carry four tracks, we could have three-
quarters of an hour of music with only .
momentary interruptions while the’
tracks were changed over.

There is in fact no technical difficulty
in using an endless film which-will thys
repeat its message continuously until
the machine is switched off. This is a
possible application which should be
carefully hidden from publicity experts
—a machine which would continuously
reiterate the virtues of somebody’s soap
or, pickles is an appalling thought.

However, outside the advertising field
there are few applications where this
advantage by étself would be of suffi-
cient importance to justify the consider-
ably greater cost, as compared with
disks. Broadcasting is admittedly one
such application. Dance organisers at
present using disks might find a longer
playing time advantageous. Cafés and
bars might provide another market,
although the continual stream of music
poured forth on.the radic meets the
demands for a non-stop performance
practically as well as a film,

Censidering only this factor of longer
playing time,.it is difficult to see any
possible. application which would make
the marketing of such equipment com-
mercially practicable, .

.Lessened Background Noise

However, there is another factor to
be considered : the superior quality of
reproduction now obtainable, .under
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favourable conditions, from film, and of .

the several factors invelved, easily the
first is the virtual absence of back-
ground noise. ’

The fundamental failing of the disk
is the fact that reproduction of the full
frequency range recorded involves the
production of atrocious scratch, which
for many people entirely mars. any en-
joyment they may get from the im-
proved frequency bandwidth. Some
listeners with a musical ear deliberately
prefer a ¢ mellow ” reproduction of
records caused by the introduction of
an effective scratch filter.

We must not regard this ground noise
as a defect altogether beyond improve-
ment ; nevertheless, it is safe to assume
that a scratch-free record, whatever
might be achieved experimentally, is
never likely to be commercially prac-
ticable, because of its very short life
under varied playing conditions. The
scratch is primarily due to abrasives de-
liberately introduced into the material
of the disk, with the object of causing
the needle rather than .the groove to
wear; only if the needle point and its
angle of contact were very closely stan-
dardised could the abrasive quality of
the disk be reduced without leading to
excessive wear of the groove, and
consequent distortion of sound. :

Increased Volume Range

Contrast with this the very low
ground noise (and consequently in-
creased frequency and volume range)
obtainable with film. Some interesting
data’ have been presented recently by
the Bell Telephone Laboratories in con-
nexion with stereophonic recording. At
the World’s Fairs at San Francisco and

New York, over half-a-million people '

were given physiological tests, which
showed that for g5 people out of 100,
the lowest audible sound is 27 db. above
.0002 dyne/cm® at 100 c.p.s., 2 db. at
1,000 c.p.s., —2 db. a 2,000, and + 8 db.
at 10,000. For 5o per cent. of people,
the lowest levels of audibility are from
15 to 20 db. above these figures. The
noise level of a quiet kinema has been
stated at 25 db., but with the audience
present 42" db. The threshold of pain
occurs at 120 db.!

Hence the requirement laid down for
stereophonic sound was a volume range
of 8o db. above ground noise. Actually,
the limit of volume range in a track
80 mils. in width is of the order of
50 db. ; the additional 30 db., as already
explained in this journal is secured by
the use of an auxiliary control track,
which automatically reduces the ampli-
fier gain to suit the volume of the
original recording.

Noise Reduction

A similar effect can be achieved, with-
out the complications of a control
track, by* means of so-called noiseless
recording. Under optimum conditions,
we can secure a range of 8o db. above
ground noise; in practice, allowing for
film wear, the limit migﬁt be fixed at

* Electronic Engineering

40

709

3QRHL / /
e 7
§ ATy 4 y e’/
20F
5. v/ Aan’ Yy
o 8 L/ / y /
101 =
Q ad YAl d
. // . —d
Fig. 2. Harmonic =§"’J = =]
Distortion of Dis¢ 40-X -
Recordings: TR )i
(From Jour. S.M.P.E.) g /
7 RECORD I
: | v RADIUS 2 Y,
3 ST
)/
10 / e
. o pid / v I 1
1 N [
00 200 S0® 1000 2000 5000 10000

6o to 70 db. This still represents a very
conisderable improvement over the
disk.

Briefly,. the principle of noise reduc-
tion is that the print, which is the prin-
£ipal source of ground noise, is in quiet
passages rendered almost opaque, so
that dust and small scratches—the com-
mon cause of noise—are not likely to
make themselves evident. )

In either density or area recording,
an increased light transmission in the
positive is associated with an increase
in volume level, which thus masks any
ground noise produced. The principal
difficulty is that if the noise reduction
system operates too rapidly, one can
hear the ¢ breathing ” effect from the
speakers, while if it operates too slowly,
the fiyst few cycles of any sudden sound
have their peaks chopped off.?

Volume Expansion

It is quite possible to combine volume
contraction in recording and volume ex-
pansion in reproduction with a noise-
reduction system. Thus in recording, a
range of perhaps go db. can be com-
pressed into 6o db., using the same con-
trol currents as for the noise reduction
system; in reproduction, the expansion
circuit is operated by the variation of
mean current from the photo-cell, due
to the varying mean transparency of the
track. Volume contraction and expan-
sion form, of course, an important part
of all systems of stereophony.®

It is inherently desirable that expan-
sion' in -reproduction should be. asso-
ciated with contraction in recording.
However, some recordists have found
the use of automatic contraction help-
ful, while at least one ]eading make of
sound reproduction equipment embodies
controllable volume expansion.  The
normal method of operating such sys-

FREQUENCY IN C.P.S.

tems is, of course, by means of a vari-
able-mu valve actuated by a portion of
the signal current, rectified and
smoothed.*

Audibility_of Ground Noise

The question of frequency response,
is, of course, intimately associated with
ground noise. In the case of, the disk,
the frequency characteristic necessary
in reproduction to compensate for the
characteristic curve of the disk tends
to concentrate random ground noise
into a frequency band near the top end
of the scale; hence the reproduction of
the full frequency band necessarily en-
tails, as already mentioned, an increase
in ground noise. In the case of film,
however, the reproducer characteristic
may be flat to within a few db. (cor-
rections being necessary chiefly to suit
the acoustic conditions of reproduction)
hence ground noise remains more
generally distributed throughout the
spectrum.

Thus ground noise is less obtrusive
with the film, and furthermore provides
no limitation to frequency range and
never attains the prominence inevit-
able with a good disk reproduction.

Harmonic Distortion

Most of the foregoing developments
in sound film technigue contribute to
the reduction of harmonic distortion.
The various causes of such distortion in
the film are discussed hereunder,

It may be of interest first to study the
remarkable curves of Fig. 2, produced
some years ago by Harvard University,
They suggest that pure reproduction of
the higher frequencies cannot be
expected of an{ type of disk.®

Running Speed and Frequency Range
It would obviously be of value. for
most applications and for several
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Fig. 3. Sound-track Losses due to Light Scatter : (a) 856 mm.
Positive Emulsion, (b)) same emulsion run at 16 mm. speed.

(From Jour. S.M.P.E.)

reasons (notably that of cost, and of
ease of handling) if the running speed
of sound film could be substantially de-
creased. However,. the reproducible
frequency range is naturally a function
of running speed, although other
factors come into play. We may con-
“sider briefly to what extent the running
speed could be satisfactorily reduced
below the existing standard of go ft. per
minute for 35 mm., and 36 ft. for 16 mm.

The factors limiting frequency range
(excluding electrical losses, which can
be always compensated) may be briefly
listed as follows : —

Recording
1. Finite slit width in recorder.
2. Light diffusion in negative, .
. 3. Negative image spread.
4. Negativé emulsion grain.
Duplication *.
5. Light diffusion in printing,
+ 6. Slippage and lack ef contact in
-printer, .
7. Positive image spread.
8. Positive emulsion grain.
Reproduction
9. Finite slit width in reproducer,
10. Masking effect of dirt and oil on
positive,
11. Flutter and other mechanical faults
of reproducer.

In regard to (1) and (g), customary
theoretical figures of slit width are in
recording o.3 mil., and in repreduction
from .5 to 1 mil. "The half-wave-length
of a 10,000-cycle note at the standard
speed of 18 in. per second is 0.9 mil.;
thus,” while in recording. it would be
possible to include considerably higher
frequencies, 10,000 cycles is beyond the
limit of some reproducers.

However, it would be perfectly pos-
sible to use a smaller slit in reproduc-
tion, provided an exciter lamp of higher
wattage were also used. .

Image Spread and Diffusion

Under the heading of image spread
we may include photographic pheno-
mena such as the liability of emulsion
grains to ‘‘ catch”’ an exposure given
to adjacent grains, and also- the tend-
ency for developability of grains to
spread to adjacent grains., Diffusion re-
fers to optical effects, notably to hala-
tion, or the reflection of light from the
surface or back of the film base to the
rear’of the emulsion. -

Image spread is chiefly detrimental
in variable-area recording,” when it is

- also known as rectification, for it 1s
similar in its effects to other forms of
rectification of sound signals. It causes
the well-known ¢‘shushing »” of sibi-

lants, and too-explosive consonants, It
is fortunate that this phenomenon works
in opposite directions in negative and
positive, and consequently it is only a
matter of maintaining correct negative
and positive track densities to secure
complete cancellation. The falling off

of the higher frequencies, as shown in ’

Fig. 3, cannot, however, be com-
pletely compensated.®

Light diffusion both in recording and
printing has been largely overcome by
the use of ultra-violet light in both
operations. The photographic emulsion
is virtually opaque to the shorter wave-
lengths, hence, as illustrated in Fig. 4,

. a surface image is produced, and little

or no diffusion takes place within the

“ emulsion, while refiections from the

base are also eliminated.

White
Light

Fig. 4. How Light Scatter is avoided by the
use of U.V. Light. -

Image, Grain

Emulsion grain is a more complex
problem. - Since the-average grain size
of phetographic emulsions ranges from
0.2 to 2.5 y4, it might be thought that
granularity could have no appréciable
effect upon resolution. Difficulty arises,
however, from the clumping together o1
grains in development, while if the
grain size is reduced below a certain
figure, in addition to loss of photo-
graphic speed diffraction effects may be
produced by the granular pattern, lead-
ing to undesirable colouration of the
image. The latter point might, how-
ever, be unimportant in the case of a
film intended solely for carrying a
sound track, and not having an
associated picture.

However, the Ilford ‘ High Resolu-
tion ”’ emulsion has a resolving power
as high as 400 lires per mm.” If emul-
sion grain represented the sole restric-
tion of frequency range, we could repro-
duce’up to 10,000 c.p.s. at a film speed
of only 1 in. per second!

Special fine-grain emulsions have re-,
cently been introduced in the United -

States for sound recording and print-
ing. The point has apparently been
reached where the question of image
colour hinders further progress.®
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Mechanical Losses

The purely mechanical factors of slip-
page and lack of contact between the
two films in printing have hitherto
proved in practice one of the most seri?
ous limitations to high-frequency re-
cording. Because these defects give
rise to distortion of the jhigher fre-

- quencies, it has becorne customary in

recording to insert a low-pass filter, cut-
ting at about 7,000 to 8,000 «.p.s.
However, special non-slip printers
have now been perfected, and the usc
of such machines may be regarded as a
necessary preliminary to any reduction
of running speed. ‘
Mechanical difficulties in the repro-
ducer must not be overlooked. Not the
least of such difficulties is known as
flutter. ) N
While variations of film speed having
a low frequency give rise to audible
pitch changes, and are known as
‘“ wow,” pitch variations of higher fre~
quency, known as ¢ flutter,”” have '
rather different effects.® The general
cause is the film jerking off each
sprqcket tooth in turn, due to slight dis-
crepancies in pitch. The result is illus-
trated in Fig. s (of course much ex-
aggerated); this shows a sinusoidal
wave-form  of moderately high fre-
quency, whose original form is shown in
the dotted curve, distorted at the point
A where the film has disehgaged from
a sprocket tooth and finds its velocity
momentarily decreased until at the
point B it is in full engagement with

. the next tooth, The temporary change

in frequency gives rise to dissonant
side-bands producing harsh sounds,
most marked in the middle frequencies,
and hence most noticeable in speech,
which may be rendered unintelligible.
A somewhat similar aural ‘effect can
be obtained by the fact that whén film

Fig. 5. The Effect of Flutter upon Frequenecy.

is scanned on a drum, it tends to assume
a polygonal path around the drum, due
to its greater flexibility across the per-
forations. The result is a momentary
loss of focus of the beam.'® (Fig. 6
(p. 726). : .

These considerations suggest that if
film speed is ‘to be appreciably reduced,
it is essential that perforations be dis-
pensed with. So long as synchronism
with a picture is not necessary there
appears to be no inherent difficulty in
devising -driving mechanism which will
maintain a sufficiently constant speed .
and—an” important point—will isolate
the scanning point from the take-off and
take-up reels. In the Philips-Miller
system the film is driven By rubber.
covered drums, whose drivé incor-
porates a device giving a slightly vari-
able speed, to maintain the loops
constant.!?

; (Corncluded on p. 726.)
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Frequency Modulation

Part VI.—Frequency Modulated Reception
by K. R. STURLEY, Ph.D., A.M.I.E.E.

quency and amplitude modulated

reception lies in the method of
making intelligible the audio frequency
signal conveyed in the modulation.
The principle underlying methods of
detecting frequency modulation is the
conversion of the frequency into an
amplitude change of carrier, which is
then applied to an amplitude’ detector
such as a diode. The conversion must
‘be accomplished in a linear manner,
i.e., the amplitude change is directly
proportional to the frequency change,
and also efficiently so that the resultant
amplitude modulation is high. Many
of the advantages of frequency modula-
tion disappear if the frequency-ampli-
tude conversion efficiency is low, One of
the earliest methods® was to apply the
frequency modulated wave to a circuit
off tuned from the carrier unmodulated
value. For example, a parallel tuned
circuit, connected in the anode.of a
tetrode or pentode valve, produces an
output voltage-frequency curve as
shown in Fig. 1, when a constant ampli-
tude variable frequency voltage is ap-
plied between grid and cathode. If this
circuit is detuned (above or below) from
the carrier unmodulated frequency, fre-
quency modulation results in an output
voltage of amplitude proportional to the
frequency deviation of carrier: It will,
however, only be linearly proportional
if the carrier frequency deviation is
confined to the linear part AB of the
curve, By applying the output voltage

T HE - chief difference between fre-

4
fe
e | ampL TuoE
8 VARIATION

Sa %
4 2
(4

Sy

o

Fig. 2. Frequency Amplitude conversion by

suppression of one sideband.

to an amplitude detector, such as a
diode, an audio frequency signal, cor-
responding to the original signal modu-
lating the transmission, is obtained.
Although variation of frequency as well
as amplitude of the output voltage is
- occurring it is only the amplitude
change which is detected by the diode,
for the latter cannot differentiate
against change of frequency. It is clear
that this method of detection is very in-
cfficient, partly because it is dependent
on the slope of the output voltage-fre-

quency curve, which for practical cir-.
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Fig. 1. Frequency Amplitude conversion of a

detuned ecireuit.

cuits is not very high, but mainly be-
cause the tuned circuit is operated in
the ‘detuned condition where overall
amplification is low. = An amplitude

modulated signal is amplified at the flat

top portion of the output curve where
amplification is maximum. Furthermore
full advantage cannot be taken of in-
creased deviation of carrier for the
circuit must be damped (see the dotted
curve in Fig. 1) to increase the linear
part of the curve and conversion effi-
ciency is thus reduced.

A second method of detection sup-
presses one set of sidebands, and the
principles involved are best understood
by taking the carrier and sideband
analysis set out in the first article.
There we showed that a frequency
modulated wave was represénted by a
carrier frequency (equal to the central
unmodulated value) and pairs of side-
bands spaced + fm, % 2fm, etc., from

the carrier, the odd numbered side- .

band pairs combining to give a result-
ant at go® to the carrier and the even
ones having a resultant in line. The
addition of the first pair of sidebands to
the carrier gives the frequency (and
partially amplitude) modulated carrier
of Fig. 2, and taking this as a basis we
see that suppression of one of the side-
bands results in tie mainly amplitude
modulated carrier, whose locus of opera-
tion is the circle ABC. - The amplitude
modulation is not directly proportional
to the original frequency modulation
even when all sidebands (instead of one
pair)- are considered and detection of
the amplitude variation by a diode pro-
duces a distorted audio -frequency out-
put containing mainly second harmonic.
The suppression of one half of the side-
bands is clearly inefficient since the
transmitted energy in these is not used.

Both disadvantages may be overcome

. by applying the frequency modulated

wave to two channels,® ore containing
a filter suppressing the upper set of
sidebands and the other a filter sup-
pressing the lower set. Fig, 3 illus-
trates the schematic diagram, The
diode detector outputs are connected in
opposition so that an unmodulated car-
rier produces zero volts across AC. The
amplitude variations of ‘the carrier at
the outputs of the two filters are in
phase opposition (the upper sideband in
Fig. z is subtracting from the carrier
when the lower is adding) so that modu.-
lation causing the volts to rise across
AB reduces the volts across BC and
there is a double increase in the audio
frequency output voltage change -across
AC, This phase opposition also leads
to cancellation of the second harmonic
distortion in the amplitude variation,
and the resultant voltage across AG is
therefore a reproduction of the audio
frequency signal modulating the trans-
mitter.

A third (the most popular) method
employs a frequency discriminator simi-
lar to the one used for automatic fre:
quency correction of the oscillator: in
amplitude ‘modulated superheterodyne
receivers, In an A.F.C. system this dis-
criminator translates I.F. carrier fre-
quency error into a D.C. bias voltage,
which is (for example) increasingly
negative for frequencies belaw, zero at
the correct carrier setting and positive

L g CARRIER AND
YPPER
S/DEBANDS

L

— | CARRIER_AND
LOWER
S/DEBANDS

Fig. 8. Frequency-Amplitude eonversion and
detection by means of sideband suppression
using both sidebands.

for frequencies above. If, therefore, we’
apply a sinusoidal frequency modulated
carrier to such- a circuit, the actual D.C.
bias voltage will remain constant, pro-
vided the unmodulated carrier fre-
quency is located correctly, but there
will be a sinusoidal A.C. component in
the output, which will correspond in
amplitude to the ariginal frequency
modulation. There are two types of dis-
criminator, one known as an amplitude
and the other as a phase discriminator .
and both can be equally effective as
frequency-amplitude converters.
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The first type in essence -consists of
a valve (to the grid of which is applied
the frequency modulated signal) having
two series connected anode circuits, one
tuned above and .the other below the
unmodulated carrier or central fre-
quency by equal amounts. The outputs
from the two circuits are connected to
diode detectors (Fig. 4a), the D.C. load
resistances of which are connected to
give opposing voltages. Thus the total
D.C. voltage across A.C. is zero when
the input voltage has a frequency equal
to the central frequency midway be-
tween the resonant points of circuits 1
and 2. When the input frequency is
changed to bring it closer to the
resonant point of 1 the D.C. voltage
across AB rises and that from 2 across
BC falls, i.e., there is a double increase
in volts across AC similar to that real-
ised by the second method. The action
of the discriminator is illustrated in
Fig. 4b, which shows the frequency
response curves for circuits 1 and 2;
since the detected voltages are in op-
position the active voltage is repre-
sented by the difference between the two
curves, ‘and this is indicated by the
dotted curve. By applying a frequency
modulated wave (unmodulated carrier
equal to the central'frequency 4.5 Mc/s)
an amplitude modulated output is ob-
tained. The principle of operation is
similar to that for the first method ex-
cept that the carrier deviation is accom-
modated on two tuned circuits, with con-
sequent increase in efficiency and fre-
quency range over which the frequency-

amplitude conversion is linear. The fre-.

quency response curves in Fig. 4b are
obtained from the generalised curve of a
single tuned circuit due to Beatty,® who
shows that the ratio of maximum res-
ponse at the resonant frequency fr to
that at any off-tune frequency Af is
given by

Rz{l—— oM T4
cireurr)*3 &
213 R3)
o
|
cmcwrll
!
at”
A2
AF,
Ineur QuTPUT
- ] H.I-

Fig. 4a. Amplitude discriminator as
frequeney amplitude eonverter.
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where @ = the magnification of the cir-
cuit. The horizontal frequency scale is
marked in Af, the off-tune frequency
from the resonant frequencies of 1 and 2
(4.4 and 4.6 Mc/s) and in actual fre-
quencies. For maximum conversion
efficiency the slope XOX’ of the dotted
curve, and hence the slope of the
response curves of 1 and 2, must be as
steep as possible. Now the slope of the
response curve of either circuit is ob-
tained by differentidting expression 1
with respect to Af.

(1)

140
— Af
dRAf i €
Slope = =

a(Af) [l . Q2Af\ ’] 3/2

. =i

. A

_ 1 QNS @

QzAf\*']
fr’[l +( ) ]
fr
and the value of Af for maximum slope

is obtained by differentiating (2) with
respect to Af and equating to o, which

gives
G - )
I 4 - 2 =
I 7 fr
Q2Af '
or = +4- 0.707 (3 a)
fr :
e 3535 fr

(3 b)

Hence for maximum conversion effi-
ciency we must select Q to satisfy ex-
pression 3a when Af = 100 kc/s (half
the distance between the resonant fre-
quencies of circuits 1 and 2) so making
the central frequency 4.5 Mc/s.

- . 0.3535 X 4.4
For circuit 1 ¢y = = 15.55
0.1
L 0.3535 X 4.6
For circuit 2 3 ———~—— = 16.25
0.1 '

In practice the result is satisfactory if
@, = Qs = 16. The composite dotted
curve in Fig. 4b shows a turn over effect
at top and bottom and this causes flat-
tening of the amplitude of the audio
frequency output wave with consequent
production of odd harmonics §3rd, sth,
etc.) when the carrier is fully frequency
modulated + 100 kcfs. Under these
conditions there is approximately 6.5
per cent. third harmonic, but if the
maximum deviation of the catrier is
limited to + 75 kcfs, third harmonic
does not exceed 3.5 per cent. Should it
be necessary to reduce distortion for
+ 100 kc/s deviation, the separation of
the resonant frequencies of 1 and 2 may
be increased to {(for example) 400 kc/s
instead of 200 kcfs. At the same time -
Q must be halved (see expression 3a for
which Af is now 200 kcfs) and the
curves in Fig. 4b are applicable pro-
vided the horizontal off-tune frequency
scale is multiplied by 2 and the actual °
frequency scale amended accordingly.
For £ 100 kcfs frequency deviation,
distortion is reduced from its original
6.5 per cént. to 1.5 per cent. third har-
monic, but this improvement is gained
at the expense of frequency-amplitude
conversion efficiency which has been
halved. Counversion efficiency is Best
¢xpressed in terms of peak output volt-
age per 1 kcfs frequency change from
the central value (4.5 Mc/s) per 1 volt
peak input at the grid of the discrimina-
tor valve. It is obtained by multiply-
ing expression (2) by 2 gm the factor
2 is necessary since expression 2 gives
the slope of the response of one circuit
alone and the composite dotted curve,
which is the difference between- the
slopes of 1 and 2, is twice that of either,
where Rp is the resonant impedance of
either circuit in Fig. 4a, including
damping from its diode and diode load
resistance: R,, i.e., each circuit is
damped by the resistance R, (C, is a
coupling condenser (.0001 uF) of low
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reactance) in parallel with R,/2, that
due to diode conduction current, giving
a total damping resistance of R,[3.
Since the overall Q (including damp-
ing) of the tuned cirtuits is fixed at 16,
the maximum value of R, for a mini-
mum tuning capacitance of 50 uuF is

Q 16 X 101
B = —— =
wC  6.28 X 4.5 X 10% X 50
= 11,300 Q.
and gm Rp = 22.6

if gm = 2 mA/volt.
Hence conversion efficiency is

gm Ro 8QPPASf

Q2Af\*}3/2
wl+ (5]
Ir
22.6 X 8 X 256 X 100

(4.5 X 10%)* (1.5) 2/,
= 0.1242 peak volts per kc/s per 1 volt peak
input.

To obtain actual audio frequency out-
put peak voltage it is necessary to mul-
tiply the above by the detection effi-
ciency of the diodles, usually about 8j
per cent., which would make the sensi-

HT+ |}

HT—

Fig. 5. The phase-  diseriminator as a
frequency-amplitude converter.

tivity o.1055 volts per kcfs per wolt
input. Stray capacitance C, from anode
of the discriminator valve to earth
forms undesirable coupling between the
two circuits 1 and 2 and it should be
made as small as possible. * Its effect
can be reduced by using larger tuning
capacitances C, and C, and by provid-
ing mutual irrductance coupling between
L, and L, in opposition to Cs. Cancella-
tion of this stray coupling is achieved
by making

,

M Cy

vL.L, «~CC,

where M = mutual inductance between
L, and L, in a positive direction® (in a.
negative direction it adds to the coup-
ling due to" C,). i

The phase. discriminator,® a later
development, uses the fact that the volt-
age across the secondary circuit of a
doubled tuned transformer is ¢o° or

C
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270° out of phase with that across the
primary at the resonant® frequency to
which both are tuned. In one of its
simplest forms (see Fig. 5) the second-
ary is centre.tapped and half its voltage
in series with the primary voltage is ap-
plied to one diode D, and the other half
also in series with the primary to a
second diode D,. The primary voltage
is developed. across the R.F. choke be-
tween the centre tap of the secondary
and the centre point of the diode load
resistances R, and R, by means of the
coupling condenser C, The D.C. out-
puts of the two diodes are connected in

opposition and an overall frequency.

response curve similar to.the dotted
composite curve of Fig. 4b is obtained
when both primary and secondary are
tuned to the central frequency, f.. An
understanding of the operation of the

phase discriminator giving two voltage.

peaks off-tuned from the resonant fre-
quency of the primary and secondary
circuits is best gained by reference to
the vector diagram of Fig. 6. The
primary voltage vector is £, and the
half secondary voltage vectors + E,[2
are shown in phase opposition because
of the centre tap. At resonance the
primary and secondary vectors are at
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right angles, but for frequencies above
and below f the two secondary vectors
are tilted either to positions + £,'/2 or
to positions + E£”,/2. The amplitudes
of the secondary voltages decrease as
the off tune frequency increases as
shown in Fig. 6. The primary voltage
vector also decreases in amplitude
though to a much less extent, and we
shall ignore the reduction for the pur-
poses of this explanation. The voltages
applied to the diodes are represented by
the sum of the primary and half second-,
ary vectors, viz., £,; and Er,. It will
now be clear that £, has a maximum
and £y, a minimum in the neighbour-
hood of the 45° position of the half
secondary vector. The actual angle of
the vectors for maximum and minimum
diode voltages is dependent on the re-
lative values of the primary ‘and half
secondary voltages, Z.e., upon the coup-
ling between the two circuits, increase
of coupling increasing the off-tune fre-
quency at which the peak of the com-
posite curve of Fig. 4b occurs. A de-
tailed analysis of the phase discrimina-
tor cannof be given here owing to lack
of space and we must content ourselves
with stating the formulx* involved.
The diode voltages are ' :

SO

(4 a)

.o 20
&m Rp, [1 + 70
fe
n =
A 2Af
(I + Q1 — (I + j Q. + OiQsk?
fe fe
where gm' = mutwal conductance of the valve preceding the discriminator.
Rp, = resonant impedance of the primary when not coupled to the secondary.
Q1. Qs = overall magnification of primary and secondary circuits.
Af = off-tune frequency from f,. :
M
é = = coupling coefficient.
vhiLy
L,,L,, = inductance of primary and secondary coils.
2Af kL,
ngm[1+ng( ——.-—] i .
X fe 284/ L, .
En, = . .. .

9%

N 0
¢ 2'/)(”—]'21—’ + 0.0
fe fe

(4 b)

The reversal of sign before the %# term in the numerator is the only differ-
ence between £y, and £p,. The slope of the composite curve in Fig. 4b at the
central frequency fc¢ is obtained by differentiating 2£p,t with respect to Af

L,
2 gm Roy Qa% L_1

fe (r + Qlan')(I +

(s)

Qi’k’Ll)i
4L, /-

maximum slope is found by differentiating 5 with respect to 2 (the real varia-

able) and equating to o. This gives

1

N0 + 2 Qs Z‘ — 010

QIQ,k’ - L,

. L Qd —
L

(6)

* These formulae are developeqd in Part 1I, Chapter
13, of the author’s book on ‘‘ Radio Receiver Design,”
after certain simplifying assumptions have been made 8.

+ The slope of the composite curve is twice the slope
of the Ep; or Eny—frequency curve.




Optimum values of Q,Q,%* for dif-
ferent values of L,/L, and Q,/Q, are
tabulated below.

TasLe I..
01/Q2 | Q1 Qek.
o5 | .786 | .707 | .625 | .578 | .544 | .52 |
b 856 | .785 | .j07 | .657 | .625 | .598
F3 909 | 855 | .786 | .740 | .707 | .68
Lo/Ly X 2 4 6 8 10

The peak response off-tune fre-
quencies for the composite curve are
given approximately by

Q’*‘Af= y
Jfe

where 4 is dependent on the coupling
% between the two circuits and the
secondary cincuit magnification Q,.
Its values for different values of Q,k
are given below,
TasLe II.
Qsk 001 o 0.25 05 07§ I 1.5 2. ’

A 1.00231.025 1.064 1.132 1.2045 1.28 1.442-1.62

To illustrate the design of such a cir-
cuit lgt us assume that L, = L,, Q, =
Q; and g,, = 2mA/volt, From Table I
maximum slope (optimum freguency-
amplitude conversion) is obtained when

Qs = 0.856. -

Table II gives A for the above value
of 0.k as A = Q,Af/fc = 1.235, and if
Af = 100 kefs as for the first calcula-
tion on the.amplitude discriminator

1.235 fe " 1.235 X 4.5
_ 0= = = 27.9
0.2 0.2

A suitable minimum value of tuning
capacitance is 100 uuF (it will have to
be greater than for the amplitude dis-

criminator becatise stray capacitance

is greater) so that
Co Q 27.7 X 1018
Rpy == = -
wC 6.28 X 4.5 X 10% X 100
= 9,800 0

Phase discriminator.

Electronic Engineering

This compares favourably with the con-
version efficiency of the amplitude dis-
criminator operating under similar
‘conditions.*

In calculating the damping resist-
ances required to give the overall values
of O, and @, from any given coil Q,
we must note that damping of the
primary is produced by the conduction
current of both diodes, i.c., the damp-
ing due to this cause is from R,f2 in
parallel with R /2, i.e. R,J4. Damping
from diode conduction current across
the secondary is equivalent to &,; that
from each secondary R,/z is stepped up

.due to the centre to 2R, across the

complete secondary thus giving 2R, in
parallel with 22, or a total of R, for
both diodes.

The phase discriminator is adjusted
by disconnecting the coupling con-
denser C, (Fig. 5) and, with loose coup-
ling, tuning primary and secondary cir-
cuits to give maximum current in either
diode at f = fo. C, is now connected

and the coupling adjusted until the re-.

quired off-tune peaks are obtained at
fo * 100 ke/s by means of a high resist-
ance voltmeter (with reversible con:
nexions) placed across AC in Fig. 5. In-
correct primary tuning affects the sym-
metry of the composite curve (Fig. 4b)
about f, increase of tuning capacitance
increasing the off-tune frequency of the
lower frequency peak and reducing its
amplitude and vice versa, whilst incor-
rect secondary tuning affects the con-
trol frequency reducing it below f¢ if
the tuning capacitance is increased.

The output from the phase discrimina-
tor is connected via a radio frequency
filter and, if necessary, a de-emphasis®
ing circuit attenuating the higher audio
frequencies to the audio frequency
amplifier. The latter should foMow stan-
dard high fidelity practice with flat fre-
quency response from 30 to 15,000 c.p.s.
and low distortion, The design of such
stages is wel known and . selected
references are given in the Biblio-
graphy.s 72 9 10

Summarising the result of our ex-
amination of frequency modulation, we
see that there are no inherent difficul-
ties; in the case of the receiver an

- amplitude limiter and frequency-ampli-

tude converter are the only additions re-
quired to the ultra high frequency
amplitude modulation counterpart and

_these added complications are more

than justified by -the noise free high
fidelity reception that is possible. We
may therefore confidently expect that
frequency modulation wiil play an im-
portant part in broadcast communica-
tion in England after the war, particu-
larly for the sound channel of
television programmes.

2 X 2 X 9,800 X 2779 X 0.856 -

. . 1,000 X 4.5 X I10* (1 4 0.8569) (1 £ — e

0.856%\ 1

.

4

= 0.108 volts per kc per vnlt input.
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» A New Method of C.W.
Reception '

The Relaxation Amplifier

Under this heading, DR. M. WaLD
describes in the December issue of 7/e
Wireless Engineer a circuit based on
the well-known multivibrator or relaxa-
tion oscillator.

The anode of the second valve in the
multivibrator circuit is coupled back
the grid of the first through a diode
which is biased by a small battery. The
negative bias voltage is selected that at
the working point the resistance of the
diode jis high compared with that of the
grid resistance.

The system is thus in stable balance
in the absence of an external impulse
on the grid of the first valve.

When an impulse is applied, no feed-
back occurs if the impulse is negative
as it increases the negative bias of the
diode anode. With a positive impulse
the diode anode becomes positive and a
feed-back current flows giving rise to

a relaxation oscillation, the duration of

which is determined by the time con-
stant of the coupling condenser and
diode load resistance and grid resist-
ance. By adjusting the values of these
an audio frequency can be produced by
the application of a sinusoidal oscilla-
tion of higher frequency, and this audio
note will be maintained as long as the
impulses are applied to’the grid of the
first valve, ‘

The author suggests that an im-
portant application of the oscillator-is
in ‘the reception of C.W, signals and it
avoids the complication of a B.F.O. It
also has .a strong inherent A.G.C.
effect, which is of advantage.

rd




DATA SHEETS XXVI & XXVII. Skin Effect

T is well known that as the fre-
I quency of the current flowing
through a wire is increased so a
larger and larger percentage of the total
current flows in the portion of the wire
nearest the surface. At very high fre-
quencies the current is concentrated in
. a very thin skin at the surface of the
wire. Due to this reduction in the
effective cross-sectional area of the wire
its effective resistance increases with
frequency and this phenomena is
usually referred to as *‘ skin effect.”
Actually, the *‘skin effect”” is not
solely a function of frequency, but of
the factor “ » ”’ where

an’# f ! 8ap f
x=am=a = (1)
1,0000 Rye

= V2.(a/9) )

where a = radius of wire in ems.
f = frequency in c.p.s.
p. = permeability of the wire mate-
rial in c.g.s. units.
‘p = resistivity of the wire material
in microhms/cm?®
8 = depth of penetration in cm.
Rnc = resistance per cm. length to
direct current.
We can express the ratio of the A.C.
resistance to the D.C. resistance of a
round wire as:
Rac

(#) (3
Rno 2

The expression for f (xj in terms of

Bessel Functions is given and equation
(3) is plotted on Data Sheet No. 27 for
values of » between 1 and 50 covering
values of Rao/Rpobetween 1.005 and 17.
For low and high values of x, A.
Russell has given simpler expansions.
Forx >/> 2 ;

Rac 1 £ 2N\ 1 xr\*
SO0
Rpe 12\ 2 180 \ 2
A q Y\ 1
+ ——(—) (4)
2440 N 2
For x> 4
Ry 1 x 2
T e ()

Roe 4 2)/2  16x/2

X e

where (5) gives four figure accuracy for
x <[Z8.

At ultra high frequencies where x will
be always very large we can approxim-
ate (5) to >

R ; o :
__'Ifz_:_ :“J Lot )
Rpc  z2/2 1,0000P 5

and if we insert the D.C. resistance per

cm. length of wire, 10-% P

[el)(a‘ S ¥ e

na’

R ge=(1/a)/ 10-"*up.f ohms/cm. )
Depth of Penetration.

When x is very large. we ¢an express

the ratio of the current density /r at a

radius 7 of the wire cross-section to the

current density /s at the surface of the:

wire by*

I A . :
‘zJ—exp.{jmt—( 1 +j)(a—7)m/ ~/2}
Ja <3 ®

(# must still be large for the radius 7)
The magnitude of this, ratio is:

Je a
I—-‘:,\/- exp. {-—(a—r)m/~/2} (9)
!/ al y

If we mow make b g Y
1000p

—9)=""/2/m=8= cms. (10)
(a—7)=y/2[m=3 J IR

the current density at § cms. from the
surface will be (1/e)= 0.368 of that at
the surface.

Now in practical cases when ¥ is very
large the skin depth will be very small
compared with- the radius of curvature.
When this last condition is” satisfied
(whatever the shape of the conducter)
the ‘current distribution near the surface

. will be sensibly the same as for an

infinite plane. :
-The D.C. resistance per cm. of a tubu-
lar wire with a wall thickness * 8 7 is

: A
then (when a /8).

p1o~"
Rpc=——=——3/10-"5y.p.f ohms/em.(171)
27ad a ;

This is identical to the high frequency
resistance Rgr/cm. given by (7). The

* \Where exp. (#) = e®

Hectranic
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depth ‘“ §”’ is therefore designated the
‘ Depth of Penetration ”’ and is the
tactor which determines the H.F. resist-
ance and shielding properties of a given
material. If we now write (8) as

—

yVary 1@

— = | —. exp. {jmt—(|+j)(a—r)/8}
Jo N 7 . (12)
It will be seen that the current

.density decreases exponentially with

the distance from the

surface and

- is still 2 per cent. of the surface value

at a depth (a—r)=48. The H.F. resist-
ance would actually be reduced by re-
moving the. core of the wire so as to
make it into a thin tube. This ts due

to the current flowing 180° out of phase .

at a depth of #§ (see equation (12)).

The values of m and § have been
plotted against frequency on Data Sheet
‘No. 26 for different non-magnetic
materials. In the case of ferro-magnetic
materials the permeability varies with
frequency as well as flux density, be-
coming unity somewhere between 10°
to 10! c.p.s. An'example of this effect
is given by the curves (5) for pure
nickel, the dotted curves being for
higher frequency.

It should be realised that at H.F. the
resistance of a length of wire will be
increased by radiation resistance as well
as by “ skin effect ”’ and this extra loss
will have to be added if of sufficient
magnitude.  Exemple.. Determine the
resistance per cm. length of 2 1 mm.
diameter copper wire at 1 Mc/s.
Find also the thickness of silver plat-
in% required for screening at 100 Mc/s.

rom Data Sheet No. 26 m=214 and
x = 10.7 from Eq. 1.

Therefore from Data Sheet No.

27 Ric/Krc= 4.04 and Ryc per ¢m. =
1.724 x 10-" (4.04)
——————=0.89x 10~° ohms/cm.
* X 2.5 x 10-°
At 100 Mc/s from Data Sheet No. 26,
f = 10° and § = 0.00061 em, For a 2
per cent. current density the thickness
required is therefore 4§ = 0.0025 cms.

DATA SHEET XXVI I I. ;‘he r;lative gain is g‘iven by :

The Shunt Loaded Tuned

Circuit—contd.

T HE performance of a shunt loaded
tuned circuit was examined in last
month’s Data Sheets Nos. 23-25.
Generally, in practical design problems
the performance requirements will be
expressed in terms of a given passband
for a Specified maximum permissible at-
tenuation at the extremities of the band.
The carrier frequency will usually be
settled, and it will be required to deter-
mine the. CR product that may be
employed.

— = Wi+ {KUz(Atf)-
R . Gt

(12 (A1) 5 | (1)
(see equation (g) p. 673).

The value of (1) is governed by the

squared term under the square root. Let
the required value of the term inside the
squared bracket equal 7, then :'
11 (Af/fo)— (12 (Afffo))~'= £n/K (2)
Expanding by the binominal theorem
and subtracting the equation using the
—ve signs from that using the +ve
signs we obtain :

25%3 J‘L
: ‘E (3)

2Af n 7
»nfo

TRy

-K
or .
2aCR K
where 2Af is the total pass-band. The

.

requited time constant CR is indepen- .

dent of the resonant frequency f =
Ié(er V ZC). The table on Data Sheet 28
shows the required values of 7 to give
attenuations of from 1 to 6 db.

It will be realised from last month?s
article and Data Sheets that the pass-

resonant frequency fo so that the carrier
frequency should be made a little higher
than fo, when improved symmetry is

required.

- band 2Af is not symmetrical about the -
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BX DISTRENE

REGISTERED

CAN TAKE IT

The bigger the load, the more marked
the superiority of BX Distrene—that’s the opinion of electrical engineers who now specify
this modern insulating material. Its low loss factor at high frequencies is matched
by its remarkably high dielectric strength. The figures below tell most of the story :
we'd just like to add that specific gravity is as near as makes no odds equal to that of
water ; .71 tons per square inch is compression strength ; and, taken over 24 hours,

water absorption is nik

Shall we send you working samples of BX Distrene ? We make it in sheets, rods and
tubes ; and also in powder form for iﬁjection moulding. By the way, owing to its low
density, it gives more mouldings per pound of material and has a faster moulding cycle

than any other class of injection moulding powder.

Specific Gravity .. Be 5a » .. 1.06
Water Absorption .. 50 &0 .. Ni
Coefficient of Linear Expansion » .. 0001
Makers of Plastics since 1877 Surface Resistivity (24 hours in water) .. 3 —106 megohms
Dielectric Constant 60—106 cycles .. .. 2.60—2.10
Power Factor up to 100 megacycles .. .0002—.0003

BX PLASTICS LTD., HALE END LONDON E.4, AND ELSEWHERE

LHS/BX/CI 41
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Errors in.Photography of Cathode-Ray Tube

Traces

The Effects of Screen Curvature
By H. MOSS, Ph.D., and E. CATTANES*

SUMMARY : This discussion is limited to effects in low voltage, sealed, high vacuum cathode-ray tubes. It is
shown that when measuring the deflections along the curved surface of the screen, as is usual in visual work, the
deflection is a linear function of the voltage to within the measurement accuracy of about 19, provided that the
voltages are symmetrically applied to the plates. When recording the trace photographically however, a large
error can occur due to screen curvature. The variables on which this error depends are discussed, together with
the appropriate technique to overcome them. ,

The foliowing conventions are used. Symmetrical deflection implies that the potential in the median plane
of the deflector plates is always equal to that of the final anode. @ = angle between the tube axis and the beam

after{deflection.

YV = potential betwveen the plates.

Fig. (. Deflection

characteristics - for

two types of tube.
The departure from

linearity Is lass than

i_per cent.
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age is applied symmetrically between

the plates of a C.R. tube that the
tangent of the angle of deflection is
strictly proportional to the applied volt-
age if we assume that the plates are
parallel and that the fringing fields are
.negligible. In pragtice the plates of a
modern cathode-ray tube are rarely
parallel; and fringing fields are inevit-
able, so that we should expect some de-
parture from the simple V = & tan ©
law, Fig. 1 shows two curves of defiec-
tor plate voltage (symmetrical) against
deflections measured along the curved
surface of the Screen for two tubes hav-
ing 'widely different plate geometries.
In both tubes, however, the screen
radius is approximately 360 mm. and is
approximately equal to the distance be-
tween the screen and the centre of de-
flection. It will be noted that the de-
parture from linearity is not detectable
over the angles used and is certainly
less than 1 per cent. FKig. 2, howéver,
shows the deflections measured along
the curved surface of the screen plotted
against the corresponding tangent of
the angles of deflection, It will be seen
that for a deflection of go mm., the arc
and the tangent differ hy about 2 per
cent. Since, however, Fig. 1 shows
linear voltage/deflection relations when

IT- is easily shown that when a volt-

* Messrs. A. C. Cossor, Ltd.

Fig. 3. Diagram for determining error due

to curvature of screen.

)

the deflection is defined as the curved
distance along the screen, it follows
that the I" = £, tan @ law is subject in
these cases to an erior of about 2 per
cent. for a deflection angle of approxim-
dtely arc tan gof360 = 14°. The sense
of the error is to increase the plate
sensitivity with increasing deflection. It
will be seen therefore that even if the
screen were flat, so that the deflection
measured along the screen surface were
proportional to ¢az 6, the non linearity
would be small. In practice, of course,
it would be difficult if not impossible to
produce commercially tubes of 12 inch
overall diameter, in which the screen
were flat over about 8 to g inches.
Fortunately, as shown above, thé use of
the normal curved screen compensates
for the slight departures from the
V = k. tan © law, when measurements

are made along the screen surface, as is
most convenient in visual work.

Photographic Recording

When the traces are recorded photo-
graphically, however, an entirely dif-
ferent position can arise unless care is
taken in the choice and setting up of
the equipment. The screen curvature
can result in a rapid decrease in the
apparent sensitivity with increase of de-
flection—this decrease in seasitivity
being much greater than the slight in-
crease due to departure from the
V = k. tan © law. This contingency can
be explained by referenge to Fig. 3 in
which PMT represents the section of the
screen by a plane through the tube axis,
O is the centre of curvature of the
screen, and Q is the centre of deflection
of the electron beam. QP. XV repre-
sents the plane of the camera lens.

The true deflection is proportional to
tan O, i.e., to AM where A is the Inter-
section of QP produced and the tangent
to the screen at /. The deflection as
seen by the film or plate is proportional
to BM. Hence the absolute error is
AM — BM = AB, and the per cent.
error 100. ABJAM. An expression for
this quantity is easily found in terms of
the quantities R,L,/?, and %, whose
significance is obvious from Fig. 3

% |V,4
If!';
8 >
GOEE i
§ y,
< $
4o§§ ’
Em/
tan ©
o o/ 02 03 04

dafl t

Fig. 2. Deflection v. t

8 O n
angle showing departure from linearity,
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Error is ABJAM = g
L.tan® — D tan ¢

1)
N L. .tan®
Now from Fig. 3 we have
NM =R - /(R - &)

whence
h-
tan 6 = —
L-R+ (R -k
and )
-h
tan ¢ =

D+ R~ J(R - &)
substituting these values in (1) we ob-
tain after some reduction

Fractional error =
LeD (R~ (& - )]

" (2
L D +R- (&R~ )

Fig. 4 shows curves plotting the per
cent. error deduced from (2) against
values of % for various lens to screen
distances 2. The curves relate to a
tube in which the screen_radius 2 =
360 mm. and in which the length of the
deflection lever L = 345 mm. It will be
seen that theerrors involved are serious
and remain so even when thg’lens to
screen distance is made much larger
than is convenient. Fig. 5 shows that

keeping 4 and R constant (¢ = 80 mm.),
the error is not greatly dependent on
L, i.e., little can be done to improve
matters by increasing the deflector plate
to screen distance in the tube.

It should be noted that the error
plotted along the ordinate in Fig. 4 is
the departure from linearity assuming a
strict ¥V = &. tan © law, As already

“seen this law is subject to a small error
in the other direction—thus at go mm.
deflection the overall: departure from
linearity from voltage to photographic
trace, is some 2 per cent. less than that
shown in Fig. 4.

]

. Technique to Minimise Errors

There are various obvious. methods by
which the errors in photography might
be minimised. The use of a substantially
flat screen i3 not impossible, but on a
large tube it would involve using a very
thick screen, and this in turn raises con-
siderable difficulties in any bulb heat
treatment during manufacture. In addi-
tion, a thick bulb wall over the screen
would cause errors due to refraction.
Various suggestions have been made re-
garding the construction of flat screens
by deposition of the fluorescent material
on mica instead of on the bulb, but such
methods are hardly commercially prac-
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ticable, and would materially reduce the
usefulness of the tube for visual work.

Undoubtedly, the best solution is to
employ small high definition tubes;
since ih photographic recording the ab-
solute size of the trace is of little
moment provided that the tube focus is
adequate to permit optical enlargement
of the records obtained. No difficulties
arise in making small tubes with a sub-
stantially flat screen over about 3
inches diameter, and the photographic
error is then negligible, even when the
lens to screen distance is small. Thus
the whole equipment becomes compact
and readily portable.

As an example, we can consider the
Cossor 4} inch og type cathode-ray tube
as used in the 339 oscillograph in con-
junction with the type 427 camera, The
tube has a flat screen over a central ring
45 mm. in diameter, and the remainder
of the screen is a portion of a sphere of
270 mm. radius, A full-size picture is
obtained on the 427 camera for a 6 cm.
trace on the tube. Thus the region of
the bulb surface photographed which ‘is
outside the flat portion is only about
7-5 mm. wide and the resulting error at
full deflection can be shown to be less
than 1 per cent., although the lens to
screen distance is only 130 mm.

. ) REFERENCE
* Recepnt *Developments in Engine Indi-

cators.” E.M.Dodds. Paper before Inst.

Automobile Engineers, Nov., 1937.

A Cathode-Ray Method of Wave .
Analysis
(Y. O. Johnson)

Complete periodic functions when
transformed into a corresponding volt-
age wave, may be analysed with the use
of a cathode-ray oscillograph. The
complex wave is represented upon the
fluorescent screen of a cathode-ray tube .
by a vertical displacement at the same
time that a sinusoidal horizontal oscil-
lator exists, If the frequency of the
sinuseidal oscillation bears an’ integral
relation to the fundamental frequency
of the complex wave a Lissajous figure
is viewed on the screen. The areas of
these Lissajous figures are directly re-
lated to the coefficients of the Fourier
series of the complex wave. The area
is determined by measuring a photo-
graph of the figure using a polar plani-
meter. The méthod is based on the
theory developed by Mr, L. W, Chubb
in connexion with the Chubb Polar
Analyser. Advantages of the method
are that it is quick and convenient, only
standard laboratory equipment is neces-
sary and with special equipment it pro-
mises to make possible the analysis of
ultra high frequency waves.

—Elec. Eng. (Trans.), Vol. 16, No.
12 (1941), p. 1032.
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Electronic Switching in Medical Research

Simplified Apparatus for Multiple Recording
' ‘by G. D. DAWSON, MSc.,, M.B,, Ch.B.

of the electrical potentials produced
by the brain, it is necessary to make
at least two simultaneous records of
these electrical changes from different
parts of the brain, This may be done

I N electrdencephalography, the study

in-several ways. Two traces may be re-

corded from two adjacent single-beam
cathode-ray tubes, from a double-beam
tube or a single beam tube and some
form of switch. This last is attractive
as a single beam oscilloscope is already
available in many laboratories, Also «
single beam gas-focused tube is both
easier to obtain and cheaper at present
than is the double-beam type.

It has already been shown by Walter!
that a motor-driven commutator was
satisfactory for recording the lower fre-
quencies of brain potentials. It was de-
cided to test an electronic switch to
see if the switching rate could be made
high enough to prevent loss of form oi
the faster waves from the brain. The
fastest waves recognised in electro-
encephalography are about fifty per
second and' probably the fastest waves
of importance are about twenty to

. twenty-five per second. Thus a switch-

rate of 1,000 per second is desirable.

Several types of switch were tried,
but that described by Clothier? gave
much the best results. This circuit
(Fig. 1) consists of a multivibrator
(V,V,) the output of which is fed to a
differentiating  circuit (C,C,RyR;;)-
The extremely sharp pulses which re-
sult are used to trip a trigger circuit
(V,V,) which has two stable states, The
square wave from the anodes of V, and
V, is applied to the signal grids of the
switching penjodes (V,V,). The two
wave forms to be studied are applied to
the suppressor grids of V,and V,.

The control R, unbalances the time
constants of the two sides of the multi-
vibrator, This changes the relative
brilliance of the two- traces .on the
cathode-ray tube. It is useful if large
swings cause the traces to cross as a
slight difference in density on the re-
cords makes them easy to’identify. The
rate of switching is controlled by the

Fig. I. Clothier’s electronic switching circuit (see ref. on p. 723). The component valdes are
listed below.

RI 10,000 ohms, RIl 15,000 ohms, R2I 1.0 meghom. Ci 0.1 mfd.
R2 100,000 ohms. RI2 10,000 ohms. R22 50,000 ohms. C2. 0.02 mfd.
R3 25,000 ohms. RI3 10,000 ohms. R23 15,000 ohms. C3 0.005 mfd.
R4 250,000 ohms. Ri14 25,000 ohms. R24 10,000 ohms. C4 - 0.001 mfd.
RS 25,000 ohms. RI5 15,000 ohms. R25 1,200 ohms. C5 0.0001 mfd.
Ré6 100,000 ohms, RIé 25,000 ohms. R26é 0.25 megohm Cé 0.0001 mfd.
R7 10,000 ohms. RI7 25,000 ohms. R27 1,000 ohms. c7 0.5 mfd.
R8 10,000 ohms. RI8 1.0 megohm R28  0.25 megohm C8 0.5 mfd.
R9 25,000 ohms. RI1? 1.0 megohm R29 1,000 ohms. Cl0—CI3 2.0 mfd.
RIO 1.0 megohm 1.0 megohm

Vgand V.

R20
Valves—V,; and Vz—R.C.A. type 79 or equivalent single triodes,

Viand V¢ R.C.A. 6C6 or 617.
H.T. voltage 275.

condensers C,C;; etc. Normally a rate
of 200-500 per second is used for visual
observation with time base traverse
rates of one in three to five seconds. For
recording the fastest rate is used.
Vertical separation of the traces is ob-
tained by unbalancing the bias on the
switching pentodes.

The slowest switching rate of
Clothier’s original circuit was provided
for observation of successive traces.
This and the control for synchronising
it to a time base have been omitted. The
separation control has also been made
to give greater separation and to work
in one direction only. This is advis-

able in medical work where similar’

waves might otherwise be confused. The
input gain controls were replaced by

0.5 meg. resistances as their function is
carried out earlier in the amplifiers.
Double triodes for V,V, and V,V, were
not available and type 57 tubes have
been used throughout with satisfactory
results.

Switching with this circuit is very
good up to about 1,200 per second. The
records are clean and background be-
tween the traces is practically non-
existent. The intermittent nature of
the record shows only on steep wave
fronts. The wave form of a 100 c.p.s.
sine wave is quite clear and faster fre-
quencies than that can be counted.
Coupling beiween the traces is only pre-
sent on large overloads. If more than
two simultaneous traces are needed .the

L] . - . e . ;‘
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same square wave generator (V, and V,,

V, and V,) may be used to switch a
second pair of pentodes to feed a second -
cathode-ray tube.

Records taken with this switch and a
single-beam gas-focused tube with sov
volts H.T. show that, besides being
completely satisfactory for recording
brain potentials, it is suitable for other ¥
medical applications such as recording
heart muscle action potentials and
sounds.

1 Walter W. G. and MacMahon, 1938,
J. Mental Science, 84, 781. 5

# « A Hard Valve Electronic Relay
Switch,” W. K, Clothier. Journ. Scientific
Instruments, Sept. 1939. Vol. 16, p. 285.

Electronic Engineering

TYPICAL OSCILLOGRAPHIC RECORDS.
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Fig. 3 (above). Potentials in the brain of an epileptic patlon(’: during

intervals between attacks. See below:

.

Fig. 4}(below). Potentials in the human brain during an epileptic attack. The commencement C and end E of the attack are marked.
: o Timing marks on top of record are 1/5th second. .

For fc:

1 and ch ]

advantages over existing materials.

APLA

: TENAPLAS LTD.
Head Office, 7 Park Lane, London, W.I

the
mechanical, physical and chemlical properties
of Tenapias extruded plastics offer notable

F.a PRODUCTS

CATHODE RAY TUBE

AND ITS APPLICATIONS

 BY
G. PARR

- EDITOR : Electronic Engineering
LATE OF RADIO DIVISION, THE EDISON SWAN
ELECTRIC CO.

" This book should make a strong appeal o a large
number of readers. It is sufficiently elementary for the
more advanced students of phgsics and engineering,
and also sufficiently advanced to be of use to the
research worker . . . . The text is concise, but difficult
points are explained with considerable care, and the
book is well illustrated throughout.”—PROCEEDINGS
OF THE PHYSICAL SOCIETY on the first Edition.

Demy 8vo. 180 pages. 80 figures
Price 13/6 net

CHAPMAN AND HALL
11 Henrietta St., London, W.C.2
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SLIDE FOR PHOTO-CELL
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PERSPEX
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" EAR SQUEEZED BETWEEN

GLASS AND PLUNGER

- A Photoelectric
Blood-Oxygen Indicator

A“ldescription lof an apparatus far continuously indicating the ox}gen
saturation In circulating blood by photoelectric means, devised by E. A. G.

Goldie,

M.A,, which originally appeared in The Journal of Scientific

Instruments, Feb., 1942.

oxygen saturation of hzmoglobin

L in solution has been described by
Brinkman! and Kramer?, but applica-
tion of the method to the circulating
blood in man (due to Matthes®) has suf-
- fered hitherto from the impossibility of
eliminating the effects of change in
quantity of blood in the trams-illumin-
ated part with consequent unreliability
of calibration, since a change in light
absorption may be due to a change
cither in blopd quantity or in oxygen
saturation.

The light transmitted by the pinna
of the ear, where the quantity of blood
is varying and the transmission of the
tissues (cartilage, skin, etc.) remains
constant at any particular site, would
follow on theoretical grounds the
relationship 3

log L=1log L, —aD ... (1)
where L is the total light transmitted,
L, the light transmitted by the tissues
alone, a the effective absorption coeffi-
cient of the blood present, and D the
effective depth of the layer of blood
transilluminated; the light source is
assumed constant. This relationship
has been shown? to hold for films of
blood in glass cells, and Squire* has
shown that it is permissible to treat
blood contained in tissues as having the
same optical properties.as in glass cells.

Suppose we have a photocell and
amplifier system in which .

I'=—(log L +25), (2)

T HE ' photometric estimation of

where / is output current, L the light
falling on the photocell, and S a vari-
able dependent on the sensitivity of the
amplifier and which may, theiefore, be
varied as desired, (The minus sign in
equation (2) indicates that an increase
in' light falling on the photocell pro-
duces a fall in output current,, as pro-
vided by the arrangement of the ampli-
fier. Let S be such that when L = L;
(i.e., all blood is squeezed out of the
trans-illuminated part of the ear), /=o;
then if blood is allowed to return to the
ear, ¥

1 = kaD wee eee 3

Hence if two such*photocell-amplifier
systems are used, with red and blue fil-
ters over the respective photo-cells, the
ratio of their output currents will re-
main constant for any given degree of
oxygen s turation, ,irrespective of
changes in blood quantity; and will
vary with changes in oxygen saturation
by an amount depending on the differ-
ing absorptions of oxygenated and re-
duced hzmoglobin in the red and blue
regions. .

Method .

In order to avoid the use of battery
coupled amplifiers’ the light source is
interrupted. A 3.5 v. pocket lamp bulb
is fed with half-wave rectified A.C.
from a metal rectifier and transformer.

The desired logarithmic characteristic
may be obtained by using a barrier-
layer type cell working into a high re-
sistance load; a load of o.5 meg. which

April, 1942
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forms the grid resistance of the first
stage of the amplifier, is suitable; the
voltage appearing across this load is
found experimentally to be proportional
to the logarithm of the incident light
on the cell within the desired range.
The photocells consist of a single
element 10 mm. by 5 mm. with a con-
tact strip at each end bisected by a non- °
conducting line. Each half is covered
by a suitable colour filter (Ilford nos.
304 and 204) and the cells, filters and
contact strips are mounted in a carrier,
whereby they can be slid out of posi-
tion without disturbing the position of
the device on the ear. The arrange-
ment will be clear from the figure.

Two identical resistance-capacity
amplifiers of conventional design are
used, giving a maximum voltage gain
of some 10,000. It is convenient to de-
rive the power supply from batteries;
a separate high-tension supply is em-
ployed for each amplifier. The ampli-
fier alternating input voltages are recti-
fied by diodes and applied to the grids
of the output valves.in such a sense as
to produce an increase of current with
a decrease of input voltage. The gains
of the amplifiers are controlled by the
use of variable-mu valves; and the out-
put _currents of each amplifier may be
read by meters. g

A suitable current ratiometer has
been constructed consisting of two coils
on the same spindle maintained in a.
non-uniférm field by a torsionless sus-
pension (similar to a Megger move-

-.ment). The deflexion of the instrument

is proportional to the ratio of the cur-
rents in the coils and sensibly inde-
pendent of their magnitude; full-scale
deflexions are given by ratios of 1:1
and 1:1.5 respectively, The light
source, photocells and carrier are
mounted on a duralumin yoke; it is ar-
ranged that the ear may be squeezed
between two .parallel surfaces so as to
render it bloodless without altering the
relative positions of light source, ear
and photocells. The whole assembly is
mounted on a headband so that move-
ments of the subject’s head do not dis-
turb the position of the device of the
ear. :

By reason of the ratiometer design,
the scale shape obtained is not uniform,
but is expanded at the .end correspond-
ing to oxygenation, At this end the
accuracy is of the order of + 2 per cent.,
at the other end somewhat less. The
scale ranges from full oxygenation
down to 70 per cent. A second scale
ranging down to 55 per cent. has been
constructed by adjusting the relative
position of photocells and filters so that
the photocell behind the blue filter also
receives some light through the red
filter. e

; References. ' 3
1 Brinkman Acta Med. Skand., 94, p.459

‘(1938). -

2 Kramer. Z. Biol,, 96, p. 61 (1935).

8 Matthes.. Arch. Exp. Path. Pharmak.,
176, p. 683 (1934). .

¢ Squire, Clin. Sci., 4, p. 3 (1940).
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BOOK REVIEWS

The Story of Electromagnetism

Sir William B 64 pp. 18 figs. (G-
Bell & Sons, | rag /6 net.) PP =
This book is based on the subject of a

lecture which the author has given to
Air Force Training Corps cadets, but
can be Tedd with pleasure by -all
engineers whose recollections of funda-

.mentals in radio are growing dim. Its
very reasonable price should ensure that
it is added to every collection of scienti-
fic books. It has the added attraction
that the majority of the figures have
been taken from Faraday’s original
notes of researches. -

Radio Receiver Circuits
Handbook

E. M. Squire. 101 pp. 50 figs.

5/- net.)

The first edition of this book appeared
in 1937 and the 1mprovements which
have been made in receiver practice-
since that year have been embodied in
a series of complete circuit diagrams in
the new last chapter,

This book differs from the average
tun of radio books in' that it caters for
the practical radio man without intro-
ducing too much theoretical discussion
(which many object to as irrelevant).
After. what the author calls the * prac.

(Pitman

‘tical theory,” notes on the operatlon of
the circuits are given with suggestions
for fault finding.

The stages in the receiver are covered
in_sequence from R.F. amplifiers to
L.F. output valves with illustrative cir-
cuit diagrams and typical component
values are given in each case. The book
can be recommended to those who are
starting radio maintenance or servicing
and it is gratifying to note that the
price is within the means of all.

Insulation of Electrical
. Apparatus

D. F. Miner. 452 pp. 275 figs. Appendix of
Tables (McGraw Hitl, 15/- net.)

A greater portion of this book is de-
voted to the imsulation of heavy elec-
trical machinery and apparatus, but
there is much to interest the electronic
engineer, .

The opening chapters cover dielectric
phenomena, theories of dielectric be-
haviour, and a general survey of insu-
latmg materials and their properties.
The particular applications of insula-
tion to industrial motors and genera-
tors, transformers and circuit breakers
are then described fully with sections on
H.V, insulators, lightning arrestors and
heavy duty capacitors.

The book concludes with notes on in-

sulation testing a%d high tension ap-
paratus, and appendices on the proper-
ties of msulatmg materials. - A useful
table of common trade names of
American plastics is also included.

Although dealing with American
prdctice as regards testing, this does not
detract from the value of the book to
British engineers and it is undoubtedly
a valuable work of reference which
should be acquired by all laboratory
and works’ libraries.

Radio Simply Explained

. Clarricoats. 44 pp. 24 figs. (Pitman

6d. net.)

The problem of how to explain radio
to the average non-technical person has
been successfully ' solved—spend six="
pence and present him with a copy of
Mr. Clarricoats’ bopoklet. Only the
densest of readers could fail to grasp the
principles which are so clearlyset out,
and in addition to radio reception and
wave propagation the author gives
simple theory and calculations in elec-
trical circuits. It is noted that the
author has a similar book in preparation
which covers the ground in a more
detailed manner and we wish it every
success.

Several other reviews are unavoidably held over,
and will appear in next month’s issue.

Can Sound-on-film supplant the Record? (Conciuded from p. 710)

A final point is the loss of sound
quality due to dirty film. Notwith-
standing the use of noiseless recording,
scrupulous cleanliness of the film is a
necessity., Thus it would be desirable
for the reproducer to be totally enclosed
in operation, and for provision to be
made for the automatic threading of
the film, in order to minimise handling
and abrasion of the surface. Auto-

- matic rewinding would also be advant-
ageous, -although less necessary if the
film carried an even number of tracks.

.

Conclusions

To summarise: it would in the
author’s epinion. be perfectly feasible to
produce an - apparatus capable of a
really excellent quality of sound repro-
duction, using a sound track consider-
ably narrower than at present, and run-
ning at a lower. speed. Thus it would
be possible for 3 or 4 tracks to be placed
on a film say 8 mm. in width; although
for the stages of recording and editing,.
and possibly also for some reproducing
applications, a single track would be
preferred.

Nevertheless, such an apparatus
- would be of no commercial value unless
it were capable of first-class reproduc-
tion, entailing arduous and costly
experimental work, Such work must
include :

1. The choice of

graphic materials.

2. Possibly the discovery of some less

costly film base than cellulese
acetate.

3- The computation of optical com-

suitable photo-

Fig. 6. Polygoning of a Film when flexed
around a Drum,

ponents capable of the necessary
standard of definition.
4. The perfection of mechanical de-
vices for the recording, printing,
and reproduction of the film.
The acoustic and electrical part of the
equipment need present no difficulties.

ne commercial handicap is the com-
plications of the patent situation, which
would have a bearing upon many
aspects of the problem, notably film
drives, the use of ultra- violet for record-
ing and printing, and the use of noise-
reduction and volume-contraction and
expansion devices.
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A Novel D.C. Amplifier
Utilising a- Photo-cell and Thyratron

This amplifier, which is the subject of Pat. No. 537784, was described
in a recent paper before the Meter and Instrument Section of the
" LE.E. by D. C. GALL (Messrs. H. Tinsley and Co.)

Fig. 1. Circuit diagram.

HE need for a direct-current

amplifier, suitable for industrial

conditions, has been realised and a
suitable design has been developed. It
is entirely mains-operated and the ac-
curacy is independent of mains fluctua-
tions or change in valve characteristics.
The amplifier is capable of an output of
3-watts and has a power gain of about
10", It can be used either as a voltage
amplifier or as a current amplifier and
is extremely stable. It has been applied
to high-speed temperature-recording
for the measurement of liquid steel, and
also to the metering of heat transport
in large hot-water plants. It has also
been applied to optical pyrometry,
measurements of illumination by bar-
rier-layer-type photocells, to the polaro-
graph and to many other problems in
which very small e.m.f’s are avail-
able as a function of the quantity to be
measured. The theory of the amplifier
has been worked out in sufficient detail
to meet practical design requirements.
The departure from linearity of res-
ponse is of the order of only a few
parts in 10,000, and voltages of a few
microvolts and currents as low as o.01
micro-amp, can be amplified, and thus
used to operate recorders and con-
trollers.

The schematic arrangement of the
circuit is shown in Fig. 1. Although
it is a d.c. amplifier, the whole of the
internal circuit operates on alternating
current supplied from the mains. It
. will be seen that the applied voltage
which is to be amplified is taken to a
circuit consisting of a reflecting gal-
vanometer g in series with a resist-
ance 7. The light from the galvano-
meter falls on a photocell # which in
turn controls the magnitude and phase
of “the voltage upon the grid of a
thyratron valve 2 in such a way that
this grid voltage shifts in-proportion to
the degree of illumination of the photo-
cell, The effect of this grid voltage is

to make the thyratron conducting be-

tween its anode and filament circuit for

part of the positive half-wave, as shown
in Fig. 2. The thyratron current starts
when the grid has reached a certain
positive value and stops when the anode
voltage passes through zero. Thus, as
the phase of the grid advances, ithe
duration pf the conducting period
increases giving a larger effective recti-
fier current output. That is, the effective
current output of the thyratron is
governed by the degree of illumination
of the photocell, or by the deflection of
the galvanometer. This output current
is fed back through the resistance 7 in
such a direction that the voltage drop
opposes the applied voltage. Thus
when an applied input voltage causes
the galvanometer to deflect, the yolt-
age drop on the resistance 7 rises until
the input voltage is balanced. The out-
put current is therefore proportional to
the input voltage, since it is the output
current which produced the opposing
voltage drop, which is held in equili-
brium by the galvanometer.

.

VOLTAGE ACROSS THYRATRON
.

AT

Fig. 2. Current pulses of different magnitude
due to change of phase in grid voltage.

The current through the thyratron is
controlled chiefly by the phase of the
voltage of its grid. This grid voltage
is in turn controlled by the photocell.
The grid control circuit comprises the
photocell in series with a small con-
denser of a few micromicrofarads and
is supplied from a tapping on the mains
transformer at about 5o volts. The grid
is connected to the common point be-
tween the photocell and condenser.
When the photocell is illuminated its
resistance is reduced, with the effect
that the voltage between the grid and
the cathode changes in phase, the locus
of the voltage vector following a semi-
circle. ‘

The thyratron * fires”’ if the grid

voltage is sufficiently high and positive,

during the positive half-wave of the
plate voltage, but extinguishes itself as
the plate voltage passes through zero.

The overall sensitivity of this com-
bination of light on the photocell to
Jutput in the thyratron circuit is of the
order of 300 mA per fumen. In practice
the lamp illuminating the galvanometer
is very much under-run in order to give
a very long life. In spite of this the sen-
sitivity is high and the ratio of the out-
in the industrial instrument is 1.4 A per.
radian.
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ELECTRONICS.

JACOB MILLMAN & SAMUEL SEELY

Department of Electrical Engineering, College
of the City of New York

721 pages, 9 X 6, illustrated, 35/- net.

The primary purpose of this text-book is to
provide a development of basic electronic
principles with applications to many pro-
blems in electrical engineering and physics.
The book includes general considerations of
both vacuum and gas-filled electronic devices.

Contents

Introduction : Motion of Charged Particles in Electric
and Magnetic Fields : Applications of the Motion of
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of Thermionic Cathodes: The High-vacuum Diode:
The Kinetic Theory of Gases: Fundamental Processes
in Gases: Electrical Dis¢harges in Gases: Commercial
Gas Tubes: Rectifiers: Controlled Rectifiers: Filter
for Rectifiers: Photoelectricity and Photoelectric
Cells: Triode Characteristics: Triodes as Circuit
Elements: Multielectrode Tubes: Voltage Amplifier:
lAt:’dlo-frequency Power Amplifiers: Appendices:
ndices

McGraw-Hill Publishing Co. Ltd.

Aldwych House, London, W.C.2

_ FOR FREDDY

"FOR DUTY

The famous ‘ F for Freddy '’.in TARGET
FOR TONIGHT epitomizes for ali time
the call to duty which proves reliance.
We have been proud of our duty for over
twenty years, In the manufacture of pro-
ducts on which our clients have placed
their reliance.

Today, National Requirements claim, and
are willingly given, priority of our duty,
but we are ever ready to give the benefit
of our long experience on variable
resistances—

You may have a problem—write and tell us.

RELIANCE
Manufacturing Co. (Southwark) Ltd.
Sutherland Road, Higham Hill,
Walthamstow. ; E. 17.
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A Proposed Device for

Electronic Engineering

Landing Aircraft in Darkness
by S. BROD.
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to ‘land in darkness without illu-

minating the aerodrome runway if in-
fra-red radiation is used. This, as is
well-known, is invisible to the eye, but
can be detected by photo-electric cells.

One method of utilising infra-red
radiation to guide aircraft on landing is
to equip the runway with a line - of
infra-red sources producing vertical
beams along the line of travel .of the
aeroplane. The line indicating the run-
way to be used is then made visible to
. the pilot by a simple form of television
scanner in the plane, Such an instru-
ment can also be used to indicate
ground clearance.

IT is possible to enable an aeroplane

The operation of such a device can be .

understood with reference to Fig. 1,
which shows two cameras, one installed
in the wing and the other in the
fuselage. “The view of both cameras is
seen on one screen (shown at S in the
diagram), When the aeroplane is at a
high altitude the images of the line L
will approximately coincide on the
screen, but from a lower altitude (Fig.
1b) the position of the lines will be dif-
ferent and the separation will be pro-
portional to the height above ground.

If, therefore, two ' transmitting
cameras are arranged so that both pic-
tures are visible on the same television
screen in the receiver, the lines will
coincide when the aeroplane is at an
altitude greater than soo ft., say, and
will gradually draw apart as the plane
descends, indicating the height on a
ocalibrated scale. (Fig. 4¢).

The spacing of the transmitters would
. be determined by the accuracy of height
indication required, but 10 ft. would he
sat:sfactory in most cases. The angle
of vision of the cameras is determined
by the spacing .and by the minimum
height which the device has to indicate

- when the aeroplane is on the ground.

As it is necessary to keep the image
from the transmitter in the fuselage
near the centre of the screen, the angle

of vision must be such that it will
intersect the perpendjcular from the
centre camera when the plane is on the
ground (Fig. 2).

The transmitters and receiver can ‘be
of a simple type using a scanning dlsk
as in Fig. 3, a motor driving all three
disks in synchronism to give a 6o-line
picture, The output of the caseium
photo-cells PP is combined in the ampli-
tier A and applied to the crater lamp or
light valve L,

The infra-red light can be supplied by
tungsten filament lamps sunk below the
surface of the aerodrome and fitted with
suitable filters for the visible spectrum.
Such an arrangement of lamps spaced,
say, 20 ft. apart will form a line along
the runway and can be extended to the
boundary of the aerodrome. A short
line at right angles to the main line
could be used to indicate the boundary.

As soonr as the sources are picked up
by the transmitting. cameras the posi-
tion of the aircraft will be indicated on
the screen, which has a calibrated scale
similar to that shown in Fig. 4. The
zero line corresponds to the height of

the plane on the ground (10 ft. approx.).

The line formed by the fuselage trans-
mitter is made longer than the line
formed by the other transmitter in order
to distinguish them, the longer line in-
dicating the posmon of the aeroplanc
and the shorter the height.

When the aircraft approaches the
landing ground it flies until the line of

. infra-red lights appear on the screen.

The pilot then knows the position of the
landing ground and will steer to ap-
proach it from one end, (Fig. 4a).
When above the runway the plane is
manceuvred to bring the indicating line
parallel to and near the centre line of
the screen. (Fig. 4c).

“With the descent of the aircraft the
lines . will draw apart, indicating the
height, while the longer line will be
kept near the centre of the screen. The
pilot thus has an accurate indication of
height and position on the runway.

April, 1942

A Television
Relay System

HEN" relaying television over a
considerable distance it is con-

venient to make use of fre- "’

quencies as high as several hundred
megacycles; such frequencies are, of
course, out51de the range of the usual
television broadcast receiver, which is
usually adapted to deal with signals
of the order of 50 Mc/s. To meet this
position it has been proposed to
heterodyne the signal down to normal
television broadcast frequencies at
points along the chain where it is de-
sired to provide reception.

In the block diagram of Fig. 1 are
shown a number of relay stations along
a chain. Each of these consists essen-
tially of a directional receiving aerial
and similar transmitting aerial, the
two connected by an amplifier adapted
to handle a frequency modulated
wh.f. signal. Assuming television re-
ception is to be provided in an area in
the neighbourhood of relay station A,
a transmission line B is connected to
the relay amplifier, and feeds signals
to the frequency converter C; this may
be a frequency-controlled oscillator of
any convenient type, e.g., a crystal
oscillator. The signal at the desired
frequency is amplified at D and passed
via transmission line E to power ampli-
fier F, whence it is applied to .the
broadcasting aerial G- in the usual
way. If, as may sometimes happen, it
is desired to reduce the fre uency
modulation percentage of the broad-
cast signal below that of the relay
signal, this can conveniently be.done
by passing a portion of the signal from
the transmission line. B through a
demodulator before being applied -to
the frequency converter, in an eppos-
mg manner to degenerate the frequencv
swing.

This proposal originated with the
Radio Corporation of America,
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Another Londex Product

Leaflet g7 describes a new synchron-
ous time delay relay, developed by
Messrs. Londex, Ltd., of Anerley Road,
S.E.zo. -The instrument, as the illus-
tration shows, is compactly mounted in
an iron case with front knob controlling
the time delay. Six models cover a
range of 2 sec. to 28 days and the
switching capacity is 500 VA, Larger
currents can be dealt with by using a
Mercury Type Relay (1.QA) ih conjunc-
tion with the time delay.

A variety of timing actions is avail-
able, for example: Make on impulse

-with switch off after
a given time inter-
val; break on im.
pulse with switch on
after given interval;
secondary circuit
a made on a pre-deter-
mined time after the

taneous switching off
of primary and secondary.

Non-standard  switching arrange-
ments can be provided to suit special
requirements, and the company will
gladly advise on any specific problem
of switching, however, intricate. (Tel. :
Syd. 6258).

We regret that owing to a fypo-
graphical error the name of Messrs.
Londex was printed as ‘‘ Lodnex > in
their announcemernt in the March issue.
Readers who have noted the regularly
appearing advertisements of this com-
pany will | of course, have had no diffi-
culty in recognising the true name.

Aquadag Coatings

Since the application of colloidal
graphite (‘‘ Aquadag”) to the pro-
duction of conducting coatings on
glass and other materials, Messrs.
E. G. Acheson have received many in-
quiries for methods of screening appara-
tus and equipment with graphite coat-
ing, possibly on ac¢count of the shortage
of metal foil. -

. They have accordingly sent us the fol-
lowing note on screening :

‘“ Aquadag ”” colloidal graphite in
water 1s diluted with two or more parts
of distilled water and applied by means
of a brush, or by other suitable method,
to the surfaces requiring to be treated.
The latter, however, should be cleaned

and degreased before the solution is’

applied and the graphite coating formed
can then be dried in a warm atmosphere
or by heating, :

As the. electrical conductivity of a
graphite coating formed in this way
varies with the thickness, a good con-
ducting path can be provided by brush-
ing on successive coatings of a more
dilute dispersion of ‘“ Aquadag.” A
coating, however, should be dried
before a successive one is applied.

Owing to the extreme fineness of the
particles of graphite in the colloidal dis-
persion, they are able to arrange them-
selves, when applied to surfaces, so that
they lie flat on the latter. In doing so,

primary, with simul-_

Electronic Engineering

they ensure maximum electrical con-
ductivity, freedom from internal arcing
and a uniform texture and appearance.
Light polishing improves still further
the orientation of the particles with
respect to the surface on which they lie
and so increases the conductivity.

Technical information may be ob-
tained on .request to E. G. Acheson,
Ltd., 9 Gayfere Street, Westminster,

oYV.1.

Instrument Dials

Messrs. Muirhead have just issued a
well-printed catalogue of dials, knobs

** Just look what you can do without ! "’

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.

April, 1942

NOTES FROM THE INDUSTRY

and dial plates for precision instru-
ments which will be of particular inter-
est to research laboratories constructing
special apparatus and firms specialising
in high quality test gear.

All dials have silvered .lacquered
scales, generally covering an arc of
180°, and ‘can be fitted with vernier
scale for accurate reading, Drive is
cither direct or by slow motion, giving
9:1, 50:1 or other ratios. Among the
miscellaneous .items listed are dial
lenses, flexible couplings, and a clamp
for locking the dial in any position.
Copies of the booklet can be obtained
by bona fide manufacturers on applica-
tion to the company’s offices at Elmers
End, Beckenham, Kent.

Transparent Plastics
An interesting application of cast
resin plastics is in the production of
transparent working models from which
the interior construction can be seen and

-the working of hidden parts studied if

required.

Messrs. Runcolite, Ltd., of Vere
Street, W.1, have sent us photographs
of full-size models made in cast resin,
of which one is shown in the illustra-
tion. They point out that it is well-
known that components produced from
expensive tools often do not work ac-
cording to plan and that by the use of
a full-scale specimen from the tools any
defects can be seen in working and
remedied with the minimum of delay.

Transparent models, unless excep-
tionally complicated; can be produced
in a few days to manufacturers require-
ments and full details of this service
can be obtained from the company.
(Tel. : Mayfair gsor).

Rad’o Corporation of America

Plans for the erection of a new large
radio valve factory at Manheim Town-
ship, Lancaster, Pa., are in hand by the
R.C.A, Ground for the main building,
which will occupy 326,000 sq. ft. of
space, will be broken by the time this
appears in print and the factory will be
completed by September. It will em-
ploy nearly 2,000 workers and will prob-
ably be devoted to the manufacture of
special valves and thermionic devices.
Air conditioning will be installed
throughout.

The R.C.A. have also produced a new

uarterly dealing with their activities,

adio Age, published by the Dept. of
Information, R.C.A. Building, N.Y.
The second number contains an inter-
esting review of the development of the
gramophone and traces its decline in
popularity (1925) and rapid recovery
only to drop again in the slump of 1g929.
In 1936 the Philadelphia Orchestra
boosted the sales of recorded music and
the industry flourished until in 1941
more than 110,000,000 records were sold
in America. It is expected that the
1942 figures will exceed these, although
no mention is made of shortage of raw
materials.-
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- The CIough-BrengIé

‘““ Unimeter”’

2,0002/V.
A Leland Instrument

Model 185B

The Clough-Brengle ‘‘Unimeter,’” marketed
in this country by Messrs. Leland Instruments,
is a high quality universal test meter with an
accuracy of 2% on the D.C. ranges. It is
contained in a welded steel case with remov-
ablT cover and carrying handle and weighs only
10 lbs.

The ranges available are as follows :

D.C. Volts: 0-5-20-100-500-1,000
g.OOO ohmsj/volt).

D.C. Amps : 0-5-20.

D.C. Milliamps : 0-5-10-100.

A.C. Yolts : 32-160-800-1,600 (1,250
ohms/volt).

Decibels : —I15to 459 db. (6 mW.) 500
ohm reference level.

Resistance : 0-4000 and 0-40,000 ohms.
Reading can be extended to 4.0
megohms with external battery.

Cap?;ity : .0005 — 0.1 mfd. and .05 —I10
mid.

Descriptioh

As will be seen from the illustration the

meter is of the square flush type with a dead-
beat movement. Below the meter are the

range-setting knobs and the control resistance
for adjusting zero on the resistance scales
(right-hand knob).

The range setting controls are ingeniously

Electronic Engineering

arranged to select the
range by pointing to the
‘‘ co-ordinates’’ marked
on the centre of the
engraved panel. As a
safety precaution it is
recommended that the
range switch is always
set to maximum D.C.
voltage range when the
instrument is left out of
use.

A novel feature is the
inclusion of capacity
ranges, operated from
A.C. supply mains by
means of a flexible con-
nexion provided.

The cover to the case
contains complete in-
structions for operation
fixed inside together . )
with a pocket for the test prods and leads.
Another novel point is the provision of a small
hinged foot at the back of the case which
enables the instrument to be tilted for ease in
reading. ,

Due to the characteristics of the metal
rectifier, the A.C. ranges differ from the D.C.
voltage ranges, but this possible source of
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confusion is allowed for by printing the A.C.
scale in green, and in practice no difficulty Is
experienced in taking readings quickly.

ull details are available from Messrs.
Leland - Instruments, 43a, Mecklenburgh
Square, W.I, and delivery can be made in a
reasonable time for Government approved
orders.

TRA

* Woden are specialists in
smalltransformerconstruction.

* All types are available includ-
ing shrouded Transformers,
which give full winding pro-
tection and prevent interaction

in radio apparatus, work.

* Porcelain insulators on high
voltage terminals give pro-
tection from flash-over.

* Available in quantities for
production.
delivery of singles for Govern-
ment Department research

TRANSFORMER . CO.
Thornley St., Wolverhampton

ERS

See that FLUXITE Is always by y ] g k
shop—wheraver spsedy soldering is needed. Used for 30 years in
government works and by leading i uf
Of lronmongers—In tins, 4d., 8d.,
FLUXITE SMALL-SPACE SOLDERING SET—compact but sub-
stantial—complete with full instructions, 7/6. Write for Free
Book on the art of ** soft " soldering and ask for Leaflet on CASE-
HARDENING STEEL and TEMPERING TOOLS with FLUXITE,

THE < FLUXITE
QUINS ™’ AT
WORK.

* Of all the rum-
miest fixtures,
This aerial’'s a
packet o’ mixtures
Hand up the
FLUXITE
Or we'll be
here all night
And | want to go
to the pictures *’

the h g k

8 - BN
1/4 and 2/8. Ask to see the

stronger wheel,

To CYCUISTS { Your wheols will NOT keep round and true unless the spoke®
are tied with fine wire at the crossin,
it’s simple~—with FLUXITE—but IMPORTANT.

and SOLDERED. This makes @ much

Specially quick

THE FLUXITE GUN puts FLU XITE where
you want it by a simple pr‘.‘uun. Price /6,

or fille
FLUXITE LTD. (DEPT. T.V.),
BERMONDSEY ST., S.E1

ALL MECBANICS Mol SAVE

Tel. : Wolverhampton 22829,

MAKERS OF TRANSFORMERS, POWXER PACKS, AND
SPECIAL RECEIVING AND TRANSMITTING APPARATUS.
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Photo-electric Control of Siudge
(H. H. Slawson) .

In the coal washing and cleaning
plant the coal, wher raised,.is dumped
into a trough of water which is agitated
by the gentle, pulsating action of com-
pressed air.

The refuse, meanwhile, sinks to the
bottom .of the trough where it makes
contact with a sensitive, free-moving
float. Attached to the float is an
aluminium stem. On the upper tip of
this stem is a vane which intercepts
the beam of a photo-electric cell. As
the refuse in the trough piles up, the.
float rises. higher, until the vang no
longer intercepts the light beam. This
latter, falling on _the photo-cell,
actuates relays which set in motion a
mechanism controlling a rotary gate.

Through this gate continuous and
automatic discharge of refuse is thus

_majntained. Through a second photo- °

cell provision is made for increasing
motor speed if the discharge gate can-
not handle the accumulating refuse
fast erough after it is opened.
~—FElectronics, ‘Vol. 14, No. g, 1041,
page 72.
Styrene and its Insulating
Potentialities
(Scott)
Following his review of 1937, in
which the author discussed poly-
styrene as #n -insulating material, he

- states that in the intervening four years

" bonded

styrene has found such a marked use in
the electrical- field -that it seemed
desirable once again to review the
general situation. Articles made from
styrenated paper are illus-

trated. Combinations of fibrous in-

. sulating materials and the styrenes are

discussed, and the desirability or other-
wise for plasticisation of polystyrene in
its application as an electrical insulator

is considered.

—£El. Engg., October, 1941, page
478.% .
Surface Hardening by]Induction

. (Osborn)

The article is a shortened form of a
papet on surface hardening by high
frequency induction presented before
the April, 1941, meeting of the Ameri-
can Electro-chemical Society. Accord-
ing to the author, induction hardening
equipment can be used to harden only
the requisite portion of almost any steel
object; to harden parts of intricate de-
sign which cannot feasibly be treated
in any other way; to eliminate expen-
sive pre-treatment such as copper
plating and carburising, and costly
subsequent straightening: and cleaning
operations; and to harden a fully
machined item without the necessity of
any finishing, operation. After discuss-

Vo amm m e e e s el

ing the principles of operation of a
typical heating and quenching unit,
various commercial equipments and

their respective characteristics are men. -

tioned.
—Mech. Engg., August, 1941, page
602.*

Design Ch.art for R.F. Heat Treatment
Generators
(E. Mittleman)
Many heat treatment generators

using capacitive electrodes do rnot pro-
duce expected power output because of
improper coupling to the load and be-
cause the designer usually does not
have sufficient information about the
load impedance. A reference sheet is
given and the power absorbed can be
quickly determined for normal opera-
ting conditions.

—~Electronics, Vol. 14, No. 9, 1941,

page 68. .

An Electrical Engine Indicator
(Martin, Grinstead and Frawley)

The paper' presents the design of a
condenser type indicator and associated
electrical equipment, together with the
technique of measuring pressures in in-
ternal combustion engines. Important
requirements of an ideal engine indica-
tor and its associatéd amplifying and
recording equipment, and the types of
electrical pressure indicator which
have been developed are first con-
sidered. The principle” of operation
of the equipment described, the
mechanical design of the indicator, the
electrical  equipment,  oscillograph
amplifier, recording equipment, indica-
tor calibration and other applications of
condenser-plate indicator equipment are
then discussed.

—A.I.E.E., Trans., June, 1941, pp.

513-23.%

An Automatic Recorder of Spectral
Sensitivity of Photoelectric surfaces

(J. R. Tykociner and L. R. Bloom)

A method of recording automatically
spectral sensitivity of photoelectric sur-
faces has been developed. It consists
of a Hardy spectrophotometer supplied
with attachments far 6o modulation of
two glow discharge lamps. One of the
lamps serving as light intensity refer-
ence source, is supplied with an iris
whose aperture is controlled mechanic-
ally by the analyser cam. The other

lamp is controlled photoelectrically so’

that its light intensity is proportional to
the relative spectral sensitivity of the
investigated  photoelectric  surface.
Light emitted by both lamps is re-
ceived by the detector photocell which
by means of thyratrons controls the
recording mechanism.

—Journ. Opt. Soc. Am., Vol. 31, No.

11 (1941), page 689.

CIRCUITS

The Development of a Frequency
Modulated Police Receiver for
Ultra-High-Frequency Use
(H. E. Thomas)

This paper first describes the. general
considerations bearing upon design of
a frequency-modulated mobile police
receiver for use in the+30 to 40 mega-
cycle band where the channel width is
restricted to 40 kilocycles. Details of
developing "the various circuits around
these considerations then proceeds with
a discussion of overall performance
and field testing.” Comparative and
quantitative results show very favour-
able performance using a double-
superheteiodyne circuit with automatic-
frequency control of the second oscil-
lator. )

—R.C.A. Review, Vol. 6, No. 2,
page 222 (1041).
ELECTRO-MEDICAL
Short-Wave Diathermy Apparatus
(Gieringer)

-+ Short-wave diathermy apparatus such

as applicators and the generator are
briefly referred to, following which the
author discusses patient-circuit imped-
ance, interference with radio communi-
cations, frequency stability, maximum
frequency deviation for fixed maximum
output power, maximum frequency
deviation for output current limited,
and tank-circuit efficiency. :

—A.l.E.E. Trans., June, 1941, pp.

*
Integration of Action Potentials
(S. S. Stevens)

A voltage integrator is ‘now being
used in a medical research laboratory to
measure the total amount of action-
potentials produced by the muscles of
various patients. The action potentials
are amplified and fed to a 5 ufcondenser
which is discharged through an 884 valve
whefiever the voltage on the condenser
reaches 110 volts, The discharge acti-
vates a micro-switch relay which in turn
activates a marker on a moving tape.
The total number of marks within a
given period provides a measure of the
muscular activity.  The rectifier net-
work of this instrument was adjusted
until the frequency with which the con-
denser discharged was directly propor-
tional to the applied voltage. Linearity
was achieved over a range of from o.5 to
20 volts. The condenser discharges
once per second for an input of 5.6
volts r.m.s. The integrator has a
frequency response which is flat
to within o.5 db. from o to 15,000 cps.
Its input impedance is 3,800 ohms at
100 cps. 2,700 ohms at 1,000 ‘cps. and
goo ohms at 10,000 cps. It is fed
through a 250 ohms transformer.

—Electronics, Vol. 15, No. 1 (1942)

page 4o. : : ’

* Supplied by the courtesy of Metropolitan-Vickers
ec. &., Ltd., Trafford Patk, Manchasg:,.
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@ The Universal AvoMinor and the
D.C. AvoMinor put within the reach
=T of the serious amateur a means of

rapid precision testing of an accuracy
unobtainable with other instruments

T R Ac I{ I N G in their class. Their simplicity and
versatility make short work of all the
normal trouble tracking problems,

are worthy members of a range

I; )

y
of i AVO ' Instraments renowned

for their hi standard of work-
manship and efficlency.
THE

UNIVERSAL AvVOMINOR

ELECTRICAL MEASURING INSTRUMENT
22 Ranges of Direct Readings
D.C. . D.C.

A.C.
Velts Volts Milliamps
0-' 75 milli- | 0- 5 volts || 0- 2.5 milli-
volts amps.

0- 5volts ' 0:-26 ,, 0- & .
‘o-25 ,, | 0-100 ,, 0-25
0100 , | 0-250 , . | 0100
.0-250 , | 0500 ,, | 0500

0-500 |
RESISTANCE
0- 20,000 ohms 0- 2 megohms
0-100,000 ,, 0-6
0-500,000 ,, 010

THE D.c. AVOMINOR BRITISH

RLECTRICAL. -MEASURING INSTRUMENT
13 Meters im ONE

Current | Voltage Resistance
milliamps volts’ ohms
0- 6 0- 8 0- 10,000
0- 30 | 0- 12 0- 60,000
0-120 0-120 0-1,200,000
0-240 megohms
0-300 0-3

0-600

: Delay in delivery of Trade orders is inevitable,
‘but we shall continue to do our best to fulﬁl

AVO .

ELECTRICALR%K;%{';G i your rec»;::hlrcmann as promptly as poulble
INSTRUMENTS @ Writz for fully descriptive pamphiets and purrept ’nus THE D.c. AvOMINOR

Sole Proprietors and Manufacturers:
AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co. Ltd., Winder House, Dougl_u Street, London, S.W.I. Phene: Yictoria 3404/7

FAR MORE THAN AN ORDINARY SERVICE OSCILLATOR

“ADVANCE”

'SIGNAL GENERATOR %°

.This Signal Generator is ideal for Radio Manufacturers
“and Service Engineers for carrying out tests on radio re-
ceivers and amplifiers. It possesses a high degree of
accuracy and a dependable performance. It caters for
the needs of those who require a stable and accurate
instrument at a reasonable price.

RANGE : 100 K/es to 30

Mc/s,
LOUD . R.c 'F. OUTPUT : | uv o5

. ’ (it ~ to 100 mV atte nuated : IV W~ st s 0y
SPEAKERS 2 o o
- 4 A, :600 UTPUT : 7 volts 38 Lok
THE WORLD’'S FINEST REPRODUCERS | Eantronieq et erenurtor S
. = - DUMMY AER!AL :Special
: shielded caole, Covers all
TRAN SFORMER frequencles. Shielded lead
- for A.F. and I.F. work.
LAMINATIONS |[ES=ss
3 30% at 400 cycles.
- SALLSRATISN
: " g i
Core Wldths |26 to I;. (E,S and I,S.) of the five r’a:.npg»ese i
EIGHT STOCK SIZES EIERCE
A Comprehensive Bolletin together with details of Associated Covers 25 Gns.
and Clamps with design data will be sent to manufacturers on .request. Ca paid
: rr. Pai

Send today for illustrated Brochure.

e

BRIiTISH RoLA LIMITED
MINERVA ROAD - PARK ROYAL * N.W.10 * Wi{Llesden 1322

ADVANCE COMPONENTS LTD,,

Back Rd., Shernhall St., Walthamstow, London, E |7
Telephone Larkswead 4346-7
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PATENTS RECORD

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 Is. each.

Thermionic Valve Apparatus

The system concerned includes a
valve in which, in addition to the usual
electrodes, an accelerator grid is con-
nected to a positive voltage through a
potentiometer and 2 secondary emitting
electrode polarised that the number of
electrons emitted is on the whole
greater than the number striking it.

This electrode is polarised through
a resistance of suitable value, the ter-
minal remote from the electrode being
connected to the zero potential point
through a condenser of negligible cur.
rent impedance. The alternating
potential is applied to control the
electron stream at a point where
the electron  velocity is low, there-
by produt¢ing a positive feedback
which increases the effectivé mutual
conductance of the valve. The amount
of feedback is limited by suitably pro-
portioning th« resistance in series with

the secondary emitting electron elec- -

trode so that it is insufficient to cause
oscillations to take place. .
The method by which the desired re-
sult is obtained consists in locating the
secondary emission electrode itself at
a suitable point of low electron velocity

in the stream or by locating it near the
control grid where the electron velocity
is low.

The auxiliary cuntrol grid may be
located on either side of the control grid
or in the same plane. [Likewise the
secondary emiitting electrode may be
placed on either side of the accelerator
grid with the secondary emission elec-
trode placed between the two.
Standard Telephones and Cables and
B, B .Jacobsen. Patent No. 538,381.

Improvements in Television Signal-
Translating Systems

w

The video-frequency signal is sup-
plied to the amplifier 17 from the out-
put of the amplifier 16, and appears

across the voltage-divider resistor 22
with such polarity that positively in.
creasing signal voltage corresponds to
increased illumination in the image
" represented. The valves 30 and
“23 serve to amplify and reverse
the polarities of the applied signal
voltages, which are then applied
by way of the reinserter diodes 24 and
- -3t to the first and third grids, respec-
tively, of the valve 21. The resultant
signals applied to the control grids of
valve 21 include the fixed bias voltages
and the wunidirectional background
illumination component as well as the
video components, and they are so ap-
‘plied to their respective grids that a
predetermined characteristic level (pre-
“ferably the level corresponding ap-
proximately to black) corresponding to
zero signal voltage on each of the con-
trol electrodes is obtained.

Valve 21 is, therefore, a self-
modulating device and serves to distort
the - translated signal in accordance
with its operating characteristic to
effect a predetermined gamma change
in the translated signal. Hageltine Cor-
poration (Assignees of ]. C. Wilson).
Patent No. 538,047.

NEW!

THERMIONIC VALVE CIRCUITS

By Emrys Williams. Based on a lecture course
delivered to third year students, this new book
incorporates the theory the operation
and design of thermionic valve circuits and
constitutes a convenient textbook dealin
exclusively with the sub) It is bl
for universities, technical colleges, and electrical
engineers trained in the days before the
development of the valve. [2s, &d. net.

CATHODE RAY OSCILLO-
GRAPHS

By J. H. Reyner, B.Sc. (Hons.), A.C.G.l., etc.
Here is an easily understood guide to the

practical application of Cathode Ray Tubes .

to numerous purposes, including the
examination of oscillations or wave forms.
Radlo Men, and particularly those about to
enter the services, will find this book a genuine
and Invaluable guide. 8s. 6d. net.

.CATHODE RAY TUBES

By Manfred .Von Ardenne. In this book a
very wide field Is covered and the book deals
with fundamental principles and early
developments as well as with present day
methods and apparatus, It describes the
theory and construction of the cathode ray
‘tube, and deals with the accessorles, including
the mains equipment, the pre-amplifier for
increasing the sensitlvity, the time deflection
apparatus and photographic recording
equipment. 42s. net.

39 Parker 8treet, Kingsway, W.(.2

PITMAN'’S

(6°5 to 3,000 metres)

SIGNAL GENERATOR

The Taylor Model 60A instrument provides
modulated or unmodulated Radio frequency
signals for tests on all types of receivers.

TAY‘.O ALL-WAVE

B it

FREQUENCY RANGE. &Wave bands ‘covering

from (00 Kc. to 46 Mc. CALIBRATION. Dialis
directly calibrated, no graphs or charts required.
Total scale length 26 in. ATTENUATION. Coarse
and fine attenuators, giving a range of from 0-100,000
microvolts output. MODULATION. Radlo output
elther dulated or dulated at cycles or
modulated by an external audio generator, 400
CYCLES. Audio output at400 cycles of good wave
form Is separately available and variable from 0 to
5 volts. SCREENING. Instruments are very
thoroughly screened and an effective mains filter
prevents any appreciable direct radiation.

Supplied complete with TAYLORMODEL 60A
screened output lead, in-

struction book and frequency £1 4 o 1 4-0
conversion table. i

British Made by — Write for List, etc.
TAYLOR ELECTRICAL INSTRUMENTS LTD.

Instrument Sales and Service Department,

IAYLOR 148a, HIGH STREET,

SLOUGH, BUCKS,
Phone : SLOUGH 21383

A MWW W W

Quint_essence
of Quality

To every order put through the GARDNER
factory there has always been attached a
‘“must.” And that “ must” is: quality
first]! In no case is this more rigidly
observed than in the manufacture of Small
Power Transformers and Chokes—in truth,
they are the very quintessence of quality.
So if at any time you are called upon to
supply Small Power Transformers up to 4
kva. and the specification says * best,” let
your order say, ‘ Gardner.” You can rely
on our full co-operation. We regret that it
is only possible to supply these Transformers -
against a priority number. X

SOMERFORD * CHRISTCHURGH * HANTS,
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POINTERS

Even the most cursory glance

at any item of R.S. Equipment
provides a pointer to its
proved relisbility, inherent
?uality and unsurpassed per-
ormance. As for appearance,
this of course, speaks - or
should we say - “Jooks”?

- = for itself. ;

SRIIS

#mpéﬁe?ﬁ Lmited

34, Highfield .Road, Shepperton, Middlesex
~———= Tel.phane : Walton-on-Thames 1019
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E=——=ELECTRADI X0

'Nitnday’’ Mains Chargers. A range for all jobs.
The Lesdix Nitndays are the best and cheapest
trouble-free chargers. Any A.C. malns voltage to
2, 4, 6 or-12 volts. Steel chassis. Safe for ever.
MODEL N/A.2.I/2 is Radio Home Charger for
2 volts § amp. 15/6. MOD. N/A.6.1/2 3-cell Trickle
6 volts § amp. 22/-. MOD. N.B. §/| Car Trickler
6 volt lamp 30/-. MOD. N.B. é/I. 1/2 Car Trickle
6 volts 14 amps. 34/6. MOD. N.C.§/2 Car Charger
46/6. MOD, N.D.12/1 H.M.car Charger I2volts lamp.
47/6. MOD. N/D.12/2 NK Car Charger 12 volts
2 amps, 68/6. Special MODEL N.E./2 Doubler
Twin Rate Charger 6 volts and 12 volts 2 amps 81/6.
Tungar Type 70 volts 6 amps. £12 10 0.

A few larger Westinghouse Chargers for trade
charging re-conditioned and guaranteed.

PETROL ELECTRIC ENGINE SETS.

Pelapone 500 watt 2-stroke water cooled Englne
50/70 volts 10 amps. D.C. Shunt Dynamo. Supplies
limited now. A.B.C. Twin Alr Cooled Set with
50/72 volt 25 amps. _ Specilaly lightwelght for portable
work.
Office and Fleld Telephones, Field Cable. Morse Re-
corders, practice and transmitting Keys, Buzzers, Meters,
Meggers, Mirror-Galvos, Bridges and Res, Boxes. Micro-
Motors. Dynamos and Motors,

ELECTRADIX RADIOS
19 BROUGHTON STREET,
QUEENSTOWN ROAD,

BATTERSEA, LONDON, 8.W.8.
Phone : M lay 2159, e

TECHNICAL BOOKS

English and Forelgn Books on Radio and Electrical
Engineering supplied from stock or obtained
promptly to order.

(Lists post free on appllcation.)

LENDING LIBRARY

Annusl Subscription from One Guinea.
Detalls post free on request.

H. K. LEWIS & Co. Ltd.

136 Gower Street, London, W.C.1
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Ode

Partiidge

Telephone : EUSton 4282 (5 llnes)

TO HITLER

When evening's twilight gathers round
You’ll find your dupes flat on the ground
All frozen in the Russian snow. .
Oh Adolf, what an awful blow !.

You boasted that ere Christmas came

You’d be in Moscow. What a shame !

Joe Stalin really is unkind

To make you change your mystic mind.

You said you'd soon get Leningrad,

Its outlook, true, was very bad

But once again he’s changed your plans

Andput 'em in the ““ also rans.”

Then there's the Ukraine and Crimea,

Strange how your schemes slip out of
gear,

From top to low—and now reverse

But cheerio it’ll soon be worse.

%' BSc., AMJ.EE,

Makers of Transformers and Chokes
King’s Bldgs., Dean Stanley St.,
LONDON S.W.§

Telephane : ViCtoria 5035

Fixed Condensers with Ceramic

Dielectric.

The smallest condensers on the

market.

Mechanically and electrically

stable.

Avallable in capacities from § to 5 pF.
Full details and advice gladly given

United Insulator Co. Ltd.
12-20, LAYSTALL STREET

LONDON, E.C.1
‘Phone : TERminus 7383

’Grams : CALANEL, SMITH, LONDON
CONTRACTORS TO G.P.O. & GOVT. DEPARTMENTS

ON A.L.D. APPROVED LIST

AL

UM L
20230 o

Low. Loss

.
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QUALITY |

SOUND
EQUIPMENT

Designed and built tor refiabilityand
high quality sound amplification

Lot us send
you full
details

Amplifiers
4-400 Watts

Horns
‘Microphones
Loudspeakers

Equipment

available for
priority work,
factories, etc,

The
TRIX Electrical
Co., Ltd.

65 BOLSOVER ST,,
LONDON, W.I

Phone : EUSton 547112

= Grams :
* . i Trixadio,Wesdo London

RADIO

r——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 TELEGRAPHYLro.

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

Electronic Engi'neerlng

Classified Announcements

The charge for miscellanecus advertisaments on this
page is |2 words or less 3/-, and 3d. for every
additional word, Single-colummn Inch rate displayed,
£1.  All advertisements must be accompanied by
remittance. Cheques and Postal Orders should be
made payable to Hulton Press, Ltd., and crossed, and
should reach this office, 43, Shoe Lane, London, E.C.4,
not Jater than the I5th of the month pravious to
date of issue.

COIL FORMERS
FORMO Ceramic ribbed 2* x }* Coilformers, ?/-
per doz., ’30/- er gross. Formo Ceramic bases for
above, 23" X r’ x 1°, s-hole, without fittings, 1/6
r doz., 15/~ per gross,—A.C.S. Radio, 44, Widmore
oad, Bromley.

LOUDSPEAKERS
3,000 SPEAKERS P.M. and energised 4° to 147,
including several Epoch 18%. Sinclalr 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 2089.

RADIO MAP AND GLOBE
WEBB’S Radio Map of the World enables you to
locate any station heard. Size 40* by 30" 2 colour heavy
Art Paper,v#/G. 1'>ost 6d. Limited supply on Linen, 106,
post 6d.—Webb’s Radio, 14, Soho Street, London, W.1.

Phone : Gerrard 208¢.

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

TUITION
PRACTICAL Radio Postal Courses, coaching for
LP.R.E, R.AF. Location, and A.I.D. exams.;
booklet ~free.—Secretary, 1.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. )
COLLEGE ‘reqnires complete Speech Recording
Equipment.—Full details to Box 64%.

JUST PUBLISHED!

Radio Handbook Supplement
Comp to the ” A Radio Handbook."
CONTENTS ; :
RADIO FUNDAMENTALS — MATHS, — CATHODE
RAY TUBES—DIRECTION FINDING AND PLOTTING
—VADE MECUM FOR SERVICE OPERATORS—LOG,
ANTILOG & TRIG. TABLE3—DATA & FORMULZE.

- 160 Pages. 100 [llustrations.
Ord Post
G o 29 £,
RADIO SOQCIETY OF GREAT BRITAIN,
16, Ashridge Gardens, London, N.13.

April, 1942

GALPINS ELEGTRICAL STORES

ELEC. LIGHT CHECK METERS, small, fate type,
good makers, fine condition, electrically guaranteed,
200/250 volts, 50 cy.
amp., 12/6 ; post I/-. ;
D.C. ELEC. LIGHT CHECK METERS, 200/250 V.
5 and |0 amps., 7/6, post [/-. ! =
AUTO CHARGING CUT OUT AND VOLT-
AGE REGULATOR, ex-R.A.F., suit any dynamo P
to 20v. at IS amps., fully adjustable, with wiri g
instructions, complete in metal case, 3/6, post 9d. |
BLOCK CONDENSER, large size. | MF., 4,000v
working, 18/-, carriage 2/-." ¢ i
2 kw TRANSFORMER, complete with clamgs,
suitable for rewinding, 25/- each ; 1 kw. ditto, l7{-,
both carriage forward. 1
DYNAM O for lighting or charging, shunt wound and
interpole, output 110 volts 66 amps., price £20,
carriage forward. !
t H.P. A.C. MOTORS, 220/30 volts, 50 cycle, single
phase, guaranteed sound windings, but the centrifugal
starter switch is broken and wants repairing, otherwise
motors are in working order, Brlce 30/~ each,
carriage 2/6. ¢
DITTO-:} H.P. A.C. MOTORS offered for re-
winding only, windings not guaranteed. Price 15},
carriage 2/6. i

HIGH TENSION TRANSFORMER, input 110/-

220 v., 50 cycle, single phase ; output 45,000 volts at
7 milllamps, In first-class condition, small portable
type. Price £12 10 0, carriage paid.

D.C. MOTORS LAMINATED fields, approx. } h.p.,
110/220 volt. Price 20/-, carriage 2/-,

LARGE TRANSFORMERS with round windings.
OQutput 10 to 70 voles, Ex Tungar Chargers.: Size |
kw., 45/« ; size2kw., £3 15 0, both carriage forward,
AUTOTRANSFORMER, size 2,000 watts, tapped,
common, 100, 200, 220 and 240 volts. As.new. Price
£6 0, carriage paid.

GALPINS ELECTRICAL STORES,
21, WILLIAM STREET, SLOUGH, BUCKS

Telephone: Slough 20855
Cash or C.O.D.

IlBOOKSEllERS TO THE WORLD ¥

New and secondhand Books on every subject.
Catalogues]Free. Books Bought.

113-125 Charing Cross Road, London, W.0.2
Tele : Gerrard 5660 (16 fines). Obpen 9-6 inc. Sat.

TRANSFORMERS

to customers’ specifica-
tions or in accordance
with standard list.

W. BRYAN SAVAGE LTD.

Waestmoreland Rood, London, N.W.9.  Colindate 7131

AERO RESEARCH LIMITED
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AERO RESEARCH LIMITED. DUXFORD, CAMBRIDGE. IX:5%5033

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

We definitely guarantee

s SATISFACTION—OR REFUND OF FEE
You are advised to send 23d. stamps for (post free) detalls of this
special Television Course and sub t i di

A.M.Brit.i.R.E., Examinations and other courses in all branches of
WIRELESS ENGINEERING, including particulars of our special SH ORT
WAVE and RADIO SERVICING COURSES which are jn such
demand, L

BRITISH INSTITUTE OF ENGINEELRM!'NG TECHNOLOGY

P M. Low.
337, Shakespeare House, 17/19, Stratford Place, London, W.1.

Our

q iy to Investi-
Detalls witl also gladly be aent of A.M.L.E.E. and

rincipal ¢ Pref. A.

I ph. A.C. 5 amp., 10/-; {0
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Value proven
by long service

ENGLAND

for
INDUSTRIAL APPLICATIONS

ELECTRO MEDICAL
EQUIPMENT

THERMIONIC INSTRUMENTS
and TEST GEAR

VITAL COMMUNICATIONS

and WARNING SYSTEMS]
ETC.

THE GENERAL ELECTRIC CO. LTD.
Magnet House, Kingsway, London, W.C.2
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Amongst the many special features of the Eddystone ¢ 358
Communication Receiver the main tuning control is of special interest.
Bandspread is superseded by a logging scale, the readings on which
are amplified by a secondary vernier dial. This system gives all the
advantages of bandspread, whilst making a return to any given position
simple, as the main dial remains accurately calibrated. The fly wheel
drive described alongside adds considerably to simplicity of control.
These are but two of the many refinements indicative of the care and
precision which Eddystone engineers have expended on both the ¢ 358 ”
and its counterpart the Medium Frequency Model ¢ 400.”

MAIN TUNING CONTROL

What is, in effect, mechanical
Bandspread, is supplied by the fly
wheel control and spring loaded
Tufnol Gearing fitted to the main
tuning control. Its mechanism is
illustrated on the right. The gear-
ing gives a ratio of 70-1 and makes
possible minutely accurate logging.
The progression of the pointer
across the dial can be controlled to
give hardly perceptible movement,
and the action of the whole

April, 1942
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EDDYSTONE ¢358'" Communication Receiver. Specifitation: The
receiver employs one stage of R.F. amplification, frequency changer, two L.F.
amplifiers, a separate beat frequency oscillator, octal base Mullard or Osram
6.3 volt valves. Frequency range is continuous from 22 M/cs to 1.25 M/cs using
four fully screened interchangeable coil units. Five additional coil units extend
the range to 31 Mjcs, and go Kfcs. IlI d dial is acc ly calibrated with

Telephone : GERrard 2089

component is unbelievably smooth,

e au00
!

13504 (8009 ¥ :
ey w00

L e
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2000 % 2900 o0y X

four standard coils. Additional coils supplied with separate graph, To simplify
maintgmnce a metre and test switch is fitted. Main tuning control incorporates
fiy wheel drive and spring loaded Tufnol gearing (ratio 70-1). Logging scale

supersedes the old type band spread control. Separate Power unit assures freedom
from drift.

MEDIUM FREQUENCY MODEL ‘“400.” A highly sensitive receiver
cpvering medium frequencies only. Similar to the 358 ”” but is provided with
fpur coils only covering frequency range from 130 K/cs to 2,200 K/cs. Optimum
gain is secured with very high signal to noise ratio.

SUPPLIED TO PRIORITY ORDER ONLY

Special Models of the Eddystong ** 358 ** and ** 400 ** are available with Band-pass
Crystal Filters.

WEBB’S RADIO

THE SHORY-WAVE SPECIALISTS,
14, SOHO ST., OXFORD ST., LONDON, W.|

Open 9 a.m. to 5 p.m. Saturdays 9 a.m. to 12 noon
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