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Strato-Television

ROM the Westinghouse Electric
FC orporation of Baltimore comes

a novel idea which should solve
most of the problems of wide area
television coverage. It is nothing
less than the continuous broad-
casting of programmes from aero-
planes hovering in the stratosphere.

In a paper by C. I£. Nobles, of
the Industrial I<lectronics Division,
the disadvantages of the recognised
methods of television relay—coaxial
cable or relay links—are emphasised
and the advantages of aeroplane
broadcasting are shown to be very
real from all points of view.

One of the principal savings is in
the amount of power required. 1t is
estimated that 50 kW are required
to give a useful signal at 50 miles
from a ground station, whereas,
owing to the increase in path
difference between the direct and
reflective wave, only 1 kW is
required to give the same signal over
a distance of 200 miles from an
altitude of 30,000 feet.

This reduction in power makes the
installation of transmitters in an
aeroplane a practical proposition,
and we have already had the experi-
ence of portable transmitting equip-
ment from war uses. Kelaying
between planes is correspondingly
easier, owing to the increased line-

of-sight distance, and if the frequency
is increased to the order of 2,000
Mc/s. the power requirements are
absurdly low.

In collaboration with the Westing-
house Corporation the Glenn Martin
Company have made a study of
aeroplane design for the purpose,
and have produced an experimental
model which will accommodate four
television transmitters, five 170
transmitters, monitoring equipment,
and sufficient relay equipment to
carry four television programmes and
five F.M. programmes. Each plane
has a service range of 200 miles in
every direction.

At 30,000 feet it is considered that
the aeroplane will not be affected by
winds or storms to any great extent,

ELECTRONIC ENGINEERING
MONOGRAPH

The third Monograph, which has been unduly
delayed owing to printing and paper difficulties,
is now in press and will be issued shortly.
!t is entitled :

THE ELECTRON MICROSCOPE
BY DR. D. GABOR
(Research Laboratory, B.T.-H. Co.)

Dr. Gabor is one of the foremost authorities on
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Copies will be available through technical
booksellers, or direct from the Circulation
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price 4/9, post free.
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and with de-icing equipment it
should operate reliably for long
periods. To guard against interrup-
tion of the service, four aeroplanes
will operate, taking off at staggered
four-hour intervals and remaining at
30,000 feet for eight hours eich, two
being in the air at all times.

These planes would also serve a
valuable purpose in  providing
meteorological data and in abnormal
conditions there would be plenty of
time to put extra aircraft near
storm areas. It is estimated that
the probability of complete interrup-
tion of the programme by the
forcing down of both plines at once
is 1 in 30,000,000, and the frequency
of interruption due to engine failure
is put at once every 82,000 years.
As the Glenn Martin report says:
* This eased our minds a great deal,
and we are not very worried about
engine trouble any more.”

The operating cost is put at
$1,000 per hour, which is about
1/13th of that of an equivalent
ground station.

Although the problem of tele-
vision coverage in this country is not
comparable with that in the United
States, the whole scheme makes very
interesting reading, and the outcome
of the suggestion will be awaited
with interest.
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the only constant voltage equipment giving a
constant UNDISTORTED output with changes in
mains voltage and load.

Write for literature to Dept. E.E.

WESTINGHOUSE BRAKE & SIGNAL CO. LTD,,
Pew Hill House, Chippenham, Wilts.
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MODEL 500
57 scale.
Size 63" x 53°
MODEL 400
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MODEL 350
3}° instrument type.
Flush or Pro-
jecting.

IMMEDIATE DELIVERY.
For some time past we
have been carrying a
small varied stock of
most ranges of moving
coil instruments. We
are able to give iIm-
mediate dellvery for
urgent orders.

Send your enquiries to
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These moving coll instruments are very
soundly conmatructed, and are accurate and
dependable in use. A very large number of
ranges are available in moving coll, Rectlfier
and Thermocouple type instruments.
Model 400 and 500 instruments are also
available with llluminated dials.

All models are supplied in black moulded
insulated cases, and Alnico magnets and
stainless Iron polepleces and cores are used.

We also manufacture several other sizes of
moving coll instruments with scales of 2°
and up.
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TAYLOR ELECTRICAL INSTRUMENTS, LTD.,
419—424 Montrose Avenue, Slough, Bucks.
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Pardon our exivusion!

Tut, tut! What are we saying? What we
meant to say was, please pardon this
intrusion, but we have been making plastics
since 1877, and thus have nearly seventy

years of research and experience behind us.

In fact, we know a very great deal about
plastics, particularly in the form of P.V.C.
extrlision compounds made to G.D.E.S. 18
X and all other specifications, and can supply
' " @ the answer to many an unusual problem.*

."f,/, In addition, BX P.V.C. is made in the
form of paste or dough for coating, and in

calendered sheets.

Why not send for full information and the

advice of our technical experts?

* This material can only be obtained on allocation from
Plastics Control.

BX PLASTICS LTD

LARKSWOOD WORKS - LONDON E.;

LH/BX24%
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- P

Twc Aspects of Radar Construction : Above, “ Crocodile Jaw ” coastructicn of centimetric A.A.
equipment, giving ease of access to every part of the chassis. Below, Sealing U.S.W. dipoles and
reflectors into alkathene spheres at the B.T.-H. works.
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A New Method of Radio Navigation
By L. S. HARLEY

The name “ G ** or * Gee,"” as it is more often spelt, is an abbreviation for * Grid,"" relating
to the grid map references in use by R.A.F. navigators

In order to overcome the difficulties of navigation in all weathers on bombing flights over

Germany, it became necessary to devise a method to give the accurate location on the map at

all times during the flight, utilising for the purpose the known speed of propagation of radio

HE essence of the new nethod
Tis this: if two pulse trans-

mitters send out synchronised
pulses, that is to say, the pulscs of
energy leave the transmitters at the
same moment of time as judged by
an observer at rest relative to them,
then a suitable receiver, P (see
Fig. 1), situated anywhere on the
perpendicular bisector of the straight
line joining the two transmitters, will
receive the two pulses simultaneously,
because any point on this bisector is
equidistant from both transmitters.
At any other point, for example Py,
there will be a time difference in the
receipt of the pulses, because the
pulse from the nearer transmitter
will get there earlier,

In early practice, the operational
need was so urgent that existing
radiolocation transmitters were modi-
fied to give extra high-power pulses;
it was tound more convenient to let
one act as the ‘¢ Master ”’ station and
then arrange that the second, or
¢ Slave,’”” station received the Master
pulse, which triggered the Slave
transmitter into act:on. This meant
that the inevitable but constant time-
delay in the link between Master and
Slave was added to the tiwe-
difference characterwstic of the geo-
metrical relations hetween P and A
and B (see Fig. 2).

waves

Sets of lines can be drawn, joining
all the points having the same time-
differences, and it has been agreed to
call these lines ‘‘ isochrones,”” analo-
gous to the ‘ isobars” of a weather-
map. In general, these ¢ isochrone "’
lines are hyperbolae (see Fig. 3).

The received pulses are displayed
on a cathode-ray tube connected with
the aircraft receiver, in the now-
familiar radiolocation technique. The
‘“ time-bases ’’ (there are two, one
under the other) are marked to pro-
vide a calibration scale for measure-
ment of the time-differences, by a
constant-frequency oscillator which
brightens or deflects the traces at
suitable small time intervals.

If the observer notes, for example,
that the pulses from stations A and B
arrive 20 millionths of a second apart
(in addition to the delay in the A-B
link), he can say (if he is mathe-
matically inclined) that he must be
situated on one of a family of con-
focal hyperbolae having A and B as
foci, but what he probably does say
is that he is somewhere on ‘““ BLUE
20,”” A and B being the ‘‘ blue ”’ pair
of stations.

Repeating the observation on the
pulses from a second pair of stations,
A and C (C being another ¢ Slave ”
of A), he may observe that he is also
somewhere on ‘“ RED 16.”” Now, his

map or chart will have printed on it
intersecting families of confocal
hyperbolae, coloured blue and red
respectively, and numbered at inter-
vals with their characteristic time-
differences. The navigator has but
to follow “BLUE 20" with his
pencil until he comes across ‘‘ RED
16’ when (subject to an unimportant
ambiguity which will never mislead
him) he can fix within a mile or so
the position of his receiver. It will
be at the intersection of the two iso-
chrones, on both of which he is
situated at the moment of observation
(see Fig. 4).

As the distance between the air-
craft and the GFE stations increases,
the isochrone intersections occur at
ever more acute angles and the error
of ¢ fix ”” maturally becomes greater;
moreover, the ‘ radio horizon’’ is
eventually reached, since ¢ metre”
waves are being used. The ambiguity
referred to rbove arises from dual
intersections of the relevant iso-
chrones on opposite sides of the
median line between the stations, but
error from this cause cannot arise in
practice, except very near the GEE
stations.

The possibility of confusing the
two slave pulses can be made negli-
gible over areas of operational im-
portance by suitably adjusting the
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Fig. 4.

time-delay  in  the links between
Master and Slaves; and by attention
to the siting of the stations,

This, then, i~ the basic methad of
radio navigation which in its British
form (proposed in 1937 at the Air
Ministry Research Station, Bawdsey,
Suffolk) is called “GFLE™ and which,
using longer wavelengths  has been
developed in  the U.S. AL as
“LORAN " (Long Range Naviga-
tion).  The LORAN svstem has this
advantage over GIE, that its greater
wavelength  pulses are propagated
over wide stietches of the earth's
surface by multiple reflexions from

Fictitious chart showing GEE ** lattice *’

the ionosphere, but it suffers from
the corresponding disadvantage of all
such reflected propagations, that the
path  lengths are not precisely

“determinate, and the errots of posi-

tion-finding may, in consequence, be
somewhat greater.

It is important to observe that here
are systems using all the pulse tech-
niques of transmission and reception
developed for radiolocation, but that
no ‘““echo ™ is used: it is a straight-
forward reception of pulses which
started out at predetermined intervals
from their respective transmitters.

Since the time-delays in the A-B

covering enemy naval installations and supply centres,

and A-C links can be increased by
suitable circuitry, and the total time-
difference thereby altered for any
isochrone fixed in space, the enemy
can be denied the immediate use of
the altered GEF system in making
Ais sorties; a last-noment change,
made known to our navigators and
casily allowed for, would necessitate
remeasurement by the enemy before
his aircratt could use the system.

With this preliminary technical ex-
planation  the operational  notes
which  follow may be of greater
interest to readers.
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Master Transmitter
Q
Transmitter A
Origin of Se
simultaneous ~o
pulse p—
from ARB
. . -\\
Transmitter B B¢ Equidistant~ _
] fromA&B
P, Slave Receiver
& Transmitter
Fig. 1. GEE : The theoretical idea. Fig. 2. GEE: The practical arrangement.
From experiens e gamed  between During the time  the small-scale The operational ~ervice trials over

il outhreak of war aud the ey
ummer  of gge. Biotish RO
Isomber Comni e realised  that
although then ancoatt were able ta
navigate  over  latee distance to
Lareet qreas i Ge many and German
b Id tertitony, the methods of noviea
tion o ouse o that period were not
uthicienthy aconate to enable bomb
s to find and ddentity specihe tn
et~ with amy dence ol certainty
under bad weather conditions; when
the tmget was obscured by loud.

Mhe expectation ol eftective homhbing
Was remoteapart from their inability
to find their toget- in such
Hion The hontber crews were con-
fronted also with difticulty in
finding their way Wire
le-o ditection findin2 <v-tems were in
u-e to help bombers to return to ba

but these relied on radio communica
tion from ground -tations to aircralt
in order to pas- DI information and
cumbersome  and

¥
O -

~t* 110

hack to hase

were  necessacily
unable to handle Luge numbers of
vrcraft in oa <hort tme Morcover,

Cwireless v

maintenanee  of silence
nupossible in tese citcumstance
and the enemy hed undesitable wan

ing of our operatiom

Wt

The first ~mall <cale  test dight
were curied out in the autumn ol
1040 by means of two very Tow
power ground stations situated some
fiftcen miles apart on the  South
Coast, it wa- found that an aireraft
could abtain ** position Tines " up to
distanee~ of abou 100 nnles, cven

with the experimental equipment. A
explained ewlier position lines onh
can be obtained Brom one puait ol
stations, but mary Hights along ~uch
lines were successfully made ot the
end of o400,

C

tests were being carned out plans
were made tor setting up a tullscale
three station <vatem with high-power
transmitiers and accurate monitoring

cquipment o give 24 o asday
coverage over W Genany \t the
come  time an ethoient ancaaft e
ceiver was under development. Test
hrighie ware nried out over  this
countiry during the <pring and sum-
mer ol 1ggr and by July of that yem

1 the ground <tation equipment had
been thotouzhly tested and modifica
tion where \ it
crews had been ttained in the use of
GETo i tights over the Botishe Isles
and mwelve atreraft were fitted  and
veady o operational  fHights  over
Germany

made necessay

Gernany ook place during Nugust,
1o41. and the results, which were ol

out~tunding success, were enthusiis-
ticatly  received by Bomber  Com
mand. Not only were navigators abl
1o tind  targets within range ot th
tound <tation~ but they were able
to  obtain accurate intormation  an
wind velocity which enabled them to

navigate more accurately than betore
to places outside the GEID covetuge
arca. In navigational language, they
had Hiom GEEF a new * point of
departwre” and up-to date Tocal wind
corrections  at  the Jimit of GEFE
coverage, It was also found that the
CE svstem was of inestimable value
i enabling  aircratt to home right
hich to base without breaking radio

/'

Master Transmitter

0
7

B ‘
Slave Station \\
Pa

Fig. 3. PP,P,is a-n hyper_bola such that AP BP, AP, BP,., AP, BP, areall equal differences of

path length, with corresponding equal differences of reception time.
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Photographs of the cathode-ray tube face, showing (right) the main display and (left) the
** magnification ** of a portion of the time-base by electrical methods, analogous to the

mechanical stroboscope and called the *' Strobe,' in consequence.

Note the calibration

scales, in this case formed of small and larger ** blips,’” not bright dots.

silence by asking for D/IF informa-
tion.

The first GEF raid was made on
the night of March 8, 1942, when
about 350 aircraft made a heavy

attack on the Ruhr.  Approximaely
one-quarter of these were cquipped
with GIEIX and they were used mainly
as fire raisers. The raid was highly
successful - compared  with  previous
attacks, as were others mounted on a

similar scale on succeeding nights.
Reports  showed that the aircraft
equipments were  bhehaving  satisfac

torily with only a small percentage
of failures, the ground stations
proved to be reliable and aircrews
were unanimous in their praise of the
new system,

\t the same time a new chain of
ground stations was ecrected by the
\ir Ministry along the South Coast
in order to give cover over France,
including the then most important
naval ports of Brest and lorient and
St. Narzaire. later, two  further
chains were designed, mainty for use
by Coastal Command in the South
Western Approaches and off the coast
aof Northern Scotland,

By March, 1943, the Mark 11 air-
borne  receiver had  successfully
passed its operational trials and had
been introduced into R.AF. Bomber
Command on a massive scale.  Prac-
tically all heavy bombers and also
certain squadrons of light bombers
had been fitted. From this time on-
wards the whole Bomber Command
svstem of mass raids involving con
trol of large numbers of aircraft and
the very complicated problems asso
ciated with routing of both outgeoing
and returning bomber streams was
hased on the use of GEFIL. It was
found possible for aircratt to aperate

under much worse weather conditions
since it the weather had closed in at
some bases on their 1ewurn it was
a simple matter for them to navigate
to others which were known to be
clear.

In the <ummer of 1942 the Navy
began 1o install GEI in their light
naval craft and by utilising the
facilities offered by the Southern Gee
Chain they were able to navigate
accurately in all  weathers in  the
English Channel.  Since then, naval
craft  have been  fitted in ever-
increasing numbers and the use of
GEE has been found of inestimable
help in many direction~: for instance,
it enabled minesweepers to  sweep
definite lanes with precision.  Coastal
Command aircraft al<o u~e GEE very

October, 1945

extensively for patrol and strike air-
craft against both U-boats and sur-
face craft. It has been used for
accurate minelaying from both ships
and aircraft.

When plans for the invasion of
lLurope on D-Day were made, it was
decided that GIFE should be the main
system ot navigation. It was planned
that the general navigation of all
arrcraft (British and American) of the
bomber  and  troop-carrier  types
should be by means of GEE, and also
that surface craft should make use of
this method of navigation. In the
case of troop-carrier aircraft, the
actual landing was to be carried out
using © Radar Beacons 7’ dropped in
advance, but GELE was to be used
wherever possible in the approach to
the area of the landing zones.

The GEL. system was the most
mmportant ot all the new radio con-
tributions to the oftensive. In it~
apphication to Bomber Command it
permitted those close concentrations
in time and space which were essen
tial to the defeat of the enemy ground
defences, and the special tactics te-
quired to deteat his hghter defences:
it was essential to the = thousand
bomber raid ”° by night: 1t made
practicable great claborations in the
close relative timing  of separate
attacks, real and feint: and it gave
invaluable aid in bringing back the
great bomber formations, and their
individual aircraft, by the most
suitable routes in any weather, and
under close time control.

A great aclLievement, of
Britain should be justly proud,

which

What the GEE navigator sees when he is comparing the time of arrival of pulses direct
from the Master A and via the Slaves B and C.
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Industry’s Contribution to Radar

Extracts from a speech by Sir Stafford Cripps to the Radio Industries Council on Friday, August 3|

N i ospeech which 1 made two
weeks ago 1 paid tribute to somne
of those in the Service and Supply

Departments,  the Government  Re-
search [<stablishments  and the
Universities to whom we are spe-

cially indebted for making this great
invention of Radar possible.  ‘l'o-day
I want to speak about the no less
temarkable achievement of the other
great partnes in this teamwork of

te~scarch  and  development,  the
~cientists in the Taboratories of the
industrial  firms  who by their m-
genuity  and - resourcefulness  first
turned the rough models, and even
m  some  cases  the ideas;, of the
Government  scientists  into  devices

which could be quickly and ccono-
niically produced in the factories and
which, in the exacting conditions of
military service, were capable of
giving good and coatinued perform-
ance.

‘The intimate intermingling of re-
scarch and development mind- was
followed up by a corresponding co-
operation  of development and  pro-
duction minds, which (an only be
tully achicved within the industrial
plant itself.  From this interweaving
of effort we derived our greatest
single advantage in war achievenient
Not only did we far outetiip the
enemy, but I can confidently sav that
we outstripped all others in the art
ot carrving the research projeet into
hattle with the least possible delay.
Our tine production performance was
creditable; our ¢ crash programme ”’
performance was unparalleled.  And
the crash programme for <omething
hetween fifty and two hundred sets—
the bane of the production engineer’s
existence-—was carried through, and
in every one of the many cases by
the workers from Government and
industrial laboratorics borrowing onc
another’s pencils.

If examples are needed, the final
defeat of the U-boat springs to mind,
\ hundred centrimetric ASV sets in
aircrafy, a couple of hundred Type
271 sets in destrover and corvette,
ensured the defeat,  The Type 271
went as a request to the contractor on
March 14, 1041, as a rough model
on April 15, as a ~et of incomplete
sketches on April 24, and emerged as
v successful model on June 4, to be

tollowed by 250 sets within the fol
lowing seven months.  A\ud anvone
who kuows or has seen that set can
judge how remarkable was that pro-
duction performance.

So far | have referred only to the
part plaved by the industrial research
scientists, but while their work was
the necessary  first step  after  the
initial designs and models, often of
the very roughest, had been given to
the factories by the Government
scientists, the great job of producing
these varied and intricate equipments
was going on ceaselesslv dav and
night. Fvery radio firm in Britain,
and many firms which bhefore the war
had never made a radio valve in their
lives, devoted their resources entirely
to meeting the endless demands of

the Services.  And, though T am
talking to-dav onlv of Radar, we
must  never  forget  that,  insistent

though the demand was for Radar,
the Services' requirements for ordin-
arv radio communications for sig-
nalling were on a prodigious scale

By the peak of the Furopean war,
a quarter of a million workers, men
and women, were engaged on the
production of Radar and radio equip-
ment.  Some idea of the wonderful
job which these men and women did
can be realised when [ tell vou that,
wheteas bhefore the war we produced
in this country only a few 1iillion
valves a vear, in 1944—invasion vear
—we produced no less than 38 million
valves, of 6Goo different types, for the
three Services. This vast production
was achieved under the constant
threat of aerial hombardment, and
since a great proportion of the pro-
duction capacity had pre-war heen
established in the [ondon area, a
great deal of it was in fact carried
out under almost continuous bom-
bardment by Vis and Vas. | <hould
like to take this opportunity of
paving a special tribute to the gallant
men and women who worked con-
tinuously night and dav throughout
the periods of even the heaviest
bombing.

As with valves, so with components.
With cach new development an en-
tizely new range of components was
demanded.  Industry was responsible
for ite own development of these and

it is a great tribute to the innuiner-
able firms concerned that even with
the rapid changes in types and de-
signs, requirements were alwavs met,

It is impossible for me to mention
the names of all the firms in the 1adio
industry who have contributed to this
great achievement, My main object
to-day has been to pay a tribute to the
industry as a whole and to put on
record certain aspects of a stony
which have heen so long cloaked by
security demands, T feel, however,
with full recognition of my foolhardi-
ness_ that T must mention the names
of a few firms whose contribution has
been particularly marked.  Not he-
cause [ am unappreciative of the
many others, great and small, who
have also plaved their part, but he-
cause it is right that some szt lcast
<hould not have their blushes spared.

In the field of scientific resear-h in
the laboratories, T should mention the
following firms for their outstanding
contribution :

Metropolitan-Vickers Electric Co., Ltd.
A. C. Cossor, Ltd.

Pye, Ltd.

General Electric Co., Ltd.

Outstanding, too, for their contii
bution in scientific research a< well
as in development to the production
stage were:

Dynatron Radio, Ltd.
Ferranti, Ltd.
Electric and Musica! Industries, Ltd.

In developing to the production

stage the designs and models that
came from the lahoratories the fol-
lowing made particularly  notable

contributions :
E. K. Cole, Ltd.
Murphy Radio, Ltd.
Bush Radio, Ltd.
Allan West.

British Thomson-Houston Co. Ltd.

ANl these firms also plaved their
full part in actual production of the
vast quantities of Radar equipment
required by the Services, but in the
production field I must also add for
particularly honourable mention the
names of Standard Telephones &
Cables, T.td., and the Philips organi-
~ation,
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There can, [ think, be little douln
that the day will come when ship-
of all nations will be  fitted with
Radar, just as to-day they carry
wireless ; and once that day has come,
which cannot be far distant, delays
te shipping due 1o fog, and perils
of the deep like icebergs, will buve
gone for good.

So far as commercial air lines are
concerned, we can, 1 think, already
~ec the shape of “ things to come.”
While still many miles from the
ground station, the airliner will be
given by Radar a particular track on
which to come in to the airpovt and
will he guided along that track all
the way in.  If, on arrival over the
attport, weather conditions should be
z0 had that the pilot cannot sece the
runway  this will make no difference
because a special “ blind-landing ™
installation will enable him to guide
the aircraft on to the runway auto-
maticallv. [t may be a vear or two
maore hefore this is finally perfected,
but already the pilot can be guided
down to within jo feet of the runway.

In planes fiving the Mlantic and
making other lTong hops over the sea,
the pilot will be able to fix his precise
position within a margin of error not
exceeding 1o miles even when he s
hundieds of miles from the <hore. In
the event of the plane approaching
thunder and other clouds of a dan-
gerous nature ory if it is over land,
approaching high ground, the pilot
will he warned by Radar of what i<
ahead of him.  Crossing the Alps or
the Atlantic by air will <hortly he
robbed by Radar  of its  special
dangers.,

Such is the prospect of the future
and if our great radio firms continue
to ~how the ingenuity, initiative and
tesourcefulness  which  they  have
~hown in the war, and if the close
working partnership which has been
devetoped between the Government
Research Fstablishments, the Univer-
sities and the ocientists, the labora-
tories of the ndustrial firms can be
continued into peace—as it must he—
then 1 for one look forward to a great
future for vour industry in both the
home and ™ foreign markets.  And
speaking now for one final moment
as President of the Board of Trade.
I am indeed most anxious that our
friend< in other  countries  should
appreciate to the full what a magni-
ficent  industry we have built up
during the war so that they will flock
to vou with their orders knowing that

they will get the very best that
human  skill and ingenuity  can

produce.
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Some Individual Achievements

Club, St Staltord  Cripps
mentioned by name o few of the
tirms who plaved a major part in the
war, It is our intention to do justice
to all those companies whose work
was of vital importance in this field,
and we publish below the first sum-
mary of the reports which have heen
suppliecd by individual firms.

1ies

:[.\ his speech at the Radio Indus-

British Thomson-Houston Co., Rugby

The first Radar contract
ceived ino1ggo, when this
was ashed to develop and build cen-
timetric  cquipment (o AL\ fite
contrtol. The succe~~tul trials in 194
led to the development of the 613,
which i~ independent of terrain and
contains the whole transmitting and
receiving  equipment in cabin
with the maximum of comfort for the

Wds e
compainy

owne

operator.
Tn collaboration with Messrs. AL (.
(Cossor and Messrs, Nash &

Thompson equipment was built for
the automatic following of aircraft
by Radar, code-named *¢ Glaxo.”” In
this, the operator selects the target
to be followed from  those within
range, and, once sct, the Radar beam
foltows it -utomaticallv in bearing
and range and transmits the informa-
tion to the predictor.

A small Radar unit, ¢ Cupid,” wa-

developed in 1944 to counter the
flving-bomb attack on london.
The B.T.-H. industrial = high-

voltage thyratron BT.g was used in
the earlier davs of the war as a high-
power pulee  modulator in Radar
equipments, and  special  valves  of
this type were continually designed
and improved for greater power out-
puts.  Including smaller thyratrons
far control purposes; the total ontput
Was 0ver 200,600,

In the production of ~pecial mag-

netrons o total of 4,000 per month
was achieved in 1944-—the highest
production  rate  reached in this
country.

Among  the  sub-contractors  for
vi 13 equipment mentioned in o the
report are:

The Gartd Fng. Co., Swindon:
Scientific Projections, Ltd., Tondon:
Joseph  Adamson &  Co.o Hvde:

Tilling-Stevens, L., AMaidstone,

A. C. Cossor, Ltd.

This company can claim to be the
true pioncers of Radar development,
since  the  Government  first  ap-

proached them in 1g36 on the projedt
of developing an early waining 7
svstem of deteeting approaching ab
aaft. The work was in the hands
of T.. Il Bedford and O, S, Puckle
and the first production model was
put in hand in 1937, When, after th

Battle  of  Biritain, night  bombing
started, the  elecuonic  gun-laving
cquipment then in use could only

give accurate range and approximate
bhearing, leaving the clevation to be
obtained by optical means, An attach
ment was destgned by L. L Bedford
to enable the existing receivers o
obtain  the  elevation clectrically in
addition to the other data.

This cquipment was produced i
the factory vorking 23 hours a day,
and mstalled it a
fast a~ it was produced and tained
Army personnel in its use,

The  Radar  navigation  deviee
“Gree V7 was developed in the shadow
factory at Chadderton and the firs
prototype model was delivered to the
Air Ministry within six weeks of the
start of the work—a record in high-
speed production.

The more exact target-finder, G
I, was developed and produced in
1043 from  the original  Gee units,
and finally the shadow factory and a
“daunghter 7 factory produced 100
prototype sets of Obee equipment by
August, 1043.

For his work on the N\, equip-
ment, Mr. T H. Bedfond  was
awarded the OB KL in the Buthday
Honours of 1943.

(om0l engineets

Metropolitan-Vickers Co., Manchester

Farly in 1937 Siv Rebert Watson
Watt approached Sir Arthur 1Y, M.
Fleming, Director of  Rescarch  at
Metropolitan-Vickers Ilectrical Com-
pany, in connexion with R.D.F.
transmitters.  Sir  Arthur arranged
that seme of the hest men among hi-
rescarch workers should devote their
time  exclasively  to the  technical
probiems to be <olved and when thi~
had heen zuccessfully done, to pro-
ceed with the design and production
of the requirsd equipment.  The
investigator who, with the assistance
of a remarkably small team of e
~earchers, ultimately  found  the
answer  required, was Do ] ML
Dodds.  Tn recognition of his work
an the chain tran-mitters and many
subsequent developments, Dr. Dodds
was awarded the OBV, in 1044,

By the time the technical solution
had been found, war appeared to be
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s0 imminent that the constructional
facilities of the Metropolitan-Vickers
Research Depuartment were obviously
inadequate to complcte these large
tran=mitters at the rate required, and
a new assembly shop building of
23,000 sq. ft. area  was erected,
equipped, and some assembly work
started in seven weeks. The erection
of this building and the production
of transmitters was carried out on a
basis of 24 hours a day and seven
days a week.

All the high-power transmitters
were designed around the Metropoli-
tan-\'ickers continuously evacuated
demountable valves developed  se-
veral vears befsre as the result of
original research work carried out in
the research laboratories by Dr. C. R.
Burch, F.R.S., and his brother,
Francis Burch—since deceased—ivho
in 1930-33 demonstrated the con-
siderable powers which could be
transimitted on short waves.

Erskine Laboratories, Ltd., Surbiton

After working on  Service com-
munication equipment for two years,
this company became primarily con-
cerned with Radar test gear, but also
-pecialised in ~mall ¢ crash ” pro-
grammes for D.R.F. necessitating
high-speed development and produc-
tion of equipment to bridge the gap
between the initial model and the
mass production by larger firms.

The company  was closely con-
nected with airborne and test gear
for Oboe from it< inception, and at
the termination of the war had com-
pleted development of the Mk. 111
G-H airborne receiver.

Among the special jobs handled
were  test  wgear  for the American
Radar altimeter, developed in the
Surbiton laboratorics, and the P.R.F.
se¢lector, a device for <orting out the
received pulses in the Oboe system
and  converting  them  into audio
frequency signals.

Masteradio Ltd., Watford

In May, 1942, Masteradio, Ltd.,
undertook  the development of 100
prototype units  of the  complete
Rebecca-Fureka equipment, compri--
ing an airborne transmitter-receiver
and indicator unit and portable trans-
mitter-receiver beacon with vibrator
operated power unit, trickle charge
and collapsible aerial system. Fur-
ther deliveries of prototype approved
cquipment commenced in  October,
1942, and by May, 1943, the whole
contract of 100 complete equipments
had been delivered.

D
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A Radar Glossary

A.l. Air Interception. Airborne Radar equipment carried by fighters to locate bombers
atclose range at night. First successful use reported on night of July 22-23, 1940.
From November,1940, to autumn, 1941, the main night fighter using A.l., Mk. IV, was
the Beaufighter, with an interception range of 20,000 to 600 ft.

A.S.E. Admiralty Signal Establishment.

A.D.R.D.E. Air Defence Research and Development Establishment (now R.R.D.E.).
Babs. Beam Approach Beacon System of aircraft guidance while landing.

C.A. Form of early ranging and warning equipment for Coastal Artillery.

C.D. Ditto for Coastal Defence.

C.H. Chain of early warning stations set up round the coast (‘* Chain—Home ") to
detect the approach of aircraft. The first chain comprised Dover, Dunkirk (Kent),
Canewdon, Gt. Bromley, and was in operation continuously from September, 1938.

C.H.L. *‘Chain-Home, Low-flying."" Variant of C.H. for the detection of aircraft
flying at heights of a few hundred feet.

g:g:L_}Overseas variants of C.H. and C.H.L.

Elsie. Elided form of S.L.C. : Searchlight Control. Equipment mounted on searchlights
to give accurate bearing and elevation, enabling the light to be opened up directly
on the target.

Gee (G). Code name for system whereby time differences in the receipt of signals
emitted from 3 or more stations are used to fix the position of the receiving station.

G-H. System for measuring the range of an aircraft from two fixed ground beacons.

G.C.Il. Ground Controlled Interception. Equipment for directing night fighters to their
targets, used in conjunction with the P.P.l.

G.L. Gun Laying. Application of Radar to rangefinding by the measurement of interval
between pulse and echo on the time base of the C.R. tube. The Mk. | G.L. had an
accuracy of 50 yards up to 15,000 yards. A later addition enabled both range and
elevation to be measured and in addition provided for the selection of a particular
target to the exclusion of others.

gé[T }Gun Laying Turret. Automatic Gun Laying Turret.

H,S. Code name for device which reproduces a form of map of the terrain over which
an aircraft is flying. By scanning the landscape continuously by a beam of short-wave
radiation it is possible to distinguish between reflexion from buildings and objects
which give a strong echo and weak echoes from scattering by water and open land.

LLF.F. Identification : Friend or Foe.

For short account of this system see Electronic
Engineering, August, 1945,

M.B. Mobile Base early warning equipment.
Maggie. Original code name for ranging unit fitted to S.L.C., now obsolete.

Oboe. Code name for the system of directing bombing aircraft to their targets. The
position of the aircraft is fixed by range measurements from two ground stations
and the correct moment for releasing bombs is given by signals from another station.

P.P.L.  Plan Position Indicator. A method of indicating the target by means of a rotating
beam aerial, the echo from which is shown on the C.R. tube by the brightening
of the trace which is swept round in synchronism with the aerial. The position
of the target is given by the distance of the bright spot from the centre of the tube
and its bearing is given by the angular bearing of the line trace.

Rebecca. Radio Beacon systems responding only to a code interrogation by
Rebecca-Eureka. [ the |.F.F. system.

R.R.D.E. Radar Research and Development Establishment.
S.L.C.

T.R.E. Telecommunications Research Establishment.

Searchlight Control—see ** Elsie."
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Frequency Measurement at U.H.F.

The use of a communication superhet as an accurate wavemeter for frequencies up to 250 Mc/s.

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

FTHODS available for the
| \ / I measurement of frequency in
the range 30 to 300 Mc/s. can

be broadly divided into three classes.
The least accurate method is that
employing an absorption wavemeter,
which works at the frequency con-
cerned, and must therefore be cali-
brated against an external standard.
This method 1is 1deal for rough
measurements and does not give any
ambiguity due to the presence of
harmonics, but suffers from the defect
that the position of maximum
response is not well defined due to
flatness of tuning.

Alternatively, we may use standing
waves on a transmission line as a
wavemeter; this, of course, measures
the actual wavelength, and has the
advantage that calibration is easily
done with a metre rule. The appara-
tus, however, is bulky, and the ac-
curacy of measurement is not com-
parable with methods in use at lower
frequencies. This may be due to the
ditficulty of determining nodal and
antinodal points accurately, and also
to the disturbing influence of objects
of diclectric constant greater than
unity.

The absorption wavemecter can be
greatly improved by the addition of
a valve which will provide the neces
sary energy to maintain the tuned cir-
cuit in continuous oscillation—this is
the familiar heterodyne frequency
meter.  The meter can now be set
very accurately to the unknown fre-
quency, as any difference hetween the
two results in an audio-frequency heat

note which reduces to zero without
difficulty.  The accuracv of this
method is limited mainly by the

stability of the oscillator and its tuned
circuit with regard to temperature
changes, and an important modifica
tion is to provide check points at

regular intervals by means of a
crvstal  oscillator and  harmonic
generator. A wavemeter using this

principle has been described recently
(Beattie and Knight, Wireless World,
March, 1944) and the method is
undoubtedly one of the most satistac-
factory available.

Instead of making the variable
oscillator tune over the whole range

* Rutherford Technical College, Newcastle-on-1yne.
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Fig. | (above). Frequency relationships when
oscillator fundamental is being used. /\f-2fi.

Fig. 2 (below). Oscillator second harmonic
inuse. Af - 2fi/2.

of signals to be encountered, an alter-
native is to provide crystal harmonics,
at say 1 Mc/s. intervals, and then to
provide a wvariable low frequency
oscillator of stable construction and
accurate calibration to interpolate by
a beat method between these har-
monics. There are several variations
of this, all of which can be relied on
to a high degree of accuracy. A
difficulty which arises in this method
is the identification of the particular
harmonic in use. This can be done
bv the laborious process of counting,
or by certain other heterodyne
methods (Clapp, General Radio FEx-
perimenter, September, 1943, and
January, 1944).

In many cases the degree of ac-
curacy given by the last two methods
is not required, while something
better than the simple absorption
wavemeter is wanted.  For example,
in the measurement of the radio-
frequency resistance of a tuned circuit
by capacitance variation, the final cal-
culation involves the resonant fre
quency to the first power. Now as
the results of this sort of measurement
are rarely better than * 5 per cent
at these frequencies, it is quite sufh
cient to determine the frequency to
* 0.5 per cent. This can be done
simply and effectively by a method
developed by the author, using a
conventional communication superhet
receiver.

For use in this way, the receiver
must have the following characteris-
tics: fa) a range covering 10 to 30
Mc/s. or thereabouts: (b) a known or
measurable intermediate frequency,
with as high a value as possible: (c)
preferably a good band-spread scale
which can be used to indicate roughly
frequency differences of the order of
0o to 1,000 kc/s.: (d) a beat fre-
quency oscillator.  The method de-
pends on the use of harmonics of the
receiver oscillator, and thus the per-
centage accuracy is the same no
matter which harmonic is in use. The
calibration of a goad receiver is
usually reliable to about * 1 per
cent., and if a crystal calibrator is
available as an accessory this figure
can be greatly improved.

The signal whose frequency fx is to
be measured is injected into the mixer
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section of the frequency changer. For
this it is necessary t) by-pass the R.F.
stages, if any, and it is usually suffi-
cient to attach a short pick-up lead
about a foot long to the mixer grid,
leaving the signal frequency tuned
circuit connected.  IFor weak signals
it would be an advantage to substitute
an external circuit tuned to the
unknown frequency, but in practice
this has not been feund necessary.

Harmonics of the unknown fre-
quency originally present are unlikely
to cause any trouble, but harmonics
generated by overloading of the mixer
may be troublesome, and this condi-
tion must be avoided.

The selectivity ot the receiver 1s
then set to minintum to facilitate
tuning, and the beat frequency oscil-
lator switched on.  Suppose that f«
lies within th- highest band on the
receiver, and is tuned in on thiz band.
There will be two tuning points, as
there is no pre-selection, and if, as is
usual, the oscillator frequency in the
receiver is designed to be higher than
the signal, the dial reading f. will be
vqual to the unknown f, if the higher
tuning point is used. The repeat point
will appear at a dial reading less than
f- by twice the imtermediate fre-
quency, i.e., at a point (f. — 2f) on
the scale, where fi is the intermediate
frequency (see Fig. 1).

Now if fx is of the order of twice
its former value, it will heterodyne
the second harmonic of the oscillator.
Assuming that it is still tuned in at
the higher repeat point f, on the scale,
its frequency will nof be 2f.. For it
the receiver dial is set to ., the oscil-
lator frequency will be (f. + fi) and
its second harmonic 2(f. + fi). Now
this will be higher than the unknown
/~ by fi, and so f« will be equal to
2(fe + fi) — ti. The lower repeat
point will now occur when the oscil-
lator second harmonic is (fx — f1), and
as fx = 2(fr + fi) — fi, the osallator
second harmonic will be

[Z(fr S f|) - il fi 2fe.
Hence the two repeat points will be
found at scale readings f. and
(fr — f1), and the difference between
them 1s fi. This is shown diagrani-
matically in Fig. 2.

In the general case, where the
unknown fx bheats with the nth har-
monic of the oscillator, and is re-
ceived at the higher tuning point on
the scale f., the osciliator fundamental
is again (fc + fi). The harmonic in
use is n(f. +1), and f« is then equal
to n(fe + fi) — fi. The lower possible
oscillator harmonic is (£« — 1), which
on substituting for f« gives

Electronic Engineering

Dial Reading Actual Harmonic
giving the Frequencies
Frequencies on
the right
o — v+ neh.

5

i
j‘ﬂa*ﬂ)‘fu

(+28) ——rtset2t o
% () m

(2_/9 [nle+ryefls

“n n
=12+ o

n

r——+ 1
(-2 T alessa
n
A+1)-24
oO——0

Fig. 3. Representation of the general case
where the nth harmonic of the oscillator is in
use. i/n.

u(fe + f1) - 2fi, and its fundamental
is therefore
Lefe+/fi) - 2f ) n=(fc+f)—2f/n

Thus the ditference in scale reading
between the two alternative settings ix

2f| Zfl
l/r + /l) = [(/r + fl) —‘—] =

" ”n
It appears, therefore, that two
separate operations will determine

fully the frequency of an unknown
signal : (1) the tuning in of the signal
at the higher alternative setting on the
dial f.; (2) the measurement of the

i
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frequency difference Af between the
two possible settings. Then
fo=alfe + f) — fi
= nfe + (0 — Dft (1)
2f
and Af = ——
n
2
or ) B8 =9 anaoanaaoocananacadnacaoaa (2)
Af

In calculating » from Equation (2) an
integral value will probably not be
obtained, due to errors in measure-
ment, and the nearest whole number
must be used.
Example

A numerical example will make the
application of the method clear. Sup-
pose that an unknown signal fx is
injected into the mixer, and the higher
tuning point f. is 20 Mc/s. The lower
tuning point is found to occur at a
setting of 19.7 Mc/s., and the LF. is
450 ke/s. The oscillator frequencies
corresponding to settings of 20 and
19.7 Mcys. are 20.45 and z0.15 Mc/s.,
and these have harmonics of 4o0.9 and
40.3 Mc/s., 61.35 and 6o.45 Mc/s.,
81.8 and 80.6 Mc/s., etc. Now for one
of these pairs of harmonics to repre-
~ent a pair of tuning points for a
single signal frequency, they must
differ by twice the intermediate fre-
quency.  This condition is satisfied by
the third harmonics, 01.35 and 60.43
Mc/s., which are o.9 Mc/s. apart.
Hence fv must be less than 61.35 Mc/s.
by the intermediate frequency, and
therefore has a value of 6o.g Mc/s.
In using the method in practice, of
course, it is unnecessary to follow the
above reasoning in each case, as the
result can  he easily obtained by sub-
stituting in Fquations (1) and (2):

2fs 2 X 0.45
from () u=-—=——-=3
Af 0.3
from (1) fx = nfe + (n 1
(3x20) + (2x0-45) = 60.9 Mc/s.

The accuracy is limited mainly by
the accuracy of calibration of the re-
ceiver, and use of the higher har-
monics conditioned by (1) the strength
of the harmonic m the oscillator
output, (2) the minimum f{requency
difference measurable with reasonable
accuracy.  VFor as Af = z2fi/n, if n
increases, Af decreases, and it be-
comes more difficult to discriminate
between adjacent harmonics. Using
a non-standard receiver with a fairly
good mechanical band-spread dial,
measurements have been made with-
out ambiguity up to the sixth har-
monic of 30 Mc/s., and further har-
monics could have been used with a
tittle care in adjustment.



722 Electronic Engineering October, 1945

Post-War Television Ideas from U.S.

— THE Du Mont Laboratories (Passaic,

== N.J.) gave a pre-view of their post-war

m——— = designs for television receivers earlier in

e \\\ e ) the year and the accompanying photo-

B = - o RS - graphs show two of the models demon-
strated.

The de luxe projection installation (left)

is capable of giving a picture 4 ft. by 3 ft.,

and is shown in conjunction with settees
for family viewing.

One of the modern style ' telesets
shown below has a 20-in. tube for direct
viewing and is housed in a cabinet 60 in.
by 24 in. deep by 48 in. high—approxi-
mately the dimensions of an ordinary
radiogram cabinet. Push-button controls
automatically open the door in front of
the tube and tilt the tube into the
viewing position (see drawing on left).
The cabinets were specially designed by
Herbert Rosengren, one of America’s
leading industrial designers, and are
available in classic and modern styles.
Station selection is by means of push-
buttons, and the controls will be pre-set
as far as possible when the receivers are
installed.

T

—Photographs by courtesy of
Du Mont Laboratories.

De luxe projection installa-
tion and (below) cabinet
with 20-in. tube.
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Traces

A Series to Illustrate Cathode~Ray Tube Technique
Part ll.—Circular and Spiral Time Bases
By HILARY MOSS, Ph.D., A.M.IL.EE.

General

N Part 11, when discussing
Ialruighl line time bases, attention

was directed to the advantages of
using  simple  sinusoidal  time  base
waveforms. The superiority of the dis-
continuous time base wave, in respect
of linearity and occupance® is ob-
tained only at the expense of in-
creased dithculty in  the attenuation
and amplification ot such wave-
shapes. In additicn the problem of
synchronisation of the time base to
the period of the phenomenon under
examination presents more ditheulty
than might be supposcd, unless we
choose to be rather uncritical about
“gitter.” There is little doubt that
©linear 77 time bases are used too
often 1n applications where  their
complications are unjustified, and
where sinusoidal waveforms would be
simpler and more satisfactory.t

The primary drawback of the
~simusoidal time base is its low occu-
pance rather than poor linearity, tor
the latter can be made very good by
sweep expanston (Fig. 3, December,

1944). This drawback can be
eliminated by an interesting develop-
ment, in which two sine waves in

phase quadrature are used to produce
not a straight line, but a circular
trace.  This time base waveform in
a sense has also perfect linearity,
since the speed of the spot traversing
the circle i~ absolutely constant.
Suppose we apply to the X-plates

a voltage .l.cos 8, and to the Y-plates
a  voltage PB.cos(8  7/2) = B.siné.
The amplitudes of 1 and 7 are ad-
justed  so that the maximum spot
displacements along the two axes are
vqual.  Then the parametric equation
of the spot locus is:

Y = K.cos ¥

y = K.sin 8 (39)

Squaring these two equations and

adding, results in the elimination of
the parameter 8, and gives the ex-
pression of the locus in the familia
Cartesian form ;

2+ }’2 — R

(40)

* “Occupaniee’ - an expressive term meaning the
ratio of the wseful forwasd tracing time of the
thiorescent spot 1o the toted time for one complete
cvele on the tnbe face

+ This statement may reguire moditication in the
tight of very modern nopublished time base develop-
nents,

A
f 5( x*RcosO
1 t (:R:ine
B ' &
>R
(] X 5
(o]
Fig. ).

which is the equation of a circle, cen-
tre at origin, and of radius A, as
~hown in Fig. 1.

We now prove that the speed with
which the spot traces the circle is
constant.  Differentiating each equa-
tion (39) in turn, with respect to ¢,
and squaring, vields the two equa-
tions :

d,z>’ 2" <d8>'
= RSO
(=X)L
1/11' ?

()

s d8 1
k‘.s\n"’ﬁ —
dt
These

two equations define  the
components of the velocity of the spot
along the N and Y axes. Adding the
two left-hand ~ides together gives the
square of the spot speed round the
circle (using the velocity parallelo-
gram, Fig. 1). Performing the same
operation on the right-hand side gives

t{g 9
1\”.< >- , Which is obwiousiy con-
dt
stant, since as u-ual 8 = of, where
o = 2.7.f

Fig. 2. Production of L.F. circular time base.
(Passive circuit giving balanced deflector plate
voltages in phase quadrature.)

Note.— R adjusted to be approximately equal to | /wC.

It will be noted that the circular
locus defined by (39) or (40) 1s merely
a spedial case of the Lissajous figure
with  one-to-one frequency ratio.
(Refer to June issue, 1944.)

Here, then, is a remarkable type of
time base wave. [t has absolutely
uniform speed, employs only pure
sine waves, gives 100 per cent.
occupance, and requires no flyback
mechanism. It is indeed unfortunate
that this perfection is so marred bv
the diticulty of modulating the cir
cular trace with the signal under
examination. Before considering the
various methods available, we shall
treat the production of the circular
time base wave itself.

Production of Circular Time Base
Trace
All-Electrostatic Method

(@) At Adudio-Frequencies,

The simplest method uses the
condenscr-resistance  phase-splitting
circuit shown in Fig. 8, September,
1944, but this has the drawback of
providing asymmetrical deflecting
potentials. A modification of this
arrangement which gives symmetrical
deflecting potentials (i.e., potentials
balanced to anode) is shown in Fig. 2.
It is usually most convenient to feed
this network from an isolating trans-
former, and it is desirable that the
secondary winding of the latter should
be clectrically balanced to ground.

Consideration of Fig. 2 will show
that the shunt capacities of the Y
deflector plates of the C.R.T. merely
slightly increase the value of the
condensers , and have therefore no
etfect on the operation of this arm of
the network However, the X-plate
capacities shunt the resistances 2,
and in general, unless the latter are
made inconveniently low in wvalue
(with consequent heavy loading on
the driving circuits), it is not possible
to obtain accurate phase splitting,
and the circular trace degenerates
into an ellipse,

This difficulty may be conveniently
avoided by modifying the network of
Fig. 2, as shown in Fig.3(a). The
modification consists merely of join-
ing the slider of one of the potentio-
meters R to the end of the track, thus
converting it into a variable resist-
ance.
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Fig. 5 (above).

A rigorous analysis of the resulting
network is far too involved to be
treated here, but some general adea
of how the compensation is obtained
can be seen fiom the following con-
siderations.  The left-hand portion
of the network is symmetrical about
the point P, and P is joined to the
nominal symmetry centre of the
right-hand portion at P Thus, in
spite of the lack of symmetry of the
right-hand portion (except at full
X-plate voltage), the point P’ tends
to be held at roughly the mid point
of the two rails, and the voltages 1,
and V., are substantially equal in
phase and magnitude. This condition
could be closely approximated by
making the impedance of the left-
hand portion of the network low in
relation  to  the impedance  of  the
right-hand portion.

With this simplification in mind we
can  construct  the vector diagram
for the vight-hand portion, as in
Fig. 3(b). The effect of the deflector
plate capacitances is to introduce a
displacement current /; which retards
the current through #. and causes
the woltage between anode and X,
(equal to vector BD) to lag, thus up-
setting the phase split. Compensation
is introduced since on reducing A,
the current /, increases in magnitude,
and becomes more leading in phase.
Thus the anode to Xi-plate voltage
(equal to vector A()) is advanced in
phase, and by suitable adjustment of
R, and R, the resultant inter-X-plate
voltage (vector sum of BD and A0
can be made to be exactly go® out of
phase with the Y-plate voltage. The
price paid for this facility is a lack
of perfect balance between the plate

Impure
Voltage
Source

Fig. 4. Simple harmonic filter.

voltage: and anode, but for many
purposes this does not matter much.
In any case the conditions are better
than when completely unsyvmmetrical
deflecting potentials are used, and,
in fact, unless the capacities are so
large that their reactance is of the
same order as &, and A, fair balance
i~ obtainable.

(@) At Awdio-Frequencies

Harmonic Filters.

FFor general use the most important
andio source is the supply mains,
usually of 50 cfs. Unfortunatelv,
this source has usually a very appre-
ciable harmonic content, and attempts
to produce a circular trace by phase
splitting  give 1ise to a distorted
circle, of the form shown in photo
No. 100. (See also September issue,
1044.)

To overcome this difficulty Dye!
suggested 20 vears ago the use of
L.F. resonant circuits. This tech-
nique is a little difficult at frequencies
as low as 50 c¢/s. where it is not easy
to construct high Q passive circuits,
and the author prefers a simpler
solution shown in Fig. 4. Provided
K is appreciably larger than the
reactance ot ( at the frequency
considered then the current wave-
form through the circuit has sub-

(cont.)

Production of H.F. circular time base with
auxiliary synchronised voltage for radial modulation.

Fig. 3 (left). (a) Circuit of Fig. 2, but modified to allow compensa-
tion for deflector plate capacities C'.

(b) Vector diagram for right-hand portion of network of Fig. 3(a)

stantially  the same shape as the
impressed  voltage wave But the
reactance of the condenser varies as
1/n where n is the order of the har-
monic, so that the voltage wave
developed across it has its harmonics
attenuated in  proportion to their
order.  The inner circle of photo
No. 100 shows the improvement
effected by this inethod.  Circuit
values were A = 10.000 ohms, and
¢ =1 ul".  The technique is natur-
ally wasteful in power, but this is
seldom of importance when using the
supply mains as a source.
(D) At Radio Frequencies.

At -high frequencies it is easy to
construct resonant circuits of high
Q, and the obvious source of

“sinusoidal waves is clearly a tuned

circuit. Such a driving network has
the following important advantages:
(1} low D.C. resistance to anode,
(2) excellent discrimination against
unwanted  harmonics, (3) balanced
deflecting voltages readily obtained
by centre tapping inductance, (4)
deflector plate circuits easily isolated
from driving oscillator circuit in a
.C. sense, by using H.F. trans-
former with primary in anode circuit
of driving valve, (5) deflector plate
capacities merely augment tuning
condensers of resonant circuit. In
fact, such a driving network is per-
fect in all respects.

Fig. 5 shows a block diagram of a
suitable circuit incorporating these
features. Tuned circuits (not shown)
are also used between the cathode
follower isolating stage and the H.F.
amplifier. The required phase split
is obtained by slightly mistuning the
resonant circuits
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In practice some care is necessary
to provide sutfictent discrimination
against harmonics when only two
sets of tuned circuits are used, since
the requirement ot phase splitting
necessitates  these  being  somewhat
mistuned. It is helpful to  pro-
vide varnable coupling between the
priunary and secondary coils of the
tuned transformers. It this is not
done there 15 some risk of harmonics
being transmitted through the circuits
due to excessive coupling, or, at the
other extreme, of insuthcient coup-
ling resulting in heavy voltage
altentuation. Some effects of har-
monics of higher order than the time
base frequency have been discussed
in the September, 1944, issue. Photo
No. 101 shows the results of sub-
harmonics.  In this case the master
oscillator frequency was 100 Kkcfs.,
while the time base frequency was
200 keys.y but with a superposed com-
ponent at 100 kc/s. due to excessive
coupling in the tuned circuits.  This
forms a double loop as shown.

This defect often displays itself, in
mote insidious form, as a thickening
‘of the circular trace, which might be
mistaken for the results of mains
interference.

Semi-Magnetic Method

Although the all-electrostatic
methods  discussed are the most
generally convenient; it is necessary
to appreciate that the beam locus
thereby generated is not conical. [t
is a somewhat similan but more com-
plex form with two apexes, one at
the deflection centre of each of the
two  sets of plates. As a result
the angle at which the beam strikes
the screen is not constunt round the

circle; and  with  several of  the
methods of radial modulation em-
ployed this causes a  variation  of
radial sensitivity round the trace. -

(See photos Nos. 103-108). This is not
usually a serious defect; since only
rarely is it necessary to make radial
detlection measurements. In any
case it is bad practice to attempt such
a form of display for most quantitive

Electronic Engineering

tional to voltage is far from easy,
except for small displacements.

If, however, for some special
reason, wuniformily (although not
necessarily linearity) of detlection is
essential, then the time base circle
should be produced from coincident
electric and magnetic fields.  This
has been described by Von. Ardenne.*
By this technique the beam locus can
be made conical.  Fig. ¢ shows the
essence of the method. 1t is clear
that if the coil resistance is zero, then
the phase splitting is automatically
obtained, since the current through
the coil will lag behind the voltage
by go°.

A spiral time Dbase is merely a
special case of a radially modulated
circular base, in which the radial
modulation period is long in relation
to that of the tracing time of one
revolution.  The generating methods
belong therefore to the next section.
Modulation of Circular Time Bases

We here use the term *“ modula-
tion > in its most general sense, to
miply the impressing of signal intelli-
gence on the circular trace.

(@) Grid Modulation.

This is the simplest and most direct
method,  The obvious drawback is
that it gives only the crudest idea of
the shape of the modulating signal,
this estimate being based on the varia-
tion of beam brilliance round the
circle (see photo No. 102).

There are; however, two types of
measurement where this limitation is
of no consequence—firstly, in the
measurement of frequency in terms
of the frequency of the sinusoidal
oscillator driving the time base
circle, and secondly, the measurement
of the phase difference (or time
interval) between two or more sharp
pulses.

Attention must be drawn to the
ambiguity of these measurements.
In Iig. 1, A and B represent the
positions of two pulses. 1f A has
co-ordinates (#, ¢), then B has co-
ordinates (R, ¢ + a + 2.9.%) where
k is any integer, so that there are an

work, since the task of producing infinite number of solutions to the
radial deflections which are propor- phase difference or time interval,
Deftlector

- plate:

Fig. 6 (left).

e

Sinusoidal
1nput
} agnetic
detlector
o w colls

Fig. 7, a & b (right).
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An  exactly analogous  ambiguity
arises when making a frequency
comparison.  The photo No. 102,
for instance, illustrates the pattern

obtained when the grid modulation
frequency is 17 timey that of the time
base, but this is not a unique solu-
tion, for we are not justiied in
assuming that adjacent arcs are
formed during the same revolution ot
the spot. This will be better appre-
ciated by supposing that frequencies
having non-integral ratios with the
time base frequency are used to
modulate the grid. Typical patterns
thus produced are shown in photos
Nos. 107 and 108. A little considera-
tion will show that if the number of
arcs present is n, then the frequency
of the signal modulating the grid is
n/k times the time base frequency,
where & can have all values from
to infinity, excluding those values
which give 2 and 4 a common factor,

This ambiguity may be of no
account in  some cases; since the
approximate frequency ratio may be
known from other data. Otherwise,
and it £ is not large, it is possible to
disentangle the wanted solution by
making the whole pattern  move
laterally across the screen, and
watching the way the arcs break up
into rows.  The number ot 1ows so
formed is equal to £ This technique
i> hardly elegant. :

When the ratio of grid modulation
frequency to time base frequency is
not expressible in the form xu/k,
where # and £ are integers, the pat-
tern rotates. Let f be the time base
frequency, and p the ““slip” fre-
quency, f.e., the number of times per
second that the pattern rotates. Then
it can be shown that the grid modu-

f
lation frequency is » [ x p]
k

where the positive sign is taken when
the slip is in the opposite direction
to the direction of spot traverse, and
the negative sign when they are in
the same direction. Methods of
determining the direction of spot
traverse were discussed in the Sep-
tember issue; 1944.

Screen ycc

R C

P

P b
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Patterns relating to Circular

100 101 102
Two separate records. L.F. circular time base, at R.F. circular time base, 200 kc/s. with super- Modulation of circular time base by grid injection.
| 50 ¢/s. Outer trace obtained direct from mains imposed 100 k¢ s. subharmonic. Time base frequency, 100 kc's. Grid frequency, |

Fig. 3. Inner trace with addition of harmonic

l (via transformer) and phase-splitting circuit of 1.7 Mc/s.
i filter as Fig. 4.

103 104 105 |

Modulation by series irjection of signal into Radial modulation by screen induction. Anode Radial modulation pattern with radial frequency
Y - plate. voltage 2.4 kV. Radial signal voltage approx. twice time base frequency. Circle is time base

250 at I.} Mgys. alone without radial signal (double exposure).

I 106 107 108
Sinusoidal radial signal of frequency 10 times that Sinusoidal radial modulation with radial frequency As 107, but radial frequency 9/5 times that of
of time base. 13/3 times that of time base. Actual frequencies : time base.

Time base, 300 kefs. Radial signal, 1.3 Mc/s,
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and Spiral Time Bases

109

1o i
Radial deflection on specal tube with centre Short sgiral trace obtained on special radial As 110, but time base repetition rate one-sixth
spike electrode. D.C. voltages of +120, +80, deflection spike tube, with linear time base that of circular trace frequency.
40, 0, —49, —80, — 1200 H.T. voltage, 2 kV. connected to spike, Time base repetition rate
Note distortion of circle due to all-electrostatic half that of circilar trace frequency.
time base. |
| 12 13 e
As 110, but time bise repetition rate three times As 110, but time base repetition rate 4/3 that of Determination of duration of damped oscillation
that of cirzular trace frequency. circular trace frequency. produced by sharp dulses from squared sine wave

(two pulses per sine wave cycle). Time base
circular trace prcduced by phase splitting same
sine wave, thus ensuring perfect synchronisation. |

115 116 "7
Radial modulation ty sinuscidal wave of one-third Sine wave with very strong twelfth harmonic Pattern ‘resultug from application of wave of
| frequency of circular trace. Circular trace wave content, as applied to phase splitter, producing photo 116 to phase splitter. Horizontal axis fed
amplitude modu‘ated before phase splitting. circular trace of pnoto |17, from plates across condenser. Note there is some

radial modularion in horizontal direction. Cf.
photos Nos. 76 and 103,
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(&) Deflectional AModulation by Super-
position of Signal on one pair of
Deflector Plates.

Here the signal is merely injected
in series with one of the time base
voltage components.  Photo No. 103
shows a typical resulting pattern [t
is clear that many of the advantages
of a circular trace are nullified by
this method of modulation,

True Radial Deflectional Methods

(1) Radial Modulation by Variation
of Anode 1oltage.

The sensitivity of a cathode-ray
tube varies inversely as the final
anode voltage.  Thus the radius of
the circular time base trace is in-
versely proportional to the anode
voltage. One interesting advantage
is that the radial sensitivity is con-
stant all round the circle, even for
large deflections. ‘I'his feature is not
easy to obtain hy any other method,
even if we generate the circular base
by crossed electric and magnetic
ticlds, so that the beam locus is a
cone with a common apex for 1the N
and Y scans,

To avoid defocusing of the heam
for large deflections it is necessary
to modulate the focusing anode volt.
age in phase with the final anode
voltage. To ensure proper phasing,
the two halves of the supply potentio-
meter feeding the second (focusing)
anode should be shunted by frequency
compensating condensers,  Omission
of these condensers may result in loss
of uniformity of focus quality. The
main drawback to the method is the
loading imposed on the modulating

source which is in <eries with the

power supply to the tube.

(2) Radial Modulation by Screen
Induction.

This is a httle-known method which
has occasional uses, and which does
not require i special tube. A circu-
lar metal plate perhaps 1-2 inches in
diameter is brought up close to the
screen of a normal cathode-ray tube,
so that the centre of the plate and
the screen coincide. The radial
modulating voltage is applied between
this plate and the final anode or wall
coating of the tube.  Alternatively
(and preferably on account of some-
what increased sensitivity) the screen
centre is painted over with a roughly
circular patch of colloidal graphite
to which electrical connexion i~ made
(Fig. 7(a)). Equally good results can
be obtained by painting on the
graphite in the form of a ring-round
the periphery of the bulb face, and
this has the advantage of not obscur-
ing the screen centre.

Electronic Engineering

October, 1945

\

M)ung auf Kreisform
durch ,_4byloi¢h aw Ablenkampiitude

Kontrolle der Kreisform durch
Vergleich mit dem Nullkreis der
Mess- Skala

Zyli)dorkondmw
2ur rodialen Auslenkung

b dueser Schaltung fort

das £ llf)

Fig. 8. Yon Ardenne’s radial deflection tube.

Some idea of the mode of operation
of this arrangement can be obtained
by consideration of the equivalent
circuit shown in Fig, 7(b). Here ¢
represents the capacitance between
the graphite coating and the interior
of the screen surface. The resistance
R represents the “‘leakage resistance’”’
between this interior surface and the
final anode, In the absence of any
electron beam, R is almost infinite,
but its value falls greatly as soon as
the screen is S(‘anm‘d, on account of
secondary emission effects. Tt would
be reasonable to assume that £ varies
roughly inversely as the beam cur-
rent. \gain it is apparent that £ will
be much higher when the screen is
driven negative than when it is driven

positive, since in the latter case
secondary  electrons are rapidly
attracted to neutralise the charge.

Measurements made by the author on
a typical tube gave time constant
values of about 1/2 second on nega-
tive pulses and some 1/10 sec. on
positive ones, with beam currents of
the order of 15; microamperes. This
indicates that the method is suitable
down to quite low audio-frequendies,
The order of sensitivity obtainable is
30 V/mm. per volt.  This i~ Tow, but
it should be remembered that the load
imposed on the driving circuit 1s
virtually zero, heing mainly that due
to the capacity of the connecting lead.
Photo No. 104 shows a trace obtained
by this technique,

Tubes which possess separate con-
nexions to the wall coating (or bettel
still—post-accelerator types) are easily
modulated  radially  on  these elec-
trodes.  Although the sensitivity i~
often not much higher than with the
screen induction method, an advan
tige i~ gained for some work, since
the radial  deflection is” ¢ D.C.7
connected.

(3) Special Radial Deflection Tubes.

Various tubes have been designed
from time to time which incorporate

specially shaped electrodes to give
radial deflections at reasonably high
sensitivity.*»* (Fig. 8) A common
method is to insert a rod-shaped, elec-
trode through the screen end of the
tube, into which it is sealed. The rod
extends along the axis of the tube to
within a few cms. of the deflector
plates.  \With such construction
sensitivity of the order of 200/ V7 and
an input capacitance of about 4 pul
are obtainable. Fair deflectional line-

arity  (sece photo No.. 109) is also
obtained provided the deflection is
small. This latter restriction is

generally enforced from consideration
ot deflection defocusing, which tends
to be severe in this class of tube. 1t
1> very doubtful swhether the manu-

facture of such tubes is justified,
having regard to their limited
application,

Radial Modulation by Circuit Methods

It is apparent that all the methods
so far described fall short of the ideal
for various reasons, except perhaps
the method using a special form of
radial deflection tube not generally
available. It is therefore necessary
to consider carefully how radial de-
flections might be imparted to the
bean: by purely circuit techniques.

First, we proceed to
possible illusion  that  the  radial
modulating  signal can be iujected
hefare  the  phase-splitting  stage.
Suppose, for example, we sinusoid
ally amplitude modulate the voltage
applied across the ordinary series
condenser/resistance  phase-splitting
network. (Fig. 8, September, 1944.)

dispel anv

On  superficial  consideration  this
might be expected to yield a circle of
the  required sinusoidally varving

radius, but it is easily shown that it
does so only when the frequency ot
the modulating wave is low in rela-
tion to that of the time base.

Suppose that the applied voltage
has the familiar amplitude modulated
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‘orm e =

(1 + B.sin pt).sinet ... ...
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(42)

. . stalv
Rigorous analysis shows that the steady-stage voltage then developed

across the condenser s given by
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when the secondary voltage of trans-
former T, is zero both grids are
at the same potential the current
through A, equal~ that through A%,

1 B and ~ince R, = R: it follows there is
op wm sin(of @) 4 ————————————sinJ (o N+ /3,} no P.D. across the N deflector plates.
Vi + SR 2\/{ 1+ (e P):(;»/‘):} But any arbitrary signal applied at
2 P aleLI‘("ts the potentials of bolth grids
equally, and since the valves are
; - {(w vl ﬁ:} """""""" (43) ])Ll-l'fn'(‘{l\' balanced, the change of
2‘/{1 + (o + 77)2(‘2/\'2} current  through R, is  exactly
balanced by an equal change through
while the steady-stage voltage across the resistance is: R.  llence the potential across the
X-plates  remains  zero. When  the
wCR (w - PHCKR secondary potential of Ty is not zero,
e — -cos(w! a) + 'COS{“" Mt + B'} the curvature of the 1’/ /. characteris-
V(1 + OCR 2V {l + (@ /7)’(‘2/(2} tic makes the current changes in A,
(0 + PBCK and A resulting from a signal at P
o5l (w4 P+ /32} ............... (44 un(-('|unl_ so that an output is obtained.
2% { e 1 Notice that it is the non-linearity in
1+ (0 + pPCK }
where  tana = w(CR, tanfB, = 1/
(Rw Y, tanf; = 1 /CR(w + p). In-
spection ﬁ()f these ('xpr(-smm\/,~hm\'~ LN 1
that beam will not undergo the re- ") 15:;:
quil'v.d radial (l(‘ﬂ'('('[inn, since  the Fig. 9. o ta afres.r(tfoslst-a)
relative modulation components I ! 2T
across the condenser and resistance * F—
change with modulating frequency p.
But in the special case when p<€ e,
the method works, hecause now (43) !
and (44) reduce to:
Asnt ——OHT.+
1 >
e = —————— (1 + H.sin ph).sin(wl @) (43A)
Vi1 + C*R?
| K|/+8.¢(t)|sin(et-q)
and -L Iau[s '()] ’( )
wC R
e, = —— (1 + B.sin pO). cos(wf @y L (44\)
Vi b SR
R is adjusted so that the amplitudes P
of the last two equations are equal v gf(t)
(i.e., for equal deflector plate sensi-
tivities /X = 1/w().  (43A) and (444) o ’
then show that the :pot locus i~ a  yoen of (43A) and (34A). This method the valve characteristic which pro-

circle of sinusoidally changing ra-
dius, so that the circular trace has
become radially modulated as re-
quired. Photo No. 15 shows some
practical results obtained.

Photos Nos. 116 ard 117 show the
results of attempted radial modula-
tion by merely superimposing the
signal in series with the time base
voltage.before the phase-splitter. Re.
ference should here be made to the
September, 1944, issue, including
photo No. 6g.

From the foregoing considerations
it is apparent that the proper tech-
nique is to amplitude modulate each
of the two scparate phase-split com-
ponents so as to produce terms of the

was originally due to the Radio Re-
search Board, and is illustrated in
Fig. 9. LEach of the push-pull
stages can be regarded as a circuit
which permits its gain to be con-
trolled by the magnitude of the signal
applied to both the control grids via
the centre-tap on the driving trans-

formers.  The use of a symmetrical
push-pull «tage, however, prevents
the  gain-controlling  ~ignal  from
itself modulating the output, as
would inevitably occur if only a
single valve were used. Thus, sup-
pose that the valves are perfectly

matched, and that the circuit is per-
fectly symmetrical. At the instant

vides the output. Modulated waves
which by definition contain product
terms, as (43A) and (44A), cannot
arise from wholly linear networks.

The phase splitting is done before
gain modulation. [Tt is instructive to
compare this circuit with one due to
Stevens.”
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CONDENSERS

MINIATURE AND TROPICAL RANGES

Tt has long been known that to rely
upon wax, coating in components for
tropical use was, at the best, only a
compromise. Wax merely delays and
does mnot prevent the entry of
moisture, and moreover the tempera-
ture operating limits of wax-coated
components are too restricted.

PAPER dielectric. Synthetic rubber end
plugs. Wire end connections.

D.C. Working Volts Capacity

at 74° C. at 100° C. Mfds.
500 350 001 to .05
350 200 .005 to .|
200 | 120 | .05 to .

No alternative was available until
T.C.C. engincers again pioncered the
way with the tropical scaling tech-
nique described below. Now most
radio engincers and set designers are
familiar with the T.C.C. range of
metal-cased miniature and super-
tropical capacitors. Without them
important equipment used in the Far

East  campaigns would not have
functioned, We shall be pleased to
supply technical data and samples to
those on essential work who have not
alrcady received them. For the
present, however, the use of these

capacitors is restricted to purposes
laid down by the Supply Ministries.

PAPER dielectric. Synthetic rubber-
faced end discs. Wire end connections.

D.C. Worklng Volts Capacity

at71 C. ¢t 100 C. Mfds.
1000 600 005 to .1
750 500 .02
500 350 .05 to .25
350 200 | 1 to S

Plain foil ELECTROLYTIC. Temp. range
30 C.to 71 C. Syntheti'c rubber end

CERAMIC dielectric. Synthetic rubber

plugs. Tag connections. end plugs. Wire end connections.
Peak Working Volts Capacity .
at 60° C. | ac 71 C. Mfds. Capacity Temperature
Ranges Coefficient
| to 20

12 to 350 | 12 to 275

(With standard
intermediate
voltage steps.)

(With standard
intermediate
capacity values.)

10 to 1000 Mmfds. 800 x 10-6 per I ' C.

5to 150 Mmfds. 120 < 10-8 per | C.|

Plain foil ELECTROLYTIC. Temp. range
30° C. to +71° C. Synthetic rubber-
faced end discs. Tag connections.

Peak Working Volts Capacity
at60° C. at 71*C. Mfds.
6 to 450 | 6 to 350 2 to 100

{With standard
intermediate
capacity values.)

{With standard
intermediate
voltage steps)

CONSTRUCTION : In all of the ranges illustrated
above a thin wall metal case is employed.
* Metalpacks ' and ** Micropacks ™ are sealed
by spinning the ends over on to synthetic
rubberised  discs. ‘“ Metalmites,” ** Pico-
packs " and ' Metalicous” are sealed by
reducing the ends on to synthetic rubber
bungs, which in turn seal themselves on to
the connccting wires.

The above ranges deal with Paper, Electro
Ivtic and Ceramic capacitors; later it is
hoped to otfer a range known as *‘ Micamites,”
which will deal with stacked Mica and Silvered
Mica capacitors. These will be in Hat
rectangular cases following the shape of the
capacitor element.

IMPORTANT : The proprietary names
used to identify these capacitors refer
exclusively to components developed and
produced by T.C.C. Other products
bearing similar names and not manufac-
tured by us should not be confused with
the genuine and original T.C.C. super-
tropical condensers.

All of the Capac:tars described abave can be supplied fitted with P.V.C. Insulating Sleeving.

¥ il )
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A Modified Inverted Triode-Valve Voltmeter

By H. G. FOSTER, B.Sc.(Eng.), A.M.I.E.E.*

(Above) :
(Right) :

ONSIDERABLE attention has
‘ been given to nethods for in-
reasing the frequency range of
valve  voltmeters, and  numerous
articles have appeared in technical
periodicals on the theory and design
of valve voltmeters which will main
tain their 3o calibration up to
frequencies as high as 100 Mc/s. with
a reasonable degree ot accuracy.
The two main types of such inctru-
ment are (a) the diode, and (b) the
tiiode, although the modern tendency
i~ towards the diode on account of its
supertor performance at the higher
frequencies, but in both tvpes the
maximum voltage which can be ap
plied directly is of the order of 150

Cfy.

volts.  Where voltages greater than
this are required to he measured,
resort is usually made to different

tvpes of valve voltmeter circuit or to
potentiometer methods in conjunction
with a standard diode or triode valve
voltmeter circuit.

There are several ** null 7" reading
methods which lend themselves to the

* Electrical
Birimingham,

Engineering Dept., The University,

AssembIY. of experimental valve voltmeter.
View lhoy'm( mounting of resistances on the milliammeter.
in a borizontal position, together with the small heater transformer on the base of the box.

measurement of voltages beyond the
range of the ordinary valve volt-
meters, and two of which might be
mentioned the slide-back diode
ond the inverted triode.  These valve
voltmeter circuits which are essen-
tially peak voltmeters; are shown in
Fig. 1, and in ecach case the vohage
to be measured is balanced against
another voltage until a null reading
iz obtained.

In the <lide-back diode circuit; the
unknown alternating voltage is con
nected in <eries with a D.C. voltage
which can be varied until there is no
current through the diode and when
this condition has been reached, the
voltage as read by the D.C. voltmeter
is (very nearly) equal to the peak
value of the alternating voltage.

'he inverted triode voltmeter' i~
similar in operation to the slhide-back
diode but avowds the necessity for a
high voltage source by emploving
grid control of anode current. \With
this circuit the unknown voltage is
connected in with a  D.C.
voltage and is applied to the anode

are

series

The valve is mounted

circuit, and measurement of voltage
is carried out as follows:

The input terminals are first short
circuited and with an anode voltage
of £y, the grid-bias voltage is ad-
justed until the anode current is just
reduced to zero or to a small standing
value.  The short circuit across the
input terminals is then removed and
the unknown voltage is applied.  The
grid-bia~ "voltage is readjusted until
the anode current iz again zero or
reduced to the initial standing value
and if /. and /. are the two values
of grid-bias voltage, it can be shown
that the peak value of the alternating
voltage

/s Fn .
& .u(/':x Ez)=—(E:f/‘:x)'— - !
F, E
While no calibration is necessary,
except for precisc measurements,

these circuits have the disadvantage
that they require two meters, and in
the case of the slide-back diode, a
high-voltage D.C. supply is necessary
and which must be  commensurate
with the peak value of the alternar
ing voltage to be measured. Both
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circuits, too, are not direct readings
in as much as a null balance must
be obtained bhefore the peak voltage
can be read from the D.C. voltmeter.
Measurement of Current

It is often possible to determine the
voltage in a circuit by the measure-
nment of the current instead of the
voltage and the various methods of
current measurement are equally
methods of voltage measurement.
Ammeters of the thermo-couple type
are subject to frequency error to a
very small degree and are made to
read from a few milliamperes up
wards, so that if the circuit constants
are known, the voltage ~can be
calculated,

It is perhaps worth while at this
stage to point out that a valve volt-
meter can be adapted as an ammeter?
by shunting its input terminals with
a condenser of known capacity. If
the condenser is included so that the
current in the circuit flows through
the condenser, the valve voltmeter
will read the voltage across the con-
denser, and a simple calculation
enables the value of the current to be
found.

Potentiometer Methods

Of the potentiometer methods, the
condenser potentiometer is probably
the best known and it consists of ap-
plying the high voltage to be
measured across two condensers,
and (3, in series as shown in Fig. 2.
If a valve voltmeter is connected
across the condenser (5, then the
ratio of the voltages £,//F. is equal
to Ce/Ci, from which it follows that

2
E, = [p——
(Gq
greater than the maximum input
voltage to the valve voltmeter itself
can be measured merely by a suitable
choice of the ratio 3/, but this ratio
cannot be extended indefinitely, for,
if the reactance of the condenser
potentiometer is to be kept high so
as not to disturb unduly the circuit
conditions when the valve voltmeter
and potentiometer are applied, the
capacities of ¢, and (; must be kept
small.  This means that for a high
ratio of, say, 50/t or 100/1, the
capacity of , will be of the arder of
a few micro-microfarads and in conse-
quence the ratio (;/C, cannot usually
be determined with accuracy unless
precision bridge or other apparatus is
available.

Moreover, it has been assumed so
far that the input impedance of the
valve voltmeter is high and does not

Ideally, any voltage
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L1
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Fig. I. High range valve voltmeter. (Above):

Slide back diode circuit. (Below): Inverted
triode circuit.

VALVE
VOLTMETER

Fig. 1. Condenser potentiometer circuit.
E; is the high voltage to be measured. E; is
the voltage applied to the voltmeter.

Ea

Eq
Fig. 3. Inverted triode circuit with anode
supply voltage removed and with self-bias

resistance R.

produce any shunting of the con-
denser (. If the input impedance
of the valve voltmeter is high com-
pared with the reactance of (s, then
a low-frequency calibration of the
potentiometer and valve voltmeter
say 50 ¢fs.—may be obtained which
will hold at high frequencies, as-
suming, of course, that the valve
voltmeter itself is not subject to any
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However, if care 1
taken in the design, this methoc
enables high voltages at high fre
quencies to be neasured® and refer
ence to a design for a condense
potentiometer with integral diode
valve voltmeter with a range o
10,000 volts at 50 Mc/s. was recently
made in this journal.*

Modification of inverted Triode

It would be advantageous, how
over, if the direct reading range of ¢
valve voltmeter could be extended.

frequency error,

and a simple modification of the
inverted triode circuit suggests a
method  whereby  this can  be

achieved, at the same time dispens-
ing with battery supplies.

Suppose that the anode supply £
is removed, and that self-bias is
provided as an alternative to the
piid-bias battery. The latter can be
done by the inclusion ot a resistance
R in the cathode circuit and the ar-
rangement becomes that shown in
Fig. 3. The circuit now resembles
the cathode follower® in as much as
the whole of the load is in the
cathode circuit and the input voltage
1s applied between grid and anode.

The circuit is similar, too, to the
mfinite impedance detector.
The behaviour of this modined

triode when a steady voluage is ap-
plied between the points A and B
may be readily understood hyv
reference to the anode characteristics
of a typical triode which are shown
in Fig. 4. Suppose that the resistance
X has a value of 1,000 ohms and that
the polarity of the steady voltage is
such that the point A is positive with
respect to the point B.  Under these
conditions anode current will flow
=nd a bias voltage will be developed
across the 1,000 ohms resistance. The
voltage applied across the points A
and B will then consist of two
voltages in series—the anode-cathode
voltage and the bias or cathode-grid
voltage.

If now the anode current is 2 mA
then the bias developed across R will
be 2 volts, which condition will be
indicated by the point P on the
/15w curve for a grid voltage of 2.
This /. /F. curve shows that for an
anode current of 2 mA and a bias
voltage of 2, the anode-cathode
voltage is 6o, and hence the applied
voltage must be the sum of the
anode-cathode and bias voltages, i.e.,
60 +2, or 62 volts. l.et this condition
be represented by the point P’. If
the applied voltage is increased until
a steady anode current of 4 mA js
obtained, a bias voltage of 4 will be
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Fig. 4. Static characteristic curves of typical triode showing construction of D.C.
and A.C. characteristics.
developed across & and  conditions  series with the resistance & will read

will now be indicated by the point Q
on the /./K. curve for a bias voltage
of 3. The require:l anode-cathode
voltage is now 125, the total voltage
is 12544, or 129 volts, and the point
Q" is thus obained  Points RS and
R’S” can be obtained in a similar
manner for currents of 6 and 8 mA\
and if P'Q'R’S” are joined up they
will be on a line which, except for
the lower portion, is straight. This
line represents the static charac-
teristic of the modified triode and the
reciprocal of the slope of this line
8E.

—— is
8/,
resistance.

If now an alternating voltage (as-
sumed sinusoidal) is applied between
\ and B, there wi.l be no anode
current through the valve on the half-
cycle during which the anode is nega-
tive. On the forward half-cvcle the
valve will conduct and there will he
half-cycle pulses of anode current for
cach  complete  cycle of applied
voltage.

The performance of the modified
triode under alternating voltage con-
ditions can also be Jdetermined from
reference’ to the D.C. characteristic
just obtained. Suppose the alternat-
ing voltage has a peak value of 62
valts.  Then on the forward half-
(ycle the peak value of anode current
is 2 mA, and the peak value of bhias
voltage is 2. Now a milliammeter in

the forward or slope

the average value of these half-cycle
pulses, the peak value of which 1s
2 mA in this particular case.  The
average value of the half-cyele of
anode current over a whoele cyvcle is
or .04 mA when the applied

2%

‘alternating voltage has a peak value

of 02 volts.

Similarly  for a peak current of
3+ m.\ the milliammeter will indicate
4/% or 1.28 mA for an applied peak
voltage of 129 and_if the current and
voltage scales in Fig. 4 were average
and peak values respectively, a line
similar of P’Q'R’S” could be drawn
which would give the A.C. perform-

o e —|
I HEATER |
! TRANSFORMER |
' |
| |
' |
HIGH l
by - |
| |
| 1
Low 6 el
| MAINS |
l |
[ﬂé l
|
EARTH wdl—mmnsn

Fig. 5. Wiring diagram of valve voltmeter.
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ance. However, since the milliam-
meter reads the average value of the
current pulses, the peak values of
applied voltage must be converted
into average values in order to give
the true slope resistance in oams
under alternating conditions. The
input voltage will be read by a volt-
meter which will be calibrated in
r.m.s. values so that the voltmeter
readings must also be converted into
average values. Now for a sinusoidal
voltage, the r.m.s. value is 1/V2 of
the peak value, and the ratio of
the average r.m.s. values (known as
the Form TFactor) is 1.11, so that the
average value of the applied voltage

Peak value Peak value
— or ——

1.57

Hence the average values of the
applied voltage for aiverage currents

will be
11 x Vz

of .04 and 1.28 m.\ are therefore
062 129

and —— or 39.5 and 8z.2 volts
1.57 1.57

respectively and thus the two points
P” and Q” on the A.C. characteristic
are obtained. Similarly, for average
anode currents of 6/% and 8/ mA
the points R” and S” can be obtained
and ithe \.C. characteristics of the
line P7Q7R”S”.
Calculation of Slope Resistance

It is possible to derive a simple
cxpression for the relationship be-
tween the anode current and applied
voltage when the triode is connected
in Fig. 3. Suppose a steady
voltage F£ of correct polarity s
applied to the triode. This will give
rise to anode current /. and there
will be developed across R a bias
voltage of £.=/,x /N while the anode-
rathode voltage will be £,. These
two voltages £, and £ are in series

as

and we can write :—
E=F.+F,
If the anode voltage £ is now

changed by an amount 8£, there will
be  corresponding changes in anode
current and grid voltage of 8/, and
8/72. which can be related by
8,
SE =8l +8/.=8F. +

K+
=0F. <——> .......
1’3

umplification factor

where g is the
of the triode.

1f 7. is the \.C. resistance of the
triode and gu its mutual conductance,
the change of anode current can be
expressed as:—
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8/,
8[.=—_ gm'SE:
’l
LTON
= - gmsl.[\,
7a
from which
LYOR I
LY — <———~> ............. (2)
7 I+ gmk
Hence

'S
Sl [ —
877 u

S8/, 1
7 < ! +g.../\’>

B+t

_ _~{r.(g..../\’+ |)} ......... (3)
B

Remembering that gur. =g and that
pi> r., the expression simplifies to

3/ :
—— - (p+ R (4)
S/,

=ul if 23>0 (5

So that, providing  the valve s
operating on the linear portion of its
characteristics and A iz not zero,
there is o linear relationship between
the change of applied voltage and
of anode current, and this value of

#R is the slope resistance of the
moditied triode.

If 2 is zero, then the slope re-
SE.

sistance i- which is the slope
8/,

of the /. /<, characteristic {or zero

grid bias and is nominally the 7, of
the valve itself.

It can be easily shown that 1he
slope resistance of A.C. characteristic
is twice that of the D.C. characteris-
tic, It has already been stated that

R.M.S. value

of the - —

Average value
and that
the romoss value is 1/ V2 of the peak
value, also that the average value of
a half-cvele of anode current over
a whole cvcle is 1/% of the peak
value so that

A.C. Slope Resistance -

the ratio 11

for a ~inusoitdal waveform

Mverage value of applied voltage

\verage value of anode current

F o E =
=— - — X
Veixiar @ fv 1.37

=2xD.C. Slope Resistance.
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Modified Triode as a Valve Voltmeter

From the foregoing, a triode con-
nected as in Fig. 3 will act as a half-
wave rectifier, and there will be a
linear relationship between the ap-
plied voltage and the rectified cur-
rent, so that the milliammeter can be
calibrated in terms of applied voltage
—in other words the modified triode
can be adapted as a valve voltmeter.

Since it is desirable to have as high
an input impedance as possible for
the valve voltmeter, it appears on first
sight that a valve with a high &»
should be chosen and biased with a
high value of R, but high g triodes
when operating with high bias are
not linear and if a lnear calibration
1< required the high # triode is pre-
cluded. However, if high input
impedance is important o high g
triode can be used with a high &,
and the valve will work satisfactorily
as a square law rectifier.

After obtaining the experimental
curves of a number of triodes, it be-
came apparent that the most suitable
type of triode for uze in the proposed
circuit was a power triode with a g
of about 20 and an A.(. resistance of
about 10,000 ohms.  The maximum
permissible input voltage which can
be applied to the triode is governed
by several factors. On the forward
half-cyele the peak voltage should be
such that the peak power does not
exceed the safe anode dissipation of
the valve, and on the backward half-
cvcle the maximum input voltage
will be Tlimited bv the safe peak
inverse voltage. However, provided
the anode current is such that the
safe anode dissipation i< not exceeded,
it will be quite safe to set the r.m.s.
value of the maximum input voltage
at twice the anode voltage of the
triode when operating as a normal
Class A amplifier.  If the maximum
input is restricted to 300 volts r.m.s.
a  power triode of the broadcast
receiver tvpe can bhe used and from
previous  considerations an  Osram
L63—or its ecquivalent—appears a
satisfactory tvpe. This valve has a
B of 20, an A.C. resistance of 7,700
ohms and an anode dissipation of 2
watts.

Making the peak power at maxi-
mum  voltage equal to the anode
dissipation results in a peak current
on  the  conducting  half-cvcle  of
2.8 mA, the average value of which
i .0 mA. The average current of
.0 A conveniently allows the use
of a 1 mA D.C. milliammeter as the
indicating instrument.
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Having chosen a suitable type of
valve and determined its operating
characteristics, the next consideration
is the value of the biasing resistance
R. This can be done experimentally,
or by simple calculation if the static
characteristics of the valve are avail-
able. Referring to Fig. 4, which
represents the static characteristics of
i typical  triode  for a  particular
range of voltage and current, the
A.C. characteristic can be predicted,
and <ince the A.C. Slope Resistance
is 2 # R, the bias resistance A is
therefore : —

A.C. Slope Resistance = 2 n
and as an approximation we
write
A.C. Slope Resistance =

Maximum input valt~ (average)

can

Current at max. input (average)
For the 1.63 valve the A.C. Slope
Resistance at maximum input will be

500 1
—_— X 10" = 300,000 ohms
LI .9
and  with  a  nominal amplification

factor of 20, the value of the bias
resistance is obtained from
500,000
————=12,500 ohm«
2 x 20
The power dissipation in  this

resistance will be quite small and a
resistance of the ordinary inetallised
tvpe will be <atisfactory.
Constructional Details

The valve voltmeter is assembled
in an aluminium box of 6 in. cube
with a Western Madel 1.643 1-milli-
amp instrument mounted horizontally
on the top of the hox, together with
a three-way wafer-tvpe range switch.
Ranges of 125,250 and 500  volts
(r-m.s.) are provided and the calcu-
lated values of resistance for each
range, based on a nominal g of 20
are 3,125, 6.250  and 12,500 ohmi-
respectivelyv,

These resistances were obtained by
a series combination of resistances,
the  arrangement and  values of
which are shown in Fig. 5, and
full-scale deflection on  cach range
reached with input  voltages
of 119,240 and 322 volts respec-
tivelv.  Closer agreement with the
nominal 125,250 and 300 volts
could, of course, have heen obtained
by turther selection of resistancc
values and combinations, or by the
addition of semi-variable resistances
of low value of the volume-control
type.

These resistances, all of the r-watt
inculated tvpe, are mounted on a

was
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hakelite  stiip  which s ~upported The pointer of the il liammeter

ditectly on the main terminal~ of the vibrates a little at lo

w hequencies of

milliammeter itselt.  With this ar-  the order of 0 ¢/~ and less and can
iangement, the resistinces, milliam-  be cured by the use of a milliammeter
meter and  range  switeh  «an be with a pointer system  of greater

as~embled and wired as a complete mass, As the paitic
unit, and two wires anly, the cathode was required to wor

ular instrument
k at the higher

lewd and the negative lead from the frequencies, this was not considered

milliammeter, are all that are re-a serious defect.

Wibration of the

quired to connect the top unit to the  A.C. ranges was extended at intervals
voltmeter circuit.  Fne remainder of up to 2z Meo and the crror on the

the wiring of the valve voltmeter is 50 ¢/s. calibration wa
very simple and the constructional 1t should be reme
details ecan he scen from the two  lammeter  reads

s not excessive.

mbered that the
average values

photographs. and is calibrated in r.m.s. volts on a

I'he high-voltage trrminal i~ made pure  sinusoidal sup

plv, so that if

from 2 smaldl  Fddystone ““”"""I voltages with high harmonic content
insutator  while  the - carthy or of complex waveform are applied,

terminal is a0 shrouded insulated  po instrument  will
terminal which is connected to the pacile, The valve
carth terminal of the ciase when the  gelcribed, however, |
q 0 s 5
voltage being measured has wne <ide ,srument for the
carthed. voltages of the orde

Calibration which are above the

The instrument was calibrated on
all  three ranges on  D.C. and
50 ¢/s. supplies—the latter being of
cood waveform-—anc tpical cali-
hration curve is shown in Fig. 6. With
regard to the V.C. calibrations, it is
more  convenient  to o calibrate  the
insttument in terms of roms. volts
vather than average volts so that the
Jope of the ALC. calibration~ i~ not

those  where  potenti

pedance is not high
vilve voltmeters of

the instrument  has
extreme ~implicity
and calibration.

not read cor-
voltmeter  just
yecomes a useful
measurement of
r of 125 to 500
direct range of

most valve voltmeters and  helow

ometer methods

are ore applicable. Its mput im-

compared with
the anode hend

or slide-back tyvpe although it does
compare with that ot the diode, and

the merit  of
in construction

the true  A.C. slope resistance. REFERENCES

Converting the A.C. calibrations into 3 jrund. High Frequency Mea

A.C. slope  resistances, however, o G.R, Evperimenter. August-

<hows that the latter are twice their s G.r. kiperimenter, May. 19

surements.
September, 1933,
40,

respective D.C. '\I”PP re<ictances 4 plectronic Enginecring, Junc. 149045,

within 1 or 2 per cent, 5 Rlectromic KEngineering, Nov

cimber, V40,
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Radio Beacons

1 conception of I, at the

very beginning of radiolocation

in 1935 gave time for the de-
velopment and production of numer-
ous  valuable  consequent  devices
while the other applications of the
R.DF. ]).rinciplv were being brought
to maturity.

Once it was established that pulses
from a transmitter could be received
and used to “trigger V7 automatically
another pulse  transmitter  with
uniformly negligible time-delay (not
necessarily  repeating the original
pulse, or even the original frequency)
it became clear that such a = trans-
ponder ™ (as it was later called)
could set up at anv convenient place
and would act as a beacon s a beacon
which would normally keep **wive-
less  silence,” only ;]wnking when
spoken to, capable of being made to
tespond only o certain coded
cequence of pulses onoa given fres
quency, and giving accurate informa-
tion of the distance between beacon
and interrogator.

The response could itself be coded,
<o that such a bheacon could be iden-
tified among other, or distinguished
from spurious enemy, transmissions
made to mislead the inquirer.

Thus, not only were there LEFF.
cquipments in our aircraft and later
in <ships and other vhicles, which
would respond to questioning pulses
from our ground stations, but aircraft
and other moving vehicles could now
carrv small questioning transmitters
“interrogators ) and obtain ceplies
from ¢ responder ”’ beacons on land
or <ci, in addition, of course, to those
in other friendly aircraft.  Moreover,
by use  of selective frequencies,
response could be limited to any par-
ticular heacon, or groups of heacons.

The earlier bearon signals  were
presented to the pilot of the ques-
tioning cvaft as fluctuating ¢ blips ”’
on hi< range scale, with whatever
indication of azimuth (or ‘‘hearing’)
the apparatus might he capable of
displaying. Since the introduction of
the P.P.T. presentation (Plan-Posi-
tion Indicator), the beacons show up
as “winking 77 spots or arcs of light
in their positions  relative to  the
P.P.T. interrogator on the scale of
the maplike P.P.1. picture.

A~ in the case of T.F.F. equipment,
and indeed because the heaconry andd
identification are allied both techni-
cally and operationally, it has been
found necessary to  standardise the
coding and responses throughout the
civilised world (that is, among the
Allies).
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PULSE CIRCUITS

MYCALEX COMPANY LIMITED

Whether or not this treatment is
good for his pulse circuit we do
not know, but we do know that
for radio pulse circuits MYCA-
LEX is just what the doctor
ordered.

Power Iactor Tensile Strength
(1 meg & over) .002 (Ibs./sq. in.) 5,800
Permittivity ... ... 6.7 Water Absorption N1L
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(volts mil.) .550 Plastic Yield ... 450°C.
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| ohm to 100,000 ohms; from 10 watts to 150 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.
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HE following experiments were

I by the writer on
a

carried out

method of measuring  and
recording  photographically  small
changes in the physical dimensions of
materials, due to strain, temperature
changes, etc.

The principle is briefly as follows :
Two metal plates; placed in close
proximity to form a condenser, are
caused to vary their relative distance
by a force exerted on one of them.
The consequent variation of capacity
is sufhicient to alter the normal condi-
tions existing in a parallel resonant
civeuit,  of  which the condenser
©gauge U s the  capacitative
clement,

The wvarving potential  difference
developed acro~s the circuit as a
result s applied to a cathode-ray
oscilloscope after rectification  and
amplification, the resultant deflection
being photographed on 2 moving
film. The arrangement may be cali-
brated by noting the <pot deflection
on the oscilloscope for a given de-
pression of the condenser gauge.

Tt i~ well established that a parallel
resonant - circnit consisting  of  an
inductance L. and a capacitance ¢
will present an impedance of a very
high order to voltages applied exter-
nally of the same frequency to which
/. and € are tuned.

This high impedance may be used
as a ‘“load” and the LR. drop across
it applied to the deflector plates of
an oscilloscope, as will he ~een later.

It follows, then, that if this reso-
nant civeuit LC, Fig.1, be <o designed
that it possesses a high Q, and also
a high degree of selectivity, the po-
tential difference across it will also
vary considerably with <mall changes
of capacitaince, a~ the further the de-
parture  from wl being equal to
/@t the less will be the impedance
due to phase apposition of 7 and ¢
The arrangement therefore becomes
A virtual - shart-circuit, passing a
heavier current and thereby reducing
the  potential  difference across  it.
Conversely, the nearer conditions be
come to complete phase opposition,
the greater s the total impedance,
with a resultant increase in the P.D.

If an alternating vo'tage of prede-
termined frequency were applicd to
an  oscillbyscope wia L0 1 would
result in a straight line on the ~creen.

It is desirable, however, that a
D.C. change only is applied to the
C.R.O., giving rise 10 a deflection of
the beam with changes of potential,
and not a repetitive sweep.
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The Recording of Strain by
the ¢¢ Parallel Resonance ”” Method

————

4 square ~
1
"
o/ i
-7 Rubber
- 16g.
S gasket raas

By ir
H. J. BEACH
Oscillator
Input
This may be ef-
fected  (see  Fig.
by rectification in Cy
a tetrode (V). | X-Plates \.00/uF
which also acts a~
an amplifier. |
It was  found
that a frequency

of 15,100 ¢/s  was

most  convenient,
supplied from o CRO.
cominercial heat- Earth
frequency  o~cilla

tor, 5SS

The values of /. and € were 033 11
and o.00012 pl7 vespectively, the fre-
quency quoted above being voverned
by the inductance used; which was
not specifically  designed  for  the
experiment.

The capacity gauge (C), Fig. 1,
consists of two brass plates mounted
suitably at their outer edges on
rubber or other resilient material of
thickness approximately o.t in. This
~eparation between the plates allowed
ample clearance for variation of rela-
tive distance when subjected to com-
pression.  The greatest  movement
impaosed during tests was of the order
of 0.05 in,

Tuning and the Oscillator

It iz desirable that a reasonably
high frequency be used in order to
attain a ~teep-sided resonance curve,
but this must not be so high that it
impairs  the magnification of the
arcuit,

As the voltage developed across
1. is dependent on the difference
between the frequency of the applied
voltage and the frequency to which
/.C is tuned, the oscillator should he
detuned slightly with respect to 7.0
during operation.  Any changes in

capacitince brought aboit by the
gauge € will tend to tune O
to the applied  frequency, therehy

altering the dynamic impedance, with
a resultant change in- .. acros< the
cireuit, which is  applied to  the
control grid of V.

The diagram shows the connexions
to the oscilloscape, but one or two

points of importance should be
stressed.

The “earthb™ connexion to the
cathode 1ay  oscilloscope  should  be

joined to all other points at earth
potential as shown. 'The tube should
be used with the deflector plates
directly coupled to the output ter-
minals of the unit, as the use of shift
networks renders the recording of a
D.C. change impossible {(owing to
the fact that the spot will drift back
to the centre position in a short time,
dependent on the constants of the
network).

\ small condenser () should be
connected across the detlector plates

in order to bypass any residual
alternating  voltages.  The value of

this ~hould not exceed about o.001 gl

Results

For a depression of the condenset
cauge of approximately o.00z in., a
deflection  of 2.5 centimetres  was
recorded on  the C.R.0O. and even
smaller changes were capable of «
readable significance, especially  if
photographed on a ciné film. Thi-
runs at right angles to the * work
voltage deflection, thereby serving as
a time base.

A Cossor-type 402 tube was used.
The oscillator output  voltage was
20 V7 R.M.S,

\ final point worth comment is that
the spot will be permanently de-
flected during operation, but this wa-
found not to be detrimental provided
it i~ not allowed 1o depart from the
Clat”” portion of the sereen,
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OCTORBER MEETINGS

NOTE.—In general, visitors are admitted to the meetings of scientific 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

All meetings of the london Section

will be held at The Institution of
Ilectrical Engineers, Savoy Place,
Victoria Embankment, London,
W.C.2.
Ovrdinary Meeting

Date: October 4. Time: 536 pom.
Inaugural Address as President.
By :

P. Punsheath,  O.B.K., ML

D.Sc.(Eng.).

Radio Section

Date : October 10, Time: 5.30 p.m.
Inaugural Address as Chairman
By:

Ao L Mumford, BoSe(Fng.).

Informal Meeting

Date : October 170 Time: .30 pom.
Discussion :

¢ Should Fangineering Concerns be

Managed by Fngineers?’”
Opened by :

The  President (P Dunsheath,

OB L, MAL D.Se(Fog).

Te Secretary :
The [ustitution of Electrical FFngi-
neers, Savoy Place, Victoria [Fm-
bankment, London, W.C.2.

Cambridge Radio Group
Al meetings of  the Cambridge

Radio Group will be held in the

Cambridgeshite ‘Fechnical College.

Pate : Time :

October o, G p.m.s

Inaagmal Nddress as Chaivman,
* Notes on Measurements at Verv
High Frequencies.”

By :
i.. B. Turner, M.\,

Nate:

l.ecture :

Oxctober 2g. Time: b pom.

¢ Frequency Modulation.™
By :
K. R. Sturley, Ph.D., B.Se.
Group Secretary .

1.1, Hnghes. cjo Pye Lid. . Radio
Works., Cambridge.

The Television Society *

All meetings are held at the Institu-
tion of Flectrical Fagineers, Savaoy
Place, London, W.C.2.

Date . October 230 Time: 6 p.m.
l.ecture :

< The Simplification of C.R. Tube
Design by the Application of the
Theory of Similitude.™

By
I, Moss, PhoDo NCMUT R

Lecture Secretary o G. Parr, 43 Shoe
- 14 4)

lane, I7.C.4.

Institute of Physics
Electronics Group
Date : Thne -
Iteld at:
The Reid Knos 1Tall of the Briti-h
Institute of Radiotogy, 32 Welheok
Street, London, W

Octoher 3. 530 pem

d.ecture :
“Recent Waork on the Theory of
the lLatent Tmage.”
By;
Professor N I
University).

Mott ristol
Group Secreta'ry:

1. /. Maddock, M.Sc.. F.lust.!]..
Messrs. Standard Telepliones and

Cables, Ltd., Oakleigh Rouad,
London, N,
NOTICE

Instruments Conference

The In-titation of Chemical  In
gineers,  the  Society ol Chemical
Industry (Chemieal I ngineering

Group) and the Institute ot Physics

announce  that  the one-day  Joint

Conference on

“Instiuments  for the  Automatic
Controlling  and  Recording  of

Chemical and other Processes™

which was postponed 1 September
Iast, will take place in the Roval
In~titution, l.ondon, un Fridav,
October 19, 1945,

The Association for Scientific
Photography*
Date: October 250 Time:
Held at:
AMliance Tall,
don, S.\W.1.
[.ecture :
“The Organisation of an Industiin
Photogvaphic Unit ™

(.30 p.m

Westminster, l.on

H\':
OO Bradley, ALBPL FORPLS
The British Cotton Industiv Re
cearch Assodiation )

The Secretary . 1.S.P., 34 Twyfora
Awvenue, Fortis Green, London N .2

Bradford Flectronics Society
Date s October g,
Held ot

The Technical Collece, Bradfond.
Ledtuie

I'he

AN
G Pan, AN

lon. Secretary -
G. N. Patchett, The Technical Col
lege, Bradford.

Tinve p-m

Iane o Televi jon ™

Kingston-upon-Hul! Electronic
Engineering Society

Date | October 120 Tme: 7035 pan.
ITeld at .

Ilectiicity Showroom-, Feren<way
lecture

“High Frequeney Currents ™
By :

C. H. Nicholson,

ML Mech L ol N LR
Tl .\'/'4'7('141{!’ 8

o0 Wyan, 2

Hull.

M

lockton (irove.
British Kinematograph Society

hetd ot the
FFilm  Housce

Coanmont

Wi

Both meetin»
Jritish Theatie,
dovr Stieet, W
Date : October 240 Time
Svinposinm on Sound by

1.8, Crovdon and o Williams,

Theatre Division

Date s October 2
lecture s

< lectronics in the Cinema’
By

(i. Parr, ALK
.s.l'l‘ft'/llll' .

.. Cricks.

Street, Wy,

O o

Time s 1 am

Dean House, Dean
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A ROUTINE PIERCING AND BLANKING TEST

BAKELITE LAMINATED

The piercing and blanking properties of Bakelite Laminated are checked as a martter of routine.
Above is illustrated a piece of the material which indicates the design of tool used. Notc¢ the clean
edges and the close proximity of the holss. The design generally represents a critical test of
practicability. Samples and data of special punching grades for a variety of purposes will be

furnished upon request.

TREFOI1

BAKELITE PLASTICS

REGD. TRADE MARKS
Pioneers in the Plastics World
T.2R

18 GROSVENOR GARDENS LONDON S.W.1

BAKELITE LIMITED
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BOOK REVIEWS

Waveform Analysis

R. G. Manley. (Chapman and Hall, Ltd.
2|s. net.) 275 pp., 103 figs.

The subject of waveform analysis
is necessarily a mathematical one,
and the book under review is no ex-
ception to this rule. A fair knowledge
of trigonometry and the calculus
is essential on the part of the reader
if he is to read the book intelligently,
but this is unavoidable. The author
approaches his subject by the oppo-
site process of synthesis, building up
waves of various types, before taking
the resultant waves and analysing
them into their several components.
This has been tried elsewhere and,
indeed, is the obvious line of attack,
having various merits.

Many waveforms encountered in
vibration records consist of individual
waves the  peak values of which
change rhythmically, and a know-
ledge of the manner of the variation
of these peaks is of more importance
than a knowledge of the shape of the
individual waves. The envelope of
this record is thus of first importance
and the present book deals in detail
with the envelope method of analysis,
after having dealt with the general
properties of sine waves in combina-
tion. Another chapter is devoted to
* Mechanical and Other Aids to
Analysis,” one section dealing with
electrical waveform analysers of the
filter-circuit type. = This chapter
could, with advantage, have been
expanded since these aids are of very
great importance to the engineer who
wishes to substitute mechanical pro-
cesses for human effort,

The author states that the title
“ Waveform Analysis”’ was deli-
berately chosen in preference to the
more familiar ¢ Harmonic Analysis,’”’
since many hundreds or thousands of
recorded waveforms may require to
be interpreted, these themselves vary-
ing in a periodic manner. This is
emphasised by the sub-title of the
book which is ‘“ A guide to the inter-
pretation of periodic waves including
vibration records.”” Nevertheless, it
is felt that the title is a little unfor-
tunate since to many it will suggest
the harmonic analysis of electrical
waveforms. These are dealt with in
very cursory fashion, this side of the
subject being to all intents and pur-
poses disregarded. This may appear

natural on the part of the author,
who is a vibration engineer, but it
is not so obvious to the reader who
may pick up the book expecting to
find information on the subject of
electrical waveforms. On the other
hand, it must be stated that the book
gives a very clear exposition, al-
though necessarily mathematical, as
has already been mentioned, of a
subject that is rather abstruse and
complicated to most of those not im-
mediately connected with it in actual
practice. The author obviously is a
master of his subject and has suc-
ceeded in presented it in an accept-
able way. He is to be congratulated
on having written a book which can
be highly recommended for the pur-
pose for which it was produced.

P. KewmPr.

The Life and Work of
John Tyndall

Professor A. S. Eve, F.RS. and C. H.
Creasey, O.B.E. (Macmillan, 2Is. net.)

Those who hnave read Professor
Eve’s ““Life of Lord Rutherford” will
need no spur in welcoming another
biography from the same pen. After
a protracted interval, as related by
Mr. Granville Proby in the Preface,
the work was begun by Professor
A. S, Eve and ably completed by Mr.
C. H. Creasey, while Lord Schuster
has contributed a fascinating chapter
on Tyndall's exploits as a moun-
taineer.

This is a record of a stubborn
fighter, who rose from obscurity as a
poor Irishman from County Carlow
to become head of the Royal Institu-
tion, in succession to the great
Michael Faraday and the brilliant
Cornishman, Humphrey Davy.

Books reviewed on these
pages or advertised in this
Journal canbe obtained from

H. K. LEWIS & Co. Ltd.
136 Gower Street, W.C.I|

If not in stock, they will be obtained
fromthe Publishers when avallable

It is probibly true tq say tha
Tyndall’s contemporary fame has no
been sustained; this is because hi:
reputation was partly based on hi:
wonderful gifts and eloquence as
lecturer, and partly due to the nature
of his experimental researches
which, although conducted witl
infinite resource and patience, by ne
means always led to clear-cut
theoretical conclusions. It is inter
esting that DPreston, ‘‘ Theory ol
Heat,”” 1894 edition, still gives the
conflicting results of Tyndall and of
Magnus on heat absorption in gases
as of somewhat equal value twenty
or thirty years after Tyndall’s experi
ments on the subject, .

Tyndall’s interests in science were
wide and varied, as the record given
in this biography shows; it is perhaps
of pertinent interest to physicists that
his excursions into the realms of
biology were markedly successful,
and his researches were as decisive
as those of Pasteur in annihilating
the theory of ‘‘spontaneous genera-
tion.”” It was, however, as a
masterly expositor that Tyndall, as
head of the Royal Institution,
achieved world-wide fame, and his
lecture tour in America in 1872 was
a triumphant success.

Tyndall was a merciless smiter of
humbug wherever it appeared, and
his zeal as champion of the neglected
Mayor redounds entirely to his credit.
The echoes of his religious and politi-
cal controversies resounded through-
out the land, especially the storm
evoked by his Belfast address in 1874,
in which he virtually declared that
¢ Matter carries in it the promise and
potency of all terrestrial life.”

Tyndall was fortunate to mingle
with so many eminent Victorians—
Faraday, Spencer and Carlyle,
together with his friend Hirst, all add
to the interest of these pages. He
was fortunate, too, and very happy
in his marriage, wbich rendered
doubly tragic the manner of his death
in 1893.

In some ways this biography just
falls short of re-creating a living por-
trait of the man of dynamic and
combative personality that Tyndall
evidently was, but it 1s a book which
should be of intense interest to every
scientist.

S. Robpa.
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Industrial Electronic Control

W. D. Cockrell. (McGraw-Hill, 1944.)
242 pp. 175 figs. (Price in Britain, 17s. 6d.)

This slim volume is another
pointer to progress in the ap-
plication of electron tubes to

industrial purposes. The author is
on the staff of the General Electric
Company of America, with the ad-
vantage that his work carries a con-
vincing practical outlook and is
illustrated by varions examples of
that company’s tecknique in elec-
tronic control. The photographs of
tubes, components and devices are
excellent.

The book is addressed to electrical

engineers with no previous electron
tube experience. It will also contain

much that is novel to the radio
man who 1is interested in this new
field. The text is non-mathematical,

since it stresses the operational rather
than the design aspects, but useful
references are given for wider
reading.

The introduction contains an inter-
esting electro-mechanical analogy for
both the triode and thyratron, in
terms of a voltmeter and rectifier,
with a variable resistance for the
triode and a latch-in relay for the
thyratron. The first section of the
book deals with the operation of
vacuum and gas tubes, including
mercury-arc rectifiers and ignitrons,
the latter being particularly impor-
tant for heavy ac power control.
Section 2 deals with measurements
and components, including transient
as well as steady-state behaviour,
magnetic saturation and non-linear
resistance clements.  Simple com-
binations with a rectifier, for peaking
and other circuits, are described as
the basis of later applications. Sec-
tion 3, ¢ Basic Electronic Cirouits,”
covers Rectification, Amplification,
Oscillators, Timing Circuits and
Phase-Shift Circuits. Many unusual
but valuable aspects are here des-
cribed, including among amplifiers
the ‘ long-tailed pair ”’ (descriptive
term for the commor.-cathode-coupled

twin amplifier), the ‘ cascode,”
‘‘ cathode follower ” and an ac-
powered amplifier. Section 4 des-
cribes complete ¢ [ndustrial Elec-

tronic Circuits.””  After some very
commonsense remarks about circuit
diagrams  (layout, lettering and
usage), practical details are given of
PE relays, thyratron motor control,
Ac relays (etectronic switches), ac
power control, e.g., for theatre light-

Electronic Engineering

ing, resistance furnaces, etc., by
thyratron-controlled  saturable re-
actors, follow-up or servo-control,
and lastly, the important field of
welding control.

The scope of the hook is limited to
electric and photo-electric control, so
that the wuse of auxiliary devices
whereby many industrial factors such
as temperature, expansion, moisture,
gas pressure, vibration and acidity
are measured and controlled is not
suggested. "T'he basic circuit theory
and the use of relays, ctc., will, of
course, apply throughout,

There are two criticisms which are
to be made of this work. The symbols,
unfortunately, follow American in-
dustrial practice (as may be seen in
journals such as Electrical Engineer-
ing), with the confusing result that
to the average engineer chokes or
contactor coils appear as resistors,
contacts as condensers and resistors
as general impedances. This is ex-
tremely irritating, and 1is another
indication that proper co-ordination
between power and radio engineers
is long overdue. Another feature,

which is a general weakness
of much commercial electronic
equipment, is the wiring. The
nightmare assembly of many a

domestic receiver will not suffice for
industrial control, where reliability
supersedes cheapness as the most im-
portant factor. Neat Jayout, sub-
panel mounting of small resistors and
capacitors, and tidy wiring to give
casy access to all components, are
essentials of industrial practice and
entirely in keeping with the author’s
dedication.  Some lapse might be
understood, if not condoned, in a firm
which had specialised entirely in
radio receivers. It is all the more
tegrettable, then, that a company
which has taken a progressive inter-
national lead in all matters electric
should produce a back-panel such as
Fig. 141 (wiring of the famous
¢ Thymotrol ” motor-control unit).
This is evidently a field in which
traditional  British  craftsmanship
would find a healthy and appropriate
expansion.

J. C. FinvLay.

Introduction to Short Wave
Therapy
Correction.—The price of this book

was given in the review last month as
7s. It should be 21s.
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AVOID
WHISKERS!

You canpot afford to

take chances by using a
soldering flux that will
eventually cause cor-
rosion on your electrical
connections.
MELTON Non-Corro-
sive Liquid Flux, grade
N2! (A.1.D. approved)
conforms with Air Min-
istry Specification D.T.D.
599 and may be used with
confidence on all elec-
trical and other work,
where corrosion would
be injurious.

Sold in 4 oz., } pt., Ipt., tins and
in bulk.

IPSWICH ROAD
TRADING ESTATE
SLOUGH, BUCKS.

Phone : Slough 20992

Well made of steel, double

ridged for strength, Teeth

on three sides of lower jaw

and special design of upper

Jjaw ensure firm grip and
good contact.
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Wingard products are always equal to
the job they have to do. For our own
sakes—as well as yours—they bear
our name, because the reputation of
the maker is, in the last analysis,
the best guarantee of the product.

CHURCH ROAD -HENDON - LONDON -N.W.4
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CORRESPONDENCE

DEAR  SIR,—Referring  to  Dr.
Saraga’s article in the issue of
FLECTRONIC FNGINEERING for July, 1
feel that T should like to make a few
remarks on Mr. Hobson’s letter in the
August issue criticising Dr. Saraga’s
views,

I do not propouse to deul in detail
with Dr_ Saraga’s proposals but, as
an eungineer, to refer to some basic
principles in artistic and scientific
development relevant to this discus-
sion.

Surely music developed experi-
mentally in its early stages and many
types of instrument were probably
discovered accidentally and were
then perfected as the needs of
musicians grew.

To claim that musicians should
state their needs and that electronic
engineers should then fulfil them is
to narrow unduly the possible fields
of artistic growth in music.

The main advantages of a scientific
study of problems of sound and
musical production are to provide
unexpected and  hitherto  unknown
aids to musical development. If new
means or methods are provided,
artists can use them, reject them or
ask for them to be modified, and by
such co-operation it conceivable that
great good can result. To use an
analogy illustrating this relation be-
tween a science and an art, penicillin
was the product, at first, of bio-
chemists rather than of medical men,
but the medical world now asks for
it to be provided in forms most useful
to it.

Again, the sulphonamide drugs
arose out of dye chemistry. They
could not be specified until they had
been produced.

Yet further examples can be shown
in the production of improved pig-

ments and plastic materials by
chemists for use by artists and
sculptors.

Progress is many sided and un-
ceasing, and all creative workers may
co-operate to the advantage of all the
arts.—Yours faithfully,

W. J. RICKETS.

Electronic Musical Instruments

DEAR SIR,—1 have read with great
interest Mr. Hobson’s letter dealing
with my article, ‘“An Electronic
Musical Instrument,” i vour August
issue.

1 should like to say at the outset
that 1 agree with Mr. Hobson that
my ¢ instrument ”’ is not—I should
prefer to say “ not yet’’—an instru-
ment. | was careful to point this
out at the meeting ot the Electronic
Music Group in May, but in the
abstract  published in  FLECTRONIC
ENGINEERING this is probably not
sutficiently  emphasised—hence  Mr.
Hobson’s remark—though I said in
the first sentence of the article that
a ‘“first model ”’ of an instrument
will be described.

Mr. Hobson says, further, that my

instrument ‘‘ presents no new fea-
tures over and above those known
for - many vears, apart from my
method of pitch control.” 1 submit
that every unbiased reader of the
article in question will agree that
nowhere in it is anything else

claimed; on the contrary, it is em-
phasired that ¢“ the object in design-
ing the new instrument was to obtain
experience with the new method of
playing made possible by employing
a  photo-electric  cell as playing
manual.”

Mr. Hobson further reproaches me
for presenting my instrument—not
being a musician myself—to players
and  composers  for study of its
musical features, and he asks elec-
tronic engineers to prepare designs
of new instruments with the require-
ments of musicians in view. Though
I agrec that this is a possible attitude
of electronic engineers, 1 most
emphatically  disagree  with  Mr.
Hobson’s opinion that this is the
only permissible one. After all, the
requircments of musicians--as the
requirements of any other group of
persons—are bound to be based on
known, or at least anticipated, pos-
sibilities. They cannot be expected to
be based on the technical possibilities
of the future, particularly in a period
where their range increases rapidly
and unexpectedly. A limitation of the
development of electronic musical
instruments to such channels which
have previously been specified by
musicians would stile at the very
start any chance of genuine technical
development—as distinct from pure

technical  design work to prepare
specifications.  Therefore 1 thin
there is room and need for experi
mental development work which i
not based on any previously agree
requirements. This experimental at
titude advocated by me would, o
course, leave musicians the right t
reject the results of the developmen
work if they do not like it, but i
would not exclude the possibility tha
one or the other musician might finc
some of these results interesting anc
stimulating.  Mr. Hobson seems tc
imply that musicians are not inter
ested in such ¢ delightful jobs.” ]
do not believe that this is true of a/
musicians, but if it were, they shoulc
be blamed, not the electronic en
gineers.

I should like to conclude my re-
marks by assuring Mr. Hobson that
I have no wish to ‘“introduce ”” my
instrument, but I think that the
method of pitch control described
may be of some interest, particularly
after further development, and |
should be delighted to have any
comments regarding this method
from him which, unfortunately, I was
unable to find in his letter.—Yours
faithfully,

W. SaARAGa.

Radar Anticipated ?

The following is an extract from
Pat. 292,185 of June 21, 1928 (Tele-
vision, Ltd.; and J. T.. Baird): ¢, . .
this invention comprises a method of
viewing an object by projecting upon
it electromagnetic waves of short
wavelength adjacent to the infra-red
radiation in the spectrum but of
longer wavelength than the infra-red
rays, exploring the object or the
image thereof by a device sensitive to
such rays and traversing a
spot of light across a screen in
synchronism with the exploration of
the object.”

Theze German Professors

After Professor (zerny has eaten
his frugal breakfast, he sets to work
to clear away a few more yards of
rubble. Every day he salvages a few
bits of apparatus—perhaps parts of
a spectroscope or a voltmeter. Thesc
he cleans with a piece of rag dipped
in paraffin.

—Evening Standard, 17.9.45.
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You can’t shake a Spire Nut
loose. A Spire fixing locks itself.
Whatever the assembly there’s a good
chance that the job can be done better
and quicker by Spire. Send us examples
of your assemblies ; parts or drawings. In
about a fortnight we’ll show you how
you could do the job the Spire way — perhaps

with Spire nuts or clips; perhaps by re-designing your
components so that the Sbire deévice is part of

them — in which case you won’'t need nuts at all

THAT’'S Fixed THAT!

Thisisatypicalcase of intelligent use of Spire fixing.
This was originally a spring clamp which was
screwed 1o its base with screw, washer and nut.
Now the clamp is redesigned to incorporate its
own Spire fixing, and the nut and washer have

A disappeared. Apart from the saving in material
it is a much quicker and simpler assembly job,
f the clamp is ‘zipped’ on to the screw and

4 tightened firmly home.

Designed as a fuse holder this fixing NS 1307 is
suitable also for securing any cable, rod or circular
equipment from }” to §}“ diameter.

A BETTER way of fixing

Simmonds Aerocessories Limited - Great West Road - London - A Company of the Simmonds Group
a
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Survey of D.C. Amplifiers
(M. Artzt)

Analysis of causes of drift in direct-
current amplifiers, descriptions of
methods used to neutralise or prevent
drift, and typical industrial appli-
cations.

—FElectronics, Aug., 1945, p
Curved Quartz Crystals as Supersonic

Generators
(L. W. Labaw)

The supersonic beam radiated from
a one-centimetre radius X-cut quartz
disk is examined experimentally as a
function of the spherical curvature of
the crystal, at a frequency of 1,110
kilocycles. The crystals of large
curvature produce a definite focusing
action as has been reported. Experi-
mental data show that it is possible to
obtain a much greater excess pressure
amplitude close to the generator from
a curved crystal than is possible from
a flat crystal having the same area
and thickness using the same input
power. The quartz plates of small
curvature do not produce a marked
focusing action but give a larger
supersonic amplitude at large dis-
tances from the generator. The flat
crystal gives the smallest angle of
spread of the supersonic beam. The
resonant frequency for any of the five
crystals studied did not differ by more
than 20 kilocycles (2 per cent.) from
that to be expected from the thick-
ness.

112,

—/our. Acous. Soc. Am., April,
1945.%
Crystal Filters (3)—Quartz Crystal
Resonators
(R. L. Corke)

A brief description is given of the
X-cut quartz crystal resonator with a
simple explanation of its operation as
an element of a filter.

—P.O.E.E.]., July, 1945, Part 2,

p. 39-
J Reflex Oscillators
(J. R. Pierce)

This paper discusses qualitatively
the behaviour of reflex oscillators.
Power production, electronic tuning,
variation of frequency with resonator
voltage, effect of modulation coeffi-
cient, and influence of load are con-
sidered. Two brief mathematical ap-
pendices are included.

—Proc. I.R.E., Vol. 33, Feb., 1945,

p. 112
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INDUSTRY
Induction and Dielectric Heating
Equipment
Tabular comparison of technical

characteristics and initial cost per
kilowatt of output power for com-
mercially available induction and
dielectric heating equipment as re-
ported by manufacturers. Both
electronic and non-electronic types
are covered.

—Llectronics, Aug., 1945, p. 110,
Electronic Control of Cloth-drying
Machinery
(N. H. Chamberlain)

Electronic control appears to be
almost completely unknown in the
textile industry. In this article the
author endeavours to show the neces-
sity for controlled drying and to
indicate the basic principles along
which such control mav be effected
by electronic means. Any device to
control the moisture content of the
delivered fabric must comprise a
detector unit and a control unit. The
detector unit converts moisture varia-

tions into variations of current or
voltage. The control unit responds
to these electrical variations by

affecting the running, of the machine
to offset the original detected varia-
tions. Various types of detector and
control units employing vacuum tubes
and thyratrons are described.
—Text. Mfr., April, 1945, p
Electronic-type Instruments for
Industrial Purposes
(P. S. Dickey and A. J. Hornfeck)

The authors discuss the use of
clectronic equipment in fields of
measurement where mechanical or
electro-mechanical instruments have
previously been employed. A new
type of measuring and controlling
instrument for general process work
is described. Equipment for auto-
matic computation of results obtained
from several primary measurements
is described and typical measuring
circuits for different problems are
illustrated, including a circuit for
the measurement of differences, and
several bridge circuits. Simplifica-
tion and standardisation of instru-
ments for process control through the
use of electronic devices is stressed
as the important advantage of the
equipment described.

—Trans. AS.M.E.,

p- 393.*

163.%
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Dielectric Heating by the Radio-
frequency Method

(L. Grinstead)

After a brief reference to some of
the applications of radio-frequency
energy to the heating of dielectric
materials, the general theory of the
method is outlined. The heat and
power relations governing all such
uses are discussed in some detail with
special reference to sources of elec-
trical and thermal loss in the genera-
tor- and the work. It is shown that,
for minimum losses and a reasonably
good temperature distribution, fast
heating is desirable. A family of
curves is included enabling relative
performances of various generators in
terms of power and time to be rapidly
determined. The basic circuits for
dielectric heating equipments are
briefly reviewed and the need for cor-
rect loading of the transmitting valves
is explained,

Two of the more usual load coup-
ling circuits are analysed so that the
effects on loading and efficiency of
varying circuit parameters may be
studied. It is shown that the series-
capacltance type of circuit can, under
certain conditions, maintain nearl)
constant power in the work during a
heating cycle. For transformer cir-
cuits, the conclusions reached show
that a proper value of coupling co-
efficient is desirable in the interests
of circuit efficiency.

—Jour. Brit. I.R.E.  Vol. 5, No. 3
(1945), p. 128

Phototube-controlled Flame Cutter
(D. S. Walker)

A method of electronic control
applied to a flame cutter is described
which makes possible the accurate
cutting of large steel sheets on a
mass production basis. The outline
to be cut is determined by reflecting
spots on four black bakelite drums,
two controlling the action of the
longitudinal drive motor and the
other two controlling the transverse
drive motor. A photo-electric cell
system is used to observe the reflect-
ing spots on the rotating drums and
translate their effect into electrical
impulses.  The scanning apparatus,
circuit and power supplies for the
apparatus are discussed with refer-
ence to diagran:s and the advantages
of the electronic flame cutter over
machines performing a similar func-
tion are reviewed.

—Electronics, ]uly, 1045, p. 100.*

* Abstracts supplied by the courtesy of Metropolitan

*Vickers Electrical Co. Ltd., Trafford Park, Manchester
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NOTES FROM THE INDUSTRY

Air Commodore Leedham
Air Commodore H. [eedham,
C.B., O.B.E., Director of Research

and Development at M.A.P. from
1943 to 1945, has heen appointed
managing  director  of  Kricsson

Telephones, l.td.

From 1940 to 1943 he was in charge
of radio production at M.A.’. and
was reponsible for the Radar equip-
ment for the R.A.F. and the Army.
His many friends in the radio indus-
try will wish him success in his new
position.

Cable and Wireless, Ltd.

A new direct radio-telephone cir-
cuit has heen opened between (‘anada
and Barbados operated by the Cana-
dian Marconi Co. in Canada (an
associated company) and Cable &
Wireless, {[.td., in Barbados.

Neon Tester
The Acru FElectric Tool Manfg.
Co., makers of the ““Pyrobit™ solder-
ing irons, announce the introduction

of a small neon tester in moulded
plastic case for the pocket. Tt
operates on 100-400 V A.C. or D.C.

and is priced at 12s. 6d.

Modern Instrument Cases

From October 1 to 13, Alfred
Imhof, Ltd., of 112-116 New Oxford
Street, W.C.1, will hold an exhibi-
tion of instrument cases. The com-
plete process of manufacture, as well
as the preliminary design work, will
be demonstrated. The first range of
post-war  standard instrument cases
will be shown, in addition to the
first designs of a range of orna
mental handles for a variety of ap
plications.

The exhibition will be open daily
from 11 till 6. Saturdays 10 till 1.
High Frequency Heating
Rediffusion, L.td., have just con-
cluded a successful exhibition of
Redifon H.F. heating equipment at

Dorland Hall, W.i.

The primary  aim  of what s
claimed to be the world’s first exhi-
bition of radio frequency heating was
to explain its operation and what it
can do for industrv. It was arranged
in four sections :

F.xamples of products suitable for
heating.

Simple explanatory story of H.F.
heating.

Practical demonstrations
how the more important
can be treated.

Lecture theatre
tatks and films.

The company also exhibited spe-
cimens of their other activities, in-
cluding radio transmitters, naviga-
tional trainers and communication
equipment, and their associated com-
pany, Small Motors, [Ltd., showed
a new abrasive saw for cutting
laminated board and metals.

Metallised Ceramics

Ceramic materials may be coated
with a firmly adherent film of metal,

showing
materials

for introductory

e.g., silver, by firing on at red
heat, and the thickness of the metal
may be increased by subsequent
plating.

Such a coating can be soldered to
metal and forms a reliable and per-
manently gas-tight joint.

Steatite and Porcelain  Products,
{l.td., publish a leaflet of standard
designs of terminals and bushings
and welcome inquiries for special ap-
plications which cannot be met from
the existing range.

For the past |5 years we have
devoted our energies exclu-
sively to the manufacture of

Transformers and Chokes.
Although we continue to be
very active in the field of
Research and Development,
we are nevertheless giving
much of our attention to
increasing our range of mount-
ing facilities.

Illustrated above is one of the
varied range of styles shown
in our Catalogue which is now
in preparation. If you would
like a copy, please write to us
(enclosing 1d. stamp) and we
will send you one immediately
it is ready.

TRANSFORMERS LTD

76-8, PETTY FRANCE. LONDON, S.W.I

Critical wusers

We
announcing that limited
quantities of RELIANCE

Potentiometers are now

have pleasure in

available for trade
purposes.

All orders will be dealt
with in strict rotation.

RELIANCE

Manufacturing Co.(Southwark) Ltd.
Sutherland Rd., Higham Hill,
WALTHAMSTOW - E.I7

Telephone : : Larkswood 3245




