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" TELEVISION DEVELOPMENTS

A NEW LARGE DIAMETER TUBE FOR TELEVISION REPRODUCTION

TYPE I12H
TUBE

The Ediswan Type 12H tube has a screen cia-
meter of 12" giving a television picture 10"x 74"
without distortion.

The screen is of special material giving a close
approximation to a black-and-white picture.
Specification:

Indirectly heated high vacuum tube.

Heater Volts - - - 2.0
3rd Anode Volts - - - 6000
2nd Anode Volts - - - 1200
Ist Anode Volts - - 150-400
Sensitivity (mm./V.) - - 950/V*

*V = anode volts

List Price £15.15.0

ENTIRELY BRITISH M ADE

EDISWAN
RADIO VALVES

P
B
R

THE EDISON SWAN ELECTRIC CO. LTD. Q“

We also supply
HIGH VACUUM RECTIFIERS
GAS-FILLED RELAYS
MERCURY VAPOUR RELAYS

for Television Scanning
circuits.

155 CHARING CROSS RD., LONDON, W.C.2

R.E.209

SED BY ALL GOVERNMENT DEPARTMENTS
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Re}‘]’(’lvmf Mirrors e e e 140 S we forecast in last month’s issue, the decision of the {Television
What They Expect of Television ... 141 . . ; ission has now
@oibiact! or Picturs=Brightuess? . .. 145 Advisory Committee to emPloy' one standard of transnissi
Reducing Cost of Guaranteed Recciver 149 || been announced. The test period is over and for at least two years there
How Cathode-ray Tubes are made ... 152 || will be no substantial alteration—no alteration, that is, that will in any way
B‘%l(;ié?gm:ﬁte Universal Cathode-ray 155 || affect receivers which have been produced in the past or will be developed
The Design of Vision-frequency during this further period.

Amplifiers oods I o - 160 The decision which has been made to use the higher standard of defini-

Metal-valve Communication Receiver 166

Programmes for the Short-wave tion appeared inevitable for, as experience has shown that this is entirely

! Listener 169 practicable, it would have seemed a retrograde step to employ the lower,

A S-metre Record e 1T barticularly as the trend in other countries is to go still higher. There is,

i B/ I0C el R i e ~ I8 e know, a ver neral feeling of regret that the system which bears
Ultra-short-wave Midget Receiver ... 176 2 YRSE g g y

| 900-watt Positive-drive Amplifier ... 178 || the name of the television pioneer has, for the time, had to be placed on

— one side. Each system had its particular advantages and a decision to

TELEVISION employ both, but with a common standard, would have been welcomed.

SHORT-WIX\{/% WORLD The original decision of the Committee to employ two standards has

Proprietors : been criticised from the outset, the chief objection being that two standards

BERNARD JONES = PUBLICATIONS, Lo would unduly complicate receiver design and construction. Experience,

' Bf&fgg"ﬁ?g‘;ﬁés. however, has proved that in the case of the cathode-ray recciver this fear

Editor : was unfounded for the extra complication necessary to accommodate the

. Editorial, ‘ﬁvggiﬁ?m;; Publishing two systems is quite trivial and only had a slight bearing on receiver cost.

i ] Offices : The real disadvantage was the duplication of transmission, which entailed

Gnngliss Hﬁg;ed,OEBwCélazncery Lane, ||| duplicate studios and transmission gear and a different technique for each.

Telephones : Holborn 6158; 6159 ‘ These conditions placed a very great strain on the resources of the Alexan-

Telegrams : Beejapee, Holb., London.

. dra Palace and would have retarded development of the programme side
Subscription Rates.: Post paid to any

v part of the world—3 months, 3/6; 'of television so 101?g as they obtained; it was chiefly thtese factors which
6 months, 6/9; 12 months 13/6. induced the Committee to make its recent decision.
| Published Monthly—1/- net.
(Liast Wednesday in every month for c7
| eyl Cheaper Television
| | Contributions are invited and will be HE price reductions of television receivers which have now been an-
l promptly considered.  Correspondence o .
should be addressed according to its nounced have exceeded the most sanguine expectations. It has been
nature, to the Editor, the Advertisement generally known that it was the price factor which hitherto had retarded
Manager, or the Publisher, ‘ Tele- 1 Th T . gl he rich y
vision and Short-wave World,"”” Chansitor sales. e television receiver was regarded as the rich man’s toy. At 55
House, Chancery Lane, London, W.C.a. and 60 guineas, and coupled with-the fact that it can be purchased on easy
' terms, the new entertainment becomes a possibility of thousands of homes.
IMPORTANT Of but little less importance to the buying public are the guarantee of

« Television and Short-wave World ™ is regis- standardised transmissions for a definite per.lod, the promise of programme
tered at the General Post Officé, London, for || enlargement and the knowledge that experience has proved that the tele-
transmission to Canada and Newfoundland o ; B el 5 :

by Magazine Post.  Entered as Second-class vision receiver is just as reliable and simple to operate as the ordinary
mail matter, Boston, Mass, broadcast set.
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CHEAPER H
TELEVISION |

TELZYISION
VISION AND SOUND
IN YOUR HOME

FOR £1 PER WEEK

BIG REDUCTIONS IN PRICE OF RECEIVERS

Sweeping price reductions of television receivers are announced by
Baird, Cossor, G.E.C., H.M.V. and Marconiphone. These reductions
amount in some cases to nearly 40 per cent. and they bring television
appreciably nearer to general home use, In addition to price redue-
tions, receivers have been made available on hire purchase terms of a
small deposit and £1 per week with free aerial equipment, free
maintenance and one year’s guarantee,

‘Two classes of receiver have been produced in the past by Cossor,
Ferranti, G.E.C., H.M.V., Marconiphone and Pye—one incorporating
vision and the accompanying sound and in addition either all-wave or
normal broadeast, and the other television and the accompanying sound
only.. The Baird Company concentrated on the latter type only.

The original price of the combined instruments was 120 guineas
and this figure has now been brought down to 80 guineas. A corres-
ponding reduction has been made in the case of the one-purpose
instruments which sold formerly at 95 guineas, or in the case of the

. Baird instrument, 85 guineas. ‘The prices now are 60 guineas and

55 guineas respectively. As will be realised these reductions mean
a saving of 40 guineas and 30 guineas according to the type purchased.
Prices of the Pye receivers will be announced later. We give below
Photographs of some of these receivers with brief specifications.
Very complete details were given in our December, 1936, issue.

HE Baird receiver is a one-pur-
pose instrument designed for
reception of the Alexandra
Palace sight and sound transmis-
sions. It provides an exceptionally

The omr, model 137T

large picture, actually 12 ins. by
g ins. It is a vertical console 23 ins.
wide; 43 ins. high; 1gins. deep,
with the picture produced on a mirror
inclined at an angle of 45 degrees.
{The cathode-ray tube is mounted ver-
tically beneath the safety-glass win-
dow. The price is 55 guineas and
represents extraordinary value.

Two Cossor receivers are available.
The model 137T is suitable for re-
ception of the television transmis-
sions and normal broadcasting. Pic-
ture size is 10 ins. by %% ins., viewed
directly on the end of the cathode-ray
tube, which is horizontal. The pic-
ture is pure black and white. (The
price of this is 7o guineas. The
model 237T includes an jadditional
section with automatic- record chan-
ger and gramophone pick-up. The
price is go guineas. On both models

7-metre reception is possible without
vision,

Two models are also-available from
the General Electric Co.; model
BT3702 is a very high-class de-luxe
receiver in which provision has been
made for reception of short, medium
and long wavelengths, in addition to
television sound and vision transmis-
sions. {The picture is viewed directly
on the end of a r12-in. cathode-ray
tube which is mounted nearly horizon-
tally. This is a massive instrument
with a total height of 53 ins. and
width of 30} ins. The price is 8o

The G... model BT3702 ‘

guineas. The G.E.C. model BT3701
is similar to the former but intended
for reception of sound znd television
only. The cabinet is 39} ins. high,
and 24 ins. wide. {The price of this is
60 guineas.

The H.M.V. model goo, another
de-luxe instrument, is designed for
reception of television and the accom-
panying sound, and in addition is
suitable for reception of short,
medium and long-wave stations. The
picture size is 10ins. by 8 ins.,
viewed from a mirror mounted at an
angle of 45 degrees from a vertically
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mounted tube. The price is 8o
guineas. The other H.M.V. model
—model goi-—is intended for tele-
vision and sound only. (The picture
size is 10 ins. by 8 ins., which is also
viewed in a mirror.

Still another combined de-luxe in-
strument is the Marconiphone which,
in addition to receiving television
sight and sound, is also capable of
all-wave reception. The picture size
is 10ins. by 8ins., viewed via a
large lens from a mirror mounted in-
side the cabinet at an angle of 43
degrees to the end of the rube, which
is mounted vertically. The height of
the cabinet is 46% ins. and the width
37% ins. Price is 80 guineas.

Marconiphone also miake a receiver
intended for television and sound
only. The picture size of this is
9% ins. by 8 ins. viewed in a 45-degree
mirror in the cabinet lid. The height
of the cabinet is 372 ins. and the width
243 ins. The price is 60 guineas.

As we go to press we learn that
Messrs. Ferranti have also reduced
the price of their receivers to 60 and
8o guineas.

Flo L b

The HM.V. Model 90
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WE WATCH A TRANSMISSION

A PERSONAL ACCOUNT, BY THE EDITOR, OF STUDIO
ROUTINE AT THE PALACE

served to show the difficulties under which the

staff at Alexandra Palace are at present working.
On the screens of our receivers all appears orderliness,
but how different in the actual studio; only that part
on which the artists appear is clear, the remainder is
a maze of wires, floodlights and cameras, and by no
means least an operative staff of close on twenty, all
crowded into a comparatively small space.

The studio arrangements are roughly as shown in
the sketch, which by the way is the Marconi-E.M.I.
studio. There are four cameras on the floor, a cen-
trally placed one on a truck, one on the left which is
chiefly used by the announcers and soloists, a dupli-
cate of this on the right and a fourth on the right which
is used for pictorial announcements and the clock. The
announcements and clock mounting measure zbout two
feet square and consist of a hoard pivoted in a frame-
work, the clock being on one side and the announce-
ment on the other. By swinging the board round, either
the clock or the announcement can be made to face the
camera. Running right across this studio there is a
bridge on which there is another camera for obtaining
bird’s-eye views of the set.

Control

All the cameras are controlled from a small room at
the extreme top of the studio and facing the stage.
Here sit the producer, who can fade from one camera
to another, and the control engineers, one for vision
and one for sound. In this room there is a monitor
receiver. ,

At each camera there is an operator who is respon-
sible for correct focusing and direction and these opera-
tors have assistants who move the bogies or stands
upon which the cameras are mounted, into suitable posi-
tions.

The orchestra is situated at the end of the studio
farthest from the set and its position indicates why it
is so rarely seen on the screens of our receivers; its
transport with all the impedimenta would 1ake quite a
time. Ordinarily the orchestra does not appear in its
smart uniforms.

Down one side of the studio are a series of doors
which open out into a corridor in which cre the dress-
ing rooms. Each door is provided with two peepholes
and outside there is a red light indicating that a trans-
mission is on. It is through these doors that the artists
make their entry to the studio and the arrangement
seems most inconvenient, for during a transmission the
doors are blocked to some extent by the floodlights,
which are situated just behind them.

A.N hour spent in the studio during a transmission

How a Transmission
is Started
Fifteen minutes before a transmission is due to take

place the television tuning signal is put out to enable
viewers to check the ratio of the picture. If this is

correct the white border should occupy the full area of
the screen and be of a 5 to 4 ratio. At one minute
before the hour a senior engineer announces ‘‘ One
minute to go,”’ and then the tuning caption is faded
out and the clock face or a visual announcement of
the programme is faded in. At the same time the stage
manager blows a whistle and the studio entrance lights
are flashed on and off as signals for all operators to
take up their positions. The producer-and control engi-
neers are now in their cubicle, the camera and floodlight
operators have donned headphones and finally the an-
nouncer is in readiness before the microphone. Then
comes the announcement ‘‘ Vision on. Sound on,”
which is the signal for total silence. The clock com-
mences to chime and as the sound of the last stroke is
dying away the announcer commences to talk, and the
producer fades in the camera which she is facing.
(This, roughly, is an outline of the procedure though
variation is sometimes necessary on account of special
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This sketch gives a general idea of the studio arrangements.
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STUDIO ROUTINE AT ALEXANDRA PALACE

circumstances. Once the programme has started every-
thing appears to go smoothly, but a study of studio
routine makes it apparent that the programmes are
being produced under somewhat difficult conditions,
though they are conditions which no doubt in time will

be rectified when more space becomes available. The
human element enters very largely into presentation
and although the programmes are very carefully re-
hearsed under transmitting conditions beforehand it is
obvious that any slip is impossible of rectitication.

A steady improvement has taken place in the pro-
grammes of late and it can be reasoned that this pro-
gress will be maintained and the scope materially in-
creased, particularly when the apparaius for outside
broadeasts which is now under construction is ready,
and the space which at present is occupied by the 240-
line transmission gear becomes available. The decision
to use one standard of transmission should make a great
deal of difference to the programmes for, presumably,
the present studio arrangements will be duplicated and
so enable ambitious programmes to be run continuously.

THE DIRECTOR OF TELEVISION ON
THE PROGRAMMES

As there has been a considerable amount of adverse
criticism of the television programmes we took the
opportunity when at the Palace of discussing this side
of television with Mr. Gerald Cock, the B.B.C. [Tele-
vision Director.

‘““One of our greatest difficulties,”” said Mr.
Cock, ‘‘is lack of space.” (He was talking to us
on the eve of the announcement that one of the trans-
mitting systems was to be discontinued.) ‘‘ This is
practically a duplicate television station and all rehear-
sals have to be conducted in the same studio from which
transmissions take place. With the adoption of one
standard of transmission our work would naturally be
facilitated as there would be available another studio
which when properly re-equipped could be used under
transmission conditions.

‘‘ Catering for two classes of viewers is also making
programme construction = difficult, for obviously a

A photograph during the actual transmission of a Boxing Match on February 4.
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programme intended for casual viewers who may drop
into viewing rooms for a few minutes will not be appre-
ciated by home viewers who are able to watch the pro-
gramme throughout in comfort. (The best viewing-
room programmes would probably be a succession of
short cabaret and topical turns which
would be appreciated in the short time
available, but while we appreciate that
the casual looker-in should not be neg-
lected at this stage, we have to remember
that the home viewer is our real objective.
Ultimately we hope to provide a service
with a balanced mixture of entertainment
and general interest.

‘‘ Suitable light entertainment is not
easy to secure, the difficulty being in-
creased by the ban placed on artists by
certain theatrical interests,’”’ continued
Mr. Cock. ‘‘ That is the reason we use a
number of foreign cabaret artists. A
wide selection of suitable films is not
readily obtainable, but later on it is hoped
to give excerpts from the current films as
was done during the experimental trans-
missions to Radiolympia. At present
their preparation takes too much time.

‘“ The present stage should be re-
garded as experimental. There is no pre-
cedent anywhere in the world and it is only possible to
develop the technique of presentation by experiment.
We do not desire to imitate the pictures, the stage or
the newspapers.

‘“ Drama is difficult to present; but with the general
title * Theatre Parade,’ there will be excerpts from cur-
rent productions. A series of one-act plays, and scenes
from Shakespeare and other classics, will be played by
leading actors. Opera and hallet have not been too
successful on the present small screen, and, as with
serious music, we shall have to feel our way toward?
the best form of presentation.

““ In the near future we hope to be able to present
more original productions. This would need facilities
which we do not possess at the moment but which will
come. Local outside broadcasts will start again when
the weather and light become more reliable. Later,
when our outside broadcast equipment is ready * (this
is now under construction) we shall go further afield,
and that will be a great day for television. We can at
any rate contemplate such exciting events as film or
theatre foyers at first nights, or the arrival in fondon
of celebrities, as well as more important national events.

TELEVISION IN CZECHOSLOVAKIA

Results obtained by the B.B.C. with the :elevision
transmitter at Alexandra Palace have been carefully
watched by the Czechoslovakian Post Office before they
committed themselves to any definite line of action.

However, as one standard system has now been
adopted in this country giving the impression abroad
that television has come to stay, other countries are
going ahead with their own plans,

The Czechoslovakian Post Office now announce that
plans for a television station in Prague are well in hand
and that transmissions can be expected towards the
end of 1937.

WWW.americanradiohistorv.com
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THE R.C.A. TELEVISION SYSTEM

We are indebted to Electronics (New York) for this abstract of a paper read before the Radio Institution
of New York describing the television system developed by the Radio Corporation of America.

The first tests of high
definition  television
using the new stan-
dards which have
been  recommended
by the radio industry
to the Federal Com-
munications  Com-
mission are now being
conducted by engi-
neers of the Radio

Corporation of
America and  the
National Broad-

casting Company.

television system was given re-

cently by Mr. Ralph R. Beal,
Research Supervisor of R.C.A., who
presented before a large audience at
the New York Section of the I.R.E.
a paper entitled ¢ The R.C.A. Tele-
vision Field Test System.” The
paper made no attempt to present or
to interpret the information thus far
revealed by the tests, but concen-
trated on describing the experimen-
tal units.

The various equipment units in the
system may bhest be described by
following a typical programme
through from studio or filim projector

THIS description of the R.C.A.

to the viewing screen at one of the:

receivers. Briefly, the video units in-
volved in the R.C.A. building are: A
completely equipped television studio
for live talent, a projection room for
transmitting film, monitoring facili-
ties, a central synchronising gener-
ator for generating synchronising
impulses, and video line amplifier
and terminal equipment. This ter-
minal equipment feeds either of two
connecting links between the R.C.A.
building and the Empire State trans-
mitter. One link is an experimental
coaxial cable; the other is a u-h-f
transmitter operating on 177 mc.
which sends a more or less direc-

i &

tional beam toward the 8sth floor of
the Empire State building.

At the Empire State building are
input equipment (including a receiver
for the radio link and terminal ampli-
fiers for the coaxial cable), further
monitoring equipment, the transmit-
ter itself, and finally the transmitting
antenna. Paralleling all this video
equipment is audio equipment of
more or less conventional design, in-
cluding a high-fidelity telephone cir-
cuit between the studios and the
transmitter.

(Thus it will be seen that the ex-
perimental system is a complete
broadcasting plant, and it has been
installed substantially as it would be
employed in a radio broadcasting ser-
vice. The equipment as shown in the
illustrations has a highly professional

appearance and has been constructed

with a degree of care not often found
in an experimental system.

Standards of
Transmission

Of basic importance in the tests
are the standards used for scanning
and for picture repetitions. At the
time the tests to which this paper re-
lates were made the pictures were
scanned in 343 lines per frame, and
30 times per second. Odd-line inter-
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The film projection room containing the special profectors

Images scanned by
the R.C.A. Icono-
scope at the rate of
441 lines per frame
have been trans-
mitted  from  the
N.B.C. experimental
station in the Empire
State Tower and
successfully received
by a selected number
of experimental tele-
vision receivers in
the homes of RCA-
NBC engineers.

lacing was used, in a 2-to-1 ratio,
giving 60 field scannings per second.
The aspect ratio (width-to-height) was
4-to-3. The maximum video fre-
quency in the R.C.A. system has
been set at 1.5 mc., which is 64 per
cent, of the value (2.35 mec.) dictated
by the conventional formula for the
maximum frequency = 4 (aspect
ratio) (frame frequency) (number of
lines)®.

With 1.5 me. as the maximum fre-
quency in the sight signal, all of the
video equipment from Iconoscope
pick-ups through to the modulator of
the transmitter must be capable of
passing frequencies from about 2o
cps. to 1,500 kc. The 177 mc. radio
relay link passes two side-bands of
this width. The carrier frequencies
of the main transmitter zre 49.75 mc.
for the picture signals and 52 mc. for
the sound. Both of these carriers are
radiated from the same antenna,
whose frequency response is wide
enough to pass the audio side-bands
(10 kc. wide) and the upper side-band
of the video signal (1.5 mc. wide).
The lower side-band frequencies
(49.75 mc. to 48.23 mc.) are partially
attenuated by the antenna system.
Feeding both audio and video trans-
mitter outputs to the same transmis-
ston line requires the use of concentric




MARCH, 1937

tric line filters to prevent interaction
between the two transmitters.

The standards of the system have
now been changed to agree with
those recommended by the R.M.A.
Television Committee, which call for
a 441-line picture and a maximum
video frequency of 2.5 mc., but which
are otherwise in substantial agree-
ment with the present set-up.

The studio is provided with three
Iconoscope pick-up cameras, each
with its associated amplifier. The
cameras are supplied with synchron-
ising pulses from the main generator.
The cameras are fitted with optical
equipment as follows: (Telescopic
lens, 18 in. focal length; ‘‘straight”’
lens 7.5-in. focal length. The latter
lens, which operated at f. 4.5, gives
an effective depth of focus of about
3 feet at a distance of 10 feet.

The lighting system of the studio
is of considerable interest. Normally,
incident light of 8oc to' 1,000 foot-
candle intensity is used. The light
sources are conventional incandescent
lamps, fitted with heat filters which

. are necessary to protect the artists.

An augmented air-conditioning sys-
tem is installed in the studio and is
capable of removing heat-energy at a
rate of 50 kilowatt-hours per hour.
The audio pick-up is handled with the
conventional microphoine boom now
used in motion picture productions.
At least five men are required on the
studio floor to handle cameras, lights,
and microphone.

A feature of considerable interest
is the monitoring and control booth
associated with the studio. The
monitoring console has three posi-

& e

Tre R.C. A. studio.
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Five men operate cameras, lights, and micropkone boon: in the experinental

studio.

tions arranged on a single desk, for
audio monitoring, video monitoring,
and for production control, the latter
being the centre position. The audio
position is conventional.

The video position contains detail,
brightness, contrast, and scanning-
voltage controls for each of two chan-
nels, which are each individually
monitored by means of a Kinescope
and a conventional oscilloscope. The
former gives tthe image in repro-
duced form while the oscilloscope
shows the waveform of the scanned
lines in relation to the ‘‘ pedestal >’
(d-c signal level) on which the syn-
chronising impulses are superim-
posed, thus making possible maxi-
mum use ol the modulation depth
available for ihe video signal.
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Two channels are provided so that
one may be set up and made ready for
use while the other is delivering the
programme. Also in the control
booth are the video and audio ampli-
fiers which feed the signals to the ter-
minal equipment in the main equip-
ment room.

Motion-picture
Projector Equipment

A separate room in the Radio City
studios is set aside for film projection.
Two projectors of special design are
available. The special design is made
necessary by the fact that standard
sound motion picture film runs at 24
frames per second, whereas the tele-
vision image is scanned at the rate of
30 times per second.

The film runs through the projector
at an average speed of 24 frames per
second, so that the sound track is
reproduced at proper piich and tempo,
but each individual frame does not
remain in place for the same length
of time. Instead the frames are pro-
jected alternately at a rate of 20 and
30 frames per second, by means of a
special intermittent mechanism, which
gives an average rate of 24 per
second. Two successive frames are
available, 1/20 second scanned three
times and 1/30 second scanned twice,
averaging 1/24 of a second cach.

The projector is fitted with a shutter
which admits light from the film to
the Iconoscope during only a very
small part of the time during which
each frame is stationary, actually only
during the time when the scanning
heam in the Iconoscope is returning
from Dboitom to top of each set of
interlaced lines. The light impulse
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An R.C.A. receiver which was nsed for checking
the transmissions.

creates a charge-picture on the mosaic

of the Iconoscope which remains until

scanned.

The film-projection room is fitted
with monitoring apparatas for two
video and audio channels, one for
each projector, so that continuous
film programmes can be handled.

Studio to Transmitter
Connecting Links

The 177 mc. ‘¢ interbuilding radio-
relay ’’ circuit consists of a transmit-
ter situated on the 10th floor of the
R.C.A. building and a receiver on the
8sth floor of the Empire State build-
ing. The relay transmitter is fed
from the studio or film projection
room through a coaxial cable, and the
video signals are monitored at the
transmitter input. A directive an-
tenna in the 14th {loor level consist-
ing of a dipole in front of a plane
metal reflector directs a beam to-
ward the Empire State building. Here
a receiver (with monitor) converts the
177 me. signal back to the video fre-
quencies (from 20 cps. to 1.5 mc.)
which in turn are fed to the modulator
of the main transmitter. The radio
relay circuit has been found to be
highly satisfactory, and gives a pic-
ture quality equal, in detail and in
freedom f{rom noise, to the signal
transmitted over the coaxial cable.

The latter is terminated in the main
equipment room of the N.B.C. and
extends to the Empire State building,
finally terminating at the modulator
input of the main transmitter.

Main
Transmitter

The transmitter in the Empire State
building consists of two .nits, the
video and the audio, which operate at
carrier powers of 8 kW each. Both
units use special valves in the final
amplifier which are designed for
generation of wide bands at the
high carrier frequency required. {The
valves dissipate about 30 kW at the
plate, and deliver an electron emis-
sion of 18 amperes per valve, a value
which permits 8 kW output when the
final tank circuit is loaded to pass
the 1.5 mc. side bands which are
produced. No attempt is made to re-
duce either of the side-bands, at the
transmitter, although as pointed out
above, the antenna does attenuate
the lower side-band frequencies some-
what. In the audio transmitter, con-
ventional plate modulation is used,
but in the video unit, it is next to im-
possible to produce efficiently the high
voltages required for plate modula-
tion over the extremely wide fre-
quency band. So grid circuit modu-
lation, impedance-coupled to the grids
of the final amplifier, is used.

The transmitter is provided with
a control board which gives visual
monitoring of the video signal at the
input to the modulator. This moni-
tor can be connected either to the co-
axial cable or to the radio relay re-
ceiver. All video signals through-
out the system are sent over coaxial
cable, except, of course, in the case
of r-f transmission from the radio re-
lay and main transmitter radiators.
Even the line-cord jacks used in the
video circuits are of special coaxial
design.

The outputs of the two transmit-
ters are coupled through selective
filters to a common transmission line
of the concentric type which in turn
connects with the main radiator
mounted on the top of the Empire
State building at a height of 1,250 ft.
The horizon at sea level viewed from
this antenna is approxiniately 45 miles
away.

The radiator is of unusual design;
it consists of nine horizontal dipoles
arranged as the sides of three equi-
lateral triangles, one above the other
and supported by a pipe framework.
The emitted wave is horizontally
polarised, and the radiation pattern
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around the antenna 1s approximately
circular. The vertical spacing be-
tween each triangular set of dipoles
is so chosen that the high angle radia-
tion from the structure is reduced to
a very low figure. Great concentra-
tion of radiated energy in the hori-
zontal plane has been achieved. The
signal is, in fact, about 3.2 db.
stronger in the horizontal plane than
it would be if radiated directly from a
vertical dipole.

The range of the transmitter has
only partially heen investigated. {The
reliable service area seems to be
about 25 miles. However, good re-
ception in a favourably-situated sub-
urb 45 miles away .is consistently
reported.

Test
Receivers

The receplion of the television sig-
nals is confined to a small number of
receivers, not over rvo in all, which
are distributed in New York City and
the surrounding suburban area.

The receivers are superheterodynes,
tune from 42 to 84 mc. and accept
both the audio and video signals at
once. A common video-audio r-f am-
plifier (using an acorn tube) feeds the
two carriers to a common first detec-
tor, at the output of which two differ-
ent i-f frequencies {audio and video)
appear. The video i-f is amplified,
applied to a second detector and
thence to the control electrode of the
Kinescope. Included in the receiver
are circuits for selecting the synchron-
ising signals from the incoming wave
(amplitude and wave-shape selection
are used); these signals control the
vertical and horizontal deflection
generators. Control knobs are pro-
vided for control of tuning; of sound
volume, sound high-frequency tone,
sound low-frequency tone; sight de-
tail, sight brightness, sight contrast;
horizontal and vertical scanning and
synchronisation.

The Kinescope image-tube is
mounted vertically, screen uppermost
and protected by a shatterproof glass
plate. (The image is viewed in a front-
surfaced mirror on the underside of
the cabinet lid. Including the Kine-
scope, 33 valves are used in the re-
ceiver; two power supplies, one for
the high accelerating voltages in the
Kinescope and the other for all other
requirements, are used. The receiver
draws approximately 350 watts from
the power line. The audio system in
the receiver is high fidelity (to 10,000
cps.) throughout.

The receiver so far as the video
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cnannel is concerned is a quasi-single-
sideband type. The i-f circuits in the
video channel pass only the high-fre-
quency side-band without attenuation,
whereas the low-frequency side-band
is considerably attenuated. This prac-
tice is adopted solely in the interest
of economy, since the narrowed band
involved permits much higher ampli-
fications per stage with the valves at
present available.

Each observer in the area has been
provided with forms to be filled in
during each observation. The infor-
mation reported on concerns the set-
tings of the controls, and the neces-
sity of resetting them, whether or not
trouble was encountered with the ver-
tical and horizontal framing or syn-
chronisation, with the type of noise
interference encountered, and similar
items.

The two most troublesome sources
of noise interference with the video
signal were those resulting from auto-
mobile and aeroplane ignition systems
and from electronic  diathermy
machines. In the abseince of such
interference a signal of one millivolt
is generally considered satisfactory to
drive the receiver. However, when
those noises are preseat, a much
stronger signal is necessarv to over-
come their effects. Ignition noise
usually affects a part of one or more
lines in the picture, causing that part
to remain either completely bright or
completely dark. Interference from
diathermy machines, especially when
the machine is operated with unrecti-
fied plate supply, takes the form of.a
blanketing of many successive lines,
sometimes as much as one-fourth of
all the lines in the picture.

SCREENS 'FOR DAYLIGHT PROJECTION

NEW type of screen which en-
Aables projected pictures to be

viewed in daylight, was demon-
strated in London recently. This
screen, which has been developed
primarily for cinema purposes, would
appear to be very suitable for tele-
vision systems employing mechani-
cal scanning. The advantages are
that there is no flare, as the nature of
the material, which is a specially
treated fabric, diffuses the light
evenly over the whole of the surface;
in addition it is evident that full use
is made of the available light and the
picture is therefore considerably
brighter than is the case when pro-
jected on to ordinary surfaces.

Two main tyvpes of screen were
shown—front projection and rear pro-
jection—and the difference in bright-
ness between the two was not appar-
ent, though obviously in the latter
case there must have been a slight
loss of light.

Contrary to the usual practice of
having complete darkness between
the projector and screen for rear-
projection, there was almost as much
light behind the screen as in front.

With rear-projection there is no
eye-strain, so the pictures can be
viewed close-up as well as from a
distance. There is -no distortion or
shadows produced by side-viewing.

Another novelty shown was a
black screen, and with this again
there are two tvpes for both front
and rear projection. With these
there was a noticeable loss of light,

but not suificient to make daylight
projection impracticable. The chief
value of the black screen is an
@sthetic one, the idea being that
when no projection is taking place
the actual screen is invisible to the
audience. The patentees of these
screens are Universal Opalescent
Projections, of Parsonage Chambers,
Manchester.

Lenses Moulded from Plastics

N entirely new method has been
Ainvented for the production of

optical systems—Ilenses and the
like—from plastic materials.

The invention, which consists of a
moulding process, delivers from spe-
cially designed machines lenses al-
ready polished and ready for mount-
ing into cameras, binoculars, opera
glasses, telescopes, spectacles, range-
finders, stereoscopes, scientific instru-
ments, television apparatus, etc. The
lenses are made by special treatment
for their particular purposes from
various plastic and transparent mate-
rials. They are for all practical pur-
poses unbreakable as well s being
half the weight of glass and have cer-
tain optical properties which are
stated to be superior to glass. One
of the plastics used in the process is
known as ‘‘ Perspex,’’ a material
recently developed by Imperial Chemi-
cal Industries, Ltd,

All the long and expensive grind-
ing and polishing processes by highly
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skilled labour, which are at present
necessary for the ‘'manufacture of
optical systems, are not needed, for
the lenses come from the moulding
machines in the finished state. They
are, however, only suitable for quan-
tity production owing to the initial
cost of preparing the moulds. The
refractive index of the material can
be wvaried in its preparation to suit
particular requirements and it is
stated to be unaffected by ordinary
variations of temperature. The Com-
bined Optical Industries, Ltd., of 21
Denmark Street, W.C.2, are placihg
these lenses on the market.

¢ How to Make a Television Aerial "
(Continned from page 132)

if the greatest efficiency is to be

secured one of the special types de-

signed for the purpose should be

employed. [Twisted feeders consist-
ing of ordinary or rubber-covered flex
are not recommended as their use re-
cults in a considerable loss. The con-
centric type is very efficient, but
rather costly. There is an excellent
alternative in the Belling Lee high-
frequency low-impedance transmis-
sion line that has been specially de-
signed for television purposes. This
consists of two enamelled copper con-
ductors embedded the correct dis-
tance apart, in an oval Teleconax
sheath. This feeder can be brought
away from the aerial in any direc-
tion, but if the concentric type is used
then it is desirable to carry it hori-
zontally for a distance of at least
three feet, and it is for this purpose
that the horizontal extension arm is
provided.

Bright metal-to-metal joints should
be made where the feeder is connected
to the aerial and these should be
covered with insulating tape, and
finally with some insulating com-
pound to prevent oxvdisation taking
place.

The aerial should be erected in as
high a position as possible and free
from the screening effects of near-
by buildings. 1f a reflector is used,
aerial and reflector must be on a line
in the direction of the. transmitter,
the reflector, of course, being the
further away. (The direction can
easily be arrived at by means af a
map and compass.

READ TELEVISION
& SHORT-WAVE WORLD
REGULARLY
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WHAT THEY EXPECT OF TELEVISION

Many of Britain's most famous men and women in the entertainment world reveal in this intriguing
symposium—which appears exclusively in “Television and Short-wave World”—the high hopes and
dark fears which the institution of a regular television service has aroused in their minds.

Contributors, whose views have been collected by Kenneth Baily, include :

C. B. COCHRAN—World’s greatest wizard of the stage.

DAME SYBIL, THORNDYKE—One of our most famous actresses.
JACK HULBERT—Britain’s well-known film comedian.
DOROTHY DICKSON—Beautiful revue star.

HEN broadcasting began in

\x; Great Britain the show busi-

ness monarchs of the West
End and sports promoters throughout
the country did not talk much about
it, and in fact regarded it with grave
suspicion. For a long time they tried
to dismiss it as purely an interesting
experiment with wireless, a novelty
for the few technically-minded.

It is gratifying that history is not
repeating itself in this respect with
the beginning of television.

The aerial mast at the Alexandra
Palace already points a meaningful
finger to the sky, and below it
London’s theatre and film land is
humming with speculation, guesses
and prophecies as to whether that
finger is beckoning—or threatening.

What are the jmpresarios, the
actors-and actresses expecting of this
new medium on their horizon?

Our special investigator has been
among them and put the question:
“What do you expect of television?”’
Here are their replies:

Charles B. Cochran, Britain’s
premier showman, is quite definite
about it, startlingly franlk.

‘1 expect television completely to
revolutionise the entertainment busi-
ness,”” he said. ‘‘ Pictures and
talkies have occasioned only slight
readjustments. Television will get
to the very roots of all entertainment.
Its way will not be anything like so
smooth and easy as the path which
sound broadcasting has taken, des-
pite all the difficulties even that
medium has overcome. Television
will need almost superhuman control
and super intelligent development.
Yet I believe that all workers in the
amusement industry ultimately will
benefit by television."’

Dame Sybil Thorndyke, great
actress and vital supporter of the
legitimate stage, is apprehensive.

‘““1 am quite excited about tele-
vision as a scientific wonder,”’ she
said. ‘ But as a medium for enter-
taining people. I approach it more
warily.

‘“ All mechanised art is bad for the
theatre, for the music concert hall,
and for the people. And I do not
mean financially damaging; I mean
artistically. No art succeeds unless

you make an effort yourself to under-
stand and enjoy it, evan if it is only
leaving
theatre.

‘I don’t think that drama—fine

your armchair to go to a

E :
] : \
L e 1

Dorothy Dickson is of the opinion that television
entertainment bas a great future.

contribution to the age—can ever be
brought to the armchair. There is
no reaction between the artist and
the person, and consequently no vital
effect on the person. It will be far
easier for television to be bad for the
arts than for it to aid them.”’

Gordon Harker,famous character
comedian of stage and film, expects
nothing startling.

‘“T don’t think that television will
affect the theatres at all, and the
cinemas only a little,”’ he told me.

‘“ Nothing, however good, will
keep people at home all the time for
all their entertainment. It may be
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LEONARD HENRY—Famous microphone mirth-maker.
GORDON HARKER—Great character comedian of stage and film.
JACK HYLTON—World-famous ** Daddy "' of all dance bands.
GEORGE ALLISON—The celebrated radio sports reporter.

convenient to be able sometimes to
see a play at home, but when the
novelty has worn ofl people will find
they are missing the best part of the
enjoyment they derived from seeing
plays on the stage. I believe tele-
vision ought to give more employ-
ment in the film world, and increase
the variety of cinema programmes.
It will run more or less parallel with
films, sometimes co-operating with
them.”’

Leonard Henry, famous broad-
casting comedian and a proved
television star, doesn’t expect any-
thing spectacular of television be-
cause he sees all manner of problems
and difficulties in the new medium.

¢ It’s another case of the machine
becoming bigger than the man,” he
said. ‘‘It’s bigger even already,
when it’s only a baby. The possi-
bilities inherent in television are im-
mense and can be rightly construed
as threatening to art and entertainers
and vested interests, and equally
rightly as promising for these.

¢ Television will have to be very
carefully controlled, or else it will just
run riot and make an awful mess. 1
think the B.B.C. will have its work
cut out to find enough entertainment
to fill three one-hour programmes
in the early stages, let alone when a
full service has got to be run. The
films have educated the public, and
after the novelty has gone, people
will expect to see on their television
screens the same high standard of
entertainment, the same wizardry and
marvels, as they see at a cinema.
There’ll be no fun watching an
orchestra playing for half an- hour,
the same face talking at you for ten
minutes, or the face of a singer.

“Fabulous  wealth, genius-like
brains, hundreds of staff, and acres
of studios will be required to keep up
a constant output of real entertain-
ment. It will be possible, of course,
to re-transmit certain programmes,
and to broadcast documentary films,
but unless the programmes are go
per cent. good entertainment there’ll
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DOROTHY DICKSON, JACK HULBERT, JACK HYLTON, and 'GEORGE ALLISON

be no demand for them, or for tele-
vision receivers.

‘“ Television faces a far more criti-
cal audience than did films or broad-
casting when they began, but it is
far too big a wonder for me to con-
jecture about too deeply at the pre-
sent stage.”’

Dorothy Dickson, beautiful revue
star, is very optimistic.

“ 1 think that the B.B.C.’s new
television programmes are. going to
be the eighth wonder of the world !’
she “exclaimed. ‘' Television will
bring .employment to- the entertain-
ment profession, and more beauty,
humour, and interést to the public in
their homes (verywhere. 1 cannot
see ~it ever interfering with the
theatre.

‘‘ People will always want to see
artists in the flesh. To country
people, and provincial people gener-
ally, television will be a great boon;
they will be able to see artists hither-
to kept from them and will be able to
watch the events that are making his-
tory actually happening. For the
artist it will have the complementary
advantage of giving him a bigger
audience than he has ever had, and
more scope to win recognition.”’

Jack Hulbert, England’s famous
film comedian, foresees the new de-
mands which television will make
upon radio stars,

* Television may be a new wonder,
but, fundamentally, it is the same
old principle—acting. The artist
broadcasting uses the voice to stimu-
late an imaginative picture in the
listener; in television he will have to
be talented enough to appear facially
and in gesture exactly as the listener
listening-in has previously imagined
him to be. There are artists parti-
cularly gifted in expressing them-
selves facially and by gesture, and
they will be the television stars; and
there is always plenty of talent, and
television will be yet another avenue
for its discovery. The profession
needs it for that reason, if for nothing
else.

‘“ But good voices—or good looks
—will not be enough; television, new
as it is, will go back to the first essen-
tial of acting, the ability to mimic,
mime and pull faces.”’

Jack Hylton famous dance band
director, expects televising to be
harder work.

‘“ More rehearsal will be required
for it, for the effect of the perform-

ance will depend as much on appear-
ance as on sound. I don’t think it
will be harmful to the prestige of a
music-hall band; there are two dis-
tinct atmospheres in seeing a band on
the stage and seeing it on a fireside
screen, and the people will appreciate
both, and want both.”’

Will television revolutionise the
Englishman’s interest in sport?

George Allison ace soccer com-
mentator and manager of the Arsenal,
looks upon it very practically.

‘““ As an accomplished scientific
fact, there is no getting away from
television, but as a means of giving
the public its sporting recreation it
will have to be kept in leash.

‘‘ Television will become as much
a recognised part of national life as
broadcasting, with the difference that
it will have to air individual sporting
enterprises’ which depend on public
support, and not replace them. You
will never get anything, however
wonder(ul, receiving the sanction of
private enterprise if it is going to re-
tard that enterprise.

Gordon Harker does not fear television as a
competitor of stage and film.

‘“ Our new stadium at Highbury
has been wired for television so that
when the Arsenal are playing away
from home, the home supporters can
come to the ground and still see, by
television, the away match which may
be taking place, say, at Birmingham.
And it is on those lings, I think, that
television will co-operate with sport.
I certainly cannot see it being allowed
to put publicly supported events in-
to private homes.”’

Our Policy
““ The Development of
Television.”
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One Standard of Transmission

The Postmaster-General announces
that, as a result of the experience
gained of television transmission from
the London Television Station at
Alexandra Palace, the (Television
Advisory Committee have recom-
mended that the London experimen-
tal period—during which different
technical standards of transmission
have been used during alternate
weeks—should now be terminated
and that a single set of technical
standards should be adopted for pub-
lic transmissions from the London
Station. This recommendation,
which has been approved by the
Postmaster-General, provides for the
adoption of standards as follows:—

Number of lines per picture—403

. interlaced.

Number ‘of frames per second—;so0.

Ratio of synchronising impulse to

picture—3o:70.
These standards for the television
service from the London Station will
not be substantially altered before the
end of 1938.

Consequent upon this decision tele-
vision transmissions from Alexandra
Palace of 240 lines with 25 frames
per second will be discontinued and
all future transmissions will be on the
standards set out. above, which will
be known as the London t:levision
standards.

The Radio Exhibition

The Radio Manufacturers’ Asso-
ciation has decided that Olympia is a
more suitable building for its future
radio exhibitions than Earl’s Court,
and a new contract has therefore
been made with Olympia, I.td., and
dates settled for the next four exhibi-

tions, which are as follows.
1937 August 16-September 3.
1938 August 17-September 6.
1939 August 16-Scptember 3.
1940 August 19-September 8.
1941 August 18-September 7.

These dates are the actual tenancy
dates and not the times during which
the exhibition will be open to the
public.

The laboratories and offices of the
International Television Corporation
have now beén removed to Maid-
stone House, 25-27 Berners Street,
London, W .1.

WWwWW.americanradiohistorv.com
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WORLD PIONEERS & MANUFACTURERS OF
ALL TYPES OF TELEVISION EQUIPMENT

Baird Television! Ltd. have pleasure in
announcing that the price of *Televisor”
receiving set Model T.5 is reduced to 55 gns.

This Set provides”a brilliant black and white
picture which is reproduced on the ¢ Catho-
visor” Cathode Ray Tube, itselif a Baird
product of unique design, the picture being
the largest obtainable in any make of receiver
now available to the public.

In detail, colour and brilliance of picture, and
in the quality of sound reproduction, the
¢ Televisor >’ Receiving Set Type T.5 is out-
standing in performance.

Authorised dealers who have qualified for a
Baird Certificate of Proficiency, have been
appointed within the service area of the
B.B.C. television station.

Send now for illustrated literature

PRICE 55 Gns.

“TELEVISOR” RECEIVERS MIRROR THE WORLD

Head Office: Laboratories. :

GREENER HOUSE, \, . CRYSTAL PALACE,

66, HAYMARKET, !ELE ISOR t«cl;lﬁRle’I RSOé-\IDg,

LONDON, S.W.I. ONDON, S.E.I9.
"Phone : Whitehall 5454 RFTPE TIARK Phone : Sydenham 6030

Y T A R e e T NN
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“HIS MASTER'S VOICE”

Sight and Sound in the Home

per week

with small deposit

ANNOUNCEMENTT

OW that the B.B.C., following the period of experiment, will be televising
pictures on one system only—thus providing a complete home entertain-
ment service—*‘ His Master’s Voice” are able to increase greatly their plans
for the production of television sets for the home.
“His Master’s Voice ”’” have pleasure in announcing the following home
television receivers now available for immediate delivery.

Model 900 Television sight and Model 901 Television sight and
sound Receiver, with long, medium 80 GNS. sound Receiver. Price 60 GNS.
and short-wave Radio. Price

These instruments can be bought on hire purchase terms at the rate of
£1 per week and a small deposit.

All sets are installed free of charge, including the provision of a television
aerial, within the service area of the London Television Station, and are covered
by ‘ His Master’s Voice” guarantee of A YEAR’S FREE MAINTENANCE.

FILL IN COUPON FOR FOLDER ) _
To *' His Master's Voice,” 108T, Clerkenwell Road, London, E.C. 1.
GIVING FULL DETAILS Please send me " His Master's Voice,” Television folder giving details of

your special Television offer. Ishall be under no obligation to purchase.

MARCH
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CONTRAST oOR PICTURE BRIGHTNESS?

SOME NOTES ON SECURING THE

HE subject of tonal contrasts

in any picture recording, be it

"™ television or photographic pro-

cesses, is a very extensive subject

and in this short article it is only pro-

posed to consider the merest outline

in relation to the handling of tele-
vision receivers now available.

Starting in the studio, the scene to

be transmitted consists of various

tones or shades ranging from the
darkest to the brightest—shadow and
high light. Assuming a perfect sys-
tem of television the characteristic
would, amongst many things, be a
straight line, that is to say, plotting
light intensities of the scene to be
transmitted against effect. By
¢ effect >* one means signal or final
brightness of receiving screen as in
Fig. 1. In practice, for various rea-
sons, the actual effect will be more
like Fig. 2, a type of curve common
to many things. The transmitting
station will, of course, endeavour to
work on the straight line portion of
the curve unless for some artistic
effect it is not desirable to do so. The
receiving station can, however, rea-
sonably expect a signal which is
tonally correct.

In television receivers there are
two controls generally termed bright-
ness and contrast, and it is the setting
of these controls which makes or

C

By R. L. Ashmore

mars the tonal values of the picture.
The brightness control alters a volt-
age between certain electrodes, while
contrast 1s the equivalent of volume
control in sound—that is to say, it
controls the strength of the signal.
Now the light produced by a cath-
ode-ray tube is by no means linear
with respect to voltage variation
across the- controlling electrodes, the

Three photographs, A, B, and C showizg the different detail obtainable with too great contrast and C excessive picture brightiess.

response curve being generally like
that of Fig. 2. From this curve it
will be seen that a given input signal
voltage will be distorted in the result-
ing light output in such a manner as
to exaggerate the tonal contrasts, or
gamma as it is known in the motion
picture industry.

Let us try and show this in more
detail. Suppose we bias the cathode-
ray tube to the point X, Fig. 3a, by
means of the brightness control. With

: .
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Figs. 1 and 2 Curves showing (1) the ideal and (2)
i the usual effoct obrained.
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no signal on the screen practically no
light is produced. On applying a
given - signal the resulting picture
may be compared with that of the
photograph A, which may be re-
garded as what one should receive.
Move the bias point to X, Fig. 3b,
and the picture B will be the result
from the same signal. Notice how

more than a third of the darker tones

have gone black owing to having been
lost round the bottom of the curve,
Also the high lights or whites are not
so brilliant.

Finally, consider the bias point at
X, Fig. 3c, the pictorial result being
picture C. Note here how the high
lights of the picture are all practi-
cally one tone, while the darker
shadowy parts have become lighter.
In practice the fly-back stroke of the
electronic beam will become visible
if brightness control is turned up too
much. The three illustrations show
what can be done with brightness
control for a given input signal.

Obviously everyone has their own
opinion as to-what is the best setting.
Many people might prefer picture B,
arguing that the villaige looks more
dramatic if one can see no details of
toy castle’s interior-—just a matter of
taste.

The results of the use of the other
control, that of contrast, are difficult
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to show by the aid of a printer’s
block, so let us return to Fig. 3a.
Dividing the maximum light to black-
ness into roo different shades or tones
there are about forty different tones
available for the given signal input,
fourteen for half the signal level and
ninety-eight for double the signal, all
suffering from tonal distortion more
or less as inspection of the curve will
show.

The writer, who has seen a con-
siderable nunber of receivers run-
ning at various places, is of the
opinion that most receivers are run
with too much contrast and would
advise trying the effect of reducing
the contrast control and increasing
brightness so as to aim at working
between Y and Z, Fig. 3a. It may be
objected that the blacks will not be
black enough, but don’t forget the
darkest of shadows have some light
in them. If vou don't like the sug-
gested setting on studio shows try it
on films.

Films are printed with a relatively
high gamma or degree of contrast
which added to the contrasting effects

of a cathode-ray tube become defi-
nitely objectionable,

In conclusion, tonal distortion such
as dinner jackets, with nearly white
lapels, are, of course, not correctable
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at the receiver as they are due to in-
correct tonal reproduction at the
transmitting end because of the
photo-electric device not having a
panchromatic response to colour.
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Figs. 3a, 3b and 3c.—Curves showing the effects of varying the bias point of the cathode-ray tube by means
of the brightness control.

LUMINESCENCE—

AND ITS

APPLICATIONS

An abstract of a paper read before the Royal Society of Arts by J. T. Randall
M.Sc., of the G.E.C. Research Laboratories, Wembley.

NERGY may exist in many
Eforms most of which cannot be
detected by the naked cye. When
an electric current flows through a
wire energy is dissipated; the eye
cannot observe this dissipation of
energy directly, unless the wire be-
comes so hot that it radiates in what
we call the visible spectrum. A
transformation of energy that is in-
visible to energy that is visible has
taken place, and the commonest ex-
ample of this kind of change is per-
haps the electric filament lamp.
Many substances exist, a few of
them in Nature, that are capable of
transforming the energy of ultra-
violet radiations and cathode-rays,
for example, into radiations detect-
able by the eye. This is the study of
luminescence, and it is seen that it
is only a special branch of the trans-
formation of energy that is invisible
into energy that is visible. Some-
times the substances that effect this
transformation are referred to as
fluorescent, sometimes as phosphor-
escent, and less frequently as lumin-
escent.

The terms ‘ fluorescence >’ and
*‘ phosphorescence *’ are frequently
vaguely used in a synonymous man-
ner. When ultra-violet radiation of
a given wavelength falls on certain
classes of matter, visible radiations
are re-emitted and continue to be
emitted so long as the ultra-violet
continues to fall on them. This effect
is referred to as fluorescence. Some
of the materials which show fluor-
escence continue to radiate light with
gradually or rapidly diminishing in-
tensity after they have been removed
from the source of exciting radiation
this prenomenon is referred to as
phosphorescence. A sheet of paper
coated with luminescent powder in
ordinary light appears white; in the
dark it is invisible. If it is placed in
a beam of ultra-violet radiation it
immediately glows a bright green; it
is fluorescing. If the fluorescent
paper is now removed from the ultra-
violet it continues to glow bright
green for the best part of a minute.
It is the after-effect, the after-glow,
that is called phosphorescence.

Frequently in describing the sub-
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ject, it is not necessary to distinguish
between fluorescence and phosphor-
escence, and a convenient term to use
on such occasions is luminescence, as
was suggested by Wiedemann some
forty to fifty vears ago. Excitation
by cathode-rays is usually referred to
as cathode-luminescence,

The term bio-luininescence is used
to refer to effects associated with
bacteria on decaying foodstuffs, with
luminescent insects and deep-sea fish.

Chemi-luminescence is usually ob-
served during the course of rather
out-of-the-way reactions involving
oxidation between an organic and an
inorganic compound. Some types of
bio-luminescence are essentially of
this type.

Historical

The subject of luminescence in its
broader aspects is by no means a new
one. What we now call bio-lumin-
escence was cerfainly known to Aris-
totle, and there is some evidence to
show that Pliny was acquainted with
various luminescent minerals. The
first serious study of luminescent
solids began early in the seventeenth

century,
Little progress was made in the
study of Iluminescence until the

eighteen-thirty’s and forty’s when
the work of Brewster and Herschel

(Continued on page 151)
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BROADCASTING ON 7 METRES

The B.B.C. have now under con-
sideration a plan to broadcast -the
National and Regional programmes
on a wavelength of 7 metres from the
short-wave transmitter on the roof of
Broadcasting House. From informa-
tion which we have received it seems
likely that the plan will be carried
through. Experience with the sound
transmissions from Alexandra Palace
has shown that much better quality
is obtainable. The first transmission
would be in the nature of an experi-
ment, but if it is successful it is prob-
able that short-wave transmitters
would be erected in many parts of the
country to serve local areas. These
short-wave transmissions would, of
course, be entirely free from long-dis-
tance interference.

THE BAIRD BIG SCREEN

The Baird big-screen nights at the
Dominion Theatre have proved very
popular.  This show has been given
at 9 p.m. on Fridays and even with
the present limitations of the system
it has been proved that quite a lot' of
entertainment can be provided with
suitable presentation. The audience
are able to join in the fun by asking
questions and receiving answers from
the images of various comedians on
the screen,

MAGNETIC FOCUSING

It seems likely that there will be
a revision of ideas in cathode-ray
tube manufacture in the near future,
the tendency being to go over to mag-
netic focusing and deflection. From
the constructional point of view the
magnetic tube has many advantages,
chief of which is the relatively simple
construction of the electrode system,
which only consists of the cathode,
anode and cylinder. This eliminates
a great deal of work in the very accu-
rate assembly which is necessary in
the case of the electrostatic tube.
There is also the fact that the charuc-
teristics of the tube are not tied up
with the electrode structure to the
same extent, and correction can be
made after the tube is assembled.
Additionally the associated equip-

ment can be simpler and this, to-
gether with the fact that the mag-
netic tube is easier to make than the
electrostatic type, should make a re-
duction in tube cost possible.

TELEVISED SHAKESPEARE

Plans are being made for a series
of televised Shakespearean excerpts
on the lines of Henry V, which was
transmitted on February 5. Plays
under consideration are Romeo and
Juliet, Hamlet and Julius Cesar, and
each is to be presented by a different
producer in ordér to compare styles.

GOLD MEDAL FOR J. L. BAIRD

At. the annual conferznce of the
International Faculty of Sciences in
conjunction with The Institution of
Electronics and The Institute of
Chemimst-Analysts, a gold medal of
the Faculty was presented to Mr.
John Logie Baird for his contribution
to advancement in the science of tele-
vision.

ICONOSCOPE « MEMORY

Many readers have drawn our at-
tention to the somewhat faint word-
ing appearing in the sky on the
interval signal—a picture of the top
of the mast and aerials at Alexandra
Palace. ‘We have often noticed this
ourselves, the wording being the same
as is radiated for fifteen minutes be-
fore the transmission. ‘This is due
to the image of the previous titling
being ‘‘ remembered ’’ by the photo-
electric mosaic of the Emitron camera
owing to the long exposure to it and
then using the same camera to repro-
duce the picture of the mast and
aerials—which, incidentally, is one of
the views from ‘¢ Television Comes
to London,” the first film made by.
the B.B.C. staff. Actually, the effect
is very similar to that of the eye. We
have all experienced the results of
staring at some bright object and
looking away and seeing the same
object superimposed on the new

scene,
SUPER-IMPOSITION
Talking of super-impositions we
cannot help strongly criticising some
of the transmissions in which this
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~effect is used. Recently Helen
Perkins, the pianist, was televised
and for nearly seven minutes out of
ten super-imposed pictures were radi-
ated, one a frontal side shot of her
face, the other her hands on the key-
board—result no clear picture of
either and the hands on the keyboard
appeared be be scratching the back
of the head and neck. Another out-
standing misuse of super-imposition
was during Geraldo’s band perform-
ance, which showed a lady announcer
through a music stand with a saxo-
phonist on her back during a turn by
the Tea Time Swingers; also in the
show ‘‘ Pastiche ”’ something like
dark trees or hills grew out of Stuart
Robertson’s arms. These instances
showed the complete lack of manipu-
lation of super-imposition.

i UPLIFT

The B.B.C. is always .out to teach
us. We noticed that Tottenham
Court Road should be spelt ‘‘Totten-
hamcourt,”’ one word—though Lon-
don Transport does not yet seem to
agree—during a recent Underground
sketch.

AMBITIOUS PROGRAMMES

Two of the outstanding shows from
the studio during February were un-
doubtedly ‘‘ Cosmopolitan Café *’
and ‘‘ A Dinner Time Floor Show.”
Both were extremely large set ups for
the size of the studio.

But the outstanding transmission
of the month was undoubtedly the
televising of the amateur boxing bouts
from one of the halls of the Alexan-
dra Palace. This O.B. called for con-
siderable preparation. A platform
some 10 ft. square had to be erected
above the heads of the audience in
such a way as not to obscure any-
one’s view. Nests of high power
lamps were installed above the ring
of such brilliancy that it was not pos-
sible to tell if the Club’s usual two
lamps were on or off. Two cameras
were used side by side but with dif-
ferent focal length lens; also two
microphones. The results were ex-
cellent and a lot of people are wonder-
ing where it will all end.
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THE TUNING NOTE

We have noticed variations in fre-
quency of the sound transmitter test-
ing frequencies at Alexandra Palace.
The ~ pre-transmission tuning note
used to be 1,000 cycles, then it
dropped to a rather uncertain note of
about 250 cycles, and on recent test
transmissions nothing below 1,000-
cycle is used—apparently tuning note
variety.

THE CORONATION AND TELE-
VISION SETS

Despite the fact that up to the pre-
sent it is only known that the
processions before and after the
Coronation, and not the actual cere-
mony itself, will be televised, there
are indications that the demand for
sets that was anticipated will be main-
tained.

The General Electric Company
state that all the sets they have manu-
factured to date will be in use. ‘‘ For
some weeks before the official trans-
‘missions started,”” an official of the
G.E.C. stated, ‘ we began manufac-
turing sets on a regular production
basis in the same way that we manu-
facture our wireless sets. In addi-
tion to the fact that all the sets we
have made to date will almost cer-
tainly be in use during Coronation
week, we are having to speed up fur-
ther production.””

TELEVISION EXHIBITION AT THE
SCIENCE MUSEUM

The first public exhibition devoted
solely to the development and modern
attainments of television is to be
opened at the Science Museum at
South Kensington early in June. It
is expected that the exhibition will re-
main open for three months.  All the
principal British manufacturers inter-
ested in the development of television
are co-operating with the Radio
Manufacturers’ Association «and the
B.B.C. to make the exhibition truly
representative, and it is expected that
it will do much towards spreading a
wider appreciation and understanding
of modern television.

The exhibition at. the
Museum will illustrate the develop-
ment and will show the simple prin-
ciples of modern television. In addi-
tion, demonstrations will be given of
the B.B.C. programmes on modern
receivers and a local transmitter will
be shown in operation so that the re-
ceivers can operate when no B.B.C.

Science

transmission is available. The Science
Museum is open free on weekdays
from 10 a.m. to 6 p.ur. 4nd on Sun-
days from 2.30 to 6 p.m.

BAIRD TELEVISION AT B.I.F.

Television was featured at the
British Industries Fair this year for
the first time. A portion of the Baird
stand was built to form a small de-
monstration room so that parts of
the afternoon Lransmissions could be
shown to interested visitors. Equip-
ment enabling the principles of tele-
vision transmission reception to be
demonstrated and explained was also
installed, together with parts of the
receivers built and designed by Baird
Television.

THE TELEVISION SOCIETY

The annual general meeting of the
Television Society will be held on
March 10, to hear the report of Coun-
cil and to elect officers for the coming
session. After the meeting, ‘it is
hoped to arrange for the E.M.I. tele-
vision receiver to be described and
demonstrated by a member of the
E.M.I. staff. The meeting will com-
mence at 7.30 p.m.

On Wednesday, March 12, a des-
cription of the E.M.I. television re-
ceiver will be given.by Mr. G. H.
Watson, and similarly Mr. E. H.
Traub will describe the Mihaly-Traub
receiver on Wednesday, April 14.

The Kerr Memorial Lecture will be
given on Wednesday, May 19, by
Professor J. T. MacGregor-Morris,
M.I.E.E., head of the Electrical En-
gineering Department, Queen Mary
College, and the subject will be ‘“The
History and Development of the
Cathode-ray Tube.’' Visitors are
particularly welcomed to this lecture,
which will commence at 7 p.m.

LTELEVISING THE CORONATION

No real decision has yet been
reached regarding the televising of
the Coronation ceremony in West-
minster Abbey, although there are
indications that some objections have
been made by the committee respon-
sible for the Coronation arrange-
ments, chiefly it is supposed on ac-
count of the installation of the neces-
sary apparatus and the provision of
sufficient light. No final official deci-
sion is likely to be made until the re-
turn of the Duke of Norfolk, Earl
Marshal. It is understocd that per-
mission has heen given for the taking
of news films of the ceremony.
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THE FUTURE OF TELEVISION

Following the announcement of the
Postmaster-General of the decision to
employ one standard of transmission
the directors of Baird Television,
Ltd., issued the following statement.

‘“ In the discussions with the Tele-
vision Committee which preceded the
decision of the Postmaster-General to
adopt a single standard of transmis-
sion to be known as the London
transmission standard, we -~ were
given assurances that this did not
mean the setting up of a monopolistic
situation either now or in the future.
The last word in transmission has
not been said. There is, for exam-
ple, nothing in the present position to
prevent the B.B.C. using for new
stations a higher standard of above
;00 lines on which we are, in fact,
working.

‘“ It cannot be too strongly em-
phasised that the present adoption of
a single ‘ standard ’ does not mean
the adoption of a particular system.
Single-standard television will pro-
vide more studio room and an
economy in working and should
therefore result in longer and better
programmes.

‘“ Moreover, from a purely: com-
mercial point of view, Alexandra
Palace transmission, as Sir Harry
Greer, the chairman, pointed out at
the last Baird Company meeting, is
not in itself revenue-earning.

¢ It will be seen therefore, that the
Television Committee’s decision in no
way diminishes the commercial pros-
pects of the Baird Company or limits
its trading policy.

*“ Our receiving sels are, of course,
already designed to receive the newly
established London transmission
standard, and the supply of these sets
is the most important side of the tele-
vision business.

‘“ Our development department will
also continue its promising work in
large-screen cinema television, which
has already had substantial success,
and on military and other non-enter-
tainment applications.’”

TELEVISION CABLES FROM
LEEDS

New underground telephone cables
are to be laid between Leeds and
Manchester, Leeds and Hull, Leeds
and Middlesbrough and Leeds and
Newcastle among other extensions,
and in these developments regard is
being paid to the requirements of
television.
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REDUCING THE COST OF
THE “ GUARANTEED RECEIVER”

This article describes how economies can be effected in the cost of building Television’s Guaranteed
Cathode-ray Receiver of which full constructional details were given in the October, November and
December, 1937 issues.

ANY of our readers living in districts of good
M signal strength and short range of the Alexan-

dra Palace television transmissions have asked
us would it not be possible to reduce the number of
valves required and so reduce the cost in the case of a
receiver to be operated under these conditions.

For some time now careful consideration has been
given to this point and many tests have been under-
taken to see if it was possible to arrive &t a receiver
that would contain a minimum of valves and at the
same time give a good performance at a shorter
distance.

The tests have proved that in cases where the receiver
is to be used within a distance of approximately ten
miles from Alexandra Palace a very real saving can
be eflected. It should be understood that the modified
receiver does not supersede the nine-valve receiver of
the ‘‘ Guaranteed ’’ instrument, which was designed
for service anywhere within the stated range of the
Alexandra Palace transmitter.

It has heen found that reductions are possible in the
receiver, power pack, time base, time base power pack,
4,000-volt exciter unit and control panel, and these,
coupled with the fact that only a single system is now
broadcast, allows an economy that more than covers
the cost of the cathode-ray tube. ‘

Commencing with the receiver it is suggested that
the chassis be made for vision only as many readers
already have a unit for the reception of the sound.

The circuit diagram for the vision section is retained
except for the demodulation valve {2nd detector) and
output; also the number of I.F. stages have been re-
duced to two, instead of four.

With the reduction in the number of stages the value
of the decoupling condensers on the H.F. side can be
reduced. Instead of .1 mfd. a value of .00z mfd. is
suitable.

The demodulator has been changed to an anode-bend
rectifier and a triode valve used. This gives a much
greater gain than a diode and compensates for the lack
of 1.F. amplification. This stage requires to be de-
coupled. The output valve is changed to an Osram
Ng43 with the result that, due to the low anode load
resistance, the frequency range is improved.

Certain modification are needed to accommodate this
valve and this together with the anode-bend stage is
given in detail in the circuit diagram, Fig. 1. The fact
.of using a coupling condenser anywhere in the demodu-
lated circuits, of course, does remove the full effect of
a steady D.C. level in the picture, but on observation
it does not-detract from the results. The coupling of
the demodulator by a condenser to the -output stage
does affect the synchronising of the pictures but only
during quick changes from one scene to another. There
are ways of overcoming this, and details are given at
the end of this article, particularly of a method of using
the gas-filled relay as a biased off detector.
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Notice should be taken of the 250-ohm resistance in
the output anode circuit. This must not be omitted and
should be connected directly to the anode pin of the
valve holder. The usual result of omitting this is self
oscillation resulting in a negative picture, but during
all the observations made of this phenomena, the black
synchronising bands on the right-hand side of the pic-
ture format have remained black and have not been
subject to a phase reversal and this is a means of
identifying the fault.

The new type of chassis is now obtainable from
the Mervyn Sound & Vision Co., and provision is made
for an additional I.F. stage to be inserted if required.

The coils, both tuning and oscillator, may be wound
using No. 16 s.w.g. tinned-copper wire. ~ This allows
the small mica trimmers to be dispensed ~with and the
trimming carried out by opening or closing the coils.

The H.F. stage (MSP4) in front of the frequency
changer may be dispensed with, but the measured
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HOW ECONOMIES CAN BE EFFECTED

gain in this stage is two with the advantage of non-
critical aerial matching. This, however, is not advis-
able unless the receiver location is within three or four
miles of the transmitter. In any case erect the aerial
as high as possible and use a half-wave dipole consist-
ing of two arms 5 ft. 4} ins. long with a Belling and
Lee feeder.

The power unit for the receiver may be reduced in

be effected and the operation rendered more simple.
Accordingly a few instructions regarding the position
of the controls will be given.

The components not required are the changeover
witch, several fixed resistances and two 2-meg. poten-
tiometers.

The remaining controls are ncw rearranged so that
the 2-meg. variable resistance in the anodes of the gas-
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Fig. 1.—The modification to the detector and ontput circuit showing
the details of the anode-bend detector.
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Fig. 3.—.An arrangensent using a saturated pentode for synchronising
prilse selection.

cost as it does not have to provide a large output.
Mervyn have a standard unit that is obtainable ready
built, properly fused and housed in a crystalline finished
‘case.

The Time

Base

The alternative time base described in the January
issue will be found both satisfactory and inexpensive
and should be adopted.

With only one system to be received (405 lines 50
frames interlaced) a saving in the cost of this unit can
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Fig. 2.—A modified circuit for the cathode-ray tube exciter uniz.
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bias variable resistance placed on the side of the chassis.
The holes provided for the changeover switch are used
to bring out the leads to the gas-relay grids for syn-
chronising. The spare hole for the variable resistance
in the relay anodes can be used for mounting the shift
potentiometers if required. The frame frequency being
fixed at 50 cycles, .05 mfd. condensers can be nsed on
the frame deflectors instead of .1 mfd.

The variable anode resistances are placed on the top
of the chassis as the single system calls for only one
setting of the bias control and the finer adjustment
possible with the anode resistance adds to the simpli-
city of control. Mains bias for the gas relays may be
adopted immediately.

A further simplification to the line saw-tooth gener-
ator may be obtained by making the charging conden-
ser .ooo5 mfd. and feeding the first valve of the dual
phase amplifier through a .0o5 mfd. connected directly
from the relay anode to the grid of the first valve, the
grid leak on the valve being left as before.

The power pack for the time base unit may be re-
duced in cost by making the last two smoothing con-
densers 4 mfd. each instead of two 8 mfd. and using a
thermal delay switch of the type manufactured by
Bulgin or Varley instead of using the DLS/1 vacuum

type.

Exciter
Unit
The cathode-ray tube exciter unit and control panel

may be further simplified and reduced in cost by a new
arrangement of the capacities employed. A revised

WwWW.americanradiohistorv.com
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circuit (Fig. 2)-is given and all values marked, and it
will be noticed that only one small condenser is used
on the control panel and this is a .1 mfd. 5,000-volt
working from cathode of the tube to earth. The reser-
voir condenser on the exciter unit is .1 mfd. 5,000-volt
working while the final smoothing capacity.is a 1 mfd.
condenser.

Synchronising

At the beginning of this arlicle reference was made
to a simple way of synchronising the time base using
the gas-filled relay as a biased-off triode.

(The greatest satisfaction is obtained when the frame
relay is synchronised from the A.C. mains in the man-
ner already described. (February issue.} ‘Then to syn-
chronise the line take a lead from the anode of the last
L.F. stage through a very small capacity (.0001 or less)
and connect it directly to the line relay grid. The
scheme is not infallible, but it does work extremely
well, particularly when the signal strength is adequate
—that is when the cathode-ray tube is fully modulated.
The relay does in effect operate as a biased off valve.
As radio frequency is fed to its grid the positive half
cycle of the synchronising signal is sufficient to fire the
relay, especially as the anode voltage to the relay is
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adjusted to approximately the firing point rormally
required.

An alternative is to use a saturated pentode (Fig. 3)
which acts then as an amplitude filter. If the signal
strength fed to the saturated pentode is great enough
the top-bend characteristic can be used providing a
positive synchronising signal at its output while under
conditions of weaker signals the bottom-bend charac-
teristic can be used by taking the cathode to earth on
the control. In this latter case the output signal is
then negative-and can be used directly (with a loss of
part of the picture on the left-hand side), or the phase
may be reversed either by a further valve stage or L.F.
transformer.

The circuit diagram shows an arrangement that has
heen successfully employed; the picture remains per-
pectly steady throughout a transmission.

For simplicity in synchronising a new valve is indi-
cated and such a valve would have all electrodes com-
mon except the anode which would be split, this would
allow selective circuits to be attached to each anode
and would assist materially in completely separating
the different impulses. It is to be hoped that some
enterprising valve manufacturer will produce such a
valve.

* Luminescence and its Applications:’’

(Continned from page 146)
excited the attention of two of the
foremost investigators on the sub-
ject—Becquerel and Stokes. These
two men worked independently of
one another along rather similar lines,
but Stokes’ contribution to funda-
mental knowledge of the subject was
by far the greater. It is to Stokes
that we owe one of the most funda-
mental laws of luminescence, and in-
cidentally the coining of the word
fluorescence.

The chief result of Stokes’ experi-
ments was the law which now bears
his name. Although at the time there
was no wavelength scale, the general
substance of the law was that it is
impossible to obtain fluorescence
radiation of shorter wavelength than
the incident radiation. To take an
elementary example, it would on this
idea be impossible to obtain blue flu-
orescence with incident green light.
The word fluorescence was suggested
to Stokes by observing that fluorspar
from certain districts showed this
effect of change of wavelength to a
marked degree.

Stokes’ Law was first stated about
fifty years before the birth of the
quantum theory, and it is easy for us
to see that the essential feature is
concerned with energy and not with
wavelengths. The law re-written on
an energy basis would be simply:—

‘“ The maximum quantal energy
emitted by a luminescent body does

not in general exceed, and is usually

less than, the maximum quantal

energy initially incident on the
body.”’

That such a general law as this is
not always true is not surprising.
Many organic compounds may be ex-
cited to fluorescence by frequencies
smaller than that of the maximum of
the fluorescent band, and it is gener-
ally supposed that the addition of
vibrational energy of the organic
molecules accounts for the effect. A
special example of transformation of
this kind is the Raman Effect.

Potentials
Required

It is of interest to consider the case
of cathode-rays. Let us consider a
substance which may bhe excited by
blue light to give fiuorescence in the
red.

We find (by calculation) that elec-
trons moving under a potential dif-
ference-of three volts or so should be
sufficiently energetic to excite the
fluorescence of the material. In prac-
tice we know that electrons moving
under a potential difference of at

"least ten volts are required to ex-

cite even the feeblest luminescence.
The reasons for this are two. Flu-
orescent bodies are generally very
poor conductors and become charged
up when electrons fall on them.
Secondly, all matter consists of
charged particles, and consequently
an electron cannot really penetrate a
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solid body to any extent unless it has
a comparatively high energy.

Before concluding this paper, 1
wish to say one or two words about
cathode-ray tube screens. First of all,
everyone wants what they call a
white screen, -and it really is surpris-
ing how many whites there are!
Tastes of individuals differ remark-
ably in this field. The general
method for these screens is to mix
together two or more zinc-cadmium
sulphides. The extremely bright
yellow-green tube contains willemite.
The bright scarlet tube contains mag-
nesium silicate (this compound can-
not be excited by the usual sources of
ultra-violet radiation). The two re-
maining tubes exhibit individual pow-
ders used in obtaining a reasonably
white mixture. There is a bright blue
one and a yellowish-green which
really contains quite a lot of red. It
is important that all powders chosen
for this purpose should have a negli-
gible afterglow, otherwise there
would be bad definition of the picture.

At this point Mr. Randall went on
to discuss the classes of luminescent
materials, their spectra and the sub-
ject of phosphorescence together with
the theory and application of lumin-
escence, the full text of which is pub-
lished in the Journal of the Royal
Society of Arts, copies of which can
be obtained price 1s. on application
to the Secretary, The Royal Society
of Arts, John Street, Adelphi, Lon-
don, W.C.z2.
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HOW CR. TUBES ARE MADE

By STEPHEN LANGSTROTH

We believe this to be the first article published describing the manufacture of cathode-ray tubes.

Con-

siderable secrecy has hitherto been maintained of the details which are given below.

HE cathode-ray tube is daily
T becoming more and more used

in science, and engineering.
This is especially so in television.
The processes involved in the manu-
facture of cathode-ray tubes are in-
tricate, involving a high degree of
precision, but. a general description
of the methods used will no doubt be
of interest to many readers.

The Electrode
Assembly

The first process to be considered
is the assembly of the electrode sys-

taken, the whole unit being sealed
into the neck of the tube in one
operation. The stem also has a
length of glass tubing sealed into it,
known as the tubulation, through
which the tube may be exhausted.

The electrode assembly varies con-
siderably in detail with different
makers although' the general prin-
ciples are the same. It consists of a
rigid structure of mica discs and sup-
porting wires which hold the elec-
trodes in position. Some or all of

the supporting wires are used as con-
nections to the electrodes.

It is a

Sealing the electrode units into the bulbs at the Fdiswan works.

tem. In the earlier cathode-ray
tubes some of the electrodes were
supported by wires which were
sealed through the side of the neck
of the tube. This system, however,
was clumsy and did not lend itself to
accurate alignment. It involved a
lot of labour and the tubes were not
uniform, no two tubes ever being
alike in characteristics. The modern
method of assembly is known as the
unitary system, all the electrodes
being built on to a stem or pinch,
through which the connections are

general practice to construct the
electrode-unit on a jig in order to
obtain accuracy in'alignment, a mat-
ter of importance.

If the tube is to be of the gas-
focused type, the electrode-system
consists of a cathode, control elec-
trode, anode and two pairs of deflec-
tor plates. The more usual ‘‘hard”
tube has one or more additional
anodes which serve to focus the elec-
tron beam. There is also a ‘‘getter”’
which will be described later.

All the electrodes are made of
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‘“ ferry,”” a nickel-copper alloy
which is non-magnetic. This is es-
sential as the presence of a magnetic
field has the effect of deflecting the
beam. Before the electrodes are
assembled, occluded gases are driven
out by heating them to redness in an
atmosphere of hydrogen gas. The
electrodes are fixed to their supports
by a spot-welding machine which
passes a large instantaneous localised
current between the surfaces to be
welded.  The mica-spacing rings
are located on the supporting wires
by collars welded on the latter.

The next process is the prepara-
tion of the bulb. The first operation
is to coat the end with one of the
many compounds which fuoresce
under electron bombardment. One
method is to spray the end of the
bulb with a suspension of fuorescent
material to which some binding sub-
stance such as potassium silicate has
been added. The surplus material is
then carefully removed from the
sides of the bulb with a gentle water
jet, after which the bulb is dried.

Most manufacturers find it adwis-
able to coat the inner walls of the
tube (other than the part occupied by
the fluorescent screen) with a con-
ducting material as this improves the
performance by preventing accumu-
lation of charges on the walls, Often
this takes the form of a film of silver
which is deposited chemically or may
be evaporated on to the walls in
vacuo. Another process uses a car-
bon coating which is deposited from
a colloidal solution. Colloidal graph-
ite solutions are available commer-
cially under the name of ‘‘Aquadag.”’
If the carbon process is used the bulb
must be well baked in air before the
evacuation process.

The stem carrying the electrode-
system is now sealed into the neck
of the bulb and the tube is ready to
be sealed on to the exhaust system.

A typical exhausting plant is shown
diagrammatically in Fig. 1. The
rough vacuum is obtained by the use
of a rotary oil-sealed pump.  The
principle of this type of pump is
shown in Fig. 2. It consists of a
cylindrical structure with a slotted
rotor which is placed eccentrically
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within the cylinder. The slot in the
rotor contains two blades which are
pressed on to the walls of the cylin-
der by an internal spring. As the
rotor revolves the blades sweep
round the cylinder carrying air from
the inlet port and expelling it through
the exhaust port. The blades are
ground so that they fit the walls of
the cylinder very exactly, and the
pump is operated in a tank of oil
which effectively seals the joint made
by the blades and the cylinder wall.
A special oil is used for this type of
pump, having a very low vapour
pressure, and a single-stage pump
will exhaust to a pressure of 10~*
mm. of mercury. A two-stage pump
will produce a pressure as low as
10-° mm. with a pumping speed up
to 100 litres per minutes.

The rotary pump is followed by a
water-vapour trap which contains
phosphorous-pentoxide, a substance
which readily absorbs water.  The
object of this trap is to prevent any
water-vapour from entering the
rotary pump, which would result in
contamination of the oil, greatly re-
ducing the efficiency of the pump.

molecules of gas along with it in its
downward course and condenses in
the water-cooled chamber. The con-
densed mercury is returned to the
boiler and the gas is drawn off by
the rotary pump. .

Diffusion pumps will not operate
against atmospheric pressure and
will only work in conjunction with
the backing pump which creates the
rough vacuum. Under these condi-
tions it is extremely fast and pres-
sures lower than 10-° mm. can be
obtained. The more elaborate dif-
fusion pumps have a number of stages
which increases the pumping speed.

The next part of the pumping ap-
paratus is the cut-off. This is a U-
shaped tube at the base of which is
a long vertical tube connecting with
a reservoir of mercury. When the
exhausting systein is in operation the
mercury rises in this tube to a height
of roughly 30 inches according to at-
mospheric conditions. By raising
the reservoir, the mercury can be
driven up into the U-tube, isolating
the cathode-ray tube from the pumps.
The object of this will be discussed
later.
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Next comes the diffusion pump the
operation of which is as follows:
Mercury, contained in the lower part
of the pump (see Fig. 1) is caused
to boil by heating either with an elec-
tric heater or a gas flame. The mer-
cury vapour passes upwards and
emerges from a mushroom-shaped
jet. The stream of vapobur carries

D

Between the cut-off and the cath-
ode-ray tube is the liquid-air trap.

This is to prevent mercury vapour

from the diffusion pump, cut-off, etc.,
from reaching the tube. At ordinary
temperatures mercury vapour exerts
a considerable pressure—at 20° C. it
is 10~* mm.—and without the liquid-
air trap it would not be possible to
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obtain a pressure lower than this. At
the temperature of liquid-air, how-
ever, the vapour pressure of 10-*
mm. or less.

Measuring the
Pressure

There are several pressure measut-
ing devices for use with vacuum sys-
tems, one of the most common being
the McLeod gauge. This is con-
nected to the system at a point be-
tween the cut-off and liquid-air trap
and is clearly shown in Fig. 2. Its

Fig. z.—Details of rotary oil-sealed pump for
obtaining rough vacuum.

action is thus. If the reservoir is
raised, the mercury rises and the gas
in the bulb is trapped and compressed
into the capillary tube at the top of
the bulb. The volume of the en-
trapped gas is thus reduced a thou-
sand times or more and its pressure
correspondingly increased.This pres-
sure is read by noting the difference
in level between the mercury in the
two capillaries. The gauge is cali-
brated so that the actual pressure of
the system may be read in terms of
this height.

The only part of the apparatus
which remains to be described is the
gas-cylinder which is connected to the
system at the same point as the
McLeod gauge. This cylinder con-
tains an inert gas such as Argon and
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