E|ectrnn|c
Enqmeermq

- [2-JAN.I946)




Electronic Engineering January, 1946

€6. V.3 PAT.OFF

Qve 5 lnherent Advantages
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e
M HAT do the five advantages of Insulated

Ceramicons listed here mean to you? From

' the standpoint of design, they mean a more

0 COMPLETELY ENCLOSED ; compact, efficient lay-out. - Insulated Ceramicons
can be located anywhere.in the chassig withqnt -

regard to the proximity of other components. They

GGREAT[R make possible shorter leads which-are musts m
higher frequency circuits. They mean grea er Pro-~
MECHANICAL STRENGTH tection against humidity...so important in modern

war equipment. They provide extra insurance
against breakage in handling on the assembly lines
GMORI DIRECT AND UNIFORM or damage from shock and vibration in actual

service. The method of attaching wire leads to

ELECTRICAL PATH the silver electrodes provides a more uniform and
direct electrical path.

Erie Insulated Ceramicons, for temperature

0 CAN BE LOCATED compensating applications, are made in three

ANYWHERE IN CHASSIS sizes and in capacities up to 360mmf. Erie " Hi-K "

Insulated Ceramicons, for by-pass and blocking
condensers, are available up to 4,700 mmf.

9 BETTER PROTECTION hWhe;e ygur specifications ?allEfor clapacl:itleg
ithin the a anges, speci ri ulat
AGAINST HUMIDITY Cortanmys =t i M

ERIE RESISTOR LIMITED

CARLISLE ROAD * THE HYDE - HENDON * LONDON * N.W.9 PHONE : COLINDALE 8011

FACTORIES : LONDON, ENGLAND : TORONTO CANADA : ERIE, PA., U.S A,
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DUBILIER ELECTROLYTIC CAPACITORS—
AGAIN AVAILABLE

‘DRILITIC

OLIT of evil— good ! The destruction of our Electrolytic Capacitor Depart-
ment by German bombs was a first class disaster at the time both for us and
our customers. But it has led to two great advances :

We have designed an entirely new series of electrolytic capacitors, smaller
and more efficient than any previously available. And we have fortunately
been able to install completely new plant for their manufacture.

o8 Ripple
Capaci- Working Type Retail Size ins. Terminals | Current Capacitance
tance Voltage No. Price K max. tolerance
uF. max. EACH Dia. L. m.a.
so so BR.sos | 3/6 g | 5] 2 long 190 | -0.0% + 150%
20 SWG
Tinned |
8 5§00 BR.8so 4/- 3 2 Copper 100 |-00%+ 75%
Wires

CAPACITORS

R

TO SERVICE ENGINEERS
AND RETAILERS

Production has commenced.

Imnal deliveries are being made
and it is confidently expected we
shall meet the demand promptly.
The first of the new types avail-
able — the BR. DRILITIC CAPA-
CITORS., described below, are
suitable for all general replace-
ment purposes.

TO DESIGNERS

Plans are in hand for range and
productive capacity to meet all
requirements.

DUBILIER S/ 44 pioncecs

~ GR.C2
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DECADE OSCILLATOR
Type D-105-A «.. as easy to use as a resistance box”

The : : o

MUIRHEAD-WIGAN DECADE OSCILLATOR Specification :

Type D-105-A, illustrated, is an instrument of FREQUENCY

outstanding performance embodying something } "‘g‘& :: ”11-11 ]Ig;s Z;’ iwca p’ “”ff:‘;s—
3 ; il . c.p.s. - s .D.5. steps.

SeiLsFELy E I ESE DD 10 ¢.p.s. to 111.1 Ke/s by 10 c.p.s. steps.

FREQUENCY IS DIRECT READING TO PRE- ACCURACY

CISION ACCURACY ON FOUR DECADES. + 0.29% or 2 c.p.s. over the entire fre-

There are no troublesome calibration charts to quency range.

refer to or engraved scales to adjust. OUTPUT 2 watts maximum.

HARMONIC CONTENT

' o, . 0,
Write for Bulletin B-528-B. Zli {;a(g.Z watts : 1.25% or less below

POWER SUPPLY 200 10 250 v. 50 ¢.p.s.

MUIRHEAD

FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS

MUIRHEAD & CO. LTD., ELMERS END,
BECKENHAM, KENT

Telephone : Beckenham 0041-0042

C.R.C.37
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3 OUTSTANDING FEATURES OF
THE NEW EIMAC 4-125A TETRODE

LOW DRIVING
POWER

With but 2.5 watts driving power,

the 4-125A will deliver 375 watts. .

output at frequencies as high as 120

Mc. The low driving power require.’
ment has been achieved without'

the use of excessive secondaty emis-
sion. The control grid is specially
processed to reduce both primary
and secondary emission,

HIGH FREQUENCY
PERFORMANCE

The Eimac 4-125A will deliver 200
watts output at 250 Mc. The per-
formance curves below show the
relationship between driving power
and power output at frequencies up
to 250 Mc.

FOLLOW THE LEADERS TO

—— e L

EMMEL-MCULLOUGH, Inc., 1085 Son Mates Avenue, Son Brune, (aut,
Plants locoted at1 3on Brune, Celifosnia and lait Lake City, Uteh
Export Agents: Frezar & Hansen, 301 Clay §t., Son Francisce 11, Colif., U. 3. &,

. valvesthat are on the way.

3 Low crip-PLATE
CAPACITANCE

The grid-plate capacitance of the
4-125A is only 0.03 ssfd. This low
value allows operation up to 100
Mc. without neutralization. Stabilicy
is further assured by the special
grid processing which reduces
secondary emission.

A technical bulletin on .Eimac
4.125A Power Tetrode contains full
specifications- and detailed discus-
sion of the valve's characteristics, cir-
cuit diagrams and constant current
curves. Write for your copy today.

The Eimac 4-125A is the
first of many new Eimac

Waich for fulure

announcemenis.

GENERAL
ELECTRICAL
CHARACTERISTICS

Plate Oissipation (Mezimun) 123 wetty

Disect : (Averagd)
Geld. Plate (Witheut lhld‘“
bose 1. « o 0.03 sufd.
Input . s 10.3 wutd
Owvtput . . 2.0 unfd.

Tronsconductonce liv = 30 me.,
" €e = 2500 v.. Bc1 = 400 v.) . 2430 mmhes

POWER OQUTPUT-WATTS

r.——~1— ey
SN BRes R Be=l B

i S o +

DRIVING POWER-WATTS

/ﬂwn

..4-.-& t

‘ 1,; |
—-‘-——H-TT &Q_b- - y

FREQUENCY - MEGACYCLES

v""

TH! COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT

Authorised Dlistributors : BERRY'S (Short-Wave) Ltd,,

25, High Holborn, LONDON, W.C.l
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FOR H.F. HEATING CIRCUITS

Both air and oil

tion.

what we can offer.

9

dielectric
are available for this applica-
An enquiry stating
capacity, voltage, frequency and

current will enable us to advise

SYDNEY S. BIRD & SONS LTD.
Cambridge Arterial Road, Enfield, Middlesex.

Sole

January, 1946
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SWIEITCH

Available in a wide range of circuit

combinations for Radio, Television

and other applications.
Manufactured by

BRITISH N.S.F. CO. LTD.
KEIGHLEY, YORKSHIRE

Licensees of OAK Manufacturing Co. Chicago

(A

THE Model 7 Universal Avobleter is
the world’s most widely used combination
electrical measurirg instrument. It pro-
vides 50 ranges of readings and is guar-
anteed accurate to B.S. first-grade limits
on D.C. and A.C. from 25 to 100 c/s.
It is self-contained, compact and portable,
simple to operate, and almost impossible
to damage electrically. It is protected by

an automatic cut-out against damage
through severe overload, and is provided
with automatic compensation for variations

in ambient temperature.

Sole Proprietors and Manufocturers :

ONE INSTRUMENT

meosures i—

Current, A.C. and D.C, (0 to 10 amps.)

Voltage, A.C. and D.C. (0 to 1000 v.)

Resistance (up to 40 megohms)

Capacity (10 to 20 mfds.)

Audio-frequency Power Output (0 to
4 watts)

Decibels ( — 25 Db. to 4+ 16 Db.)

The AvoMeter is one of a useful range of;
“ Avo” electrical testing instruments which
are maintaining the “Avo” reputation for an
unexcelled standard of accuracy and depend-
ability—in fact, a standard by which other
ingtruments are judged.

AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co. Ltd., Winder House, Douglas Street, London, S.W.I

Telephone : ViCtorio 3404/8.
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The Physical Society’s Exhibition

HIS annual function, the
TExhibition of the Physical
Society, has become a tradition
in the scientific world, as much as the
Lord Mayor’s Show has in other
quarters. There is the more serious
business of launching “ new models,”
the pleasant College atmosphere in
which one meets so many old friends
as not to leave sufficient time to
examine the exhibits, and the pomp
of the dressed-up apparatus put out
on plush and baize for the less
critical to be fascinated by the
chromium plating and the lacquer.
We should congratulate all con-
cerned on the heroic efforts which,
despite innumerable difficulties and
trials that surely must have beset
them, succeeded in producing an
exhibition bursting with interest,
and an even bigger and better cata-
logue than the last one (1939).
Among several new exhibitors
will be noticed manufacturers of
electronic devices and to these
especially, and the many who must
be visiting a Physical Society Exhi-
bition for the first time, we would
say a word about the origin and
spirit of these functions. It was
some forty years ago that the late

By A Fellow of The Society

THE PHYSICAL SOCIETY'S
EXHIBITION

The 30th Exhibition of Scientific Instru-
ments, and the first to be held after the
war, will be opened on January I, 1946,
at 2.30 p.m. at the Imperial College,
South Kensington, S.W.l, and will
remain open until Thursday evening,
January 3.

Admission on Wednesday, January 2,
between 2 and 4 p.m., is restricted to
membars of the Physical Society.

Admission is by ticket only, obtainable
from the Society at | Lowther Gardens,
South Kensington, S.W.I, or from any of
the participating firms.

Monographs

The third Monograph in the series is
now ready. ltisentitled :

¢ The Electron Microscope
by Dr. D. G. Gabor

and forms a valuable and authoritative
account of the theory, present per-
formance, and future possibilities of
this instrument. The price is 4s. 6d.
from all technical booksellers, or 4s. 9d.
post free from the Circulation Dept.

Mr. R. W. PauL and others first
arranged the Society’s Annual Con-
versazione at which instrument
makers and others were invited to
show their latest scientific products
to Fellows of the Society and their
guests ; the main interest was to be
scientific and not commercial. Sad
to say, this spirit gradually waned
and some came to regard the exhi-
bition as the annual trade show of the
scientific instrument industry, abus-
ing the high privilege of being guests
of the Society and of the Imperial
College, where the exhibition is held.
To limit this, rigid rules about the
nature of the exhibits and stands had
to be imposed, for it was no longer
possible to leave these matters to
firms’ good taste. Not the least
important was the need for exhibitors
to staff their stands with competent
scientists able and willing to answer
relevant technical and scientific
questions.

Let us hope, then, that both old and
new exhibitors will have entered
into the proper spirit of this the first
exhibition after the war and that
they will continue in the tradition
for which the Society’s exhibitions
have always been noted.
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Radar

in A.A. Defence

By H.G. Foster,B.Sc., A.M.l.E.E.*
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operation of a Radar set as a
position finder, it may be con-
venient briefly to study the elemen-
tary ballistics of projectiles and to
decide what information is required

B EFORE desciibing in detail the

concerning the target itself, so that
the ground defence system can
engage.

Take the simple case of a station-
ary target in space at the point A to
be engaged by a gun position B as
shown in Fig. 1. In addition to the
bearing (azimuth) of a stationary
target its exact location in space with
respect to the gun position can be
completely defined in terms of either
the rectangular co-ordinates of
ground range and height, or the
polar co-ordinates of slant range and
angle of elevation.

Now, since the path or trajectory
of the projectile in flight is not
straight but parabolic, the gun can-
not be aimed directly at the target,
and due allowance must be made in
the elevation of the gun (known as
Quadrant Elevation and abbreviated
to QF), so that the trajectorv will
pass through the point A.

University of

* Electrical Engineering Dept.,

Birmingham.

In A.A. gunnery projectiles are
fitted not with fuses which detonate
on impact, but with time fuses, so
that, in addition to the correct bear-
ing and QZF of the guns, the timec
of flight of the projectile must be
known in order that it may explode
on reaching its target.

The calculation of QL and time
of flight is a complicated problem of
projectile ballistics which obviously
cannot be worked out at each engage-
ment, and use is made either of tables
or a trajectory chart, shown in Fig. 2,
which gives all the relevant data
required.

Conditions are, however, radically
changed when the target is no longer
stationary, but is a fast-moving one
such as an aeroplane. It is no longe
possible to compute the necessary
gunnery data from a single measure-
ment of height and ground range,
and, in fact, the target must be under
continuous observatlon

'
Fig. ). Diagram show- s
ing stationary target gl;EVAL'ON,
at A, gun at B8, and ?’5’;‘
parabolic trajectory (Q v
of projectile. N ELEVATION

OF TARCET

January, 1946

The speed and direction of the
target must be known, we must be
able to predict the future course of
the target, and in general arrange
matters so that the projectiles and
the target moving at their separate
speeds simultaneously arrive at the
same point in space.

Position Finder Radar Set

A modern position finder Radar set
of the type which has seen consider-
able service with A A, Command is
shown in the picture above. This set,
operating on a selected frequency be-
tween 55 and 85 Mc/s. (5.46 to 3.53
metres), is capable of measuring
range between 2,000 to 14,000 yd. to an

TRAJECTORY CF
PPOJECTILE _

STATIONARY
TARCET
p.]

~

HEICHT

GROUND RANGE
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accuracy of * 25 yd., while bearing
and elevation can be measured to
within * 10,

The transmitter and receiver units
are housed in separate cabins which,
with their respective aerial systems,
can be rotated bodily about the verti-
cal axis, so that the aerial systems
can be placed broadside on to the
target.

In the preliminary searching for
the target, both transmitter and
receiver employ aerials having a wide
beam in the horizontal plane. The
‘“ search ”’ of the transmitter consists
of a single horizontal dipole, while
the search aerial system of the re-
ceiver makes use of the upper eleva-
tion aerial and the range aerial with
the addition of a reflector behind the
upper elevation aerial, so that the
ambiguity of sense is avoided.

As soon as the target is picked up,
both transmitter and receiver switch
over to their ‘ follow’ aerial sys-
tems. The * follow ” aerial system
of the transmitter consists of four
horizontal in-phase half-wave aerials
in an end-on position, with a wire
netting  reflector  system, The
‘“ follow *’ aerial system on the re-
ceiver cabin is more complex and
consists of separate aerials for range,
bearing and elevation, the determina-
tion of which is carried out on
separate cathode-ray tubes.

A single receiver suffices for the
three cathode-ray tubes, and the sys-
tem of connexions is shown in block
schematic form in Fig. 3. The re-
ceiver proper is a superheterodyne
comprising five R.F. siages followed
by an oscillator and a diode mixer.
The I.F. portion of the receiver com-
prises five stages and a diode second
detector feeding into two output
valves, one of which operates the
range cathode-ray tube, and the other
operates the bearing and elevation
cathode-ray tubes and the A.V.C.
circuits,

The range aerial is permanently
connected to the R.F. input, while the
bearing and elevation aerials are
connected through a phasing box
and goniometer respectively, to a
motor-driven switch by means of
which the signals fron them ara com-
bined with those of the range aerial.

The sequence of switching for each

Fig. 2 (above). Imaginary trajectory chart

showing correct angle of elevation (QE) of gun

and time of flight of projectile for a target of

given haight and ground range. The projectile

fuse will be set to explode at the end of the
given time of flight.

Fig. 3 (below). Schematic diagram of a Mark !l
Radar receiver unit.

B
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revolution is given in the table as

follows :

Input applied to
receiver
Range aerial output
+ resuftant from
elevation aerials.
Range aerial output
4+ resultant from
bearing aerials.
Range aerial output
— resultant from
elevation aerials.
Range aerial output
-— resultant from
bearing aerial.

Sector of revolution

First quarter revolution
Second ,, o
Third " "

Fourth o &

In order that the bearing and
elevation cathode-ray tubes shall be
visible only while working on their
own respective functions, a disk is
made to rotate in front of each tube,
each 'disk being driven at the same
speed as the rotary switch, and each
having two apertures of 45° placed
diametrically opposite each other,

These disks are so synchronised with
the motor-driven R.F. switch that
the bearing tube is exposed only while
the bearing aerials are connected to
the receiver, and the elevation tubc
is exposed only while the elevation
aerials are connected to the receiver.

A small rotary switch, or image-
splitting switch, ' synchronised with
the disk gear provides electrical

pulses which give the displays on the
bearing .and elevation tubes a small
shift, or displacement, along the time
base at every alternative half revolu-
tion.

Having described the main details
of the receiver unit of the Radar set,
let us see now how the actual meas-
urements of bearing, elevation and
range are. carried out.

Bearing

We have seen that when the bear-
ing tube is exposed, the input to the
receiver comprises the signal from
the range aerial and the resultant
from the two bearing aerials.

It will be appreciated that when
_ the receiver aerials are not broadside

on to the target there will be a re-
sultant signal due to the phase differ-
ence between the signals in the
separate bearing aerials. This re-
sultant signal is alternatively added
to and subtracted from the range
signal by means of the motor-driven
rotary switch, and by means of the
image- spllttmg switch two images of
the rectified receiver output will
appear side by side on the screen of
the bearing tube,

Thus, one image or ¢ break ” will
be due ta the sum of the two signals,
while the other will be due to the
difference, and these breaks will be
of unequal amplitude of height

Electronic Engineering
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when the receiver is off bearing.

When the aerials are truly broad-
side on, the resultant of the bearing
aerials is zero, and the two breaks
will he of equal height, each being
due to the signal from the range
aerial only.

By means of a Selsyn transmission
system the bearing of the target is
indicated to the operator in the trans-
mitter cabin, who rotates the trans-
mitter cabin to the same-bearing.

A bearing dial is also operated in
the command post, the purpose of
which will be decribed later.

Elevation

The method of determining eleva-
tion is based on the fact that a
horizontal dipole at a given height
above ground has different sensitivi-
ties to wave fronts arriving at differ-
ent angles of elevation, to the ground.
The law connecting sensitivity with
elevation depends upon the height of
the dipole above ground level, and
on the wavelength, since the total

effect is the resultant of the direct
wave and the reflected wave from the
ground.

Thus, two dipoles at different
heights above ground will have
different  sensitivities at various

angles of elevation, so that by com-
paring their respective signals by a
calibrated goniometer, the angle of

elevation of the incident wave may
be determined.
The upper and lower elevation

aerials of the receiver are fixed at
heights of 3/2X and A above ground,
and their vertical polar diagrams,
based on the assumption of a per-
fectly level and conducting ground,
are shown in Fig 4. These aerials

are fed through screened cables to
the stator coils of a goniometer, the
rotor winding of which is connected
to the receiver unit through the
motor-driven switch.

The stator coils are placed at right
angles to each other, and when
the rotor, which is located symmetri-
cally with respect to the stators, is
rotated so that the resultant signal
induced in it is zero, the angular
setting of the rotor gives a measure
of the relative signals induced in the
two elevation aerials. Hence, when
the elevation tube is exposed, the
input to the receiver comprises the
signal from the range aerial and the
resultant from the elevation aerials,
which is alternately added to, and
subtracted from, the range-aerial
signal by means of the motor-driven
switch. Thus, again two ‘ breaks”
will appear on the elevation tube,
and these will be of equal height
when the rotor is set to give zero
resultant from the elevation aerials.
The elevation of the incoming signal

therefore can be read directly in
degrees from a calibrated dial
attached to the rotor shaft of the
goniometer.

Range

The measurement of ‘range is, in
fact, a measurement of the time

interval for the pulse of radio energy
to do the journey from the transmitter
to the reflecting medium or target
and back to the receiver.

At each pulse of energy radiated by
the transmitter a locking pulse is fed
from the transmitter to the time base
circuits of the receiver unit.  This
pulse causes the time hases to execute
a single sweep for each pulse of
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Lower Elewation Aerial
A above ground

GROUND
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Upper Elevation Aerial
32 above ground-

GROUND

Fig. 4. Vertical polar diagrams of lower elevation and upper elevation aerials.

energy radiated, and each sweep is
completed before the next pulse is
radiated.

‘The range tube is continuously ex-
posed, and since the image-splitting
switch is not applied to the range
tube, a single break only willl appear,

its position on the time base de-
pending on the time interval. A
potentiometer control which corre-

sponds in effect to the ‘“ X shift »
control of a normal cathode-ray
oscillograph applies a voltage to the
X plates of the range tube, which
shifts the break across the tube until
the leading edge of the break coin-
cides with a vertical cross wire placed
in front of the tube,

The range potentiometer has a
calibrated dial attached to it so that
when the break on the range tube has
been brought to the correct position
the slant range can be read. The
range potentiometer is also connected
by a remote contiol system to a
range dial in the Command Post.

Command Post

Beween the Radar set and the
actual gun site is the Command Post,
whose function is to control the
tactics of the engagement and to
supply the gunnery data from the in-
formation received from the Radar set.

On heavy anti-aircraft (H.A.A))
gun_ sites, the Vickers or Sperry
predictor 1s the normal equipment for
prediction and for ballistic computa-
tions, but a description of this
apparatus is beyond the scope of this
article, and the underlying principles
of operational procedure in the Com-
mand Post may be best understood
by reference to the semi-automatic
plotter. This semi-automatic plotter
has, of course, been largely super-
seded and is now used only for stand-
by purposes in case of predictor
failure.

The equipment is relatively simple,
and consists mainly of a translucent
glass-topped plotting table, on which
is fixed a grid map of the district
with the gun site located at the
centre, the map being illuminated
from beneath.

Below the map, and pivoted at the
centre of it, is an arm carrying an
electric lamp which is arranged to
throw a small spot of light on to the
map. This arm is connected to the
Radar set by a remote control system,
and is arranged to follow the bearing

dial of the Radar set, and in conse-
quence the bearing of the target.

The ground range of the target is
indicated by the relative movement
along the arm of the bracket, carrying
the lamp, the movement being con-
veyed through an auxiliary piece of
apparatus known as a height con-
vertor. This apparatus—which is in
essence an adjustable right angle tri-
angle—translates the slant range and
height as supplied by the Radar set
into ground range, and controls the
motion of the spot of light so that
position of the target can be marked
on the grid map. For speedy deter-
mination of the fuse and Q& values,
points of engagement are restricted
to fixed intervals of ground range,
usually of 1,000 yd. These fixed
intervals will therefore appear as
circles on the plotting table, with the
gun site as the centre, each range
circle as it is known differing in radius
from its neighbours by 1,000 yd.
Sincz the height of engagement will
vary with ground range, against each
range circle on the plotting table is
marked the maximum height at
which the target may be engaged.

Example of Procedure in Command Post

The operational procedure
volved in engaging a target

in-
may

Interior view of the Mark |l Receiver Unit.

To the right is the

range cathode.ray tube with its range scale and hand

wheel, while in front of the bearing operator are the elevation and bearing

tubes with their rotating colour disks.

Above the three tubes are mounted

the R.F. and L.F. units of the receiver.
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BEARING TUBE

Fig. 7. Display of Cathode-Ray Tubes.
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RANGE TUBE

(a) Receiver correctly ** on target''—the breaks on the elevation and bearing tubes are of equal height and break on range tube is
brought to correct position behind cross wire.

Peceiver ‘' off target '’

(b)

best be studied by taking the simple
case of an aircraft flving at a uniform
speed and height, and directly to-
wards the gun site.

As soon as the Radar set is ‘‘ on
target 7’ and is continuously follow-
ing it, changes in bearing (if any)
and ground range of the target will,
as previously explained, cause a dis-
placement of the spct of light below
the plotting table, and will indicate
the course of the target.

At fixed intervals of time—usually
5 or 10 seconds—which are indicated
by a time broadcast system, the
position of the target on the grid map
is marked or plotted, and against the
first of the plots is set the height.

After not less than three plots, the
future course of the target can be
predicted, and if this cuts the range
circles, an engagement by the gun
site is possible. The intersection of
the future course of the aircraft with
the chosen range circle will be the
future position or the engagement
point, and while the aircraft is flying
towards it< future position, all the
necessary gunnery data must  be
worked out by the Plotting Room

team, so that the guns may be loaded
and fired at the correct instant.

Correct Choice of Range Circle

There are several factors governing
the corregt choice of range circle, and
from Fig. 5 it would appear that
since the predicted future course of
the direct approaching target cuts all
the four range circles shown the
future position could be at A B C and
D, and also. A" B C" D",

For tactical considerations, how-
ever, it is advisable to engage the
aircraft as soon as possible, and
unless conditions arise which make
this impossible, the aircraft should be
engaged as an approaching rather
than a receding target.

For this reason the future positions
A’ B’ C" and D’ will be ruled out for
the present, and the final future
position will be selected from A B C
or D.

Now early engagement of the
target implies that adequate early
warning has been given. Moreover,
reference to the tiajectory chart
(Fig. 2) shows that maximum height
at which the aircraft can be engaged
decreases with increase of ground

the breaks on the elevation and bearing tubes are of unequal height.

range, so that the height of the air-
craft 1s a governing factor in the
choice of range circle. ’

In the example given it will be
assumed that the aircraft is flying at
a height which precludes an engage-
ment at the outer range circle. The
choice of future positions is now at
B, C and D, and for the reasons
already given B is the first choice.

It will be shown later on that above

a certain osngle of elevation, the
Radar set at present described is
“ blind,”” and this, in conjunction

with the height of the target, mav
rule out the use of C and D as pos-
sible future positions.

Having decided on B as the future
position, the ground range of the
aircraft at the future position is
known. The height of the aircraft
being suppliad by the Radar, the
correct fuse-setting of the projectiles
can be quickly determined by refe1-
ence to the trajectory chart shown in
Fig. 2.

This is the first information re-
quired by the gun crew, and it
enables them to fuse the piojectiles
and load them into the guns in
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readiness, while the Pletting Room is
occupied with the remaining data.

IFurther reference to the trajectory
chart will now give the correct QF
of the guns, and a preliminary bear-
ing of the future position can be ob-
tained from the Plotting Table. This
bearing can be obtained by drawing
a line from the centre O of the range
circles through the future position B,
to mcet a bearing circle marked in
degrees which is placed at the edge
of the Plotting Table.

Data regarding the final bearing
are usually withheld as long as pos-
sible so that any small deviations in
the course of the aircraft, or errors in
the early prediction can be corrected.

All that is required now to com-
plete the engagement is the instant
at which the guns must be fired.

If the speed of the aircraft is
known a simple calculation will de-
cide how tar from the future position
the aircraft must be at the instant the
guns are fired. The speed of the air-
craft can be determined with sufh-
cient accuracy by measuring the dis-
tance covered by the spot of light on
the Plotting Table in a given time
interval—usually jo seconds. This
distance is supplied to a member of
the Plotting Team, who calculates
with the aid of a ‘‘ back distance
calculator,” how far from the future
position the spot of light must be the
instant the guns are to be fired. This
‘“back distance ”’ is marked on the
predicted course on the Plotting
Table and, as the spot of light ap-
proaches the firing point, final adjust-
ments of hearing are made to correct
for any deviation in the course of
the aircraft.

As soon as the spot of light arrives
at the firing point the signal to fire is
given, and, if the prediction data
have been correctly worked out, and
the aircraft continues along the pre-
dicted course with no change of speed
and height, the aircraft and the pro-
jectiles will arrive simultaneously at
the same poing in space.

Limitation of the Mark Il Radar Set

One of the most serious limita-
tions of the Radar set just described
is the restricted range over which
measurements would be taken with a
reasonable degree of accuracy.

It can be seen from Fig. 4 that at
low angles of elevation the sensi-
tivity or pick up of the lower eleva-
tion aerial is poor, and similarly for
the upper elevation aerial at high
angles, and in consequence the range
over which the angle of elevation
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can be measured 1s
limited.

Furthermore, it will be appreciated
that there is a possibility that low
flying aircraft could approach unde-
tected, but the more serious feature
is that there is a considerable arc in
which the Radar set is ‘“ blind.”” This
latter disadvantage virtually rules
out the possibility of engaging a
receding target at close range.

Improvement in this direction
could not be expected with the exist-
ing aerial system using compara-
tively long wavelengths, and accu-
racy in determination of elevation,
etc., demanded aerial arrays having
a very much narrower beam. A
further disadvantage is that the ac-
curacy of the Radar set depends very
largely on the surrounding topogra-
phy, and it is frequently necessary
to provide an artificial flat earth by
placing the receiver cabin at the
centie of a large mat of wire netting
supported on poles.

This fact, combined with the com
parative bulkiness of the Radar set,
did not allow a great degree of
mobility, and development
divected towards systems using much
.shorter wavelengths, and with aerial
arrays of smaller physical dimen-
sions.
too, if
into a

Any
length

with accuracy

[t would be advantageous,
the Radar set could be made
self-contained unit.

substantial decrease in wave-
was not to be expected with

Fig. 6.

was

Y
/ AN

\ J X

Outline diagram of the Mark (Il Radar set.

valves of conventional design, but a
vast and an entirely new field was
opened up by the development of the
special magnetron valve by Dr. J. T.
Randall and Dr. H. A. H. Boot, of
Birmingham University. This valve
was capable of generating consider-
able power under pulse conditions at
wavelengths of a few centimetres,
and with the centimetric wavelengths
came aerials of much smaller dimen
sions. Concentration of the radiated
energy into a very narrow beam was
made possible by the use of parabolic
reflectors, and with still shorter centi-
metric

wavclengths  came  wave
guides.
Mention should also be made of the
special type of receiving valve,
known as the reflector klystron,

which was developed by Dr. R. W.
Sutton, of the Admiralty Signals
Establishment, and which made the
superheterodyne principle of recep-
tion still possible.

Modern Radar Set

A  modern range-finding Radar
set known as the Mark III
Radar equipment is shown in
I'ig. 8, and a brief outline of its
operation will be given here. Thisx
set employs the new magnetron valve
in the transmitter circuit with the
reflector klystron in the receiver. The
whole unit is mounted on a single
chassis with a self-contained power
unit giving a high degree of mobility,

N

S

L//

Q)
!L"“‘

sl



an all-round improvement on per-
formance and accuracy, and capable
of operating independently of the
surrounding topography.

An indication of the improved per-
formance may be gathered from the
fact that this equipment will measure
range up to 36,000 yd. with an ac-
curacy of * 2¢ yd., while bearing
and elevation can be measured at
extreme range to an accuracy of
* 10 min. This is equivalent to
stating that at the extreme range the
target may be considered as being
contained in a sphere of diameter of
50 yd. !

The transmitter and receiver units,
together with the necessary control
gear are housed in a circular turret
or rotor on top of which, and project-
ing through the roof of the cabin,
are the aerial systems and parabolic
retlectors. The presentation unit is
also housed in the cabin and contains
the various circuits for displaying the
signals on the cathode-ray tubes.
Separate parabolic reflectors, 4 ft. in
diameter, are used for transmission
and reception, and both are mounted
on the same elevating gear. For the
determination of bearing the aerial
system and rotor are moved bodily
round by a power system controlled
by bearing controls on the presenta-
tion unit.

The transmitter aerial is fixed on
the axis of its parabolic reflector
while the receiver aerial, consisting
of a half-wave dipole with parasitic
reflector, is offset from the axis of the
parabolic reflector by an angle of
about 29, and is rotated at a speed of
0,000 T.p.m.

Elevation and bearing are deter-
mined primarily by pointing the para-
bolic reflectors directly at the target,
the parabolic reflectors being ele-
vated by a power system similarly
controlled by the elevation controls
of the presentation unil. Indication
is giyen on the elevation and bearing
cathode-ray tubes as follows:

When the target is located, the
screen of each tube will show a side-
by-side display of two breaks similar
in form to the breaks which occur
.in the time base on the screen of the
range tube. One of these represents
the signal when the axis of reception
is displaced by a small angle to one
side of the direction in which the
parabolic reflectors are pointing, and
the other represents the signal when
the axis of reception 1s displaced by
an equal angle to the onposite side
of the direction in which the reflectors
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are pointing, this successive angular
displacement being accomplished by
the rotation of the receiving
aerial. When the two breaks in the
time base are of equal height on
the elevation and bearing tubes, the
parabolic  veflectors are pointing
directly at the target, the elevation
and bearing of which will be indi-
cated by the position of the reflectors,
and by dials in the cabin and plotting
room.

The measurement ot range is simi-
lar in operation to that of the Mark II
equipment, and consists funda-
mentally in measuring the time
interval as before, but a circuit
arrangement of considerably im-
proved design is used which requires
two cathode-ray tubes—one for coarse
measurement and one for fine mea-
surement—with their associated con-
trol gear.

Conclusion

The equipments just described have
seen considerable service but, under
the stress of war, development has
proceeded at a rapid pace, and they
‘are almost outmoded to-day in certain
directions.

Much of the improved equipment,
particularly that designed to combat
high-speed targets like the Vi and V2
weapons, is still on the secret list,
and only brief reference to it can
be made. Among the latest may be
mentioned :

(a) The automatic following Radar
equipment.

(b) Fully automatic predictor equip-
ment of the command post.

(c) *“ Radio proximity ”* fused pro-
jectiles.

[t is beyond the scope of this
article to forecast tlie peace-time ap-
plications of the range-finding Radar
quipment of the type described, but
reference should be made to an article
on this subject by Sir Robert Watson-
Watt in Nature (Sept. 15, 1945). It
is encouraging to learn that birds in
flight have been successfully followed
by Radar, and, as a result, it may yet
be possible for ornithologists to solve
some of the problems of bird
migration.

In conclusion, the writer gratefully
acknowledges the co-operation given
by the Telecommunications Engi-
neering Wing, R.E.M.E. School,
Petersham, in allowing access to
official documents, and for permission
to publish the various photographs.

January, 1946

Atomic Bombs and the

Future
From an address by Dr. Edward U.
Condon, Associate Director of the
Westinghouse  Research  Laboratories,
Pittsburgh

There may be vastly simpler ways
of doing the job than we have used.
Already, I suspect, a large part of the
plants we have built are obsolete.
We know so little about this subject
that we do not know for sure that the
making of atomic bombs requires the
vast industrial plants which we have
erected for the purpose.

It 1s conceivable, for example, that
in the years to come some small
group of Nazi scientists working in
some remote haven, say in South
America of perhaps in Spain, may
find a way to do this thing with only
small, inexpensive and inconspicuous
equipment. That is one of the most
important reasons why we must con-
tinue the most careful and thorough
investigation of atomic physics and
why we must set up a world order
that really covers the entire world—
one which does not leave us unaware
of what is going on in any remote
valley in Spain. With this power in
man’s hands, world co-operation must
come. It is peace or death.

Let us recapitulate :

(a) Man is now in possession of a
new kind of energy source vastly more
powerful than anything used before.

(b) It is the culmination of a war
effort, built on decades of free ex-
change of scientific knowledge.

(c) While we produced the atomic
bomb first, other national groups
working independently may not be far
behind right now.

(d) It is a certainty that, spurred by
the knowledge that the thing can be
done, any major national group could,
without aid from wus, and without
benefit of espionage, at least, do what
we have done within a few years.

(e) Our knowledge in this field is
very incomplete and it may be pos-
sible to do what we have done in
vastly simpler ways than the only way
known to us at present.

Therefore,

(1) We must set up a world order
including all peoples to make certain
that atomic power is used only for
peaceful purposes, and

(2) We must continue intensive
cultivation of fundamental research
in/ atomio physics to the end that we
may really know all about this tre-
mendous new source of power so that
we may apply it to useful purposes
in the years of peace that lie before us.
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The English Electric Company’s Exhibition

The English Electric Company's ‘‘ War Activities '* Exhibition, held in November, at their London showrooms, Queen's House,

Kingsway, showed in miniature how the Company’s four works at Stafford, Rugby, Bradford and Preston met the
country’s needs by turning out sixty million pounds’ worth of war-time products in addition to an increased
output of normal equipment.

e l

The photographs show some of the display in the Research Section,
which included an X-ray Unit for examination of materials and a C.R.O.
for use with strain gauge measurements, with a miniature aeroplane
it wing to demonstrate the action.

iy ] A large scale mode! of the High-Voltage Laboratory at Stafford (above),
formed the largest exhibit in the Research Section. Visitors were
invited to use a press button which caused a miniature flash-over.
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A Continuous Film-Recording Camera

for use with Standard Cathode-Ray Oscilloscopes

By A. H. SIMONS

Fig. 3.

HE . cathode-ray oscilloscope is
T finding many important appli-

cations in engineering research,
particularly in relation to high-speed
internal-combustion engines and the
study of vibraticn problems. Its
usefulness has, however been handi-
capped by the fact that few reliable
continuous film cameras, specifically
and well designed for cathode-ray re-
cording, have been available. This
is partly accounted for by the diver-
sity of film speeds, length of run
and auxiliary markings required for
different purposes; in consequence of
which it has usually been considered
most economical in time and cost to
rig up the simplest possible arrange-
ment for each job, as it is required.
After considerable experience of such
laboratory rigs used continuously on
a variety of engineering problems,
the camera to be described was de-
veloped, from the author’s sugges-
tions, by Avimo, Ltd., Taunton. It
is hoped that this will form the first
of a series of cameras specially de-
signed for cathode-ray recording
purposes.

Performance

The camera is designed for use
with 85 mm. film or paper, either per-

View of film camera fitted to a standard Cossor oscilloscope.

forated or unperforated, in maximum
lengths of 100 feet. The film speed
is continuously variable, in two
ranges, from 12; in. a second to 3o
in, a second, enabling components
up to 5,000 ¢/s. to be analysed in
complex records; at the same time a
maximuin run of 24 sec. is obtained
at the highest film speed. A built-in
driving motor is provided which is
normally a universal A.C.-D.C. motor
to suit the mains voltage, but a 24-
volt 0.5 amp. D.C. motor can be fitted.
Two miniature hot cathode mercury
discharge lamps are fitted to recora
timing marks on each edge of the
film; two timing marks are provided
primarily for high-speed engine
work, where it is convenient to have
both a fork-operated time scale and
a crank-angle scale. The overall
dimensions of the camera are 10 in.
long, o in. wide and 13 in. high; the
weight is 28 Ih.

Construction

The general construction is evident
from Figs. 1 and 2. The main
body of the camcra is an aluminium
casting which houses the gate, fric-

tion drive rollers, and film maga-
zines, as shown in Fig. 1. Access
to this compartment is by means of
a cast aluminium door, held down on
a machined seating- by four locks,
making the door light-tight when
closed. The cast lens mount, which
also houses the two mercury vapour
timing lamps, is fixed to the front of
the main body: a knob, provided
with a lock, at the top of the lens
mount adjusts the lens for optical

focusing. An f4.5 lens of 1 in.
focal length is wused, without a
shutter or stop as these are not

needed in a continuous film camera.
A hole, provided with a light-tight
cover, at the back of the main body,
opposite the lens takes a simple
microscope for viewing the back of
the film during focusing. The use
of this microscope, while not essen-
tial enables a fine focus to be
achieved.  This microscope is sup-
plied as an extra if required ; it can
be used with the scanning table shown
in Fig. 4 and described below.

The driving motor, reduction gears
and controls are mounted at the side
of the camera proper, as shown in
Fig. 2, and are provided with a sheet
aluminium cover. The motor is fitted
with a centrifugal switch, cutting a
resistance in and out of circuit and
operating as a governor, keeping the
motor speed constant within * ; per
cent, The drive is taken from the
lower end of the motor. shaft through
a two-speed gear giving the two speed
ranges.  The continuously variable
reduction gear, seen immediately to
the right of the lower end of the
motor in Fig. 2, consists of a hardened
steel disk, friction driven by a
hardened steel roller; the roller is
driven from the two-speed gear and
is mounted on a frame which can be
moved along an axis parallel to a
diameter of the face of the disk, so
varying the reduction ratio. The
frame is moved by means of a screw
operated through a flexible shaft and
reduction gear from the speed con-
trol knob on top of the case. A



January, 1946 Electronic Engineering I

pointer attached to the frame slides
along a scale fixed to the outside of
the cover and indicates the approxi
mate setting of the roller, z.e. the
speed. Means are provided for
lifting the voller in order to run the
motor without the film, if required.
The frame is spring-loaded to main
tain the friction between the roller
and the disk.

The friction disk of the variable
speed gear drives the film drive
rollers in the gate through gears,
while the take-up spool is driven
from the motor through a separate
worm reduction gear, belt drive and
friction clutch. The latter slips
when the spool is rotating faster than Fig. 4. The* Avimo ** scanning table and microscope, for visual examination

g b of film records.

the film is coming through the gate.

The unexposed film spool runs on a indicator mounted on the top of the the door and operated from out-
shaft fitted with a friction brake, case. side; they can he taken apart for
actuated by a solenoid, to prevent Light-tight magazines, shown 'in rapid loading.  The camera is de-
over-running of the film. The film place in Fig. 1, are fitted. These signed to take 100 ft. ‘“ Eyemo”
coming off this spool passes over a are opened and closed by means daylight loading spools, however,
guide roller which drives a footage of the two knobs carried in and it is not normally necessary to

B o T T

Q‘!

Fig. 1. Right-hand side view with side door open, showing Fig. 2. Left-handside view, with cover removed, showing
gate and magazines. motor and driving mechanism.
—By courtesy of Avimo, L1d. —Photo by courtesy of Avimo, Ltd.



use the magazines, provided either
the whole spool is used before open-
ing the door, or some 5 ft. of film are
allowed at the end of each record to
make the take-up spool light-tight.

Three input sockets are shown at
the bottom of the camera in the side
view, Fig. 2; that on the left is for
the power input to the motor, while
the two on the right are for the
inputs to the timing lamps. The
latter each requires 2 volts 0.5 amp.
for the cathodes and a suitably inter-
rupted 24-volt n.C. supply for the
anodes.

Controls

The main operating controls are
conveniently. located on the top of the
case, beside the carrying handle.
They consist of the continuously
variable speed control knob and the
footage indicator, which have already
been described, together with the
on-off switch controlling the motor
and the exposure indicator. This
latter is operated whenever the on-off
switch is moved to the ‘“ on’ posi-
tion and consists of a narrow drum

having a knurled edge carrying
numbers from 1 to 12 on its
periphery. The drum  projects

slightly through a slot in the top of
the case and is reset to ‘“1’”’ by
hand on reloading. @ When the ex-
posure indicator operates, a lamp
and subsidiary optical system print
the exposure number on the film,
before it starts to move.

Application of the Camera

The camera is primarily intended
for use with standard commercial
oscilloscopes and this fact determined
its general layout. In addition,
however, it can be used as a built-in
unit in specially constructed cathode-

ray recording equipment, as, for
example, in cathode-ray engine
indicators.

Fig. 3 shows an early model of the
camera in use with a ¢ Cossor”’
double beam oscilloscope, model 339.
The camera and oscilloscope - are
mounted on a polished wood base-
board to form one unit. The oscillo-
scope is located by means of an
aluminium plate having four holes to
take the metal pins which normally
carry the rubber feet of the oscillo-
scope and is held in place by means
of the split metal clamp fitted with
fasteners. The camera is mounted
on a metal stand to bring its optical
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axis in line with the  axis of the
cathode-ray tube screen and s
coupled to the oscilloscope by means
of the conical metal hood shown.
This hood carries a viewing tube
fitted with a rubber eye ring, as
shown, for viewing the spot in setting
up and during operation. The view-
ing tube and hood are finished optical
flat black internally and there is no
fogging from light entering the view-
ing tube, which is provided with a
shutter and is slanted away from the
camera lens. The distance between
the cathode-ray tube screen and the
lens is 4 in., giving a record occupy-
ing the full available width on
35 mm. perforated film, for a cathode-
ray trace 3i in. long. Accessibility
of the oscilloscope controls is reduced
but is as great as can be achieved
when using a standard oscilloscope
primarily designed for visual obser-
vation.

The construction of the * Avimo "’
camera is based on sound mechanical
principles, while the special require-
ments of cathode-ray oscillography
have been taken into consideration in
its design. Tt forms a versatile,
compact and self-contained unit with
all its controls readily accessible, and
should find wide application in the
field of electronic measurement.

Scanning Table

Fig. 4 <shows the ‘ Avimo”
scanning table for use in analysing
3% mm. film records. It consists of a
cast aluminium base housing an
electric lamp and fitted with a simple
gate, carrying a flashed opal glass
screcn at the top. A hinged metal
frame carries a plate glass table
which covers the gate. Two fixed
arms are provided to take the film
spools. A' small conical stand, fitted
with three ball feet, carries a simple
microscope, as shown to the right in
Fig. 4. The microscope, which can
also be used for accurate adjustment
of the optical focus of the camera,
has a magnification of 24 x and can
be fitted with a graticule reading in
thousandths of an inch if required.
This scanning table and microscope
provide a convenient means of making
accurate measurementsof film records
with the minimum oft fatigue. When
opaque paper records have to be
analysed, the microscope can be
fitted with a small conical stand
having an internal electric lamp for
surface illumination,
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A Television Signal Generator

'!

'

The television signal generator de-
veloped by Messrs, E. K. Cole has
been specially designed to enable a
recciver to be checked at a time when
the broadcast signal is not available.

It provides facilities for testing the
vision circuits, sound circuits, and
the aerial system.

The pattern seen on the screen,
when adjustments have been correctly
made, is a white background crossed
by two wvertical black bars and a
horizontal grey bar.

Construction

The chassis is housed in a cream-
coloured case measuring 124 in. by
93 in. by 8 in. high. At the rear of
the case are spring clips to hold two
6-in_ aerial rods which screw together
and into a socket at the top of the
case. A pair of radio-frequency out-
put sockets are also provided at the
top of the case, with an 8o-ohm
cutput cable.

The frequency of the generator is
set by means of a tuning dial on
which the sound and vision frequen-
cies are marked.

Operation

The aerial is capable of radiating
a good signal at a distance of 70 to
100 ft. with both rods in place. For
distances below this, only one aerial
rod is necessary, provided there is
no local screening. The sound out-
put from the generator gives a low
burring noise in the loudspceaker of
the set if it is functioning correctly.

In testing the vision receiver, no
notice is taken of the flyback lines,

as the generator is not radiating
fivback suppression pulses.

Price

Complete with cable and aerial

rods, approximately fi0 10s.
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Painton Vitreous Resistors are available in values from
| ohm to 100,000 ohms; from 10 watts to |50 watts
rating, and are made in a wide variety of fittings.

The Resistors consist of a fully vitrified porcelain tube,
which carries a winding of high-grade resistance alloy
wire. The ends are electrically welded to the copper
terminal leads. This winding is held firmly in position
by a coating of extremely durable vitreous enamel,
rendering the unit absolutely impervious to the effects
of moisture, and ensuring absolute stability of value
under all conditions of service.

Type approval of these Resistors has been given for
use under the most severe tropical conditions.

N

The useful life

of 5,000,000
Television Receivers
will depend on

INSULATION

n E I. A R o N To the problem of the insulation of radio and electronic

LAMINATED PLASTIC equipment, De La Rue Insulation Limited offers a wealth
in Sheets, Panels, Strips. Tubes and Rods. . 3 4 g
of experience and a range of iInsulating materials of

[] e I d f I €@ X oproven worth. We will gladly send you data, samples and
INSULATING SLEEVING prices on request and the services of our Technical and

in Varnished Cotton. Metal Screened,

Varnished Raypt_:}r:, Rglned Silk, Wovea  Development Department are, naturally, freely available
1bre ass.,

HAMOTFIL

CONNECTING WIRES DE LA RUE INSULATION LIMITED
and Push-Back Wires IMPERIAL HOUSE * 84 REGENT STRBEY * LONDON * W.1 TELEPHONE : REGENT 2904

to you.
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Electronics at the
Physical Society’s Exhibition

The following items of electronic interest shown at the Physical Society’s Exhibition have been

compiled from information kindly supplied by the firms concerned.

This list is classified in

alphabetical order, but it must not be taken by any means as covering everything of interest to

be seen.

Bridges

The multi-ratio R.F. bridge, type
D-297-A, is a commercial develop-
ment of a design by the B.B.C. Re-
search Department. [t will measure
a wide range of impedances, whether
inductive or capacitive, under practi-
cally all conditions. The range of
measurement is o-20,000 pF and
10 ohms-10 megohms; over the whole
of the range an accuracy of 2 per

cent. or better is maintained at all
frequencies between 15 kec/s. and
2 Mc/s.

The type D-101-A bridge emplovs
the Wien Bridge circuit and is made
to read frequency direct in terms of
two decade dials and a third dial
which is continuously variable and
covers the interval between adjacent
steps on the second decade.
frequency bridge is accurate to
* 0.2 per cent. and the reading
accuracy is always better than o.og
per cent, Two ranges of frequency
are provided—range 1 covers 100 c/s.
to 1,210 c/s. ; range 2 COVers 1,000 C/S.
to 12,100 ¢f/s. The input impedance
varies between 400 ohms and 1,500
ohms according to the bridge setting.

Muirhead and Co., Lid.

Chemical Research Apparatus

The TEP meter (Titration End
Point) is designed as a valve volt-
meter and uses a ‘‘ magic eye ” as
indicator. Changes of potential of
suitable magnitude cause the eye to
open and to indicate the end point of
a reaction. The eye ¢ announces "
the approach of such an end point
due to the addition of the titrant,
by opening and closing repeatedly
(““ winking ”’) when the equilibrium
point has been nearly reached. The
sensitivity of the magic eye can be
adjusted by a control, minimum
sensitivity being approximately -150
mV  maximum sensitivity approxi-
mately so mV (for 45° opening up
of the magic eye).

Griffin and Tatlock, Ltd.

Electrometric titration apparatus
type Eog20 is a self-contained poten-

This §

a later issue

Supersonic Flaw Detector.
~——Henry Hughes & Son

tiometric titration apparatus operated
from the j0-cycle supply mains. The
end point is detected by a ‘‘ magic
eye ”’ indicator, and a special circuit
eliminates all possibility of drift
during a titration. The value
of the applied potential difference is
then read off directly from the cali-
brated scale. A sensitivity control
is provided and at maximum sensi
tivity a P.D. of 2 millivolts can be
detected.  The main dial covers the
range to be extended to a maximum
of 2 volts. A switch controls a sub-
sidiary circuit which provides 2
polarising voltage for one electrode
of a monometallic system.
Baird and Tatlock, Liu.
Direct Reading pH Meter
For full description of this instru-
ment, which has been developed in
conjunction with Mr. R. H. Thorp,
of the Wellcome Physiological Re-
search Laboratories, see ELECTRONIC
ENGINEERING, September, 1945, p.

671.
Muirhead and Co., Ltd.

It is hoped to describe further items, which have been omitted for lack of space, in

Ink-Recording Polarograph
An instrument for rapid micro-
analvsis with a dropping mercury
electrode. The equipment consists of
a polarograph unit with a voltage
range of 0.5 to — 3 volts, and current
range for the electrolysis cell adjust-
able to give maximum readings from
0.2 10 200 microamps. .
H. Tinsley and Co., Ltd.

See also:

The Cambridge I ustrument Co.

Condensers

““ Micropack *’ tubular dry electro-

lytic capacitors. A range of electro-
lytic capacitors of plain fuil construc-
tion sealed into aluminium tubes with
synthetic rubber-faced end disks.
They are fully tropical.

Tubular paper capacitors in glass
tubes. For use where a component
with a metal case is undesirable. The
efficient seal and long external leak-
age path are demonstrated by
measurements of insulation resistance

after prolonged immersion of the
capacitors in water.
Tubular ceramic capacitors in

glass tubes.

Cathode-ray capacitors. Paper di-
electric capacitors suitable for high
voltages and high temperatures; may
be employed for smoothing D.C. sup-
plies to cathode-ray tubes. Fully
tropical.

T'elegraph Condenser Co., Lid.

Condensers, Silvered Mica

Silver films .approximately o.0025
in. thick applied to mica plates
0.001 1n. to o.005 in. thick. Suitable
for use at radio and audio-frequencies
for the construction of wave-filters
and other components necessitating
low losses.

Johnson, Matthey and Co.. Litd.

Decade Capacitance Units
Precision mica decade condenser of
very small size.

H. Tinsley and Co., Ltd.
Muirhead and Co., Ltd.



Counters)

The cold cathode counter is a unit
which may be operated by a photo-
cell, or other low-power source; it
has a great advantage over existing
devices of a similar nature which
employ hot cathode valves in that
during idle periods there is no de-
terioration and there is no heater
or filament to fail. The speed of
counting may vary from a maximum
of 15,000 per hour down to one
operation over a period of weeks.

See  LELECTRONIC  FNGINEERING,
June, 1945.

Ferranti, Lta.
Electrical Contacts

Examples of the many types of
headed, turned and composite con-
tacts in silver, platinum, palladium
and their alloys, suitable for use in
instruments where contact resistances
must be kept to a minimum.

Johnson, Matthey and Co., Lia.

Electro-Medical Apparatus
¢ Theratherm ' Ultra-Short Wave Therapy
Equipment, Type MME.I2
The power output, in the region
of 350 watts is suitable for either
cable or condenser technique, Every
precaution has been taken against the
possibility of burning the patient des-
pite the increased working efficiency
afforded by the Theratherm.
Marconi Instruments, Lid.

Electronic Stimulator

See ELECTRONIC ENGINEERING, [uly,
1045.
Edison Swan Electric Co., Ltd.

Electrocardiograph

This is a transportakle instrument
in two units, one being the recorder
and the other the independent a.c.
mains power supply unit.  The in-
strument uses a cathode-ray oscillo-
graph and enables, in addition to the
usual photographic recording, the
long period direct.visual observation
of the cardiogram by means of a re-
current singlestroke traversce released
by means of a push-button switch by
the operator as often as required.
Continuous records up to § or 1o ft.
can be taken and automatic time and
lead markings are provided.

A. C. Cossor, Ltd.

(For full description of this appara-
tus  see ELECTRONIC ENGINEERING,
February, 1945.)

A portable form of electrocardio-
graph completely contained in a case
measuring 20 x 11} x 9 inches, us-
ing a string galvanometer and re-
cording camera, is also shown.

Camb-~idge Instrument Co., Lid.

Electronic Engineering

Flaw Detector, Supersonic
This is a portable non-destructive
test equipment capable of detecting
flaws such as hair-line cracks, pin-
hole, pipe, micro-porosity, slag inclu-
sions, lamination and welding defects
in ferrous or non-ferrous metals or in
any other solid. The instrument
makes use of the reflection of super-
sonic waves which occur at any
discontinuity 1n the transmitting
medium; short pulses of supersonic
energy are used and the time of travel
is indicated on a cathode-ray tube.
The maximum range of the standard
equipment is 12 ft.
Henry Hughes and Son, Lid.
Gauges, Yacuum
Pirani Direct Reading Gauges
New models are available covering
the following ranges: (a) z mm.-o.i
mm., o mm.-0.co1 mm.; (b} 10
mm.-1.0 mn., 1.0 MMmM.-0.0§ mm.;
(c) 0.03 mm.-0.00o1 mm.; (a) and (b)
are dual range instruments, . and
attention in all models has been given
to interchangeability of heads and
ease of manipulation.
Vacustat Gauge, Enclosed Industrial Model
This is a small self-contained
vacuum gauge covering the range 10
mm.-0.01 mm. It is mounted in an
enclosed metal case suitable for wall
or flush panel mounting.
New Type Philips Yacuum Gauge
Research in permanent magnets has
made it possible to reduce the dimen-
sions of the gauge unit and increase
the sensitivity. .The gauge unit now
available is only a little larger than
a Pirani gauge head.
W. Edwards and Co.
Lid.

Instruments, Indicating
Power Level Indicators

These are a standard of
ence of power levels and
semble thermocouples in
they can be standardised on direct
current and subsequently used on
alternating current over a wide range
of frequencies, irrespective of wave-
form and with the same degree of
accuracy.

(London),

refer-
re-
that

Muirhead and Co., Ltd.
instruments, hermetically
sealed to withstand the most severe
tropical conditions,. are shown. A
new moving iron instrument with very
light movement is also exhibited in
which the irons are shorter than
usual.
High-Voltage Indicator
An indicator of the elecctrostatic
type giving direct readings and
voltages to earth up to 11 kV.
4 Ferranti, Ltd.

Minlature
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High-Vacuum Type Electrostatic Voltmeter
The high torque associated with
this instrument is obtained by the use
of a high vacuum as the insulating
medium. With this arrangement the
voltage gradient between the vanes
may be raised to oo kV/cm. or more.
Metropolitan-Vickers Electrical
Co., Lid.
Alarm Voltmeter
Consists of an ordinary moving-
coil voltmeter with an adjustable
pointer set by hand so that when a
certain voltage is reached a contact
1s made which can ring a bell, etc.
The usual contact troubles are over-
come by the use of a cold cathode
tube. The control grid of this has
its potential raised to a striking
value by means of a tapping on a
transformer secondary via the pointer
contact and through a resistance of
up to 10 megohms.
Record FElectrical Co., Ltd.
Multi-Range Meters
A new British multi-range meter
havirg a sensitivity of 20,000 ohms
per volt on the D.Cc. ranges. The
meter is designed round a specially
built 4s-microamp. meter movement
which is particularly robust not-
withstanding its sensitivity.
Leland [nstruments, Ltd.
New Muilti-Range Testing Instruments
This instrument, complete in case,
with the following accessories: 120-
amp. shunt; 480-amp. shunt; 60/240-
amp. transformer and 3,600-volt
multiplier, can be used for measure-
ments of A.c. and D.c. voltages of all
values up to 3,600 volts, A.C. current
up to 240 amps. and D.C. current
likewise up to 480 amps.
The Automatic Coil Winder and
Electrical Equipment Co., Ltd.

See also :
Sangamo-Weston, Lid.
Everett Edgcumbe and Co., Ltd.
Elliott Bros., etc.
Galvanometers
A new type, 4237-A, voltammeter
is a multi-range instrument having
10 ranges covering 10 microamps. to
100 milliamps. and 1o millivolts to
100 volts. It is fitted with an over-
load protection switch and has the
very high resistance of 100,000 ohms
per volt.
y H. Tinsley and Co., Ltd.
Modifications have been made in
the design and performance of the
Cambridge spot galvanometer. The
linear relationship between current
and deflection is considerably im-
proved.
Cambridge Instrument Co., Ltd.
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Instruments, Measuring
Wave Analyser

A high-speed visual electric wave-
form analyser capable of making a
complete analysis in 1/10 second.

Standard Telephones and Cables,
Lid.

Insulation Testing Equipment

Zenith Electric Co., Ltd.
Automatic Ohmmeter

Leland Instiuments, Ltd.

New Multi-Range Electronic Testmeter

This instrument consists of a highly
stable thermionic D.c. millivolt meter
with  suitable additional circuit
switching to enable D.Cc. and A.C. cur-
rent, resistance, capacity and power
measurements to be made over a very
wide range. A special illuminated
meter scale is provided.

Transmisslon Measuring Kit 74330

Self-contained, portable equipment
for measurements on voice frequency
telephone circuits. The associated 12
frequency oscillator, sending and
attenuator unit, and decibel meter,
fitted in attaché case, provide full
facilities for determining transmis-
sion characteristics of telephone lines
and equipment over the frequency
range 300 to 3,000 c/s.

Standard Telephones and Cablrs,
Lid.

“ Avo " Valve Tester, Model Il

This is a recently developed instru-
ment incorporating the salient prin
ciples of the existing valve tester, but
considerably widening the scope and
accuracy of the valve measurements

available,
Automatic Coil Winder Co., Ltd.

Valve Voltmeter
For full details, see ELECIRONIC
ENGINEERING, September, 1941.
Salford Electrical Iustruments,
Ltd.

‘ Selectest,”” a new multi-range
portable test meter that will measure
D.Cc. and A.C. voltages at power and
audio frequencies and also D.c. re-
sistances.

Salford FElectrical Iustruments,
Ltd.

Insulators, Metallised Ceramic

Termiinal

Electrical terminal insulators in
ceramic material metallised for sol-
dering to metal components.  Used
for air-tight and oil-tight sealing of
electrical assemblies such as trans-
formers and capacitors. Suitable for
pressures up to 40-5o lb./sq. in.

ifohnson, Matthey and Co., Lid.

Electronic Engineering 15

Alarm Voltmeter,

showing cold ca-

thode discharge
tube and relay.

—Record Electrical Co.

Instrument for determining
moisture in grain.

—Mullard Wireless Service Co.

Electro-Chemical
Analysis
Apparatus.

~—Griffin & Tatlock Ltd.



Laboratory Apparatus

Cathode-Ray Oscillographs

The double-beam  oscillograph,
Model 339, is a portable unit which
includes  the original Cossor hard
valve time base giving a range of
from 5 to at least 250,000 c/s. It
contains two amplifiers (gain 28)
which can be operated independently
on each beam or in cascade for one
beam with either a high gain (goo)
or a wide band width (2,500,000 ¢/s.).

A. C. Cossor, Lid.

The Mullard E8oo operates direct
from the so-cycle supply mains and
contains a 3%-in.  high vacuum
cathode-ray tube operated at 1,250
volts, a linear timne base and a
vertical deflection amplifier, together
with the necessary high-tension sup-
ply units. The E8co was especially
developed for use at very low fre-
quencies; it extends the low-fre-
quency spectrum to below 1 ¢/s., the
amplifier response being 2 db. down
at 0.1 ¢/s.

Type E8o0s.  This instrument has
been designed for the investigation of
high-frequency phenomena. It covers
the whole frequency spectrum used in
television application and is equally
well suited for research work, pro-
duction testing or transmission moni-
toring.

Mullard Wireless
Lid.

Service Co.,

Electronic Engineering

Electron Microscope, 50 kV

This instrument
magnetic lenses for focusing the
5o kV electron beams. The objective
lens forms an image of the specimen
magnified 6o times at an intermediate
plane. The projector lens further
magiities this image 180 times, form-
ing an image on a fluorescent screen
situated at the bottom of the tube.
The resolving power (better than
100 Angstronmi units) is such as to
allow a further enlargement of the
photographic image of two to five
times, giving an overall magnifica
ron up to §o,000 tumnes.

employs three

Metropolitan-Vickers  Electrical

Co., Lid.

Laboratory Power Supply Unit

A mains-driven source of extremely
smooth continuously variable D.C.
An H.T. transformer feeding two
U.23 valves arranged for full-wave
rectification is supplied by a variac
(variable ratio transformer), making
it possible to reduce ‘the D.C. output
voltage to vero or to increase it up
to 1,500 volts when the load is com-
paratively small.

Leland I[nstruments, Lid.

4-Channel Pen Recorder.
—Henry Hughes and Son
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Recording Apparatus

Four-pen oscillograph recorder.
This incorporates four compact
moving coil galvanometer systems

side by side, each providing a clear
black trace with a maximum ampli
tude of 1.5 cm., on dry electrical
recording paper. Timing signals are
provided by separate fixed pens. The
frequency-response is level up to
about 100 c/s.; and the coils may be
of either high or low impedance, re-
quiring 6 mA and 150 mA respec-
tively for full deflection, with a
power input of o.15 watt.

Henry Hughes and Son, Lid.

Multiple Recorder

This equipment comprises a Model
440 twin double-beam tube unit
mounted on the same bedplate with a
Model 423 70 mm. film camera and its
Model 430 drive unit to provide a
transportable outfit for all types of
multiple recording with oscillographs,
including field tests such as are en-
countered in traction, naval and
engine tests.

A. C. Cossor, Lid.

Reflectometer

This instrument will permit rapid
and accurate comparisons of light
reflected from surfaces. Incorporation
of a set of filters, any one of which
may be brought into position by
operating a knurled ring, allows
critical comparison of coloured sur-
faces.

Ewvans Electroselenium, Lid.

Resistance Thermometer Controller

This is a highly sensitive controller
for creep test equipment and other
laboratory and industrial purposes.
It is electronic in operation and has
no moving parts, except the final
vacuum switch.

Sunvic Controls, Lid.

Resonator, SR. 1152

Used to measure the attenuation
and other constants of cdble at
U.H.F in much the same way that a
Q meter 1s used to measure the
quality of coils at lower frequencies.
The resonator consists of an air-
spaced coaxial line of known charac-
teristics provided with a short-cir-
cuiting piunger, the position of which
can be set to a high degree of
accuracy.

Standard Telephones-and Cables,
Lid.



January, 1946

Signal Generator

Designed for operation in the
range 6—300 Mc/s., this instrument
has been evolved to have as wide an
application as possible in the testing
of radio receivers. Provision has
been made for all types of amplitude
modulation with wide R.F. coverage
directly calibrated in frequency:
there is also facility for narrow o
wide band modulation, fine tuning
control for communication receiver
investigations and patented contact
less waveband selection which elimi
nates the variable factor of R.F. con-
tact resistance.

Marconi [nstruments, Lid.

Thermostat

Various types operated by bimetal
helices are chown. The type TS6
has a fine and coarse adjustment of
setting to enable the instrument to
be set to within less than 1© C. at all
temperatures up to 500° C.

Sunwvic Controls, Ltd.

Tuning Forks, Yalve-Maintained

Muirhead and Co., Lid.

Lamps, High-Intensity
Kodatron
For full description of this ap
paratus, see ELECTRONIC ENGINEER-
ING, June, 1944.
Kodak, Lid.

High-intensity ~ flash  discharge
lamps, operated by the discharge of
a 150 mfd. capacitor charged to 2,000
volts.

Salford Flectrical [nstruments,
Liud.

Micro-second photographic appara-
tus, using a high intensity gas-filled
discharge lamp. The lamp gives an
intense flash of 2-5 micro-second dura-
tion which can be synchronised to
occur at any point in the action. The
unit consists of a rectifier unit for
charging a 1/uF condenser to 8 kV
and a control tube for discharging
the condenser through the lamp. The
control tube may be tripped by a
make-or-break contact or by a photo-
cell or microphone amplifier,

Ferranti, Lid.

Moisture Indicators

This instrument has been de-
veloped especially to meet the need
of the miller and farmer in estab-
lishing a rapid and accurate deter-
mination of the moisture content of

Electronic Engineering

Magnetic Sorting
Bridge which enables
any ferromagnetic
materials to be tested
and compared.

~—Solford Electrical
Instruments, Ltd.

grain. It makes use of the capacity
change produced between two plates
of an electrical condenser by the
insertion of a weighed quantity of
grain. As the dielectric constant is
dependent on the moisture content of
the grain, the measurement of the
capacity with the grain i situ is an
indication of how much moisture is
present.  The instrument is cali-
brated directly in percentage mois-
ture content, four scales being pro-
vided, two for wheat and one each
for oats and barley.

Mullard Wireless Service Co.,
Ltd.

This moisture-in-grain meter pro-
vides instantaneous and accurate de-
termination of the moisture per-
centage contained in wheat, oats and
bailey. Available for either mains
or battery operation.

Marconi Instriuments, Lid.

Moisture Meter for the Cotton Industry

The sample of moist cotton has a
:pecial pair of circular electrodes
pressed upon it and the resistance of
this is a part of the resistance of a
circuit the potential at a point of
which is applied to the grid of an
amplifying valve. The anode circuit
of this valve has one or other of two
milliammeters in circuit. Changes in
this anode current are directly read
as moisture regain in three ranges—
dry, normal and damp.

Record FElectrical Co., Lid.

Oscillators
Muirhead-Wigan Decade Oscilla-
tor;  Audio-frequency  Oscillator;
Low-frequency Decade Oscillator.
Muirhead and Co., Ltd.

Ganging Oscillator, Modei3343

This

instrunent is a beat-fre-
quency modulated H.F. signal
generator covering a range of from
20 Mc/s, to 60 kc/s. in five ranges
with only a few gaps. The instru-
ment was designed for use with the
model 339 double-beam oscillograph
tor the visual alignment of radio
receivers, particularly I.F. stages.

A. C. Cossor, Ltd.

Beat-Frequency Osclllators

The type EB810 provides a conveni-
ent power source for studying the
characteristics of amplifiers, trans-
formers, telephone transmission lines
and similar equipment at audio fre-
quencies. It may also be used to
provide modulation for radio fre-
quency signal generators and ‘¢ time
marking "’ calibration for electrical
time bases.

Mullard Wireless Service Co.,
Ltd.
A compact light-weight mains-

driven oscillator, providing an out-
put signal of low distortion at fre-
quencies between 10 and 20,000 c/s.
in two ranges. Distortion is less than
2.5 per cent. throughout the range
above 50 cycles, provided the load

does not exceed 50 milliwatts. The
maximum output is 125 milliwatts
and hum is 50 db. below signal

voltage at maximum output,
Leland Instruments, Lid.

Oscillator and Absorption Wave-Maeter
British  Thomson-Houston Co.
Liud.



Photo-Cells
‘“Eel*" M| Photo-Cell

A selenium multiple photo-cell for
use with thermionic valve amplifiers
and triggering circuits, consisting
essentially of ‘a number of small
selenium barner layer elements con-
nected in series, all being contained
in a single unit. The output current
is largely independent of the load
resistance, due to the relatively high
internal resistance of the photo-cell.

Ewvans Electroselenium, Lid.

Photo-Electric Equipment

A unit for automatic control of
street lighting, factory loading yards,
railway sidings, traffic signs, etc.
This equipment 1s not affected by
mains voltage fluctuations, and re-
tains its sensitivity between 150 and
270 V AC

Londex, Ltd.

Potentiometers

During the last five years consider-
able changes of design of ‘‘ Berco ”
wire-wound potentiometers  have
taken place. Methods of ganging
and concentric operation have been
improved and the brush. mechanism
has been redesigned to give higher
precision and greater endurance.
Several different types are exhibited.
Sealed Rotary Controls

These components have been devel-
oped for use under tropical conditions.
The general construction is a standard
potentiometer mounted in 4 plated
brass container which is sealed by
soldering or other suitable meaps and
provided with terminals of the glass-
to-metal type. The shaft bushing is
also sealed by neoprene rings.

British Electric Resistunce Co.,
Lid.

Rectifiers
‘“ Westalite ** Rectifier Unit
This is an improved double-voltage
type which operates at twice the re-
verse voltage per element with prac-
tically the same forward voltage
drop.
Westinghouse Brake and Signul
Co., Ltd.
SenTerCel
Standard T'elephones and Cables,
Lid.
. Rectifiers, copper-oxide, for incor-
poration in measuring instruments
Selenium
Salford Flectrical Instruments,
Lid.
Midget
Midget high-voltage rectifiers, pro-
viding up to 30 kV at 15 m/a.
Ferrant:, Lid.

Electronic Engineering

Relays

Aerial.changeover relays for radio
frequency, designed to keep the
capacity to the minimum and provide
ample clearance to prevent leakage.
They are for more or less universal
high frequency use, ie., antenna
transfer, band switching and keying.
Electromagnetic Relay, Type L.F.

A heavy-duty type for A.C. and D.C.
which is noiseless in working and has
a 2 VA coil consumption
Midget Relays

Type ML for p.c. only. Spring
controlled, works in any position and
the coil consumption is 0.1 VA,

Londex, Lid.

Moving Colil Relays

The Ss4 shown by Sangamo
Weston is a permanent magnet
moving coil relay which is unaffected
by external magnetic fields. It is
fitted with contacts which ouce ad-
justed cannot be altered unless the
cover is removed. A pinion drive 1s
provided for varying the mean
operating point of the relay and a
fine screw adjustment for changing
the position of the fixed contacts.

Model S55 Relay

All  adjustments are made ex-
ternally and a slipping clutch
prevents  damage by  overturn-
ing. Contact adjustment is facili-
tated by a rack-type adjustment
which provides smooth, low-geared

operation. The relay can be reset by
hand by depressing a button, or
remote control may be cfiected bv
closing the circuit of an eclectrical
releasing device which requires an
energising current of approximately
so milliamperes.  Both this and the
S54 can be made to operate on cur-
rents as low as § microamperes.
Sangamo Weston, Lid.
Miniature Relays
Similar to the Post Oftice type in
sealed glass cases for withstanding
severe tropical conditions.
Ferranti, Lid.

Relays, Bimetal and Electronic
Sunvic Conirols, Lid.

Resistances
Resistance Box, Constant Inductance R.F.
Muirkead and Co., Ltd.
Resistances, Laboratory
Zenith Ilectric Co., Lid.
See also: ..
The Cambridge Instrument Co.,
Lid.
Gambrell Bros., Lid.
H. Tinsley and Co., etc.
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Resistors, Wire-Wound
Vitreous Enamelled

Several exanples are exhibited of

the latest type of wire-wound resistor,
having the windings embedded in a

new ceramic material which is im-
pervious to moisture or corrosive
atmospheres. The ceramic embed-

ding material has been specially de-

veloped to cnable this component to

be used at sea, in the air and under

drastic climatic and atmospheric con-
ditions without fear of breakdown.

Zenith Flectric Co., Ltd.

Muirhead and Co., Lid.

British Electric Resistance Co.

Ltd.

Thermistors

Resistors with a high negative tem-
perature coefficient of resistance. Ap-
plications include temperature mea-
surement and control, time control
relays, surge suppression, automatic

voltage control and R.F. power
measurement,
Standard Telephones and Cables,
Lid.

Switches, Rotary

British Electric Resistance Co.,
Lid.
Muirhead and Co., Ltd.

Thermocouples

Both 10 per cent, and 13 per cent.
rhodium-platinum thermocouples in
the form of continuous lengths of
coil and as couples with the wires
welded together at the hot junction
are shown.

Paltador Thermocouples

A palladium-gold, iridium-platinum
thermocouple giving a high em.f.
and particularly suitable for use in

high-frequency = measuring  instru-
ments.
Johnson, Matthey and Co., Ltd.
Everett Fdgcumbe &< Elliott
Bros.
Transformers

Wide-range transformers.
Muirhead and Co., Lid.

‘‘ Yariac' Voltage-Regulating Transformers

A few alternative types are
exhibited incorporating the latest
designs. They are shown in various

stages of completion which illustrate
the most interesting features.
Zenith Electric Co., Ltd.
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Yacuum Tubes, Special
Reflector Klystrons

These tubes consist of a single
rhumbatrom through which a beam

of electrons passes, this beam
being reflected back by a nega-
tive electrode through the same
rhumbatrom which, therefore, acts
as both buncher and catcher. The

tubes produce } to 4 watt at wave-
lengths around 10 cm.

Ferrant:, Ltd.

Klystron

This valve delivers upwards of
100 W at frequencies of 3,000 Mc/s.
and above. It js water-cooled and
may be operated C.W. or grid-
modulated. The anode supply re
quired is 6,000 V, 250 mA.

Magnetrons

The development of the multi-
resonator magnetron for Radar pur-
poses has led to a variety of types
being produced. By the use of
pulsing technique, very high peak
powers have been achieved, and the
very solid structure has allowed the
mean power level to be raised enor-
mously.

British
L.

V.H.F. triodes, velocity-modulated
coaxial line oscillators in centimetric
band and H.F. radiation and air blast
cooled transmitting triodes.

Stundard Telephones and Cables,
Lid.

Thomson-Houston Co.,

Transmission Reception Switches

A rhumbatrom in which the voltage
developed across the central gap by
fed-in R.F. power is used to initiate
a discharge in a gas at low pressure,
this discharge effectively short-cir-
cuiting the resonator. Hence the use
for receiver protection in centimetre
wavebands. Three types are shown
jlustrating  different  wavelengths
and different methods of coupling.

Electrometer Valve

The single electrometer valve al-
ready developed has similar elec-
trical characteristics to the F.P.54
and can be wused in the con-
ventional - circuits as described by
Du Bridge and Brown (Rew.

. Sci. Inst. (4), 1933, 533). The design
of the double valve exhibited was
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Miniature Rectifiers.
Standard Telephones & Cables, Ltd.

Miniature
Quartz
Crystal

suggested by Dr. Brentano. This is a
double tetrode tube in which both
tetrode secctions draw their emission
from a single filament and cach sec-
tion resembles the F.P.g4 in electri-
cal characteristics.

Ferranti, Ltd.

Wires

Resistance Wires

Precision drawn fine wires in
nickel-chromium and - copper-nickel

down to 0.0005 in, diameter.

Minalpha Constant Resistance Wire

Minalpha manganese-nickel-copper
alloy, developed to replace man-
ganin, and having a temperature co-
efficient of *o0.000003 over the range
10° to 40° C. with a thermal e.m.f.
against copper of 0.30 microvolt per
°C

Johnson, Matthey and Co., Ltd

X-Rays
X.Ray Dosemeter

This equipment incorporates in the
counter clock a preset mechanism for

switching off the X-ray heam when
a predetermined dosage has been
given. The basis of the design is an
ionisation chamber.

Marconi [nstruments, Lid.

Cameras, Diffraction

While, in general appearance, the
Finch Electron Diffraction Camera
has not changed, some considerable
attention has been given to the design
with a view to incorporating modern
vacuum engineering principles. All
vacuum joints, both fixed and moving,
have been redesigned to ensure per-
fect vacuum tightness with a mini-
mum of maintenance. Maximum
pattern definition, reliability and
speed of operation have been the main
considerations. A third plate holder
is now available, known as the
““ Book ”’ type, in which a number of
plates can be inserted and exposed
one at a time,

W. Edwards and Co. (London),
Lid.
X-Ray Diffraction Unit

For full details see LELECTRONIC
ENGINEERING, November, 1945.

Geiger-Counter X-Ray Spectrometer

This unit #nables quantitative and
qualitative analyses of crystalline
and certain amorphous substances to
be made by X-ray analysis.

Philips Metalix (Philips Lamps,
Lid.).
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Radio - frequency
Dielectric Test
Set.

—H. Tinsley & Co.

Electronic Frequency Meter, 0-45 ke/s.

Electronic Engineering

~—General Electric Co., Ltd.

Miscellaneous
An automatic V.H.F. direction
finder using a fixed H-type Adcock
antenna system, single-receiver chan-
nel, and cathode-ray oscillograph
bearing indicator.
Standard Telephones and Cables,
Ltd.

Electronic Water-in-Petrol Detector
See ELECTRONIC ENGINEERING, Oc-
tober, 1944, p. 184.

Leland Instruments, Ltd.

Quartz Crystals in Glass Envelopes, Minlature
Standard Telephones and Cables,
Ltd.

Books

The
Astronomy,

latest
Electrical

books on Physics,
and Radio
Engineering, Chemistry and re-
lated sciences, will be shown by
various technical publishers, among
swhom are :

H. K. Lewis and Co., Ltd.
Sir lsaac Pitman and Son, Ltd.
Macmillan and Co., Ltd.

Navigational Instrument
A Homing Indicator with two sen-
sitive movements operating in com-
mon magnetic circuit and - blind
landing indicator with two separate
movements for use with beam
landings
Ferranti, Ltd.

Regulators, Voltage

Automatic voltage regulator which
comprises a toroidal transformer pro-
viding a multiplicity of tappings,
with a motor-controlled selector
mechanism operated by a voltage
sensitive relay.

Zenith Electric Co., Ltd.

A hand-operated type of regulator
consists of an auto-transformer whose
output voltage may be varied con-
tinuously by moving a copper-
graphite brush along the winding,
from which the insulation has been
removed to form a contact surface.
Although a certain number of turns
are short-circuited by the brush, the
type of brush and the voltage be-
tween turns are so chosen that the
heating caused by the current in the
short-circuited turns is well below
that which would damage the wind-
ing insulation. The winding former
is specially designed to conduct the
heat rapidly from the region of the
short-circuited turns.

British FElectric Resistance Co.,
Ltd.

Strain Gauges

A set range of strain gauges is
shown suitable for use in aircraft
work and in all other kinds of struc-
tural problems. Special miniature
gauges are also exhibited which can
be used for measuring very localised
strains. A demonstration of the
manufacture of strain gauges by a
special machine is given,

H. Tinsley and Co., Ltd.

Strain Gauge Amplifier
Salford Electrical Instruments,
Ltd.

Projection Apparatus

A number of epidiascopes will be
shown. Small models have a field
of 5} in. square for small theatres
and a larger model, the N.A.50, gives
a picture from 3 ft. to 12 ft. square.

Newton and Co., Ltd.
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Sputtering Apparatus
Features of the apparatus exhibited

are portability, compactness and
speed of operation, Designed to stand
on desk or bench the unit is complete
with vacuum pump, high voltage
D.C. supply, vacuum chamber and
special automatic devices to ensure
safety in operation. This unit pre-
sents the latest design in small com-
mercial cathodic sputtering appara-
tus.

W. Edwards and Co. (London),
Ltd.

Stroboscopic Equipment

The Strobomite is an electronic
tachometer in which a cold cathode
discharge tube is driven by a high
stability resistance capacitance oscil-
lator. The speed range is from 350
to 21,000 r.p.m., with an accuracy

of * 1 per cent. without need of
standardisation against mains fre-
quency.

Henry Hughes and Son, Ltd.
See also Ferranti, Ltd.

Electric Micrometer Thickness Gauge

Designed for use on steel rolling
mills and for application to metals
having a low compressibility factor.
The strip or sheet leaving the rollers
of the mill passes between two steel -
roller jaws, one fixed and the other
floating. Thickness variations in the
strip cause movements of the floating
roller which are communicated to the
armature of an electric gauge, pro-
ducing corresponding variations in
electric current which are registered
on an indicator either of the pointer
type of the illuminated moving scale
type, or on a recorder.

The Cambridge Instrument Co.,
Lid.
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PRODUCTS

FOR ELECTRICAL AND RADIO ENGINEERING

Precious Metal Contacts. Silver-on-Copper Bi-Metal. Bi-Metal
Contact Units. Non-Ferrous Metal and Alloy Wire and Strips
for Resistances and Fuses. Platinum, Silver and Precious Metal
Alloy Wires and Strips. Silver Plated Copper Wires. Low
Temperature Brazing Alloys including ‘* Easy-Flo,”" * Sil-Fos "’
and «Silbralloy.”” Nickel Valve Tubes, Pure Nickel Gauze.
Fusible Alloys. Selenium, Mercury and other Non-Ferrous Metals.

You are invited to write for fuller information
on any of the above to :

JOHNSON MATTHEY X (C° L™iTeD

HEAD OFFICE:

73/83 HATTON GARDEN, LONDON, E.C.I

LAMINATED
b Slictrical
INSULATION

Write for
PUBLICATION
NO 31

eteps = THE NEW INSULATION CO.LTD.BRISTOL RDGLOUCESTER. 207«

co
994/ wonoon ofrice. WINDSOR HOUSE,46 VICTORIA ST. S.W.| Tt asev6a9a 610'(1//2'[”[/?
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WE know HOW OUR SEALS WILL PERFORM

The first requirement of a seal is that it shall
be a perfect seal. The second—that it shall
continue to be a perfect seal for the period of
its useful life.

The “STRATOSIL” sealing of Wright &
Weaire VIBRATORS ensures effective oper-
ation in all situations irrespective of climatic
conditions. Other principal features include :
All-steel construction, Sponge-rubber lined
metal can, Non-tarnishable precious metal
driving contact, Contacts ground almost to
»+, optical limits, Mica and steel stack assembly.

/(5.3 “Wearite ” Vibrators are available now for

‘ commercial purposes
in both non-syn-

chronous and self-

rectifying types.

STRATOSIL Sealed UVIBRATORS

W R I GH T & WEATIR RE LIMITEDW
High Road, Tottenham, N.17. Telephone: TOTtenham 3847-8-9.

1042

unit of

Precision Instruments | am the c.g.s.

of Maintained Accuracy energy—you'll find me in

every radio circuit

ERG

ERG is the trademark
that will identify our
products of quality — small
parts for big jobs.

Switchboard and Portable
Pattern Microammeters,
Milliammeters, Ammeters,
Voltmeters, Wattmeters
and Testing Sets.

~ 7

ERG RESISTORS LTD. —
.. 1021a, FINCHLEY ROAD « :
MEASURING INSTRUMENTS (PULLIN) LTD BENDERS, NevVe X ERG

Phone : Speedwell 6967

ELECTRIN WORKS, WINCHESTER ST., LONDON, W.3
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A Single Sweep Time Base

Part |

By D. McMULLAN, B.A.(Cantab), Grad.l.E.E.

Introduction

time base has not received so much

attention as the free running linear
time base.* This is unfortunate, as
the single sweep time base can often
be utilised not only in those cases
where its use is essential (e.g., the
observation of random transients). but
also with advantage ir applications
where the free running type is usually
employed, - Two examples of the
latter use may be cited ; the automatic
synchronisation of the time base with
a wide range of frequencies and
sweep expansion which enables any
part of the trace to be opened out, so
that only a fraction of a cycle of the
waveform under observation occupies
the whole width of the screen of the
cathode-ray tube,

Several types of single sweep time
base have been described, but most of
them suffer from one or more disad-
vantages, The most usual fault is
that an appreciable time elapses after
the application of the synchronising or
actuating signal before the time base

IN the past the single sweep linear

starts its working stroke. This is
comparatively  unimportant when
controllable phenomena are heing

studied, for arrangements can gener-
ally be madé to trigger the time base
some time before the external circuits.
But when the phenomena are outside
the control of the worker (eg.,
switching transients), the time base
has to be triggered by the actual sig-
nal being observed, and it is essential
that there should be the minimum of
time delay between the arrival of the
signal and the start of the time base,
or else the first part of the signal
(which is often the most important)
will fot be shown on the screen of the
cube. It is also sometimes convenient,
even in the case of controllable
phenomena, for the time base to be
actuated by the signal under observa-
tion, or else by the pulse that starts
the external cirguits,

Another . disadvantage associated
with some types of single sweep time

* “ Free running " is used. in the sense that no ox-
ternal signal I8 required to actuate the time base
although a asypchronising signal will probably be
used 1o lock the time base to the waveform uuder
observation,

S —

Fig. I.I. The Puzkle time base. (The sup-

pressor grid of V, is often connected to

Ca, Ry instead of the control grid which is
then used for synchronising.)

base is that the actuating pulse has to
be of a certain fixed amplitude and
duration, which is not always easy to
arrange without a special pulse
generator.

It is proposed to describe a time base
which does not suffer from these dc-
fects and to show how it may be used
not only for single sweep working,
but also for sweep expansion and for
operation as a normal free running
time base.

In this article the signal or transient
under observation 1s called ‘¢ the
signal ”’ and the pulse which triggers
the time base is called ¢ the pulse.”

The Puckle Time Base

It will be convenient to examine
the operation of the Puckle time base
in the normal free running condition.

The condenser C, (see Fig. 1.1) is
charged through the pentode V. used
as a constant current device. V., the
discharge valve, is cut off due to the

|

Fig. 1.2. . The Eccles-Jordan circuit modified.
In the original circuit the control grids of
Vi and V; were connected together.

voltage drop across X; produced by
the anode current of V,, the auxiliary
trigger valve.  As (, charges, the
cathode of V. is carried negative until
it approaches the grid potential and
V., commences to conduct. As soon as
this occurs, a voltage drop is pro-
duced across X, which is applied
through C. to the grid of V, in the
form of a negative pulse which re-
duces the anode current. This
causes the anode of V,, and also the
grid of V. to become more positive,
increasing the rapidity of the dis-
charge of C, through V,; and causing
a further reduction in the anode cur-
rent of V,, the action being cumula-
tive. When C, becomes discharged,
due to the fall of anode current in V,
which applies a positive pulse to the
grid of V,, V. is cut off and the cycle
repeated.

This time base may be used for
single sweep working by omitting C,
and applying the actuating pulse to
the grid of V.. In the static condition
C, is charged to a potential approxi-
mately equal to the voltage drop
across R, produced by the anode cur-
rent of V.. V, passes a current equal
to the anode current of V., When a
negative pulse of sufficient amplitude
and duration is applied to V,, the grid
of V, is driven positive discharging
Ci. As soon as the negative pulse
ceases, anode current is restored in V,
and C, commences to charge at a con-
trolled rate through V, giving the
effective working stroke.

The Puckle time base used in this
way for single sweep working suffers
from both the disadvantages men-
tioned above; time is lost before the
working stroke starts while the con-
denser (, is discharged and the
actuating pulse has to be of sufficient
amplitude to cut off V, and of the
right duration, just to discharge C..
Thus it is generally necessary, except
where mechanically operated switches
are used; to employ some forin ot
external pulse generator to control the
time base.  The time base will also
work with negative bias on Vy and a
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positive actuating pulse of the correct
duration.  With this arrangement
there is no appreciable time delay.

The Eccles-Jordan Circuit

These disadvantages may be over-
come by replacing the auxiliary
trigger valve V; in the Puckle circuit
by a trigger circuit of the FEccles
Jordan type. It will be simplest to
consider the Eccles-Jordan circuit
separately ; this is shown on Fig. 1.2,
using pentodes (an improvement due
to Reich). When V, is. conducting,
V, will be cut off and wice wersa, due
to the drop across the anode load of
the valve which is conducting being
applied by the potentiometer R.R, ot
RK: to the suppressor grid of the
opposite valve, causing it to become
very negative and cutting off the
anode current, If a negative pulse iz
applied to the grid of the valve which
happens to be conducting (say V.j, the
circuit will change over to the other
condition (where V, conducts and V,
is cut off) until another negative pulse
is applied to the grid of V, when the
circuit once more changes back to its
original condition. The time taken
for the change-over from one regime
to the other is very short and may he
still further reduced by adding con-
densers C, and C, to counteract the
effects of stray capacitance.

The Single Sweep Time Base

The circuit of the time base using
this trigger circuit is shown in
Fig. 1.3. In the static condition V, is
conducting and V, is cut off causing
V. to hold condenser C,; discharged.
When a negative pulse is applied to
the control grid of V,, the trigger cir-
cuit at once starts to change over to
the other regime. As soon as anode
current starts in V,, the grid of V. is
driven negative and €, commences 10
charge through V, giving the working
stroke.  When C, has been charged
to a potential approximately equal to
the voltage drop across R;, V. com-
mences to conduct, and a negative
pulse is applied to the grid of V.,
through C: causing the Eccles-Tordan
circuit to change back to its original
condition. C, is discharged and held
discharged by V..

Since the trigger circuit takes only
a few microseconds to change from
one regime to the other and the con-
denser C, starts to charge as soon as
anode current begins in V,, the time
delay between the application of the
trigger pulse to V. and the com-
mencement of the time base working
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Fig. 1.3,

stroke is only a fraction of a micro-
second. As the length of the working
stroke is unlikely to be less than one
microsecond, this time delay is
inappreciable and for most purposes
the time base may be said to start as
soon as the trigger pulse is applied.

The length of the trigger pulse is
unimportant as long as its duration is
not greater than that of the working
stroke of the time base or else the
time base will make more than one
stroke for each signal and the trace
will be difficult to interpret.

The time base as described will
only trigger with negative pulsés.
If it is desired to work with positive
pulses, one or other of the following
methods may be used. The positive
pulse may be fed on to the grid of
V, through a differentiating circuit,
in which case the time base will be
triggered by the back edge of the
pulse.  This arrangement will only
be satisfactory in those applications
where the pulse ends before the
signal begins.

The second method, which is the
better, is to change the positive pulse
into a negative, by passing it through
a phase reversing stage. This gener-
ally means an extra valve, but it is
worth incorporating, as it is needed
if the time base is to be used for
sweep expansion. If the time base is
to be triggered by either negative ur
positive pulses from the same source,
It is necessary to separate the nega-
tive and the positive pulses and to
apply them to the appropriate valves.
Diodes may be used for this purpose.

Application of the Time Base

Transients may be divided into two
main classes. Those which repeat at
regular or irregular intervals and
those which occur only once. For
observing transients of the second
type either photography or a long
persistence screen is necessary. The

The single sweep time base described In the text.

time base is required to make only
one sweep and to be reset manually.
For this purpose C; is open circuited.
To reset it is only necessary to apply
a negative pulse to the grid of Vi
With transients of the first type, the
time base must reset automatically
and it must again be stressed that the
length of the actuating pulse must not
be longer than the working stroke or
else the time base will make two or
more strokes for each transient.
This may generally be avoided by
applying: the actuating pulse through
a short time constant circuit, although
when the signal is used to trigger the
time base difficulty may sometimes be
encountered, as, for example, when
the amplitude of the end of the
transient is much greater than that
of the beginning and the transient
lasts longer than one sweep of the
time base.

When single transients are being
photographed it is necessary that the
spot shall be made invisible except
during the working stroke. The
beam may be brilliancy-modulated or
else deflected off the screen until the
start of the time base. For all except
very high sweep velocities the second
method would seem to be the easiest
as it is only necessary to connect the
free X plate of the tube to the anode
of V, through a suitable potentio-
meter. The potentiometer is adjusted
so that the spot is initially off the
screen and as soon as the actuating
pulse is applied to the time base the
anode of V, moves positive very fast
bringing the spot on to the screen for
the working stroke. It 1s obviou:
that this can only be used when the
changeover time of V, and V, is a
fraction of the working stroke. The
length of the working stroke is made
greater than the width of the screen
s0 that the spot is again invisible
after the transient is over.

It is not essential to employ beam
modulation when repeating transients
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are being observed although 1t is
sometimes desirable, especially with
high spot velocities and low repeti-
tion rates.

Attention must be drawn to the fact
that a D.C. connexion must be made
between the output of the time base
and the X plates of the tube. If this
is ‘not done the spot will start from a
different point on the X axis for each
stroke if nregularly spaced transients
are applied.

Sweep Expansion

In order to expand one part of a
cycle of a recurring waveform, the
time base must start at the appropri-
ate part of the cycle. The amount
of expansion obtained depends on the
length of the working stroke relative
to the length of the cycle.

The time base may be made to
start at the correct time by arranging
that it is triggered by a peak of the
signal waveform through a time delay
circuit. By adjusting the time delay
it is possible to start the time base at
the correct part of the cycle. Iu
practice, this may be arranged by
triggering the time base f{rom ar
auxiliary time base which is running
in synchronism with the signal.

A suitable circuiy is shown in Fig.
1.4. The triode section of V; acts as
a cathode follower and the output of
the auxiliary time base is applied to
the grid. During the working stroke
of the auxiliary time base the
potential of the grid, and also that of
the cathode, falls until it is below the
potential of the diode (set by VR,).
When this occurs the diode conducts
and applies a negative pulse to the
grid of V., starting the main time
base. The start of the time base is
adjusted by VR,. The main time base
is reset by a negative pulse derived
from the discharging circuit of the
auxiliary time base and applied to the
grid of V,. This is necessary to
prevent the main time base making

%

TO AUXILIARY
VRzE TIME
ToerRD T BASE" "}
oF |
A l_/
AT,
Fig. 1.4. The circuit for use with single

sweep time base to provide sweep expansion.
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AUXILIARY TIME BASE .

DIODE (vs)
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MAIN TIME BASE.
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TIME

S P ye——
___________ =
e ——
QUTPUT VOLTS QUTPUT VOLTS
AUXILTARY MATN
TIME BASE TIME BASE |
Fig. 1.5. Diagram illustrating the working of the sweep expansion circuit. The figure

in the left-hand circle represents the waveform of the signal, and that in the right,
the portion AB is expanded.

several sweeps for cach sweep of the
auxiliary time base.

In practice, the auxiliary time base
1s connected to a cathode-ray tube and
is adjusted so that one or two cycles

of the signal are visible. It is essen- -
tial that the time base is closely
synchronised to the signal. Any

fraction of a cycle of the signal may
be opened by adjusting VR. and VR,
on the main time base. In order to
determine which part of the cycle is
being expanded VR, may be calibrated
in fractions of the auxiliary time base
sweep, or if a double beam cathode-
ray can be left connected to the out-
put of the auxiliary time base, the
signal fed to one Y plate and a pulse
derived from the anode of V. fed to
the other Y plate then a definite indi-
cation is given of the start of the main
time base. As VR, is adjusted the
marker pip will move across the
screen of the double beam tube, which
is thus used as an indicator for deter-
mining the point of commencement of

expansion of the main trace. The
main trace should be depicted on a
separate tube, or a switching device
can be used to connect the X plates
either to the auxiliary or to the main
time base, while at the same time
switching the marker signal from the
anode of V, on and off one of the Y
plates.

The working of the sweep expansion
circuit is <hown diagrammatically in
Fig. 1.5. The length of the working
stroke of the main time base should be
made slightly ‘greater than the width
of the tube or else two vertical lines
will be visible, one at each end of the

sweep. These lines will be very
bright if the degree of expansion is
at all large and will make the
regional brightness of the trace

appear low in comparison.
* In the second part of this article
practical details will be given of a
time base designed on the lines indi-
cated in this part, together with some
examples of its use.

(To be continued.)
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H.F. Band-Pass Filters

Part |.—General Properties

By H. PAUL WILLIAMS, Ph.D., A M.LLE.E.*

Introduction

HEN designing radio equip-

;’;} ment the engineer has two

distinct lines along which he
may work. One line of approach is
to rely entirely on ¢ cut and try”’
methods, the other extreme is to make
a complete theoretical calculation of
the problem: In many cases, of
course, a middle course is followed,
so that experimental trials are com-
bined with rough calculations. How-
ever, the design of H.F. band-pass
filters ranks among the problems for
which complete ' calculations can be
made with great certainty and satis-
faction. This reason (together with
the fact that they are such a common
feature of radio design) makes it well
worth  while acquiring a good
theoretical knowledge of such filters.

The qualification H.F. is used to
distinguish them from L.F. band-pass
filters and includes what are com-
monly called I[.F. frequencies, i.e.,
we are concerned with radio frequen-
cies only. ~ At radio frequencies we
are normally dealing with coils whose
amplification factor Q is at least of
the order of 20. As a result the theory
of these band-pass filters can be de-
veloped in quite a simple manner.
There is no need to go through the
usual network theory.

Although a large number of articles
on band-pass filters are in existence,
it is not easy to coirelate conveniently
the information they contain. They
often have different methods of ap-
proach and somehow always succeed
in using different symbols! In the
following discussion the various
aspects of the theory have been

* Standard _’}elephons & Cables, Ltd.
(o]
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ab

K = Coupling factor.

and series resistances R, and R,

single circuit.

List of Symbols. Used

This factor equals the common coupling impedance (i.e., wM or Xp) divided by
the geometric mean of the series resistance of the two circuits.

e.g., for mutually coupled circuits with unequal damping

In the case of equal circuits K is unity for critical coupling and greater than
unity for over-coupled circuits (which give a response curve with two peaks).
Also K is then equal to the '‘ percentage coupling ** multiplied by the Q of a

q = Amount off tune in terms of band-width.
e.g., if the circuits have a band-width of 10 kc/s. at 1,000 kc/s., then
985 kcfs.
1,025 kefs. = + 2.5¢q
(See also Section 2.11.)

With unequally damped circuits the band-width of the broader circuit has been
taken as g, and that of the sharper circuit as q,.
by k%q,, where k has the meaning given below.
k = Square root of the ratio of the series resistances of the two tuned circuits.

e.g., R, = k?R,, where R, and R, are the series resistances.
(See also Section 2.21.)

wM

VRR,

=—15¢q

Then in formulae q, is replaced

Q = Magnification of a circuit on tune. wl
This is the conventional meaning, i.e.,, Q = —
: R
X, = Common bottom-end coupling reactance.
fo = Mid-band frequency of band-pass response curve.
Also referred to in the text as the ** on tune *’ frequency.
go = Separation between frequencies to which staggered circuits are tuned
(in terms of q).
gm = Value of g at peaks of response curve.
gs = Value of g at which the response is equal to that on tune.
worked. with a consistent set ol really are. Furthermore, by leaving
symbols. The material is based on them in the complex form, the phase

an internal monograph issued a few
years ago and therefore has had the
advantage of criticism by other
engineers,

The equations
rationalised sincc
appear

have not becn

this makes them
more formidable

than they

Frequency

Fig. I.

relationships may also be calculated.
To avoid unnecessary calculations on
the part of the designer, a large selec-
tion of graphs has been included. In
addition, an extensive summary of the
properties. of band-pass filters pre-
cedes the main text. Thus a useful
overall picture of band-pass filters
can be obtained before the detailed
argument is studied.

I. Summary of General

, Properties
1.1 Selectivity
(a) Yariation with Type of Coupling

If the two circuits are identical, all
types of coupling (i.e., whether
mutual, top end, bottom end or link
coupling) lead to the same shape of
response curve.

The choice of coupling depends
merely on practical considerations
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such as layout, method of trimming,
or stray capacities.
(bYy Comparison with Single Circuit

As a basis for comparison we shall
assume that equal band-widths are
required at 3 db. down from the
maximum response and that at no
point within the pass-band should the
response be more than 3 db. down,
i.e., the maximum dip in the case of
the band-pass circuit shall be 3 db.

With the above stipulation we ob-

tain Table 1.
{c) Variation with Unequal Circuits

(i) Unequal L to C Ratios.

This results in similar response
curves to those obtained with cireuits
of different dampings (see (ii) below).
The only difference lies in the trans-
former action of the uneéqual
inductances,

(i) Unequal Dampings.

‘This results in a symmetrical res-
ponse curve whose shape approxi-
mates closely to that given by two
equal circuits whose Q equals VQ:Q..

(itd) Unequal Tuning (Staggering).

This produces a symmetrical res-
ponse curve of identical shape to that
given by equal circuits whose
coupling factor X equals VA* + ¢.°.

(7v) Unequal Tuning plus Unequal
Damping.

This produces an unsymmetrical
response curve in all cases. If the
frequencies to which the two circuits
are tuned are interchanged, then the
curve has the same shape as before
except for a reversal in the frequency
scale (i.e., it does not matter whether
the primary or the secondary has the
greater damping).

1.2 Gain
(a) Yariation with Coupling Factor K

The gain on tune vartes with X in
the manner shown in Fig. 2. The
maximun gain remains constant for
values of A > 1. When K > 1 the
response curve has two peaks at
which the gain is half that obtained
on tune by a single circuit of equal Q.
(b) Variation with Unequal Circuits
() Unequal L to C Ratios.

By having L, # L., a transformer
action may be obtained. This does
not, mean, however, that an increase
in voltage output may be achieved in
this manner.

Assuming that L, and L., the pri-

mary and secondary inductances
respectively, have  approximately
equal Qs, then there is no object in

attempting to increase the gain by
reducing L, Although the trans-
former effect steps up the voltage by
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TABLE |

A

Iy
Selectivity ratio — 10

I -
(See Fig. 1) )

Relative gain on tune 1

Single circuit

B
Band-pass (each

Band-pass {optimum
circuit has same Q

shape to meet require-

Relative Q of individual circuits J

Coupiing factor, K |

as in A) ments given above)
A S —
|
3 357 ‘ 2.78
bty .
N
46 {N.B.—circuits
have higher Q)
| 3.1
.67 ! 2.42

LZ

\/—— (see Section 2.24), the overall

L,

gain 1s actually less due to the re-
duction in the primary impedance
with the consequent reduction in the
eftective series voltage e (see Sec-
tions 2.12 and 2.31). Thus the best
result is still obtained by using two
equal circuits each having the highest
inductance available commensurate
with a good Q.

(i) Unequal Dampings.

The gain on tune is exactly the
same as in the case of two circuits
of equal Q whose Q = V(Q,Q., where
Q: refers to the primary and includes
the damping due to the valve and Q:
refers to the secondary,

If, for example, we had two equal
circuits and the primary had its Q
halved by the valve (a possible but
not likely state of affairs) then the
gain is that of two circuits whose
Q=VQQ: = V2Q, So that al-
though there is a loss of 6 db. over a
single circuit of magnification Q., the
fact that the primary alone has a
magnification of only Q. must be
taken into account. As a result the
loss of gain over a single anode cir-
cuit is only 3 db. and not 6 db.

The above case is rather excep-
tional but the same argument holds
for the general case. Consequently

5

the loss is always less than 6 db. in
actual practice.
tii) Unequal Tuning (Staggering).

In this case the gain on tune is
reduced by a factor A/ VK*® + ¢, as
compared with the gain obtained by
the same circuits not staggered (even
if in the non-staggered case the
coupling factor is increased to give
the same shaped response curve as for
the staggered case),

The more one staggers the circuits,
the more one loses gain as compared
with the same circuits not staggered
but merely coupled more closely. For
example, if a coupling factor of
K =1 is increased by staggering to
an ‘“effective > - coupling factor
Ke =12 (=VAK* + ¢.°), then the loss
of gain is 2: 1 in comparison with
the same circuits simply coupled more
closely until K = 2. In the example
quoted ¢, = 1.73, which means that
the separation between the two tuning
points is 1,73 times the band-width of
a single circuit.

(1v) Unequal Tuning plus Unequal
Damping.

The effect of unequal damping
alters the gain on tune in the manner
indicated in paragraph (ii). In addi-
tion, there is a loss of gain due to the
staggering. The latter loss is indeed
even greater than in the case of stag-
gered equal circuits. The formula

GAIN
ov

TUNE
iy

S GA/I(:"'
OF SINGLE

f:ig. 2. C/RCU/r).z

(0] /

2 g
=COUPLING FACTOR= Ji COUPLING x4/Q, Q,

- 4
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Value of q to which the sharper circuit is actually tuned.

Fig. 3.

) b @) W) () ~—k

/s I

12 [ /

. i d
K

-4

e E 75

5+ 10
Tn (Poa/'r/'on of peak)

for this case is rather complicated but
will be given in Section 2.23.
.3 Impedances

The impedance (on tune) which a
critically coupled band-pass circuit
presents to the anode circuit of a
pentode is half that presented by a
single circuit.

With over-coupled circuits the im-
pedance decreases even further, the
exact relationship being

Impedance on tune

Parallel impedance of primary

(1 + K?)
1.4, Trimming

The simplest circuits to trim are
those with only mutual coupling.
Moreover, varying the coupling in
the mutual case does not move the
curve bodily along the frequency
scale as with other couplings.

{a) Mutually Coupled Circuits

If the coupling is below critical
both circuits may be trimmed for
maximum output straight away.

If the coupling is variable it ntay
first be reduced until below critical,
then the circuits are trimmed to maxi-
mum output, and finally the coupling
is increased again to the desired
value.

The method of damping each cir-
cuit in turn (while trimming the
other) again uses the fact that the
coupling is below critical during the
trimming operation.

Now damping and changing the
coupling both involve alterations to
the circuits. There is, however, a
third method which may sometimes
be used that does not require any
circuit alterations. This method con-
sists of detuning one circuit to its
maximum extent and then trimming
the other. The detuned circuit may
then be brought on tune by simple
trial and error on the overall curve
while the first tuned circuit is left
fixed. For this method to be used,
the trimmers must have a wide
enough tuning range. The necessary
amount of detuning can be estimated
as follows:—

Consider the method as a case of
staggering with a separation in the
tuning frequencies of go (see Section
2.22). Then the peaks occur at

\/(/\' + go)' —1
q,,,: - 4
E)

If g¢o is much greater

unity or K, then

gm = % gof2
i.e., the peaks occur exactly at the
tuning frequencies.

If go = 10, the error is quite small.
This means one circuit must bhe de-
tunable by 10 times the bandwidth of
a single circuit.

than either

5f 10

. 8f = f/Q x 10 or =

fo Q
sC 20
L—=— (Q>10)
c Q

So we may say that the method
holds good if the percentage change
in trimming capacity is at least
(2,000/Q) per cent.

Obviously the higher the Q of the
circuits, the more readily may the
detuning method be used.

(b) Bottom End Coupling

If the coupling is below critical the
circuits may be trimmed directly.

The method of a temporary reduc-
tion in coupling will not work in this
case, for when the coupling is in-
creased again the two peaks are not
symmetrical about the tuning point
(see Sections 2.13 and 2.14). Our aim
must be to trim each circuit to
resonance with X, in circuit without
altering X, or causing X. to be in
shunt with too sharp a series resonant
circuit.

The necessary damping that must
be applied to the circuit which is not
being trimmed can be found from the
curves of unequally damped’ and
staggered circuits. Examination of
these curves shows that damping the
second circuit so that its dynamic
impedance is divided by 4 (i.e., k=2)
is quite sufficient for all cases where
the original K was not greater than 2.
It is to be noted that the effective
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K after dammping is reduced by the
factor % for:
XO
VR:R:
Xo /‘

Original A =

VERR:, &

In reading the curves the appro-
priate value of A" should be wused.
The results of these curves, in so far
as they affect trimming, bhave been
summarised in Fig. 3.

The reason that the curves we need
are both unequally damped and
staggered is, of course, that the cir-
cuit which is not being trimmed (also
referred to as the ‘‘ second ’ circuit)
may be untuned as yet. In such cases
the response curve can be found by
taking a staggering coefficient ¢,
which is equal to the frequency
difference between the untuned cir-
cuit and the desired f, value. The
desired f, value is then represented
by the gof2 value corresponding to
the sharper peak, and the difference
between the actual position of these
sharper peaks and the value of ¢o/2
is a direct measure of the trimming
error made.

This eguivalence can be better
understood after reading Section
2.23. In this summary it is sufficient
to refer to Fig. 3. It will be noticed
that the greatest error arises with
tight coupling and a moderate
amount of staggering between the
two circuits—increasing the stagger-

On damping A' =

ing beyond this point causes the
error to be reduced again.
{c) Top End Coupling

This form of coupling can be

shown to be equivalent to bottom end
coupling.  Consequently the curves
of Fig. 3 may be used in assessing the
amount of damping required for good
accuracy.

It is interesting to note that, taking
the equivalent circuit usually given,
it would appear to be quite wrong to
damp one circuit in order to trim the
other. This curious result is a conse-
quence of the approximation usually
made which leaves the tuning con-
densers unchanged in the equivalent
bottom end circuit.

A further anomaly caused by this
approximation is in regard to the
position of the second peak on
increasing the coupling above the
transitional value. 1n other respects
the approximation is quite valid and
it will be used later in Section 2.14,
where the matter will be discussed
more fully.

(7o be continued.)
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Directive
Optical
Systems

N interesting device for the
Aphoto-electric control of tluid

flow has already Dbeen des-
cribed® in which was iflustrated a
method of directing light to the
control position by means of Plexi-
glas rods.

In most photo-electric applications
of this nature light is directed from a
fixed light source to the photo-cell or
groups of cells by means of optical
svstems emploving condenser lenses,
focusing lenses. tield lenses, mirrors,
prismns, and half-silvered mirrors.
Considerable design problems arise,
in that the components of the optical
system have to be rigidlv mounted in
respect to each other and to the con-
trolling apparatus. A small devia-
tion o1 vibration from the mean
optical path of any component mav
produce a large change in illumina-
tion, which may give fictitious
operating signals or produce an un-
desirable modulation.

By employimg the principle of total
internal reflexion within bars of
transparent material a great simplifi-
cation and rigidity may be obtained.

This 1s not a new principle in
optics, but with the introduction of
transparent plastics such as Perspex,
Transpex, Lucite and Plexiglas, con-
siderablv wider application might be
made 1in nstruments wherein light
has simply to be directed from one
place to another and is not required

to be tormed into sharply . defined |

images.

In the past 'use has heen made of
truncated pvramids and rectangular
boxes built up from mirrors silvered
on the inner walls to direct light in
certain photo-cell applications where
the optics could he solved by such a
simple system, but more possibilities
come to mind when one considers the
employment of these new materials.

Perspex can bhe obtained in sheets
and rods and can be readily machined
and hand polished and cdn be bent
to any shape since it readily softens
i boiling water. Pieces can also be
cemented together bv using chloro-
form or carbou triethylene as a

* Llectronics, September, 1944.
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> l';::’/g Rectangular opening

ELEVATION

l@ Transmission taken as I0O °,

3 3
@ Transmission through /3 Perspex 907,

Transmission through 1O Perspex rod 65°,

Transmission through
o} Perspex rod with
I° radius right angled
bend 57-5

)

Transmission through forked Perspex rod
Each teg 20 °/,

Diagram showing relative light transmission through Perspex rods of various types.

solvent so tnat branches can be
arranged in the optical system for
those cases where balanced photo-
cells are used or where one cell re-
ceives light signals from two or more
controls along different paths.
Opaque or black Perspex can also
be obtained and it is suggested that
by cementing Dblocks of this to the
transparent portions of the optical
system complete rigidity could be
obtained. This might prove a use-
ful way of bridging a gap where a

moving flag, float, shutter or other "

device controls the light by moving

so as to vary the obscuration of the

main beam of light.
Some measurements

have been

made to determine the efficiency of
these light-directing rods and the
results are shown in the accompany-
ing diagram. The distribution of
light at the end of the rod where the
light leaves the Perspex is shown in
the photographs. With polished rods
the effects of multi-reflexions are
clearly seen in the photographs.
This latter effect becomes serious
with short rods where the length 1s
small compared with the distance
from the light source to the end of
the rod, but is not serious when
barrier layer cells of the Eel or
Weston Photronic  type are used,
which can be directly attached to the
ends of the transparent rod in close
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Distribution of light at end of a [0-inch Perspex
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rod with thelamp | inch from other end. Ends

of rod polished.

Distribution of light as above but with the output end lightly roughened by sandpaper.

Distribution of light at the end of a 10-inch

rod with the lamp 4 inches from other end.

Opaque Pers%x\

block cemente:

to rod k\
Va4

i
\w‘d

v

Perspex Rod
Contact Ring

Photo-cell

Retaining Plate
Metal Case

EEL S

f

Spring

contact with the material (see sketch
above).

Many other similar uses for this
principle can be thought out having
interest in general electronic engin-
eering problems. Two examples are
tor bezel indicators where the lamp
cannot be positioned on the front
panel of the apparatus or for tuning
indicators for radio receivers where
the transparent rod is made to rotate
about a hxed lamp and illuminate the
figures on a circular scale.

Concentrated light in narrow bands,
points or circles can easily be pro-
duced by tapering the rods and suit-
ably shaping the ends. It must be
remembered, however, that the rays
are only totally internally reflected at
the surfaces of the material if the
glancing angle is less than the
critical angle,

The critical angle is sin=' (1/y)
where g is the refractive index of the
material. In the case of Perspex
£ = 1.49 so the critical angle is 42°.
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Radio Control of Models

‘The control of model boats and
aeroplanes by radio signals has been
the subject of experiment almost from
the earliest days of radio. Many
readers will remember the demonstra-
tion of Raymond Phiilips’ wireless-
controlled airship which featured on
the programme of a London variety
theatre even before the last war.

The subject has been enthusiasti-
cally studied in America and there
are several references to equipment
and technique in the radio journals
from 1937 onwards.

That year also saw the first radio-
controlled model aeroplane event at
the Championship meeting. at Detroit,
and since then meetings have been
held regularly until the outbreak of
war,

The manufacture of radio-control
gear was started in 1938 at Radio
Control Headquarters in New Jersey
—a firm of specialists in lightweight
equipment for models, and kits of
parts and full constructional details
are issued for amateur model enthu-
siasts,

The equipment
weight transmitter,
tive relay, and escapements for
rudder control by twisted rubber
power. A set of five hooklets is pub-
lished for $3.75 by the Radio Control
Headquarters, P.O. 214, Deal, New
Jersey, and they provide interesting
new material for the amateur con-
structor whose hands are temporarily
idle through war-time restrictions.

includes
receiver, sensi-

Lhight-

Electronic Telesis

This is the intriguing title of a book-
let published by the Eitel-McCullough
Corporation of California, and a foot-
note to the title explains that telesis
is the term for progress consciously
planned and produced by intelligently
directed cffort.

After describing the various applica-
tions of electronics in stimple language
the book then deals with the vacuum
tube and its manufacture, with par-
ticular reference to Eimac tubes. A
particular feature is the series of illus-
trations which accompany the text—
some fanciful or symbolic but all well
designed and attractive. Tt is stated
that a copy of the booklet will be
sent on request to business people
interested in the applications of elec-
tronics, but we would also like to see
copies in the hands of youngsters who
are interested in the future of the
things they are beginning to notice.
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NOTES FROM THE INDUSTRY

New Addresses

Multicore  Solders, Ltd., have
changed their address to Mellier
House, Albemarle Street, London,
W.i. The new telephone number is
REGent 1411.

On November 16, British Brown-
Boveri moved their offices to Artillery
Mansions, 75 Victoria Street, London,
S.W.1. Telephone: ABBey 5777.

Mycalex Co., Ltd.

The Mycalex Company, Ltd., of
Ashcroft Road, Cirencester, Glos..
announce that their three directors
who were in H.M. Forces have now
safely returned. Mr. M. W. Ingram
is. now taking over the post of
Managing Director of the company.

Appointments
Mr. G. A. Marriott
Mr. G. A. Marriott, manager of the
valve department of the General
Electric Co., Ltd., has been ap-
pointed to the board of the Marconi-
Osram Valve Co., Ltd.

Dr. James Greig

Dr. James Greig has been ap-
pointed to the University chair of

electrical engineering tenable at
King’s College, London, as from
October 1.  During 1926-39 Dr.

Greig was lecturer in electrical en-
gineering at the University of Bir-
mingham, and since 1939 he has been
head of the Engineering Department
at Northampton Polytechnic.

The Science Museum

The Ministry of Education has an-
nounced the appointment of Dr.
Herman Shaw as director and secre-
tary of the Science Museum uas from
December 1 in succession to Colonel
E. E. B. Mackintosh. The appoint-
menf of a professional man of science
to this important office is a depar-
ture from past practice, and will
be generally welcomed.

Electronics and Plastic Moulding

“ A Year’s Experience of Radi-
electric Pre-heating ’’. is the title of
an interesting booklet written by Mr.
J. E. Beard of the Streetly Manufac-
turing Co., Ltd. This company have
had considerable experience of using
radielectric pre-heating in moulding
and the booklet contains a few of the
observations and opinions which have
been made after a year’s experimental
work and six months practical appli-
cation on an industrial scale in a

British moulding factory.  Although
written primarily for plastic moulders,
copies of the booklet are available to
interested readers on application to

British  Industrial .= Plastics, Ltd.,
t Argyll Street, London, W.1.
Electronic Relay
Sunvic Controls, Ltd., Stanhope

House, Kean Street, Lonéon, W.C.2,
have just released information of thei
Electronic Relay type E.A.2.  This
relay needs only a few microwatts to
operate it, and will control a load of
2 kW at 200/250 volts A.C. Primarily

developed for use with light contacts
(e.g., toluene regulators), it can be

adapted to operate with a photo-
electric cell, and thus has a wide
range of usefulness. The overall
dimensions of the 1<.A.2 are 6} in. by
6} in, by 3} in. and the approximate
weight is 74 lb. Further details can
be obtained direct from Sunvic Con-
trols, Ltd., who will also be pleased
to supply lists of their Dimetal Re-
lays and Hotwire Vacuum Switches.

** Trade "

A monthly review of international
commerce entitled ‘‘ Trade”’ is pub-
lished privately by General Trade
Clearings, Ltd.  Circulated to over
5,000 importers every month through-
out the world, it is a means whereby
British goods of every description
can be brought before a world-wide
market. A brochure which gives
comprehensive details can be obtained
from the publishers at 65 Portland
Place, London, W.1.

The Art of the Film

A course of lectures, ‘ The Art of
the Film,” will be given at the
Harrow Technical School on Monday
evenings at 7.30 p.m. from Janu-
ary 14 to April 1, 1946. The
chairman and organiser is Stanley
Schofield, F.R.P.S., and the fee for

29
the whole course is zos. Applica-
tions should be made to The Prin-
cipal, Harrow Technical School,
Station Road, Harrow.
Tin and its Uses
Tin and its Uses, No. 16, just

published by the Tin Research Insti-
tute, describes a study of the use of
very thin coatings of tin on steel as
a pre-treatment before _ painting.
Tests carried out in collaboration with
the Paint Research Station demon-
strate that tin under paint gives a
high degree of protection from rust-
ing. A copy of the booklet  Tin
and its Uses’’ may be obtained free

of charge from the Tin Research
Institute, Fraser Road, Greenford,
Middlesex.

Correction
New ‘“ Clix’’ Components

Our attention has been drawn to an
error in the editorial notice which
appeared on page 78z in the Noyem-
ber issue.

The Valveholder illustrated at the
head of the column is the ‘ Clix ”’
BoG Valveholder, and not the Cath-
ode-Ray Tube Holder. The informa-
tion given applies to the ‘ Clix”
Cathode-Ray Tube Holder of the
Shrouded and Unshrouded types, and
is quite correct. The second illustra-
tion is a Screened Cathode-Ray Tube
Holder.

The ¢ Clix ” BgG Valveholder is
available with Ceramic body (VH.
369/9) or with Silica loaded Polysty-
rene body (VH. 359/9). The design
of this Valveholder incorporates a
new feature, the sockets being fixed
rigidly in the base of their cavities,
and the pin contacts being of different
pitch circle diameter to that of the
pins in the valve, so that when a valve
1s. inserted in the holder the contacts
adjust themselves, taking up any
variation in. the valve pitch circle
diameter, and such displacement of
the contact on insertion of the valves
is independent of the soldering tag.
It will be seen, therefore, that with
this Valveholder it is not necessary to
use a dummy valve or gauge when
making connexions to tags, and that
the contacts have full freedom of
movement when one or more are
soldered to a rigid member.

The rigid fixing of the pin contacts
also avoids any possibility of contacts
riding up in their cavities, and flash
ing over to sole plate of valve.
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BOOK REVIEWS

Radio Receiver Design—Part ||

K. R. Sturley. (Chapman & Hall, 1945,
28s.) 468 + 11 pp. Index.
The book wunder review is the

sccond part of Dr. Sturley’s text book
on the Fundamentals of Radio Re-
ceiver Design, the first veclume of
which was published in 1943 and re-
viewed in the May, 1943, issue of this

Journal.
This book 1is divided into eight
chapters numbered from nine on-

wards as it is only due to war condi-
tions that the whole subject has had
to be divided into two volumes.

The first chapter deals with audio-
frequency amplification and covers
resistance capacity coupled amplifiers,
transformer coupled amplifiers and
tone control circuits. The effect on
performance of circuit constants is
extensively treated, but though equa-
tions are derived for calculating the
effect of a given value of leakage
inductance on the higher audio-
frequency response of a transformer,
no relations-are included for estimat-
ing the leakage inductance of alter-
native designs.

While in a book of this type it is
essential to derive the complete
mathematical equations in order to be
able to ascertain the performance for
a given set of conditions, for the
benefit of the less initiated reader it
is desirable in addition to illustrate
graphically the effect of varying the
principal parameters.  Generalised
performance curves are given for the
majority of the circuits discussed. The
complicated analysis of intervalve-
transformer performance would, how-
ever, be improved by the addition of
some frequency response curves of a
typical transformer showing the
eflect of altering the capacitative and
resistive loading of the secondary and
the effect of the source resistance on
the high-frequency response of the
transformer as well as the low-fre-
quency response of an R.C. coupled
transformer.

Chapter 10, which covers the design
of the power output stage, is very
well done. The calcnlation of dis-
tortion and power output for straight
and push-pull stages, the design of
the output transformer and the

inclusion of negative feedback
are all treated. The shift of the
dynamic load line is, however, not
mentioned.  Also, the fact that the
second harmonic reverses phase with
increase- of anode load resistance in
the case of a pentode is apparently
contradicted by the second harmonic
curve on Fig. 10.10B not going down
to zero. It is a pleasure to find that
the subject of intermodulation pro-
ducts is included, and this would have

.added interest by the inclusion of a

companion curve to Fig. 10.10B
showing the percentages of the dif-
ferent order sidebands.

The principles underlying the de-
sign of power supplies are treated in
Chapter 11. When deuling with the
design of a mains transformer, the
author erroneously employs the r.m.s.
value of the fundamental component
of rectifier anode current for the cal-
culation of the copper losses and
current density in the secondary.
For rhis purpose the r.m.s. value of
the rectifier anode current should be
employed which is nearly twice as
large.

The usefulness of this section to a
designs engineer would be greatly in
creased by the provision of a series of
curves relating the r.m.s., Peak and
Mean rectifier anode current compo-

nents with the voltage rectification

efficiency. Such families of curves,
as for example those published by
Shade and by Roberts, do tremend-
ously simplify the design of power
supplies.  Choke-input rectifier cir-
cuits and the design of inductances
for filters are also dealt with in this
chapter.

Chapter 12 covers comprehensively
the different types of automatic gain

reviewed in this
can be obtained
from

H. K. LEWIS & Co. Ltd.
136 Gower >treet, W.C.|

Books
Journal

If not in stock, they will be obtained
from the Publishers when available

control including both simple and
amplified types with and without
inter-channel noise suppression.

Noise limiters are also briefly dis-
cussed.

Miscellaneous subjects such as
push-button tuning, remote control
and automatic frequency correction
are discussed in Chapter 13—the
last-mentioned subject in consider-
able detail. The measurement of
receiver overall performance is dealt
with in the following chapter.

Frequency modulated reception is
treated at some length in Chapter 15
(64 pages) with a rather wider scope
than the author’s well-known mono-
graph.

The remaining chapter of 105
pages deals with television reception
and is not up to the generally high
standard set by the rest of the work.
After reading this chapter the re-
viewer was left with the impression
that the author’s practical experience
of the subject was rather limited. A
number of errors and erroneous state-
ments are present; as.for example,
Fig. 16.18 and the discussion on
a.g.c. on page 418.

It is a pity that the author ex-
presses performance in terms of
phase angles and only occasionally
converts this into an equivalent time
delay; it is preferable and no more
difficult for engineers to think of this
type of distortion in terms of a non-
constant time delay.

The method of numbering the dia-
grams and sections i~ excellent, and a
good index and glossary of symbols
employed is included.

The reviewer is sure that this
volume will find its way on the
reference book shelf of the majority
of radio engineers, and the remarks
above are only intended as sugges-
tions for still further increasing the
uvsefulness of the book when the second
edition is contemplated. The section
on television, however should be re-
written for the pext edition with more
space devoted to the introduction
covering the basic principles of the
subject and less stress laid on single
side-band operation.

C. [.. HYRSHMAN.



January, 1946

Modern Plastics

Hirry Barron. (Chapman & Hall, Ltd.r
42;. net) 680 pp.

This book aims at providing an
adequate technical background and
a general view of the plastics indus-
try tor readers with a modest know-
ledge of science or engincering.

It is divided into six parts. The
first is preliminary and gives a very
good survey of plastics, their raw
materials and general scope. The
fact that the industry is based on
chemical synthesis either from simple
products such as ethylene or by the
physical and chemical treatment of
natural and chemurgic products, is

thoroughly driven home and starts
the book well.
The building up of the polyner

from the monomer derived from this
chemical treatinent is also well des
cribed in a rather non-technical way;
the actual mechanism of polymerisa-
tion is dismissed, lhowever, in a
simple casual sentence. A work of
this magnitude and price should at
least attempt to give some indication
of the wealth of knowledge now
availuble regarding polymerisation
initiation, propagation and termina-
tion. The references do not even
menlion the chapters in Meyer’s
‘“ Natural and Synthetic High Poly
mers ’’ and the long and detailed ac
count in ‘“ The Chemistry of Large
Molecules ’’ by Mark. The section
on copolymerisation 1s also rathel
unsatisfactory, particularly in respect
of its insistence on work done on
mixtures of polymers as a preliminary
to the discovery of copolymerisation

The second section deals with
thermosetting resins. The distinction
between one-stage and two-stage

resins, resols, etc., is firmly tackled
and the reader gets a very fair pic-
ture of the theoretical and practical
background of these resins. This sec-
tion concludes with a verv useful
account of laminated materials.

Parts 3 and 4 deal with cellulose
and vinyl plastics respectively. The
preliminary section on cellulose plas-
tics contains a great deal of very
useful information and gives a good
picture of the chemical background,
though reference might have been
made to the difference between the
primary and secondary hydroxy-
groups. The account of the cellulose
ester plastics is also very informative
and on the whole accurate, though
marred by odd statements, as that the
celluloid industry is ¢ part of the
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manufacture of raw material for gun-
cotton,”” that celluloid containing
below 10.5 per cent. nitrogen is
suitable for lacquers, and by queer
recipes for cements, aud, particularly,
by the statement that extrusion is one
of the largest outlets for acetate
plastics. The edgings and beadings
referred to should never be made of
cellulose acctate, which lacks the
necessary dimensional stability.

Here¢ the author interposes a chap-
ter on injection moulding, which is
characteristic in the way in which he
associates manipulation with particu
lar materials, instead of treating it
in a systematic way. It leads him,
incidentally, to describe film manu-
facture twice over, once for nitrocel-
lulose and again for acetate. His
treatment of ethyl cellulose is
adequate but he does not distinguish
between the plasfic properties of
ethyl cellulose of different cthoxy
content.

To some extent the lack of informa-
tion about polymerisation already
noted is remedied in the section deal-
ing with vinyl resins, but too much
stress is laid on emulsion methods.

The chapters that follow on the
vinyls are the best in the book. A
chapter on plasticisers is inserted in
the middle of the section, followed
by one on extrusion. [t seems a pity
that a book so full of information
should be so curiously arranged

The fifth part deals with poly-
amides, alkyds and protein plastics
and thus concludes a survey of all
the industrial plastics in general use.

A very considerable amount of
information about analytical and
physical testing is rather crammed
into the final part. Nearly half as
much space s devoted to high-
frequency heating as to physical test-
ing, so that there is no room for any
critical examination of the tests or
any account of high elastic and creep
phenomena,

The general effect 1s that of a very
considerable volume of information,
not always very well arranged. The
documentation is fair but there are
far too many tables of properties
without authority. The book abounds
in misprints.  Attention should be
drawn particularly to the formulx of
the cyanides and to the frequent
reference to Rath instead of Rafl. The
index is thorough, but could be im-
proved by the use of heavy type to
indicate main references.

E. G. Couzens.
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C.R. TUBES

Deflection Sensitivity of Parallel-Wire
Lines in Cathode-Ray Oscillographs

(H. G. Rudenberg)

The deflection angle 8 of a cathode-
ray beam accelerated by a potential
V is shown to be proportional to the
linear charge density p transverse
to the beam on the interior of
the electrostatic deflection system,
6 = p/2Ve,. The voltage deflection
sensitivity depends on the plate-to-
plate capacitance ¢ per unit width,
6/E = ¢/2Ve,. This includes edge
effects and permits a determination
of the sensitivity from capacitance
measurements or a simple graphical
evaluation from the dimensions of
the deflection system. The use of
parallel-wire lines as a deflection
system is suggested, and its deflec-
tion sensitivity evaluated. Such lines
have low transit time error and are

either easily tuned or «can be
operated non-resonant with resistive
termination.

—Jour. App. Phys., May, 1945,

p. 279

MEASUREMENT
A Review of A.C. Network Analysers
’ (P. F. Soper)

This paper discusses the various
types of A.C. network analysers and
the reasons for their development.
The essential features of = these
analysers are described in suthcient
detail to enable. a critical estimate
to be made of the relative merits of
each kind. Their present application
to engineering problems is discussed
as well as some possible future uses
Finally, there is a fairly complete
bibliography of the subject.

—B.EAMA. Jour Sept,

p. 303.*
A Device for Indicating Small Changes
in Electrolytic Resistance
(G. G. Blake)

Variations in the Q of an oscil-
lator occur when a resistance capa-
citively coupled in parallel to it is

1945,

varied. Making use of this effect,
differences in the electrolytic re-
sistance of solution concentrations

are determined by a zero-shunted
micro-ammeter in the plate-current
feed. Curves ane given for a liquid

column of fixed dimensions for two
solutes showing solution concentra-
tions plotted against corresponding
plate-current variations; there is a
critical resistance value beyond
which energy losses diminish. By
suitable spacing between electrodes
on the outside of a glass tube filled
with the solution under test, the
same value of the plate-current is
obtainable for any solution. An ap-
plication is described for indicating
changes in the electrolytic resistance
of a solution flowing through a pipe
system. When sufficient change takes
place in the concentration a relay
operates, the liquid flow is stopped
and a call bell rings. A new type
of relay and flow control valve are
described.
—four.
P 174.

A Simple High Voltage Electrostatic

Voltmeter
(L. Marton)

A very simple and inexpensive
electrostatic voltmeter consists of a
cylindrical steel container as one

Sci. [Inst., Sept., 1945,

" electrode and a disk-shaped electrode

made of any other metal in its
centre. This latter is mounted on a
bushing passing through a tightly
closed cover of the steel container.
The container is provided with a
cylindrical well at the bottom centre,
which is filled with mercury. A thin
circular steel disk floats on top of
the mercury. The well communi-
cates with an inclined glass capillary
through which the position of the
inercury meniscus can be observed.
The upper end of the glass capillary
is connected to the top part of the
steel container. All the space above
the mercury is filled with an insu-
lating liquid. When a field is
applied, the mercury-pool level is
raised and a corresponding retrac-
tion of the meniscus is produced.
The range of the instrument can be
conveniently changed by altering the
distance between the disk-shaped
electrode and the mercury pool. A
variation of the same principle con-
sists of building in a flexible metallic
bellows in the well instead of filling
it with mercury, and using two
non-miscible liquids in the capillary.

Bull.  Am.  Physical Soc.,

15/6/1945.
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Magnetic Dust Cores
(E. R. Friedlaender)

The historical development is out-
lined and the need for planned re-
search on metal dust and core prob-
lems is stressed.  Permeability and
loss analysis are discussed, and the
need for standard test specifications
stated. The relative value of the
mathematical loss calculation and the
graphical loss analysis methods based
on the calculations are reviewed and
their accuracy examined.

The application of different radio
types is set out and a table ‘of pre-
ferred applications is given and dis-
cussed. The influence of magnetic
dust core developments in connexion
with I.F. filter design and push-button
tuning is described together with
practical implications of permeability
tuning. The technological aspect is
considered and plant used for the
production of dust cores mentioned.
The mechanical and electrical toler-
ances are stated after a survey of
suitable metal dusts indicating their
useful application.

—four. Brit, I.R.E. Vol. 5, No. 3
(1945), p. 106.

The Betatron
(T. J. Wang)

After reviewing the fundamental
principles of the betatron the author
discusses the basic design equations
and gives an analysis of pole-face
shapes. In dealing with the geometry
of a practical betatron, the use of
saturation, a means of making the
electron beam clear the injector and
the use of large capacitor bank for
power factor correction are discussed.
Reference is made to betatrons de-
signed by Kerst and Steenbeck and
diagrams are given to illustrate their
modes of operation.

—~FElectronics, June, 1945, p. 128.*
Automatic Liquid Level Controls
(T. A. Cohen)

An industrial electronic liquid level
control system in which capacitance
changes produced in an, immersion or
manometric capacitor cause the plate
current of an oscillator to change and
operate a relay. A pyrometric con-
trol system utilising inductance
changes produced by a meter flag
between split coils is also described.

—£Electronics, April, 1945, p. 120

* Abstracts supplied by the Vco—u;tes_oI—Meuopolilan
Vickers Blectrical Co. Ltd., Trafford Park, Manchester
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JANUARY MEETINGS

NOTE.—In general, visitors are admitted to the meetings of sclentific bodies on the invitation of a member, or on
application in writing to the Organising Secretary at the address given. In certain cases (marked *) tickets may also be
obtained on application to the Editorial offices of this Journal.

Institution of Electrical Engineers Brit.l.R.E.

Radlo Sectlon
Date: January 16. Time:
Lecture:
“ A Standard of Frequency and its
Applications.”

5.30 p.m.

By:

C. F. Booth and F. J. M. Laver,

The Secretary:
The Institution of Electrical Engi-
neers, Savoy Place, Victoria Em-
bankment, London, W.C 2.

Institute of Physics
Electronics Group
Date: January 4. Time:
Held at: -
Royal Society, Burlington House,
Piccadilly, L.ondon, W.1.
Lecture : E
‘¢ Artificial Radioactivity.”
By:
Professor N. Feather,
Group Secretary :
A. /. Maddock, M.Sc., F.Inst.P.,
Messrs. Standard Telephones and
Cables, Ltd., Oakleigh - Road,
London, N.11.

§.30 p.m.

Cambridge Radio Group
All meetings of the Cambridge
Radio Group will be held in the
Cambridgeshire Technical College.

Date: January 7. Time: 6 p.m.
Lecture:
‘“ The Servicing of Radio and

Television Receivers.’’

By:
R. C. G. Williams, Ph.D., B.Sc.
(Eng.).

Date: January 29. Time: 6 p.m.
Lecture :
¢ Colour Television.”
By:
L. C. Jesty, B.Sc
Group Secretary:

D. H. Hughes, c[o Pye Ltd., Radio
Works, Cambriage.

North-Eastern Sectlon
Date: January 16. Time: 6 p.m.
Held at:
The Mining Institute, Neville
Hall, Westgate Road, Newcastle.
Lecture :
‘““ Deaf Aid Systems.”
By:
Dr. R. T. Craig.
Section Secretary -
H. Armstrong, 69 Osborne Road,
Jesmond, Newcastle-on-Tyne.

R.S.G.B.

All meetings are held at the Insti-
tution of Electrical Engineers, Savoy
Place, London, W.C.2.

Date : January 18. Tin.e: 6.30 p.m.

f.ecture :
““ The Birmingham Police Radio
System.”’

By:
Superintendent G. Brown.

The General Secretary, R.S5.G.B.,
New Ruskin House, Little Russell
Street, London, W.C.1.

SERVING THE COUNTRY

WITH ITS f/e
t 6 « . that fool of .an artist, what can

we tell you about heraldry . . . but of
course we can turn you on to what really

is up our street . . . Trang%ormers . .
milljong of 'em in small or large
guantities. Our research devertment can
esign Transformers XAKYREEIYXXXK for
your particular needs and we have a large
factory specially equippd for producing
them in the finest possible way . . .
you know that artist was'nt such a fool

after all if he can help us to impress
our name on you like this

NIFE All-Steel
Alkaline Batteries
have been in use
wherever the Ser-
vices required —
MAXIMUM RE-
LIABILITY. With
thereturnof peace
they will soon be
avallable for radio
requirements
everywhere.

PARMEKO LTD, LEICESTER

—
ALL STEEL ALKALINE .

NIFE BATTERIES LTD. - HUNT END  REDDITCH_ WORCESTERSHIR& 6
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‘SOMERFORD
POWER TRANSFORMERS

During the war years we have designed and produced over one
hundred ‘“Somerford’’ Transformers each day to meet the specuallsed

needs of vital Radar Equipment.

Our years of experience in making
accurate and reliable transformers and chokes of all types, can now
again be turned to providing first-class components for Radio
Engineers and Designers,
At present only Power Transformers are available from stock, but
shortly Chokes and Audio Transformers will be added to the range
given below which can be obtained direct, post free, or from your
usual factor.

1ype | Retail lype | Relal
No | SPECIFICATICN Price | No. ' SPECIFICATION | Price
All Primaries wound 0- 2|0— 230—250v 50 CYCL'SS
R.106 | 250-0-250v. 60mA. HV.308 | 0-2.000v.  10mA.
0-4-5v, 28 31/6 5% 1oma- | B/
0-4-6.3v. l 0 15A
R | 350-0-350v. 60mA. | ke,
&tgv; 25A. 42/5 L
= HV313 | 0-40000  toma. | 70/
R114 | 350-0-350v. 80mA. | 44/5 0°2-4v.  15A.
0-4-5v.  2.5A. 0-4v. 15A,
0-46.3v. 4A. V.
wl(g, |
R.16 | 350-0-350v. 100mA. 59/5 ‘
0-4-5-v. 25A.
0-4-6.3v. 5A. L4l4 |0 235; . | 27/5
R.12I 35&-0-350v. %2§)K\A' 61 /5 |
=V, . . 1{
0-4-6.3v. 3A, L4I8 | 045, 25A. 35/-
0-4-63v. 3A | 0463y 4n |
R o e el ol | esy o 42/6
0-4-63v. 5A. 0-4-63v. 3
0-4-63v. 5A. | 0-4-63v. 3A. |
R.132 | 400-350-0-
‘ 3(5)9;3(5)0\/. 180mA. 85/ L.430 3"1:5\/3 3A. ‘47/5
v, | -4-6.3v. S5A
odod. W | 0-463v. A
3;4(;3.3% 3A
= v,
L.433 ( 0-4-5v, 3A, | 49/5
R.137 | 450-400-0- 92/5 0-4 63v. 3A
300-450v.  180maA. 0 4-63v. 3A |
0-4-5v,  3A. 2-0-2v. 1A |
0-4-6.3v. 3A. [ 2-0-20. 1A
%g.zv %ﬁ' | |
| 202 A ’ L0 | 0dsu 3 58/6
| 15—, 0.
R143 | 500-450-0- 105 / 23150, 4A
450-500v.  180mA. | 3.15-2-0-
0-4-5v.  3A. | [ 2315, 4A.
0-4-6.3v. A, | 2-0-2v. 2A.
0-4-63v. 4A 2-02v A
for &
x O &= | Adl | 0w A | 37/6
R.148 | 500-400-0- I‘|32/ﬁ 2kV.
400-500v.  250mA. wh.
0-4-5v  3A. | o4y 2A.
0-4-6.3v. A 2kV.
0-4-6.3v. 4A. whg.
ST |
‘ v . A493 | 04y, 2A. | 42/6
R.165 | 1.000-0- = ‘ 4w.[
|,20_0($_\/2.v 8 mA., 155/ whkg.
2-0-2v. 3 0-4v,  2A.
| 5-0-5v 2A | 4kV. i
| 5-0-5,. 2A. | kol
GARDNERS RADIO LIMITED
SOMERFORD CHRISTCHURCH HANTS
TELEPHONE - - - CHRISTCHURCH 1025

lanuary, 1946
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Woden Amplifiers are designed and built to give

adequate volume and perfect reproduction when
used with suitable microphones and speakers.
Two models are available —the 15-watt ** Junior ™

and the 50-watt “Classic.”” = We will gladly
send vou fullest details
DEN and data on request.

WODEN TRANSFORMER CO. LID

MOXLEY RD * BILSTON - STAFFS TEL BILSTON 41959
1075

Write for characteristics

BASICALLY BETTER
A/R~S PACLLD

CO=AX /oW/0yCABLES
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CONNECT
HOLLOW

WALSALL ROAD, BIRMINGHAM. 22 {
Phone: BIRchlrelds 5024

AERIALS

Television
VIEWROD
Television aerials with and
without reflector, normally

supplied with pole (when
available} and all lashings.

SKYROD

12 and 18 fr. vertical aerials
complete with lashings for
fixing to poles normally
supplied by us (when
available).

SKYTOWER

35 ft. lattice mast topped by
18 1. **Skyrod,"’ giving 37 ft.
effective collector. Ideal
for large buildings, relay
undertakings, etc,

WINROD

Vertical aerial 9 (t. for use
in flats, etc., or where access

to rool s considered
undesirable. To fix on
window ledge, very versatile
fixing arrangements.

CAROD

Highly polished stainless
steel car aerial extendable
rod for fixing to car,

AEROD

Vertical aerial 6 It. complete
with heavy bakelite mou!ded
insulator. designed in con.
junction with Office of
Works and specified for
use on Prefabricated houses.

TELEVISION and other aerials are already in
production, many thousands have been sold.
Arrangements are being finalised with set
makers, some of whom are discussing the
possibility of riggers undertaking television aerial
installations in and around London. We invite
enquiries from all readers.  Have you an aerial
problem ? Not forgetting signal to interference
ratio and communal H.F. amplification.

BELLING & LEE LTD

CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX
' ' re
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U.IC. Fixed Ceramic Pot and Plate
Capacitors have been primarily developed
for use in transmitter circuits.
from the highest grade raw materials
and subjected to the most rigorous
mechanical and electrical inspection, their
performance especially with H.F. loads and
high voltages is unsurpassed. TYPE
APPROVED. Full detaﬂs on request.

Made only

CERAMIC
High - Vﬂ/fdff

CAPACITORS

UNITED INSULATOR .CO, LTD, 12:22 LA ALL ST LONDON, E.C.IL
Tel. TERminus 7383 (5 lines) Grams: Calanel, Smith, London
KI110? Of course —

all our Transformers, Chokes and
Inductances are fully Tropical in
addition to being Precision fobs.

An accuracy of 29, is not so very
common in standard products, which
«may be the reason why the Govern-
ment Research Establishment and
Industrial Research Groups favour

@ us with their special require-

ments,
g | ELECTRONICS LTDJ
[ KING ST., EXETER, DEVON

TRANSFORMERS X COILS

to specification
MANUFACTURED or REWOUND

STANLEY CATTELL, LTD.
East Street, TORQUAY, DEVON

911,

Phone Torquay 2162
This New

DUAL TESTDSCUPE

> indlcates 2 to 30

AN Yvolts and 100-750
GRS yolts. Send for mteresting feaflet
L 24 on ** Testing.'"

RUNBAKEN MANCHESTER-/

83

3

Woollen & Hair Felis. Cloths. Furnishing. Mechanical,
Surgical. Washers, Strips and Gaskets. Gas Meter

Felt Cut and Turned. Waterprooling

Washers.
TEXTILE

STE RLIN INDUSTRIES L

STERLING WORKS, ALEXANDRA ROAD, PONDERS END
MIDDLESEX

. Phesr Geomt
HOWARD 7714:3, 1735 STERTEX, ENFIELD

HILL £ CHURCHILL

Booksellers

SWANAGE, DORSET

-
ENGLISH & AMERICAN
BOOKS IN STOCK ON

RADIO AND

TELECOMMUNICATION

-

Catalogue on Application

TRANSFORMERS

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

W. BRYAN SAVAGE LTD.

reertmoteland Rood, London, N WS Colindete 711

.tl' FOoRrR B!O!Eg

Nearly 3,000,000 Books in Stqck. New and Second har
Books on Engineering and all other subjects.

Books Bought,
119-125, Charing Cross Road, London, W.C.

Tel: GERrard 5660 (16 lines). Open 9-6 inc. Sa
.
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EVERY MILE OF THAT
LONG LONG ROAD . ..

EL ALAMEIN, TUNIS, SICILY, ROME,
NORMANDY AND OVER THE RHINE .

Bulgin Components have travelled every mile of that road. With the
tanks and guns, in the planes that blasted the way ahead, in the little ships
that covered our landings. It was a long bitter road, through dust, heat
and sandstorms. The road that stretched so far, through rain and cold
and slush, that only the strong could make it.

Those hardships were Bulgin’s finest test. With everything against them,
grit, mildew and rough handling, they did their job. Right from the word
* Go ' until the white sheets were fluttering in Berlin.

You could not buy that Bulgin Coil, condenser or resistance you wanted
while they were on vital work. You couldn’t rebuild your old set or
start planning that new one. Now the news is good news . . .

BULGIN COMPONENTS ARE
ON THE MARKET AGAIN

A steady trickle, not much at first, but enough to be going on with.
Ministry requirements are tapering off. That means more for you at home,
more for export overseas. Winter evenings and Bulgin components to
build that dream set are something special to look forward to.

YOU CAN NOW GET

BULGIN

RADIO & TELEVISION
COMPONENTS

A.F.BULGIN & CO.,LTD., BYE PASS ROAD, BARKING, ESSEX
Tel. : RIPpleway 3474 (5 lines).

xvii

FIT
put

FORGET

DALY

ELECTROLYTICS

DALY (CONDENSERS) LTD.
West Lodge Works, The Green, Ealing, W.5
Telephone ; Ealing 4841

k2
conrorATION

R\.

Re:
Designers and Manufacturers of
Radio and Electronic Devices.

ROMAC RADIO CORP. Ltd.

announce a range of Amplifiers
12 watts—25 watts, built to
a quality specification as
regards performance, con-
struction and to meet the
requirements of the discern-
ing purchaser. Full details,
specification, price on request.
The above can be delivered
with speakers, microphones,
and turntable units if required.

THE HYDE - HENDON - LONDON * N.w.9

Vor léy

THERMAL DELAY
SWITCHES
PROTELT YOUR RADIO
EQUIPMENT
4 VOLT - 5 VOLT er &3 YOLT HEATERS
ML DNTROL L™

| Ji DOLWIC

Contlnuous Film Cameras
For Standard Cathode Ray |
Tube Photography

AVIMO LTD., TAUNTON (SOM.)
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CLASSIFIED ANNOUNCEMENTS

fhe charge for miscellaneous advertisements on this page is 12 words or less, 4/- and 4d. for every additional word. Box numbers

count as four words, pius /- extra for replies.
43 Shoe Lane, E.CA.

Hulton Press, Ltd.,

date: 15¢h of month for following issue.

Remittance should accompany advertisement.
Replies to box numbers should be addressed as above, marked ‘‘ Elec. Engg."’

Cheques and P.O.'s payable to

Press

Vacancies adverlised in these columns do nol relate lo
men belween the ages of 18 and 80 inclusive, or women
between the ages of 18 and 40 snclusive, unless they are
exempted from the provisions of the Control of Engage-
ments Order, 1945, or the vacancies are for employment
excepled from the provisions of that order.

FOR SALE
IN STOCK. Rectifiers, Accumulator Chargers,
Rotary Converters, P.A. Amplifiers, Mikes, Mains

Transformers, Speakers of most types, Test Meters,
etc., Special Transformers quoted for.—University
Radio, Ltd., 22, Lisle Street, London, W.C.2.
GER. 4447.

LOUDSPEAKERS

LOUDSPEAKERS—We carry on. Sinclair Speakers,
12, Pembroke Street, N.x1.

LOUDSPEAKER repairs, British, American,
make, modecrate prices.—Sinclair
Pembroke Street, N.x.

any
Speakers, 12,

MISCELLANEOUS

WE WILL BUY at your price used radios, amplifiers,
converters, test meters, motors, pick-ups, speakers,
etc., radio and electrical accessories. Write, phone or
call, University Radio, Ltd., 22, Lisle Street, London,
W.C.2. GER. 4447.

GALPINS ELECTRICAL STORES. Electric
Light Check Meters, first-class condition, electrically
guaranteed, for A.C. mains, 200-250 volts 50 cy.
1 phase 5 amp. load, each 12/6.

Metal Rectifiers, large size, output 50 volts 1 amp., 35/-.
Metal Rectifiers, output 12 voits 1 amp., 15/6.

Moving Coil Meters, all 2 in. dia.,, Aush mounting,
0-5 M/A, 40/-; 0-20 M/A, 40/-;, o-50 M, A, 37/6.
Large Paxolin Panel, size 14 in. by 7 in. by % in., fitted
massive switch arm, 12 large studs and contact blade,
very smooth action, pricc 7/6 each.

X-Ray Transformers in oil, input 200 v., output 80,000
volts, rating 5 WVA, with Coolidge winding, £s0;
ditto, 24 KVA. at go,000 volts, £45; ditto, dental
type, 45,000 volts, £30.

Fluorescent Screens, 15 by 12, with lead glass, £5.
Large Fan Motors, all direct current, approx #h.p.,
110 V. series wound, in first class condition, 20!- each ;
ditto, complete with stand, starter, cage, and fan, 30/-.
D.C. Motors, as above, only for 220 volts, in perfect
order, 25 - ; ditto, complete with stand, starter, cage
and fan, 35/-.

Rotary Converter, input 230 v. D.C,, output 230 v
A.C., 50 cycle, single phase, 1} kW, constant rating,
a high-grade job of very solul construction, £35.
Transtormer Core to suit 2¢ kW, transformer, complete
with clamps and bolts, 25/-.

Large Outdoor Bcils,
gong. 17/6.

D.C. Motor, totally cnclosed, shunt wound, 220 v.
D.C. 1/10 b.h.p., large size, high-grade, 45/-.

Auto Transformers, tapped 0-110 200220-240 Step
up or down, 500 watts, L3 10s. od., 2,000 watts, £9.
Moving Coil Meter, reading o-100 milliamps, 2} in.
dia., flush mounting, F.S.D., 5 M/A, 30/-.

Metal Rectifiers, output 12 volts, 2 amps.,
size, 32/6.

Block Condensers, large size, in mctal cases, 20 MF,
300 v. A.C. working, 15 -.

Rotary Converter, iaput 220 v. D.C,, at g amps.,
output 68-125 volts, 500 cycles, single phase, 1} kW.,
massive construction, price £1=.

Fixed Resistances on fireproof mounts, size 12z in.
by 1 in., 2 ohms, to carry ro amps., 2/6.

Pre-Selector Switches, ex-G.P.O., 8-bank, cach 25 con-
tacts, complete with actuating relay, so/-.

Ex-G.P.O. Relays, as new, multi-leaf 200 and 500 ohm,
15/- each.

Closed half-day Thursday. Open all day Saturday.

Galpins Electrical Stores, 408, High Street, Lewisham,
lL.ondon, S.E.13. Phone : LEE Green 0309. Terms :
Cash with order. No. C.O.D.

110 v. D.C. working, 6 in.

large

WEBB'S Radio Map of the World enables you to
locate any station heard. Size 40 in. by 30 in. 2-colour
heavy Art Paper, 4/6, post 6d. Limited supply on
Linen, 10/6, post 6d.—Webb's Radio, 14, Soho Street,
London, W.1. 'Phone : GERrard 2089.

MORSE Practice Equipment for Class-room or
Individual Tuition. Ieys, Audio Oscillators for both
battery or main operation. Webb's Radio, 14, Soho
Street, London, W.1. 'Phone: GERrard 2089.

MECHANICAL ENGINEERS to the Electronic
Industry. Precision and Optical Instruments of all
types designed and constructed in collaboration with
Electronic  Engineers. Tecnaphot Ltd.,, Milec Lane,
Coventry.

CATALOGUE PHOTOGRAPHY by new process.
Behr, 34, Temple Fortune Lane, London, N.W.rr.
SPEedwell 4298.

MANUFACTURER'S AGENT. To wholesale and
factors only, London and Southern counties. Able to
carry and develop a new line. Box 792. ** Elec. Engg.”

AMATEUR RADIO PRODUCTS, 50 Glasslyn
Road, Crouch End, N.8. Designers and Manufacturers
of short-wave radio components and equipment, both
for transmitters and receivers. Engquiries Invited.
Phone : MOUntview 4745.

‘** COALS TO NEWCASTLE.”"—Our Service on
components is now so well known that we are even
recetving orders from America.

Our reguiar customers include many industrial
organisations of world-wide repute, who find that for
the development of urgently required prototypes, they
can get better service and quicker delivery from us—
often on components unobtainable elsewhere.

Qur suppliers include famous names such as Avo,
Pullin and Weston instruments and test equipment ;
Bulgin, Belling & Lee and Clix compunents ; Buller's
ceramics; B. & ., Dubilier, T.C.C. and T.M.C.
condensers ; Cyldon transmitting coadensers ; Dubilier
and Erie resistors; Dubilier and Morganite carbon
potentiometers ; Colvern wire wound potentiometers ;
Cossor, G.E.C. and Mullard cathode-ray tubes ; Cossor
and Mullard oscilloscopes ; Denco Maxi-¢} coils and
pclystyrene products ; G.E.C. photo-cells and ampli
fiers ; Muirhead precision drives and dials; Partridge
transformers and chokes; Q.C.C. crystals; S.T.C.
transmitting valves; S.T.C. and Westinghouse
rectifiers; Welwyn precision resistors, etc., etc., etc.
Send 24d. stamp for List. TELE-RADIO (19;3),
LTD., 177, Edgware Road, London, W.2. Telephone :
PADdington 6116.

SITUATIONS YACANT

QUALIFIED ELECTRONIC Engineers required
by small firm, adv sory capacity or part time develop-
ment work on radio receivers, ‘television, instruments,
recording, H.F. heating. State qualifications and
experience. Box 788, ** Elec. Engg.”

ST. DUNSTAN'S proposes to set up a research unit
to study and develop sensory devices for the blind
under the gencral guidance of its newly appointed
Sensory Devices Committee.  St. Dunstan’s requires
the full-time services of a RESEARCH PHYSICIST-
cum-ELECTRONICS ENGINEER to work in close
collaboration with a biologist physiologist in a suitably
equipped laboratory in London. Salary in accordance
with qualifications and experience. Applications or
enquiries before January 15 to the Secretary, 9 Park
Crescent, London, W.1

DESIGNER of communication and U.H.F. receivers
required. Must be practical and fuily experienced.
Write giving details of pre-war experience, age, salary
required, to Berry's (Short-wave) Ltd., 25 High
Holborn, London, W.C.1

REQUIRED for Industrial Research Laboratory,
engineer with some years' practical experience of
vacuum tube development or production. Write
stating age, experience and salary expected, to Box
7987, A.K. Advtg., 212a, Shaftesbury Avenue, W.C.2.

REQUIRED, Chief for small Radar and Radio
Research and Development Laboratory, B.Sc. in
physics preferred, with experience in design and
devclopment in.radio and radar test gear. London
district. Reply, giving full particulars and salary
required, to Box 793, ‘* Elec. Engg.”

WANTED for aircraft work, Electronics Engineer to
develop electronics systems replacing mechanical con-
trol systems. Sound basic theoretical knowledge must
sugport practical experience. Full details to Box 794,
*“ Elec. Engg.”

ASSISTANT PHYSICIST required by industrial
electronic laboratory situated in University town.
Experience in hizh vacuum technique an advantage.
Salary accordingz to qualifications and experience.
Apply Box 795, ** Elec. Engg.”

AM.1.E.E., City and Guilds, etc., on *“ NO PASS—
NO FEE " terms. Over g5 per cent. Successes. For
full details of modern courses in all branches of
Electrical Technology send for our r12-page handbook
—FREE and post free. B.I.LE.T. (Dept. 337B), 17,
Stratford Place, London, W.1.

SITUATIONS WANTED

RADAR DISPLAY ENGINEER requires responsible
position directing rescarch and for development pro-
gramme in large industrial organisation (radar or tele-
vision) on release from similar post in Government
establishment. Salary {8oo—f£1,000 per annum. Box
796, * Elec. Engg."”

ELECTRONIC DESIGNER

seeks  supervisory
position in firm starting on

industrial electronics.

Good qualifications. £350-£400 per annum. Box 789,
‘“ Elec. Engg."”

GLASSBLOWER., 20 years in production and
research, thermiounics, electronics, high vacuum,
pressed bases glass-metal seals, seeks progressive
situation. Box 787, ' Elec. Engg."”

PHYSICIST with research and development experi-
ence of navigational, scientific, supersonic, electronic
and communicational instruments, and accustomed to
conferring with Government Departments,desires senior
position, preferably in or near London. At present hcad
of section in Industral Research Laboratory. Box 78s,
' Elec. Engg."

WANTED

CONTRACTORS recently engaged on manufacture
of M.A.P. and M.O.S. equipment now have capacity
available for light bench assembly work. Box 761,
" Elec. Engg.”

WE OFFER cash for good modern Communication
and ali-wave Receivers.—A.C.S. Radio, 44, Widmore
Road, Bromley.

CONTRACT WORK WANTED for Machining,
Capstan Turning and Grinding by fully equipped firmn
engaged throughout war on M.A.P. and M.Q.S. work.
Box 762, ** Elec. Engg.”

CHARTERED ELECTRICAL ENGINEER, Ph.D.,
M.Sc., etc., and Partner, having wide experience in
electrical measurements, radio and electronic engineer-
ing, are prepared to accept work of a consultative
nature in these fields. Box 790, ' Elec. Engy."”

AUDIO-FREQUENCY OSCILLATOR

Type). Range at least 40 to 12,000 cfs.
operated 230 V. Box 791, * Elec. Engg."

(B.F.
Mains

BERRY’S (524) LTD
YOU ARE INVITED
TO REGISTER NOW
for a copy of our
l‘ 1946 Illastrated ‘I
CATALOGUE

3d. Post Paid.

Write to :—

25 HIGH HOLBORN, LONDON, W.C.1.
(Opp. Chancery Lane). 'Phone : Holborn 6231,
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For absolute reliability — use

MICRODENSERS

All Brass construction with al! vanes
soldered to give low series resistance

at high frequency, treated and
lacquered to prevent oxidation.
Constant capacity assured by D.L.9
end-plate. x
Min. e oacie
Type | mmid. |-2Pacity
p capacity4 swgng
1094 5 15
1129 S 37
1093 6 56
1130 o) 95
1131 5 170

Completely
flexible yet free
from back lash.
insulating por-
tion is D.L.12
and spring arms
are of phosphor
bronze.

Type 5.50 | 17/32 in. diameter.
Type 5.529 | 3'64 in. diameter.
Type 5.550 21/32 in. diameter.

Type 5. 530. Flexible Driv-
ing Shaft for front panel
control to awkwardly placed
components. Drjves through
90° perfectly. Cable
length 5% in.

MIDGET INSULATOR

1019. Midget Fiequentite
Ceramic Insulator of
small dimensions, high

insulating properties
and very low power
factor losses. Metal
parts nickel-plated

Type

SHORT WAVE COMPONENTS

WELL DESIGNED.

OUTSTANDING SERVICE.

ROBUST CONSTRUCTION
SEND FOR CATALOGUE

" H.F. & V.H.F. CHOKES

A series of chokes
{D.L.9) bakelite former with rigid wire ends

moulded in.

wound on a special grade

The type 1010 and 1022 Chokes are

honeycomb, 485 section wound respectively, and
the 1011 is a single layer spaced winding. Formers
are 6.35 mm. diameter by 45 mm. Wire ends are
1.22 mm. diameter and project 41 mm. Below are
given the main characteristics of the-three types.

- 5 D.C Currentv:v 0

ype nductance ry carrying eight
resistance c:-pamy

1010 1.25 mH 20 ohms| 50 mA 7 grms.

1011 532 pH | 1.33 ohms| 50 mA | 3.3grms.

1022 1.5 'mH [10.53 ohms| 250 mA |14.2 grms.

PRECISION VERNIER

DRIVE

Type 594. With
Slow Motion Ratio
of 8.1 and vernier
indicator  giving
accurate readings
to s of a division.
Machine - finished
instrument dial en-
graved 0-100. A
first-class moulded
Black iristrument
Knob gives posi-
tive finger grip.

LEAD-THROUGH INSULATOR

Type 1018. Glazed Frequentite
Insulator to facllitate carrying of
high frequency leads through

metal chassis and screens with
minimum loss. Cones are
flanged at bottom to self-
into the metal.
A 2 B.A. rod is used as
conductor. 3% in.long.
1§ in. diameter.

%

6-PIN COIL FORMERS

Moulded In D.L.9 insulating material
with 8 ribs. Outside diameter
I} In. and a winding space of 2} in.
Very useful for construction of
efficient low loss inductances for
Receivers and Transmitters. Type
1002 Plain. Type 1003 Threaded.

COILS ON FORMERS

Type 959. With three windings,
providing for a comprehensive
frequency coverage. The ratio is
generally suitable for use as one
aperiodic, one tuned and one
reaction winding, Figures below
are based on tuning capacity of
160 mmfd.

Type | Wave band | Code spots
6BB 9-14 | 2 Blue
6LB 12-26 I Blue
6Y 2247 | | Yellow
6R 41-94 | Red
6w 76-170 | White
6P 150-325 | Pink
6G 260-510 I Green
6BR 4%90-1000 | Brown
6GR 10002002 | Grey

6-PIN

COIL

BASE

Type 964,

Made for

use with the

Plug-in

Tuning Coils
listed above
This is a .
flush mounting base moulded 7
in D.L.9 insulating material _~

of ample thickness. v

Diameter :  44.5 mm. /,
[xp;hh: 9257.4mm. ,/ a
eight: 9.7 grms. ¥
-~ e V"A
/s ¢*
o7 R0 &
S o i Ry
’c o QQ«\' Q.o. O
o -
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Components
The best you can buy. -

made by the organisation
with the greatest experience (&

Robert Sharp & Portners
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