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Radio engineers the world over
rely upon ‘““ AVO * Instruments for
rapid precision testing. In these
AvoMinors that same precision
is available for the benefit of the
keen amateur and serious experi-
menter. Combining high accuracy
with unquestioned reliability, they
are unrivalled 'in providing such
comprehensive test {acllltieu at s0
moderate a cost

gaiTIsH MADE

{The UNIVERSAL AVOMINOR @ The D.C. AVOMINOR
i Electrical Measuring Instrument. 7 Electrical Measuring Instrument
Provides 22 ranges of direct readings Has & A precision-built moving-coil D.C. instru-
an accurate moving-coil movement and a : ¢ ment with 13 ranges, providing adequate
3-inch full scale deflection. The total : ' testing facilities for checking valve per-
resistance of the meter is 200,000 ohms. formance, batteries and power units, etc.
Complete with leads, interchangeable : In case complete with leads, interchanjge-
crocodile clips and testing prods; and : able crocodile clips and testing prods ; and
instruction booklet. : instruction bookiet.
D.C.VOLTS A.C.VOLTS MILLIAMPS : CURRENT VOLTAGE | RESISTANCE
0— 75millivolis 0= Svolts  O0— 25milliamps i O /A 0= 6v.0—20v. [ 0= 10.000chms
L s e =0 - ©0—120 7 [0—120v.0—600 v. | 0—1.200:000 .
0—25 ., 0—100 . 0— 25 5 2= e Tl % 3res "
0—100 ., 0—250 . 0—100 = S J | 0—3 megohms
0—250 .. 0—500 ,, 0—500 e
0500 '2'0000 hRBlsTANg_Ez : ‘“RADIO SERVICING SIMPLIFIED *
0— 20,000 ohms megohms Written in the light of present-day knowledge, this book gives th
0-100,000 .. 0=5 " whole routine of testing modern receivers, and explains u;u?e: of
0—500,000 - . 0—1o0 o= faults in receiving and amplifying apparatus.  Also shows how to
S use effectively all radio instruments. 150 pages with numerous
WRITE FOR FULLY DESCRIPTIVE LITERATURE ¢"ams and mavhs
» 'AND CURRENT PRICES. PRICE 2/6 (Post Free 3/=)

Sole Proprictors and Manufacturers :—
The Automatic Coil Winder & Electrical Equipment Co., Ltd., Winder House, Douglas Street, London, S.W.I

THE “ FLUXITE QUINS” AT WORK

As “Eh” said,

When Haw-Haw
““ went dead,"v_

 P'haps it’s due to
our planes over-
head.”

But **Ee” said,
** Maybe,

Other reasons there
be;

No Fluxite, for ex-
ample,” he said.

Telephone : Victoria 3404/7

See that FLUXITE is always by y in the h garage—work-
shop—wherever speedy soldering is needed. Used for 30 years in
government works and by leading engineers and manufacturers.
Of Ironmongers—in tins, 4d., 8d., 1/4 and 2/8. Ask to see the

FLUXITE SMALL-SPACE SOLDERING SET—compact but sub- FR EQU ENCY
stantial—complete with full instructions, 7/6. Write for Free

Book on the art of * soft *’ soldering and ask for Leaflet on CASE-

H D ING STEEL d TEMPERING TOOLS ith FLUXITE.
el - = TRANSMISSION

To CYCLISTS I Your wheels will NOT keep round and true unless the spokes
are tied with fine wire at the crossings and SOLDERED. This makes a much

stronger wheel. It's simple—with FLUXITE—but IMPORTANT. d R EC E PTI o N

THE FLUXITE GUN puts FLUXITE where
you want it by a simple pressure. Price I/6,

or filled 2/6. a
FAITE U7, R T DGO Wonss,
- e Full particulars of all Telcon Products from :

ALL MECHANICS WZZL HAVE

THE TELEGRAPH CONSTRUCTION

& MAINTENANCE CO. LTD.
Head Office : 22, Old Broad}Street, London, E.C.2
Telephone : London Wall 3141

IT SIMPLIFIES ALL SOLDERING
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KEEP ABREAST OF
TECHNICAL DEVELOPMENT

The safe and sound method of keeping abreast with every new
short-wave radio development is to join the Radin Saciely of Great
Britain, and receive THE T & R BULLETIN cach month

MAY ISSUE. JUNE ISSUE.

Tho Trackin of Ulre-High s i
requency Concentric Line
Rec(tlaiversy(illustrated) with TI};?ghI:.ange I
full page graphs. Work [ )

orkshop Practice.
Ultra-long Wave Reception
as an aid to Morse Practice.

A SPECIAL OFFER
The May and June issues of The T & R BULL ETIN, together with

details of membership will be sent to any address in "Great Britain
on receipt of P.O. for 2/-. (or 1/- for either issue.)

and

The Measurement of_Radio
Frequencies.

SPECIAL REDUCED WAR-TIME SUBSCRIPTIONS

Corporate Members, 15/ p.a.; Overseas Members, 12/6 p.a.;
Service Members, 10/~ per annum.

THE AMATEUR RADIO HNANDBOOK
A New Edition is being printed

Full details next month. Order now 4/- post free.
All communications to
The Secretary-Editor,
RADIO SOCIETY OF GREAT BRITAIN
16, Ashridge Gardens, London, N.13
Telephone : PALmers Green, 3255
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JUST RELEASED

THE NEW TAYLOR MODEL 90
32-RANGE UNIVERSAL METER

BRITISH MADE—
FULLY GUARANTEED

Incorporating a 43-in. moving
coil jewelled movement meter
with a sensitivity of 1,000 ohms
per volt AC. and D.C. This
nstrument covers D.C. volts,
0.25-1,000 in 7 ranges A.C., and
25-1,000 in 6
ranges each : D.C. amps. | m/A -
25 amps. in 5 ranges: AC-
I m/A-25 amps. in 4

ranges : |-10 megs.

output volts

amps.

£8:15:0

in 4 ranges.

TAYLOR ELECTRICAL INSTRUMENTS, Lro.,

PLEASE NOTE 419-422, Montrose Avenue, 'Z'EI"GGH
NEW ADDRESS | Trading Estate, SLOUGH, BUCKS 750 ¢ 1

IF YOU WANT THE BEST SHORT WAVE SETS or COMPONENTS

GO TO YOUR DEALER
AND INSIST ON

London Service: Webb'’s Radio, 14 Soho St., W.1.,

58 Victoria St.,

“Eddystone’’ products are made for outstanding performance,

They are used by the Fighting Services—have been employed in
Arcticand Tropical Expeditions—in fact whenever utter relja-
bility and the highest efficiency is essential **Eddystone'’ is used.
YOU, too, will obtain the best results if you insist on
‘* Eddystone.” Do so to-day.

St. Albans., Birmingham Service: Webb’s, 41 Carrs Lane

TUNGSRAM P

OF BARRER-LAYER ‘“ PHOTO-ELE

meters,
density,

Horo g emeN

TYPE S44.

Az -
MADE IN MANY SHAPES AND STYLES
Particulars from Technical Department :

WORKINC AREA «

BRITISH TUNGSRAM RADIO WORKS, LTD.

19 !

HOTO-CELLS

MENT TYPE *’ (Photo-voltaic)

For light measurements—photo comparators, photo-meters, exposure

light switches and counters, burglar alarms, colour matching,
refraction, reflection, etc, measurements. (In impartial

N.P.L. report shown to have smallest drift of any cell.)

sOmm

: For sound head in home

" talkies, film gramophones

and other similar acoustic
purposes.

TYPE S 204

WORKING AREA ® #5cm?

WEST ROAD, TOTTENHAM, LONDON, N.I7
TOT. 4884
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SEE THAT YOUR NEW SET IS FITTED WITH MAZDA

MOST) FAMOUS

VA I.VE S

Maida Radio Valves are manufacured in Gh. Britain for the British Thomson-Housfon Co. Ud., london & Rugby and disribuled by

THE EDISON SWAN ELECTRIC (0. LID. @g 155 CHARING CROSS -RD., LONDON, W.(.2

for full parficulars wrife fo Technical Servite Department
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A Hulton

N 1928, an off-shot of the company that had been

formed to develop the television inventions of Mr.

John Logie Baird produced the first issue of this
journal. Its title was ‘¢ Television,”” the first
journal of its kind in the world. The fact that such
a journal could be published was in itself remarkable
at that date. Two or three years later, ‘‘Television”’
passed into the ownership of Benn Bros, Ltd., a
notable house associated with the publishing of trade
and technical papers, and in December, 1933, 1t was
sold to Bernard Jones Publications, Ltd., in whose
hands it was enlarged and strengthened, so much
so, that during the years immediately preceding the
public television service it did its part manfully in
influencing those in authority and in educating the
trade and the public to the need of regular television
transmissions.

Now, with this 1ssue, ELECTRONICS AND TELEVI-
SION (as this journal has been known since October

Publication

last) goes over to Hulton Press, Ltd., alreally famous
as the proprietors of five Journals, each entirely
distinctive: Picture Post, the world-famous picture
weekly ; Lilliput, a clever pocket monthly; Farmers’
Weekly, a well-produced weekly covering all the
interests of the agricultural community; Nursing
lllustrated, a bright and authoritative weekly for
the nursing profession; and lastly, Housewife, a
pocket monthly of a new order appealing to every
woman who 1s running a house and home. Into
the hands of this up-to-date and enterprising house
ELECTRONICS AND TELEVISION now passes. For the
time being it will be maintained more or less in its
present form, but with the resumption of peace,
whenever that should come, its new owners hope to
develop it on outstanding and generous lines and
in so doing to evince the complete confidence which
they have in its future possibilities.
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A Recent I mprovement in
Filamentary Cathodes

ILAMENTARY type thermionic
Fcathodes have been made of pure

tungsten, activated thoriated tung-
sten and oxide coated nickel. The pure
tungsten cathode is a very stable emit-
ter and is efficient, but must be operated
at very high temperatures to obtain
ample emission.

The activated thoriated tungsten
cathode may be operated at lower tem-
peratures than a pure tungsten filament
and is more efficient, but is easily
poisoned by oxygen and other gases
which adversely affect the emission, is
not very stable when operated at high
voltages, and requires special process-
ing and seasoning.

Effect of
High Frequencies

It has been noticed that when
operated at ultra-high frequencies, for
example, above 15 or 16 megacycles,
emission becomes erratic and there is
sometimes a total loss of emission. In
addition, the activated thoriated fila-
ment is apt to be brittle, and if
operated at too high a temperature
quickly de-activates and loses its ability
to emit a sufficient number of electrons
to be useful.

The oxide coated nickel filamentary
cathodes and oxide coated indirectly
heated cathode operate at a much lower
temperature than either kind of tung-
sten cathode and are efficient, but can-
not be satisfactorily operated in tubes
in which very high plate voltages, such
as 1,000 volts, are used, and they re-
quire considerable processing and
seasoning.

Thoriated molybdenum has also been
thoroughly investigated, but rejected
commercially as a filament cathode, be-
cause it is unstable, sensitive to poison-
ing by gas within the tube, and must be
operated at fairly high temperatures,
between 1,400% and 1,600° C. to provide
satisfactory emission.

Thermionic cathodes which are effi-
cient at desirable operating tempera-
tures, and which can be satisfactorily
used at high frequencies and high volt-
ages have recently been developed in
the laboratories of the Radio Corpora-
tion of America. Broadly, this new
cathode conmsists of a refractory
metal having a high melting point,
preferably 2,400° C,. or higher, com-
bined with thoria or its equivalents and
cathodically treated in an electrolytic
bath. Of the refractory metals tung-
sten and molybdenum are preferred.

The preparation of these new
cathodes is as follows : —

_A thoriated molybdenum or thoriated
tungsten base may be prepared as a

ductile metal in well known manner,
or by squirting the finely divided
material admixed with a binder. For
example, if molybdenum is used pow-
dered nitrate or thoria may be added to
the powdered oxide of molybdenum
before the reduction of the oxide of
molybdenum, or thoria may be added to
the oxide of molybdenum after reduc-
tion, but before consolidation of the
metal powder by sintering or
mechanical working to the solid state.
The amount of thoria may vary from
about } of 1 per cent. by weight of the
metal to about 10 per cent. of the metal.

Tungsten containing more than 2 per
cent. or 3 per cent. of thoria is ex-
tremely brittle and hard to work, but in
general it is desirable for best results to
add as much thoria as may be tolerated
in the refractory metal without inter-
fering with the subseauent swaging and
drawing of the metal. This has been
found in practice to be up to 1-4 per
cent. for tungsten and up to 3 per cent.
for molvbdenum. A filament of this
thoriated metal may be used.

Preparation

In general the larger the percentages
of thoria the better the emitter. While
thoria is preferred, equivalents of
thoria, for example, one of the group of
metals  consisting: of  zirconium,
uranium, cerium, titanium, vanadium,
yttrium and lanthanum may be used
with tungsten and molybdenum to form
a base and the base then cathodically
treated in an electrolyte, preferably
dilute sulphuric acid which may be %
per cent. solution of H,SO,. Other
acids such as chromic acid (H,CrO)),
acetic acid H(C.H,0,) and hydrochloric
acid (HCI) also provides suitable baths.

While the current densitv for elec-
trolysing the thoriated metal base may
vary between wide limits, for example,
from a few hundredths of an ampere to
OVer 1 ampere per square centimetre, a
current density of about 1 ampere per
square centimetre for a period of one
minute seems to produce the most satis-
factory results. The resulting thoriated
wire may be used for a thermionic
electron emitter without further treat-
ment. but in the case of the thoriated
tungsten base it is preferable to flash
the electrolysed filament in vacuum at
over voltage; for example, to heat the

Please ask your bookstall or newsagent
to reserve a copy of ELECTRONICS AND
TELEVISION & Short-Wave World
each month and avoid disappointment.

| |
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filament to a temperature of approxi-
mately from 1,500° to 2,000° K for short
periods up to ten minutes, and thereby
facilitate the activation of the filament.

It is also desirable, though not neces-
sary, to insure stability of emission to
season the filament whether of tungsten
or molybdenum by operating the elec-
tron discharge device containing the
filament with normal voltages. applied
for approximately fifteen minutes in an
oscillating circuit.

It is believed that the new cathodes
are superior to known cathodes partly
for the following reasons : —

When the thoriated -tungsten or
thoriated molybdenum filament is
cathodically electrolysed, the tremend-
ous electrostatic field acting at the
electrode during electrolysis causes
hydrogen ions to be absorbed into the
crystal lattice of the metal. When sub-
sequently the hydrogen is suddenly re-
leased by heating, the crystal structure
of the surface of the filament is shat-
tered, causing the metal surface to be-
come semi-liquid for an instant of time.
During this instant of semi-liquid state
the surface tension becomes effective to
cause the metal surface to pass to the
amorphous state and subsequently
freeze in this state so that it does not
recrystallise. This results in a greater
surface energy of the filament and
makes it capable of adsorbing more
thorium with greater energy.

In a modification, a pure molybdenum
or tungsten filament which has been
previously electrolysed as described
above is brushed with powdered thoria
suspended in an acetone solution to pro-
vide a coating which results in an effi-
cient electron emitter.  No binder is
necessary and if the cathode is handled
carefully the coating will not come off
during assembly in a tube. When the
cathode is heated during operation the
coating 1is sintered on the cathode
filament.

Although the thickness of the coating
is not critical it should not be so thick
as to materially increase the surface
area of the cathode and thus lower the
temperature of the cathode to such an
extent as to affect emission when the
cathode is operated at -what are con-
sidered normal currents and voltages.
The filament so prepared may he
activated as described above.

Thoriated tungsten filaments treated
according to this description indicate
emission currents of 6.0 amperes per
cm? when operated at 235 watts per
cm? ‘in comparison with 2.89 amperes/
cm? with untreated thoriated tungsten,
burning at the same temperatures. Pure
tungsten electrolysed and coated with
pure thoria also indicates emission cur-
rents of substantially the same magni-
tude. When such a filament is operated
at 30 watts per cm?® which gives a tem-
perature well below 2,000°K, a value of
7.0 amperes per cm? is indicated.

Making a comparison in another man-

(Continned on page 249).
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Fig. 1a.

Variable-density track.

VERY transmission system has a
E maximum  permissible volume

range, which may be defined as
the ratio between the maximum undis-
torted signal modulation and the ground
noise. Sound-on-film recording and re-
production differs from other transmis-
sion systems only in having so many
more points at which limitation of
volume range may occur, either by the
gradual accumulation of ground noise,
or less frequently by the gradual
attenuation of signal strength.

The latter is almost entirely confined
to the higher frequencies, and need not
concern us at the moment. But ground
noise is a serious factor in many of the
stages from the recording of the nega-
tive to the reproduction of the positive.

First let us consider the basic prin-
ciples of sound-on-film recording.
Principles of
Film Recording

The 16in. discs upon which, more
than eleven years ago, the world heard
Al Jolson’s voice singing ‘‘ Sonny Boy”’
have of course long vanished. To-day
the sound is recorded on a track on the
film, between the picture and the per-
forations, and o.1 in. in over-all width
(this figure includes the opaque mar-
gins). The sound waves are recorded
either in a series of graduated densi-
ties perpendicular to the length of the

ELECTRONICS

VOLUME

RANGE
OF

SOUND-

ON-
FILM

RECORDING
B

y
R. Howard Cricks, F.R.P.S.

track (variable density) or by a series
of peaks dividing the track into opaque
and transparent areas (variable width
or variable area). The German terms
are probably the most explanatory:
Sprossenschrift, or graduated recording,

Enormous progress has been made in
sound-on-film recording and in this
article, Mr. R. Howard Cricks, who is
technical editor of ‘“ Ideal Kinema *> and
editor of the ¢ Journal of the British
Kinematograph Society,”” discusses one
of the most important technical advances
—the range of volume.

and Zackenschrift, or comb-tooth record-
ing.

The former track was originally re-
corded by means of a glow-lamp which
flickered in accordance with the sound
currents received from the microphone;
but this is now almost entirely super-
seded by the light valve, in which two
minute duralumin ribbons, separated by
a distance of about 1 mil are stretched
in the field of a powerful magnet, and
carry the sound currents, as a result of
which they vibrate in opposite direc-

Fig. 2. Re-

cording light-

valve (Western
Electric).
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Fig. 1b, Variable-area track,

tions, so varying the effective width of
the slit between them; this slit being
imaged with a reduction of one-half
upon the continuously running film, the
duration of exposure on the track is con-
tinually varying, so that we get a series
of ladder-like lines of varying density.

The variable area track is recorded
by some modification of the ordinary
mirror oscillograph, a mirror, perhaps
1 mm. square, being affixed to wires
strained in the field of a magnet. In
the original form of unilateral track
(Fig. sa) the mirror vibrates in a hori-
zontal plane; to produce bilateral or
multiple tracks, which have certain ad-
vantages, the mirror vibrates vertically,
moving the image of a V, W, or simi-
larly shaped mask, over a horizontal
slit.

Either type of track is reproduced in
the sound head by imaging a narrow
slit of light, 1 mil. or less in width,
upon the track, and thence upon a
photo-cell. Obviously it is immaterial
whether the light beam falling upon the
cell is modulated as to over-all intensity
or effective width.

As a matter of interest, the running
speed of the film is 24 frames, or 18 in.
per second, or go ft. per minute. Thus
a 1,000 c.p.s. frequency has a wave-
length on the track of 0.018 in., and an
8,000 c.p.s. tone—the limit of present-
day recording—just over o0.002 in. The
latter figure suggests some of the diffi-
culties, mechanical, optical, and photo-
graphic, encountered in the recording
and reproduction of high quality sound.

Maximum Signal
Strength

Quite obviously, in the case of the
variable area track the maximun signal
strength is fixed primarily by the width
of the track, and secondarily by the con-
trast of the track—the density of the
opaque portion as compared with the
transparency ot the clear part. In prac-

&


http://www.cvisiontech.com
http://www.cvisiontech.com

246

ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

Effect of Film Grain
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Fig. 3. Variable-area recording system
(British Acoustic).

| COMPENSATING LENS |

G5SCILLOGRAPH_MAGNET

/

|
\

OSCILLOGRAPH MIRROR

>

OSCILLOGRAPH LENS |-

tice, the density of the opaque portion
is so high as to have no adverse effect
upon the contrast of the track.

In the case of the variable density
track, the maximum signal is deter-
mined by the maximum contrast obtain-
able with a given recording lamp, the
maximum contrast inherent in the emul-
sion as a result of the processing opera-
tions both of negative and positive films,
and other factors about which we need
not now concern ourselves. All these
factors are mathematically linked, and
in order to get a quantitative view of
the density process, a brief incursion
into photographic theory is necessary.

Theory of Photographic
Tone Reproduction

The transmission of a photographic
image is defined as the proportion of
transmitted to incident light. The
opacity is the reciprocal of the trans-
mission, and the density is the logarithm
of the opacity. Thus a density of 1.0
is equal to an opacity of 10, or a trans-
mission of o.1, so that only one-tenth
of the incident light is transmitted
through the silver deposit,

The characteristic or Hurter & Drif-
field (H. & D.) curve is plotted as den-
sity against log. exposure. The re-
sultant curve consists of the toe, which
contains the fog densities; the straight-
line portion, in which there is a linear
relation between density and log. ex-
posure; and the shoulder, or region of
over-exposure. The tangent of the
angle formed by producing the straight-

line portion to the log £ axis is known
as the gamma, which is thus a measure
of image contrast in the correctly ex-
posed portion of the image. Gamma
is varied by varying the time of de-
velopment, or the concentration or tem-
perature of the developing solution.

It will be apparent from the curve
that as far as the region of correct ex-
posure is concerned, the density result-
ing from a given exposure will be shown
by the expression :

D = y log £.

A similar curve can, of course, be
drawn for both negative and positive.
The fundamental requirement for cor-
rect tone reproduction is that product
gamma shall be equal to unity:

'yn.'yp =1,

In a photograph we are concerned in
reproducing faithfully the tones of the
original subject; on the sound track,
we are concerned with a faithful repro-
duction of the amplitudes of sound pres-
sures by corresponding sound-track
modulations. In either case, the last
requirement applies except that in prac-
tice other factors have to be applied to
allow for the difference between diffuse
and specular density, printer gamma,
and other matters.'

Obviously the sound-track gamma in
the print must ke fixed by the require-
ments of the picture; on the other hand,
separate negatives are almost invariably
used for picture and sound, and our re-
quirement of unity product-gamma can
therefore be met by adjustment of the
sound negative gamma. In practice, a
gamma of from 2.0 to 2.4 is usual for
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the print; to obtain an over-all gamma
of from 1 to 1.2 leads (taking into ac-
count the other factors mentioned) to a
negative gamma of from 0.45 to o0.55,
and such figures are commonly used for
a variable-density negative. Obviously
a slight increase of product-gamma will
give an increased volume output,

In the variable area track we are con-
cerned with obtaining a maximum con-
trast rather than with correct tone re-
production, and considerably higher
gammas are usual, of about b.65,

Although the H. & D. (logarithmic)
curve is universally employed in sensito-
metric work, it is the transmission, or
linear curve, which is of chief interest
in variable-density recording, since in
the ideal system the transmission of the
track, and hence the voltage in the
photo-cell;, must be linearly related to
the deflection of the light-valve ribbons,
Obviously the relation between the track
modulation and the signal output in
decibels involves a quadratic expres-
sion, since the decibel is a power unit.

The film industry owes one very great
advance to the sound film: the intro-
duction into the film laboratory of sen-
sitometric methods, in place of the rule-
of-thuinb working formerly universal.

The Causes of
Ground Notse

When we come to consider the second
term of our signal-to-noise ratio, we are
confronted with a factor which has no
precise equivalent in telephonic sys-
tems: ground noise due to the film it-
self. Although analogous to the ground
noise of gramophone records, it has
many different properties.

One cause of film noise is inherent in
the process: the granularity of the
emulsion structure, since the emulsion
consists of silver grains varying in size
from 0.2 to 2.5u. But this is insigni-
ficant compared with other factors
which are encountered in practice, chief
of which is dirt,

When a film print has been run
through the projector a number of times
it acquires a considerable amount of
dirt, oil and scratching. On the clear
area of the sound track these naturally
produce an unwanted modulation of the
reproducing light falling upon the
photo-cell, and give rise to very con-
siderable ground-noise. On the other
hand, dirt and oil can have no effect on
the opaque areas of the track, and
scratches rarely penetrate the image (on
the transparent area they show up be-
cause they ‘quickly pick up dirt).

Noise Reduction
System

In early types of recordings, the den-
sity of the variable-density track varied
evenly around a mean of ahkout o.s,
while in the variable area track the un-
modulated portion was half the avail-
able width of the track, leaving the
other half clear film. In either case,
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ground noise becomes quite a serious
matter.

Therefore noiseless tracks were intro-
duced; this means in the case of the
density track that the light valve is
biased so that in silent passages, or dur-
ing low amplitudes of sound, the ribbons
remain nearly closed, reducing the un-
modulated density of the negative track
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Fig. 4. H and D curves.

to, say, 0.35 (and so increasing print
density correspondingly), while when a
louder sound comes along, they open to
their normal spacing to accommodate
the full modulation. Similarly, in the
case of the area track, either the oscillo-
graph is biased to reduce the clear width
of the positive track, or a shutter is in-
troduced, cutting off the unwanted por-
tion of the track. In either case, the
mean transmission of the positive track
is materially reduced in periods of low
modulation,, and consequently the fac-
tors giving rise to ground noise can have
less effect.

Biasing

The biasing of the light-valve, oscil-
lograph, or shutter is effected by a cur-
rent derived from the envelope of the
speech current. Furthermore, a time
constant is necessary, so that when a
sudden sound comes along, the track
may open up to its full extent as rapidly
as possible to avoid chopping commenc-
ing peaks, while equally avoiding the
generation of audible frequencies; after
the sound has died away, the silent con-
ditions are restored gradually, to avoid
that unpleasant effect known as
¢¢ breathing.’

The biasing voltage is produced Ly a
supplementary amplifier associated with
the main recording amplifier. It is
fed with a portion of the amplified
speech current, which it rectifies and
smooths, and, via a time-constant cir-
cuit, controls the bias or the shutter.
The delay effect is, of course, obtained
by charging and discharging a conden-
ser.

Opinions differ as to the volume range
practically attainable with different
types of track. ‘German workers claim
a range of 40 db. for density, and 5o db.
for a bilateral track, in both cases with-
out noise reduction;? but we have re-
cently had other reasons to realise the
optimism of the German mind. Other
estimates suggest a volume range not
exceeding 25 db. for new prints without
noise reduction, which may soon be re-
duced, as a result of wear and tear, to
as little as 15 db. Noise reduction will
add 6 db. in the case of a density track,
and at least 10 db. in the case of area;
even more is claimed for recent tracks
in which a bias line of as little as 1 mil.
in width is obtained.

The value of the noiseless track is so
self-evident that one would imagine it
would be universally employed. Un-
fortunately it is tied up by very strong
patents, which are pooled by the lead-
ing firms, leaving the free-lance manu-
facturers to retain an open track. Thus
one can still hear atrocious ground-noise
in many recordings,

Reproducer
Output

The wide adoption of noiseless sys-
tems has led to one important develop-
ment : the use of amplifiers and speak-
ers of increased power in theatres.
Whereas for the average small-to-
medium kinema an amplifier of 6 to 8
speech watts would have been con-
sidered adequate years ago, to-day out-
puts of 20 and 25 watts are customagy.

The limit has probably been reached
at the Empire, Leicester Square, where
the RCA equipment has an undis-
torted speech output of 150 watts. Need-
less to say, the whole output is practi-
cally never used; but the fact of its
being available ensures a greater free-
dom from distortion at lower reproduc-
ing levels.

As in other types of equipment, the
increased volume of reproducers has
been secured by the use of push-pull out-
put stages, negative feed-back, and other
well-known means of reducing dis-
tortion.

Volume Compression
and Expansion

There is another method by which the
available volume range of the sound
track can be increased: by the use of
volume compression in recording, asso-
ciated with volume expansion in repro-
duction. The former is being increas-
ingly employed, but the latter, although
perfectly fﬁasii)le, is for commercial
reasons rarely found in practice; the
latest B.T.H. reproducer equipment em-
bodies a variable expansion control.?

The object of volume compression

systems may vary from the mere avoid-
ance of peak-chopping, in which case
they operate without any time-lag; but
more often ‘they serve actually to com-
press the recorded volume into the
smaller compass of the track; and to
prevent the resultant volume distortion
becoming evident, they operate with a
time-lag,  Similar circuits are com-
monly wused in radio reception, and
hardly call for a description here. In
one system, for imstance, a compression
of from 30 db. to 15 db. is available to
the recordist.

It has, however, been suggested that
volume compression should play a
more active réle than merely enabling
an extensive volume range to be com-
pressed into a smaller range—that it
should additionally improve the intelli-
gibility of speech. One type recently
introduced provides a frequency-
dependent logarithmic compression, in
which those frequencies representing
the voiced fundamental tones of speech
are compressed by as much as 20 db. at
100 per cent. amplitude, and correspond-
ingly less at lower amplitudes, while the
higher frequencies which represent the
consonantal sounds, and are chiefly
necessary for intelligibility, are prac-
tically uncompressed.

As shown in the circuit reproduced
(Fig. 7), part of the output voltage from
a transmission amplifier is fed back to
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SINGLE ENVELOPE WITH ENVELOPE AREA TRACH
ENVELOP NOISE REDIKTION  WITH NOISE  WITH NOISE
TRACK By 81a% REDUCTION REDUCTION
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OPERATED BY OPERATED By
RECTIFIED RECTIFIED |
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DIRECTION LOW MODULATION
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i
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Fig. 5. Types of variable-area tracks: A
single or unilateral open track ; B and C with
noise reduction ; D bilateral or duplex track
with noise reduetion. (Courfesy S M.P.E.
Journal).

the duo-diode-triode V,, where it is rec-
tified and fed to the control grids of two
variable-mu valves V,, V,, which carry
the main signal, and which operate in
Class 4 push-pull, to avoid distortion.
The components C, and R,, provide the
time constant which brings the full com-
pression into operation within 2 milli-
seconds, but needs 8o milliseconds for
its release,
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three or four microphones may be used cathode-ray tubes are also used.

Fig. 6.
150 watts.

RCA amplifiers, undistorted output
(Courtesy RCA Photophone.)

The control effected by this system is
given by the expression:

z
E, = — . Cloe E:.+ K

Z;
where £y and £, are respectively the
input and output voltages of the trans-
mission amplifier (whose gain s
normally unity), Z is the impedance at
the recorded frequency of the resonant
circuit formed by the primary of the
transformer T, and the adjacent con-
denser, 7 is the resonant frequency (arbi-
trarily fixed at about 700 c.p.s.), C is
the arbitrarily chosen compression ratio
(at maximum compression from 35 db.
to 15 db.) and X is a constant, which
permits of increasing the level of low
sounds rather than reducing higher
levels.*

Finally, how can the recordist be sure
that he is keeping his recorded volume
within the limits of the track?

The characteristic curve of the vari-
able-density track corresponds, of
course, to the ordinary photographic
characteristic and has a marked toe and
shoulder. In practice over-modulation
and noise-reduction bias are commonly
permitted to extend into the toe of the
negative curve, so providing a form of
volume compression without noticeable
distortion,

But in the variable area track, any
over-shooting results in immediate
chopping of the peaks and violent dis-
tortion. This over-shooting may be
sometimes permissible, or even de-
sirable, as in the case of shouted speech
or gunfire. But, in general, over-
modulation must be avoided.

In the studio, the output from the
microphone or microphones (sometimes,
although less frequently than formerly,

to cover a large set) is controlled by
the mixer and passed to the recordist.
The mixer may be either on the studio

floor, listening to the sound through

high-grade earphones, or he may be in

a separate sound-proofed booth or mixer

room, overlooking the floor, and listen-

ing to'the sound through a

l’oudspeaker.

Whichever system is preferred, the
mixer will need volume indicators to
supplement his oral judgment.
to decide when to keep his peaks within
the limits of the track, or by how much

they shall

He has

be allowed to over-shoot.

Thus, although r.m.s. meters are com-
monly included in recording systems,
the more important types of volume
indicators are of the peak-reading type.
The simplest type is an ordinary un-
damped peak-reading meter,

while

A particularly ingenious and con-
venient type is used by RCA; this
consists of a row of neon lamps, con-
nected in such a way that they glow at
different sound levels. The third tube
from the right is marked O, indicating
100 per cent, modulation; those to the
right of it are respectively marked +3
and +6 db. above 100 per cent., and
those to the left are spaced at intervals
down to 45 db. below full modulation.
As the sound is recorded, the mixer can
watch the flickering lights and see
exactly the instantaneous amplitude of
the peaks on his track.

I have dealt at some length with the
existing limitations of volume range,
without stressing the vital need for an
increase in the possible range. As far
as dialogue is concerned, the present
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range is ample, given a fairly clean
print and reproducing equipment with
a reasonably low ground noise level.
But the position is totally different in
the case of music.

On the advice of a musical friend, I
recently tried to compare the volume
range of a symphony orchestra at the
Queen’s Hall (which is estimated at
120 db.) with that which would have
been possible with a film recording of
the same music. I came to the con-
clusion that, even after allowing for an
increase of 20 db. in the noise level of
a kinema audience, as compared with
that of a concert audience, there was a
gap of 5o or 6o db, which would have
to be filled.

As far as one can see at present, the
prospects of filling even a small fraction
of this gap are remote. Experiments
have recently been made in the Bell
Laboratories, in America, whereby a
volume compression is employed in re-
cording, the compression control current
is recorded in the form of a separate
track on the film, and in reproduction
this track serves to operate a volume
expansion system.® Another method is
the use of a Class B push-pull track.

It must be confessed, however, that
neither these nor other expedients are
beyond the laboratory stage, while any
system that necessitates modification of
the many thousands of reproducing
equipments—surely a mnecessary pre-
liminary—must be considered as remote.

What is perfectly practicable, and
very much overdue, is an improvement
in the volume range of reproduction in

Fig. 8. RCA neon vol-
ume indicator with four
microphone  channels.
Neons are in upper
panel. (Courtesy RCA
Photophone.)

the average kinema. As I have in-
dicated, cleaner prints {in the physical
sense) are the first essential; improve-
ments in film stocks, in printing and
processing methods will play their part.
Finally, there is still room for a reduc-
tion of ground noise in reproducer
amplifiers.
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Preservation of Film

ROM the earliest days of the
Fkinema, efforts have been made to

eliminate scratches or ‘‘ rain’’ on
used films. Projectionists have used
carbon tetrachloride or other non-
inflammable solvents; such processes
are not very thorough, and have only
a temporary effect.

The more satisfactory methods of
film treatment are of two kinds: after-
treatment of the already damaged film,
and the preserving process, which
treats both surfaces before the film is
run, so that scratching on either side
will be minimised.

In the first place, scratches were
removed mechanically, by brushing or
polishing. Quite a number of processes
and devices have been described.

In another method, which operates
chemically, the celluloid side of the
film is treated with a solvent, which
is applied in a thin layer, for instance,
by spraying. Thus the sharp edges of
the scratches are removed, and after

B

the solvent has evaporated, the surface
is no longer ridged. In order to fill
in the grooves completely, the use of
cellulose lacquer has recently been sug-
gested, so providing an even surface.
The film is run through a solution of
nitro-cellulose or the like, and the sur-
plus is squeegeed off.

More numerous are processes for pre-
ventive treatment, which mostly con-
sist in applying a special layer to one
or both sides of‘ the film. Practically
all materials known to form an emul-
sion have been tried. The oldest coat-
ing process was that used by Gaumont
in 1908, employing a mixture of collo-
dion and non-volatile oils.  Subse-
quently gelatine, shellac, cellulose
esters, wax, synthetic resins, etc., have
been used. These materials were as
a rule applied as a solution, or sus-
pended in water. Particular care must
be taken to keep the sprocket holes
open by compressed air jets.

Finally, instead of applying solu-
tions, thin foils have been cemented on
to the film. Some experimenters have
applied these protective foils on one or

the other side, others on both sides;
some applied the protective layer on
the newly manufactured stock, others
on the developed picture.—Kinotechnik.

¢ Recent Improvement in

Filamentary Cathodes ”

(Continned from page 244)

ner, at 20 watts per cm? the emission
efficiency of thoriated tungsten made as
above is 150 Ma. per watt. For the
usual carburised thoriated tungsten, the
emission between 110 and 115 Ma. per
watt at 30 watts per cm? input. From
these data it is seen that the electrolysed
thoriated tungsten is a more efficient
emitter than the conventional thoriated
tungsten filaments.

This new cathode is a very stable
emitter and will operate at a compara-
tively low temperature, is not easily
poisoned by gas, and the cathode readily
recovers its emitting characteristics
even if accidentally operated temporar-
ily at too high temperatures.

(This development is reported from
from the Laboratories of the Radio
Corporation of America).
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Electron Microscope

Using an

LECTRON microscopes can-
Enot generally be made of suffi-

ciently high magnifying power
if only one stage is used. It is there-
fore usual to include two or more
stages. In this case the final magni-
fication is the product of the magni-
fications of each stage. Such an
arrangement will include one elec-
trostatic or magnetic electron lens

Electron Mirror

respect: to the cathode. A zero
equipotential is thus set up between
cylinders 3 and 4 which reflects the
electrons back towards the source.
The twice enlarged image 10 now
serves as object for the electron
mirror and a further enlargement is
produced by it giving the image 11.
This is now finally enlarged by the
accelerating lens between cylinders
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Dlagram of electron microscope incorporating an electron mirror.

per stage and the length of the
evacuated envelope required _in-
creases as the number of lenses in-
creases. :

With the use of an electron mirror
it is possible to reduce the length of
the evacuated envelope by causing
the electron beam to traverse the dis-
tance twice and at the same time to
reduce the number of lenses per stage
to less than one, i.e., to use some of
the stages twice.

Two alternative schemes are sug-
gested, one using an electromagnetic
lens and one an electrostatic lens,
but in both arrangements the appli-
cation of the electron mirror is the
same.

Fig. 1 shows the electrostatic
arrangement. KElectrons are

accelerated from a cathode arrange-
ment (not shown) into the cylinder
(1) maintained at potential V,. The
electrons strike the microscopic
object on the gauze 8 and then pass
through the lens between cylinders
1 and z to form an enlarged image
g in cylinder 2 at potential V, which
is considerably higher than potential
V,. This enlarged image g serves
as the object for the decelerating
electrostatic lens between cylinders 2
and 3 which will produce a further
enlarged image 10 in the final
cylinder 4.

This final cylinder is maintained at
potential V, whieh is negative with

3 and 2 and produces an enlarged
image 12 on the fluorescent screen
13. Apertures 5, 6 and 7 are inserted
with the object of reducing aberration
by limiting the beam width.

It will be observed that the lens
between cylinders 2 and 3 is used
twice, once as a decelerating lens and
once as an accelerating lens. Also
by the use of the electron mirror the
lehgth of evacuated envelope is
reduced by half.

In place of the elcetrostatic lens
between cylinders 2 and 3 a magnetic
lens can be used. In this case
cylinders 2 and 3 would be connec-
ted together at potential V, and the
magnetic focusing coil would be
arranged coaxial with the cylinders
and midway between them.

It is clear that the above arrange-
ment could be extended to include
two or more lenses between the first
lens and the mirror, both of which
could be used twice.

This development is reported
from the Laboratories Electric and
Musical Industries Limited.

Book Review

Photo-Electric and Selenium Cells.

T. J. Fielding. Chapman and
Hall. #7s. 6d. net. 16o pp. 82
figs.

This is a second edition of Mr.

June, 1940

Fielding’s book, which was first
published in 1935, and serves as an
excellent introduction to the many
uses and varieties of photo-cells.

It is gratifying to note that a
chapter on the making of selenium
cells is added after the introductory
matter. In many quarters it is con-
sidered that seleniuin cells became
obsolete with ‘the passing of early
television, but their usefulness to the
experimenter as a simple light relay
is not cften appreciated.

As the author says. ‘ In its
great response to low illumination
lies one of the greatest advantages
of selenium. No other cell is com-
parable with it in this respect, and

were it not for ‘the disadvantages
outlined the selenium cell would
doubtless have ousted the photo-

electric cell.”’

Various circuit diagrams for cell
amplifiers are given, often with prac-
tical details, and a new chapter has
been added on time delay circuits.
The use of the photo-electric effect in

television and talking pictures is
described with a review of the
various typical industrial applica-
tions—counting, safety  devices,

advertising, etc. The photo-electric
organ and the talking book are two
of the lesser-known applications des-
cribed under ‘‘ Miscellaneous Appli-
cations,’’ with a note on the talking
clock, which so far as is known, has
not appeared elsewhere than in the
original technical paper.

In spite of its size, the book covers
tne field of photo-electricity in a
remarkably thorough manner and
can be recommended to the radio
amateur who is not familiar with
this branch of physics.  Industrial
engineers will also find the book of
interest in its suggestions for the
use of photo-cells in engineering
safety devices. It is written in a
very readable manner and at 7s. Ad.
represents excellent value for money
in these days of rising prices.

Messrs. Universal Electric, of
Clerkenwell Road, carry a comprehen-
sive stock of photo-electric cells, mer-
cury relay valves, Weston milliam-
meters and ammeters, Ferranti line
transformers and Foster double-wound
transformers. They also supply all
types of rotary converters. For further
details we refer readers to the advertise-
ment of this company on page 283 of
this issue. -
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Fig. 1. Front view of B.T.H. welder control panel.

OR accurate timing of the welding
Fperiod when resistance welds of

extremely short duration are to be
made; electron tube control is abso-
lutely essential.

Ignitron

Control

Nearly three years ago the B.T.-H.
Company introduced ignitron control
which has found a very considerable
field of application in the control of
spot welders. This equipment uses
glass ignitrons, and adjustment of the
welding time is again effected in incre-
ments of one cycle, although welds of
half-cycle duration are also possible
with this control.

With seam welding, however, duty
cycles as high as 6o per cent. are quite
common, and a duty cycle of 80 per
cent. (e.g., 8 cycles on, 2 cycles off) is
not unknown. It will be appreciated
that two ignitrons, capable of only 6o
amperes (mean) between them, offer far
too low a rating to be of practical use
as far as high power seam welders are
concerned.

Steel
Ignitrons

The solution of this protlem lies in
the use of the steel ignitron.  This
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WELDING PERIOD TIMING
BY MEANS OF STEEL
IGNITRONS

By B. G. Higgins,

B.Sc, AM.LE.E.

of The British Thomson-Houston Industrial Engineering
Department

consists of a permanently sealed evacu-
ated steel cylinder, ‘at the bottom of
which is the cathode lug, integral with
the cylinder end. The anode is carried
on an insulating glass seal at the top
of the tube, and the igniter is supported
from a glass insert in the bottom of the
tube, the necessary amount of mercury
being included. Around the tube pro-
per is a steel waterjacket, which pro-
vides very effective cooling.

In this way, the rating of the tube is
so considerably increased that two of
these tubes, known as the Type BK 24
ignitron, can handle 130 kVA. at 440
volts continuously, i.e., at 100 per cent.
duty cycle. At a duty cycle of 6o per
cent., the rating is increased to 230
kVA. Nevertheless, this steel tube of
150 amperes mean rating is physically
much smaller than a glass ignitron of
fower mean rating. Even larger steel
ignitrons are available, known as Type
BK 34, two of which can handle 200
kVA. continuously, or 350 kVA. at 60
per cent. duty cycle.

When steel ignitrons are used with
spot welders, which operate on . low
duty cycles, the rating is again con-
siderably higher. Thus, two Type BK
24 ignitrons can handle 1,000 kVA, at
10 per cent. duty cycle, with a maxi-
mum of 1,230 kVA. at 6 per cent. duty
cycle. The large Type B 34 tubes can
handle 1,500 kVA. at 10 per cent. duty
cycle, with a maximum of 2,400 kVA, at
4 per cent. duty cycle.

Ignitron control lends itself readily
to varying the value of the welding cur-
rent, in addition to controlling the dura-

tion of the current flow, i.e., number of
cycles.

Accurate control of welding pressure
and welding current is necessary if good
welds are to be maintained consistently.
Although a welding machine may be
equipped with as many as 16 taps or
heat settings, it is frequently found that
the correct heat cannot be obtained, as
one setting may be too hot and the next
one not hot enough. Some attempt
may be made to get an intermediate
value of heat by adjusting the welding
time. The amount of variation in heat
by this method that can be tolerated,
however, is limited by the damaging
effect of too long a welding time, and
the even more dangerous result of in-
sufficient welding time.

It is obviously impracticable to equip
the welding machine with still more
heat steps, and the addition of some
auto-transformer device raises fresh
problems apart from commercial con-
siderations.

If, however, instead of firing one tube
immediately the other tube has ceased
to pass current, the firing of each tube
is delayed and one tube made to fire,
say, 30 degrees after the other tube has
ceased to pass current, then the dura-
tion of each current loop will be less,
and the average current value will be
reduced. The current will pot now be
a complete sine wave, but each loop
will be a wave of 150 degrees duration,
followed by zero current for a period of
30 degrees.

If the firing point is still further de-
layed so that current flow is initiated
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Fig. 2. Simplified circuit diagram for ignitron spot welder control.
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Spot Welder Control

in one tube, say, 70 degrees after cur-
rent has ceased to flow in the previously
conducting tube, then the average
value of current (and hence the heat)
will be still further reduced. In this
case, each current loop will be of 110
degrees duration, followed by zero cur-
rent for a period of 70 degrees.

In practice, the tubes are fired by a

seam welds; and also to effect variation
in the heat of the weld by means of a
heat control phase shifting circuit, oper-
ating on the ignitrons.

Synchronous thyratron timing en-
sures that all welds are of exactly the
same duration, control of the welding
current being carried out by two igni-
trons connected in reverse parallel in
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Fig. 3. Basic circuit diagram of ignitron seam welder control.

a transformer supplied from a phase

shifting bridge.  The peaked voltage
is capable of being shifted in phase over
some 100 degrees; the amount of phase
shift possible will depend on the power
factor of the welding machine, The
phase shift provided will allow phase
advance to give a continuous sine wave
of current with a welder whose power
factor is as high as 70 per cent.

Taking the voltage wave as a refer-
ence, this means that the peak will
occur 45 degrees from the start of the
voltage wave to give maximum heat.
It can be retarded in phase to a point
145 degrees from the start of the volt-
age wave to give minimum heat.

As the means of shifting the phase is
a rotary rheostat of the stepless type,
an infinite number of heat settings are
available between the limits of phase
shift specified. By this means, there-
fore, extremely fine adjustments of heat
are possible, without the necessity for
altering the ‘‘ cycles on’’ in order to
change the heat. This arrangement
gives such an excellent adjustment of
the heat that it is possible to reduce the
number of taps on the welder trans-
former, or even to do without them alto-
gether, if desired.

Fractional half-cycle welds can be
arranged very readily. It is only neces-
sary to cut out on jgnitron, set the con-
trol for ‘‘ 1 cycle on,”” and the equip-
ment will then deliver a fraction of a
half-cycle current, dependent on the
heat control setting.

The function of the equipment is to
control accurately the duration of the
welding time of spot welds, and of the
welding time and non-weléing time of

one supply line to the primary of the
welder transformer.

Two time ranges are arranged both
for seam and spot welder control, and
two heat control ranges are also pro-
vided. The equipment will handle up
to a maximum of 1,200 kVA. at 440
volts, 50 cycles, single-phase, when
fitted with two Type BK.24 ignitrons,
or z,400 kVA. at 440 volts when fitted
with two Type BK.34 ignitrons. Either

Here also are accommodated the syn-
chronous timing thyratron, its asso-
ciated rectifier tubes, and the duty
cycle control thyratrons; also the spot
weld initiating relay, and the time delay
relay that ensures that a weld cannot
be made until the cathodes of the con-

trol thyratrons have reached their
operating temperature.

The

Circuit

Spot Welder Control.—When the

control is operating in conjunction with
a spot welder, the circuit is as shown in
Fig. 2.

The 460-volt D.C. supply, derived
from a rectifier incorporated in the
equipment, serves to energise the poten-
tial divider for the welding time ad-
justing rheostat (1). The charging
circuit comprises the charging resist-
ances (2) and (3) and the capacitor (4),
the relay contacts (5), and the timing
tube (6). Resistance (7) is the dis-
charging resistance for capacitor (4),
which is discharged through the nor-
mally closed contacts of relay (5). Re-
sistance (8) is a by-pass resistance which
serves to maintain the arc in tube (6)
when the capacitor (4) is fully charged.
The range switch (g) gives two ranges
of welding times for the rheostat (1).

The ¢‘leading’ control thyratron
(10) is under the control of the charg-
ing circuit of capacitor (4), while the
follower control tube (r1) is arranged
to pass current on each half-cycle fol-

TIMING TuBE
CATHOOE POTENTIAL .
8
WELDING EvClLe

+
< Q-

Fig. 4. Timing tube 5

circuit voltage con- 3

ditions. e

o

2

¥

<

:

w

3

>

- voLvs
l ACRO33 RO,

NG TUBE
AmIO VoLTS .

TimE oFr. —

TimME .

tube can readily be used in the equip-
ment, which is supplied with a control
auto-transformer for operation on a
wide range of voltages between 200 and
0.
ssThe two steel ignitrons are mounted
on the back of a panel housed in a sheet
steel cubicle (see Fig. 1, page 251). The
ignitrons are water cooled, and are
under the control of two firing thyra-
trons mounted on the front of the panel.

control tube (10) passes current, Tubes
(10) and (11) serve to energise the main
tubes firing transformer (12), the opera-
tion of which will be described later.

The control. circuit operates as fol-
lows : —

When it is desired to make a weld,
the weld initiating switch is closed,
and relay (s) is energised. This applies
anode volts to tube (6), which is held
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Seam Welder Contro]

non-conducting by the negative voltage
across resistance (13), until a firing peak
from the peaking transformer (14) over-
comes the negative voltage and fires
tube (6).

At this instant, the anode voltage of
tube (10) is at its negative peak  Since
capacitor (4) is discharged when
tube (6) fires, the cathode potential of
tube (10) is raised so that it is substan-
tially the same as that of the D.C. posi-
tive bus-bar, and tube (10) will there-
fore fire as soon as its anode voltage
becomes sufficiently positive.  Tube
(11) will fire on subsequent half-cycles.
When the voltage across capacitor (4)
has risen to such a value that the cath-
ode of tube (10) is once more positive
with respect to its grid, then tubes (10)
and (11) will become non-conducting
again.

The time taken for this to occur will

leading and following control tubes
(10) and (11) control the supply to the
firing transformer (12) in precisely the
same way as when spot welding.

The grid of the leading control tube
(10) is connected to the inverter circuit
in such a way that when tube (6) is
fired, the grid of tube (10) is carried
positive with respect to its cathode, and
tube (10) will fire as sgon as its anode
voltage becomes sufficiently positive.

The timing tube circuit voltage con-
ditions aré shown in Fig. 4, and the
operation of the circuit is as follows :—

It should be assumed that the timing
tube (6) is just fired by the peaked volt-
age from transformer (14), at point Y
in Fig. 4. The timing tube cathode
potential B—which is the same as the
grid potential of tube (10)—will then
rise positive, and when B becomes posi-
tive with respect to D, as set by the

4
PLAXED FROM
::?;1: }m Dz VOLTAGE ;r.ﬂsz
e 2 SHIFTER.
L1 FROM
£ROM
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WELDING g
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Fig. 5. Simplified circuit diagram of power circuit for ignitron welder control.

depend on the position of the slider of
rheostat (1) and the range switch (9).
When the weld is completed, the relay
(5) is de-energised and capacitor (4) is
immediately discharged.

It will be seen then that the rheostat
{1) and the range switch (9) determine
the number of cycles transformer (12)
is energised during each welding period.

Seam Welder Control.—\When the
control is operating in conjunction with
a seam welder, the control circuit is
re-arranged by means of change-over
links so that it is as shown in Fig. 3.
The timing tube (6) is now connected
in a simple inverter circuit, in which
the capacitors (4) and (5) are allowed to
charge through resistances (2) and (3),
and are discharged by the firing of tube
(6), the inductance (1) serving to extin-
guish the arc in tube (6) when the dis-
charge is complete. The frequency of
the conducting impulses of tube (6) is
set by the value of resistance (2) and
by the amount of capacity in the cir-
cuit as set by the range switch (7).

Resistance (2) therefore sets the num-
ber of welds per minute, its dial being
calibrated in cycles to show the dura-
tion of the ‘‘welding cycle.” The

slider of rheostat (8), tube (10) will fire.
When the capacitors (4) and (5) have
been discharged, tube (0) will be extin-
guished at Z, and the capacitors will
then start to charge through resistances
(2) and (3). B will thus gradually be-
come more negative and a point will be
reached when B is once more negative
with respect to D, and tubes (10) and
(11) will then cease conducting. The
potential of B will continue to become
more negative until the peaked voltage
from transformer (14) is once again
enabled to carry the grid tube (6) posi-
tive with respect to B, when tube (6)
will fire once again, at Y,. The cycle
of operations will then be repeated.

It will thus be seen that while rheo-
stat (2) and switch (7) set the number
of cycles for each complete “ welding
cycle,” rheostat (8) sets the number of
cycles that tubes (10) and (11) conduct
in each ‘‘ welding cycle,”” and rheostat
(8) is therefore known as the ‘‘ ratio
control and is calibrated in percentages
of the ‘‘ welding cycle ' setting of rheo-
stat (2).

The Power Circuit—The elementary
circuit diagram for the power circuit is
shown in Fig. 5. The two steel igni-

trons (1) and (2) are connected in re-
verse parallel in series with the power
supply and the welder transformer prim-
ary. Each ignitron has its igniter
energised by a thyratron connected vir-
tually in parallel with the ignitron.
These two thyratrons are known as the
firing tubes (3) and (4).

Each firing tube grid circuit voltage
consists of four voltages in series :—

(1) An A.C. hold-off bias, H, and H..
(2) A D.C. hold-off bias, D, and D,.
(3) An A.C. firing bias, F, and F..
(4) A peaked voltage P, and P,.

The A.C. hold-off bias H, and H,, in
conjunction with D.C. hold-off bias D,
and D,, serves to hold the firing tubes
non-conducting, since the peaking volt-
ages P, and P, are insuflicient to over-
come the hold-off kias voltages.

When the control tubes energise the
firing transformer, the firing bias F,
and F, appears, tending partially to
overcome the hold-off bias, and so
enable the peaked voltage to cause the
tubes to conduct,

The peaked voltage is derived from
a transformer which is fed from a phase
shifting network, thus enabling the
peak to be shifted in phase over ap-
proximately 100 degrees. The firing
tubes may therefore be fired at a point
in the voltage wave corresponding to
a power factor angle of 45 degrees
(maximum heat); or the phase may be
retardegd to cause the firing tubes to
conduct at a point in the voltage wave
of 145 degrees {minimum heat).  This
phase shift is accomplished in two heat
ranges, the changeover point between
the two ranges being the go degrees
power factor point. Provision is made
for limiting the amount of phase ad-
vance beyond the go degrees power fac-
tor point, so that in the maximum heat
(full advance) position, the firing point
is not in advance of the steady power
factor point of the particular welding
machine with which the control is
operating. Should an attempt e made
to operate the control with a phase shift
setting in advance of the steady state
power factor point of the welder, then
obviously one tube would fail to fire.

When the firing tubes become con-
ducting, the current through the ignit-
ers causes the ignitrons to fire, and
these immediately short-circuit the
firing tubes which are therefore extin-
guished. The ignitrons then pass cur-
rent to the welder transformer prim-
ary. The number of cycles of current
is thus set by the control tubes, and the
mean value of the current passed in
each half-cycle is set by the heat con-
trol phase shifter, which decides the
firing point of the firing tubes, and
thus of the ignitrons.
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Two New Instrumcnts
in the Marconi-Ekco Rangc

ARCONI-EKCO announce the
issue of two new instruments for

- research in the wultra-high fre-
quency range: a signal generator and
wavemeter. :

The signal generator, type TF.517A
has a range from 150 to 300 Mc. and is
intended for operation with a transmis-
sion line output. It employs a some-
what unorthodox arrangement for: the
oscillator and the attenuator.

The radio frequency oscillator uses
an “ acorn ’’ triode in a form of Hart-
ley circuit, the oscillatory circuit com-

transmission
line loaded with capacity to provide the
variation in frequency.

The condenser, which is of special
design, has each set of plates milled
from solid metal and arranged fbr mini-

prising a short-circuited

mum series inductance. The stator is
insulated with quartz and the rotor with
polystyrene.  The tuning condenser
has an accurately cut gear reduction
drive and carries a large diameter scale.

The output is obtained from a mutual
inductance coupling forming a piston
attenuator. This provides a linear
scale of decibels and a range of 100 db
can be covered.

A valve voltmeter monitors the car-

rier level and includes a special com-

pensating circuit which renders the
scale independent of mains voltage
fluctuations.

Multiple filters are included to local-
ise the R.F. earth return currents cor-
rectly and the complete R.F. section is
constructed of brass heavily silver
plated and is subsectionalised to pro-
vide excellent screening.

The attenuator which can be supplied
in balanced or unbalanced forms is fol-
lowed by a loaded transmission line.
The terminating resistor can be omitted
when the generator is required to be
loaded with the apparatus under test.

A Hartley oscillator provides modula-
tion which is injected into the H.T.
supply of the R.F. oscillator in such a
way that the modulation depth does not
vary with carrier level.

A full wave valve rectifier and a two
section resonant filter are employed in
the power supply equipment. The mains
transformer rectifier and fuses are
mounted in a separate screened com-
partment, which, in conjunction with
filtering at the’'mains inlet, effectively
suppresses radiation wie the power sup-
ply line.

The full specification is as follows :

Frequency range: 150-300 Mec./sec.

Calibration accuracy : plus or minus

1 per cent.
Output : o.1 volt max.

These photographs show
two new Marconi-Ekco
precision instruments.
On the left is the type
TF517A U.H.F. Signal
generator with a range of
150 to 300 Me. (2 to 1
metres). Below is the
type TF643 U.H.F. wave-
meter with a frequency
range of 20 to 300 Me.

oy

Modulation : 30 per cent. peak depth,
400 cycles. 1,000 cycles can be pro-
vided on request.

Power supply: 30 watts at 200-250
volts, 40-100 cycles.

The transmission line output of the
standard model has an impedance of 80
ohms and is provided with a tapped de-
tachable terminating resistance giving
output resistances of 8o ohms termin-
ated, 40 ohms terminated and 8 ohms
at the tapping.

The particular features claimed for
the instrument are :

t. Stray radiation is well
microvolt.

under 1

June, 1940

2. The inductive piston type attenua-
tor gives great accuracy with the
wide range o.1 to 1 microvolt (roo
db).

3. The instrument dial is directly cali-
brated in frequency. '

4. For convenience in testing U.H.F.
receivers balanced output provision
is made.

5. Calibration characteristics will re-
main stable during the whole life
of the instrument.

Wavemeter

Type TF.643

The Marconi-Ekco wavemeter covers
a range of 20 Mc. to 300 Mc. and em-
ploys a calibrated tuned circuit using
plug-in coils tuned by a low-loss con-
denser provided with ceramic insulation.

An indication of resonance is obtained
by means of a diode voltmeter; head-
phones may also be used to identify or
tune a modulated carrier. Tuning by
beat methods using an auxiliary oscil-
lator may, of course, also be adopted.
A control is provided which enables the
sensitivity to be adjusted to suit the
signal strength available,

It is claimed that the calibration accu-
racy is not only better than can nor-
mally be obtained by the Lecher wire
system but there is an additional advan-

tage of greater speed in taking these
measurements.

Production of Hcavy—Duty
Secondary - Electron Emissive
Surfaces

T has in the past been proposed

to employ, e.g., in electron multi-

plier tubes, secondary emissive
electrodes whose surface comprises
an alloy of beryllium with pne or more
of the mertals nickel, cobalt, iron,
chromium, manganese, molybdenum
or tungsten, the proportion of beryl-
lium being preferably in the neigh-
hourhood of 1 per cent. to 2 per cent.,
and in no case greater than 10 per
cent.

Work done on these alloys led to
the conciusion that their secondary
emissivity varies with their hardness.
The alioys were therefore treated by
cold rolling, and the results confirmed
the expectation that the additional
hardness thus induced would be
accompanied by a corresponding.
increase in secondary emissivity.

Surfaces thus prepared may be
used where the so-called ‘¢ built-up *’
layers usually comprising caesium
are unsuitable owing to liability of
attack by harmful gases or on
account of heating in operation, i.e.,
in the later stages of electron
multipliers.
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Testing Amplifier Output Valves
by Means of the Cathode—ray Tube

By A. ]. Heins van der Ven

In testing amplifier output valves, the most important data are contained in the Io~V, diagram if it is
known over which part of the diagram the values of voltage and current prevailing during operation

range, i.e., if the position of the load line is known.

The I,-V, diagram as well as the load lines can

very eastly be obtained with the help of a cathode-ray tube. The necessary apparatus is described in this
article. A number of auxiliary arrangements are also studied, by which the axes and the necessary
calibration lines in the diagram can be traced on the fluorescent screen, and which make 1t possible to
show the diagrams of two output valves, which are to be compared, to appear simultaneously on the screen.
In order to obtain the load line in the correct place in the diagram, use must be made of direct current
push-pull amplifiers for the deflection voltages of the cathode-ray tube.
upon inductive loading is discussed and explained by a number of examples. In conclusion one application
of the installation in the development of output pentodes is dealt with.
indebtedness to  Philips Technical Review,” March, 1940, for the information contained in this article.

F one wishes to characterise briefly

the performance of an output valve of

an amplifier or radio set, it is enough
to give the sensitivity, the distortion as
a function of the power output, and in
some cases the maximum power which
can be delivered without grid current
flowing. For a more careful examina-
tion, however, particularly for the dis-
covery of causes of deviations or errors,
such for example as differences in dis-
tortion in different valves, one must in

tortion and power output. Since these
quantities are to some degree dependent
on the loading impedance which is in-
cluded in the anode circuit it is first
necessary to find out how the loading
of the valve is expressed in the I.-Va
curve.

If the valve is loaded with a resistance
R which is connected to the anode ecir-
cuit through a transfarmer in order to
have no D.C. voltage drop in R (Fig.
2) an alternating current Ir will begin

1204

Fig. 1. The Ig-Va dlagram
the output valve EL;. W is
the operating point; in thls
valve it ordinarily lies at Vg
= 250 volts, Ig = 36 m/A.,
Vg = —8 volis. The screen
grid voltage §s permanently
fixed at 250 volts. The slope
$ is given by the vertical
distance between two

successive ourves, the ampli-
fication factor g by the

corresponding horizontal dis-

—av tance, the Internal resistance

by the slope of the Ig-Va

8 -0V

curve at the operating point.

14 AB is the load line for a pure

00 v resistance of 7,000 ohms.

diagram, which forms the actual basis
for the judgment of the properties of an
output valve,

This diagram (Fig. 1) gives the varia-
tions of the anode current I. as a func-
tion of the anode voltage V, with the
negative control grid voltage V; as para-
meter.* From the series of curves the
primary quantities of the valve: slope,
internal resistance and amplification
factor, may be read off immediately for
cvery operating point, as is explained
in the text under the figure. A connec-
tion may, however, also be found be-
tween the shape of the curve and the
above-mentioned quantities such as dis-

* The screen grid voltage, which forms a second para-
meter in the case of pentodes, is kept constant for the
whole diagram.

to flow in R when an A.C. voltage is
applied to the grid of the valve. The
A.C. voltage on the loading resistance
is then VR = R : IR. The total anode
voltage V, and anode current Ia of the
valve are given by the sum of VR or
Ir and the values of the anode D.C.
voltage or current indicated by the
operating point. The relation between
I.- and V, of the loaded valve, the so-
called load line, is therefore in this case
represented by a straight line through
the operating point (AB in Fig. 1) with
the slope tan 2 = R with respect to the
I. axis.

If one considers the grid voltage to
be varying, the value of I, and V. at
any moment are always determined by
the point of intersection of the load line

The position of the load line

We wish to acknowledge our

with the I.-V. curve corresponding te
the value of the grid voltage at that
moment,

If, for instance, the operating point
lies on the curve for Vg = —6 volts
and the grid excitation voltage is sinu-
soidal with a peak value of 5 volts, then
the points of intersection of the line AB
with the curves V;, = —1 volt and
Ve = —11 volts, give the extreme values
of T. and Va. The distance AC is,
therefore, twice the amplitude of the
alternating current occurring, the dis-
tance BC twice the amplitude of the
A.C. voltage. The power output to the
loading resistance at the grid excitation
voltage in question is thus given by
1 of the area of the triangle ABC.

In so far as the successive I[,-V,
curves cut off equal segments of the
line AB, a proportional change in anode
voltage and current corresponds to any
change in the grid voltage. There is,
therefore, no distortion.  With large
amplitudes along the load line, how-
ever, the segments cut off on AB be-
come gradually smaller (Fig. 1).

The variation of anode voltage and
current with sinusoidal grid excitation
voltage is then no longer sinusoidal,
but exhibits a flattening. The distor-
tion occurring could be calculated by
careful measurement of the segments
cut off on the load line.

If the loading impedance is not a
pure resistance, the load line is not
straight in the I.-Va. diagram. Depend-
ing on the grid excitation voltage a
larger or smaller portion of the whole
diagram is then covered by the load
lines. A knowledge of this region
makes it possible to estimate the im-
portance for the reproduction of any
irregularities occurring in the [, V.
diagram.

In the following a method will be
described by which not only the T.-Va
diagram, but also the load line can
easily be obtained,
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Installation for the Recording of I.-A, Diagrams

An Ia-V. characteristic can be regis-
tered on the screen of a cathode-ray
tube in the following way. A given
D.C. voltage is applied to the control
grid of the output valve to be investi-
gated, while the anode voltage is made
to vary periodically from zero to a maxi-
mum value. This anode voltage is ap-
plied, via a potentiometer and an am-

fnn
P

>

ng Va

Fig. 2. A loading resistance R Is included In

the anode circuit of the output valve via a
transformer 1-: 1.

plifier to the plates for horizontal de-
flection of the fluorescent spot. The
voltage on a small measuring resist-

S1 which passes over 28 contacts (Fig.
3). Sixteen of these are connected to
the taps of a potentiometer which cor-
respond to the 15 steps of the desired
voltage series (see Fig. 4). On the fol-
lowing six contacts (17 to 22) there is
a high negative voltage, so that the
valve to be examined passes no anode
current at all during this time.

By this means, and by the great
rapidity at which the switch rotates
(1,000 to 1,500 I.p.m.) it is possible to
record the whole I.-V, diagram with-
out the valve becoming overloaded.

For the sake of orientation in the dia-
gram, the two axes and the correspond-
ing scale are necessary in addition to
the I.-Va curves. The remaining con-
tacts and the auxiliary switch Sr which
is fastened to the axis of the rotating
switch and passes over the pairs of
brushes ABC (Fig. 3) serve these pur-
poses.

The horizontal axis is produced auto-
tically due to the fact that during the
currentless periods (contacts 17-22) the
fluorescent spot moving back and forth

.
1l y
o=

lslda-n.
T

il

R

Hil i@ ——

Fig. 3.
for horizontal deflection of the cathode-ray tube K via the amplifier V, ; the voltage over
the measuring resistance R}f, through which the anode current flows, is applied via the amplifier

V, to the plates for vertical deflection.

By means of the rotating switch §

The anode voltage of the output valve L, to be Investigated is applled to the plates

the grid bias of

thie output valve is varled in steps. The auxiliary switch S, which is fastened to the axis of S, short
circuits the pairs of brushes A, B, C at certain moments, and Ehus causes the various auxillary

lines of the diagram to be traced on the fluorescent screen.

The switches S3 and 8, which

rotate with half the velocity of 5, serve to record the diagrams of two output valves L, and L,
at the same time, while the voltage on the grid g‘: of the cathode-ray tube is lowered for the
e

diagram of one of the valves.

With the help of t

potentiometer P, the current through the

potentiometer P can be regulated and thel grid bias stepwise variation can be made more or
ess steep.

ance, through which the anode current
flows, causes the vertical deflection,
which is therefore proportional to the
anode current at every moment.

In order to trace different I.-Va
curves on the screen successively, the
grid bias must be given different values
successively for short times. A voltage
which varies in steps must therefore be
applied to the grid, and in order to
obtain a lasting image on the screen of
the cathode-ray tube, this voltage vary-
ing in steps must be run through com-
pletely several times per second.

The stepwise varying voltage is ob-
tained by means of a rotating switch

is not deflected in a vertical direction.

The vertical axis is traced in the dia-
gram when the switch passes over con-
tacts 23 and 24. At this moment the
input of the amplifier for the voltage
for horizontal deflection is short cir-
cuited via the brushes, A. On the con-
tacts 23 and 24, which now feed the
grid, an A.C. voltage now acts so that
the anode current may vary sufficiently
to describe the whole I, axis.

The same is true for the following
two contacts, 25 and 26. At the moment
at which these contacts are connected
to the grid, the second pair of brushes
B brings about a substitution of the:

anode A.C. voltage, by the normal
anode D.C. voltage of 250 volts, for
instance. The vertical line Va = 250
volts is therefore drawn in the diagram,
which facilitates finding the operating
point, and at the same time provides
the scale for the horizontal axis.

The scale for the vertical axis is ob-
tained by passing a direct current of
known magnitude through the measur-
ing resistance Rum during the resting
period of the valve (contacts 17 and 18).
This is done by means of the two
brushes C and gives in the diagram a
horizontal line at a definite height
above the Va axis.

The remaining two contacts 27 and
28 are at a negative voltage of a given
magnitude, —6 volts, for instance. The
[.-Va curve with the parameter V, =
—6 volts is traced via these contacts.
By regulating the potentiometer cur-
rent and thus the voltage on the con-
tacts 1 to 16, one of the 15 I.-V; curves
can be made to coincide with the estab-
lished curve for V; = —6 volts and the
parameter value for all the other curves
is thus also known.

It is, however, seldom necessary, and
with regard to clarity, it is sometimes
even undesirable to record 15 1,-V,
curves of the diagram. In that case the
stepped voltage in Fig. 4 is made so
steep by increasing the potentiometer
current, that on part of the contacts 1
to 16 the voltage is high enough to com-
pletely suppress the anode current of
the output valve. The valve then has
a longer resting period.

The Comparison of Two
Output Valves

In addition to the rotating switch Si
and the auxiliary switch Sz, there is a
rotating contact S3 which rotates at one-
half the speed of the first switch (Figs.
3 and 5). By means of this contact the
grid bias according to Fig. 4 may be
applied alternately to two output
valves. On the screen of the cathode-
ray tube the I.-V. diagrams of first one
and then the other valve are drawn
alternately, and since this takes place
for each valve, about 8 to 12 times per

3 5 7 JoF.%

135 7 19 2 2 27
Ty

0
}
1

Fig. 4. The variation of the grid bias of the
output valve under examination during one
revolution of the rotating switch (S, in Fig. 3).
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Tracing the Load Line
second, the two diagrams appear simul- line may also be recorded on the same R,,R, =2R,, R, = R, + R, = 20 R,.

taneously on the screen.

This makes it easy to detect quickly
small differences between two valves of
the same type. In order to be able to
distinguish the two sets of curves from
each other, the current of the cathode-
ray is diminished slightly with the help
of the contact S4 during the time when
one of the valves is in circuit, so that
the set of curves for this valve appears

Fig. 5. The combination of rotating switches (S, to S
in Fig. 3,) For structural reasons, the switch arm of S;
(a brush) is stationary while the 28 contacts (lamellae
of a collector, middle axis on the right) rotate beneath i1.
The 15 resistances of the potentiometer P turn with the
collector, the necessary voltages are applied via five
slip rings. The auxiliary switch S,, also for practical
reasons, is divided Into three contact makers (middle
axis, left). The front axis turns at half speed and
moves to two switches S; and S,.

on the screen with a lower light inten-
sity.
Fig. 6 gives an example of such an

negative. For this purpose the output
valve is first brought into the correct
operating conditions (i.e., by means of
suitable D.C. voltages on grid and
anode) the operating point is arrived at,
and the loading impedance is put into
the anode circuit via a transformer. If
the anode current is now projected on
the screen as a function of the anode
voltage, once more, the load line is ob-
tained.

There is, however, still a complica-
tion : without special precautions the
load line is not in the correct position
in the diagram. Ordinary amplifiers,
such for example as those built into
cathode-ray oscillographs, do not pass
D.C. voltages. When a voltage, whose
mean value is not equal to zero, and
which, therefore, has a certain D.C.
component, is applied to the cathode-
ray tube, the image on the screen al-
ways adjusts itself so that this average
value of the voltage lies at the centre
of the screen. When such amplifiers
are used, therefore, the I.- Vs diagram
is projected on the screen in such a way
that the centre of the screen is the point
of greatest density of all the values of
voltage and current occurring.

The same is true in the case of the
load line. Actually, however, the cen-
tre of the load line must coincide with
the operating point of the diagram,

If an A.C. voltage is applied to the in-
put side AB, an A.C. voltage occurs
over R, + R, which is ten times as
great as than on R,. The A.C. voltage
over R, is thus equal to that over R,,
but in opposite phase. Since the poten-
tial of 2 at every moment rises as much
as that of & falls, the tension between
a and & is the desired push-pull volt-

Fig. 6. Photograph of the Ig-Vg diagrams of two
valves taken at the same time. One diagram is traced
with lower intensity for the sake of distinction.

age, provided @« and & have the same
D.C. voltage potential. This may be
realised by. regulation of the anode
direct current, for instance by means of
an adjustable resistance in series with
the cathode, or by a suitable adjust-
ment of the screen-grid voltage. The
further amplification of the symmetri-
cal halves of the push-pull voltage is
carried out in the manner usual for

application of the apparatus. One which means that amplifiers used for D.C. amplifiers.
K
R3 {%
R2 a Lan
Rs

Fig. 7. First stage of the D.C. push-phll ampiltiers for the
By giving the resistances R;-R, sultable

deflection voltages.

L)
+270v +180V

Fig. 8.

dimenslons, upon application of an A.C. voltage to AB, the

potential at @ is made to increase by the same amount as that

at b falls, The D.C. voltage potentlal at both points is adjusted
1o the same value by regulation of the anode direct current.

valve (curves with lower intensity) has
a smaller slope and a higher maximum
anode current at V=0 (highest curve).
Furthermore, the Ta-Va. curves of this
valve do not run as close to the I. axis
as those of the other curve, a fact which
has an unfavourable effect on the distor-
tion at high values of the grid excita-
tion current. Without going more
deeply into this matter it may be noted
that these deviations are caused by the
fact that the cathode of this valve was
not accurately centred with respect to
the control grid.

When the I,-V. diagram has been
photographed with a camera set up in
front of the fiuorescent screen, the load

)

this purpose must not suppress the
D.C. voltage component.

In order to obtain an accuratelv
focused image on the screen of the
cathode-ray tube, the potential in the
middle of each set of deflection plates
must remain constant (the focusing of
the electron beam depends upon this).
This means that the voltages must be
applied to the deflection plates in a
push-pull connection. One thus arrives
at the somewhat unusual requirements
of D.C. push-pull amplifiers.

Fig. 7 shows diagrammatically how
the first stage of these amplifiers is ar-
ranged. The value of the resistance
is, for example, the following : R, = 18

+200v

Diagram of the complete circuit of the D.C. push-pull amplifiers ; a and b
correspond to the polnts a and b in Fig. 4.

A diagram of the complete circuit is
given in Fig. 8. The points ¢ and &
correspond to the points ¢ and & in
Fig. 7. It may be seen that in the
practical application no special battery
has been used for the screen grid. In
addition to the anode current the screen
grid current now also flows through the
cathode resistance. Therefore the
ratios between the resistances R, to R
(Fig. 7) are slightly altered.

In the simplest case in which the load-
ing of the output valve consists of a
pure resistance, the load line is a
straight line through the operating
point, as was indicated in Fig. 1. Fig.
9 is a photograph of such a case. The
loading resistance in this case was
equal to the so-called optimum resist-
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Load Line for Different Cases
ance with which the output valve a straight line is in general not ob-

delivers the maximum power at a defi-
nite distortion (10 per cent. in this
case).

For the output pentodes the optimum
value is usually equal to the quotient
of anode D.C, voltage and current. In
that case the amplitudes of the anode
A.C. voltage and current can simul-
taneously reach their maximum values,

Fig. 9. Load line for the case in which the output valve

is loaded with a pure resistance. resistance here

has the optimum value : the operating point lies in the

middle of the section which is cut off on the straight
load lines by the axes.

which are approximately equal to the
anode D.C. voltage and current, res-
pectively,

In practical cases the load on an out-
put valve usually consists of one or

Fig. 11. With inductive loading of the output valve
(connection to Ioud speakers) the load line becomes a
more or less distorted ellipse around the operating
point when the grid excitation voltage is sinusoidal.
In this recording the amplitude of the grid excitation
voltage was varied in steps with the frequency constant.

more loudspegkers.  The impedance
of these is not a pure resistance but is
inductive for a large part of the fre-
quency range, due to the self-induction
of the loudspeaker coil. The variation
of the absolute value and the phase
angle of the impedance of an ordinary
loudspeaker of good quality with ap-
propriate transformer is represented in
Fig. 10. As a measure of the magni-
tude of the impedance the value at
1,000 c/sec. is generally taken. In our
case this amounts to about 7,000 ohms,
which corresponds to the optimum re-
sistance for the g¢-watt pentode EL..
The phase angle at the frequency men-
tioned is about 45 degrees.

As a result of the phase shift be-
tween anode A.C. voltage and current,

tained in the I.-V, diagram of the out-
put valve. With a grid A.C. voltage
of given frequency and amplitude, a
more or less elliptical load line is ob-
tained around the operating point. In
Fig. 11 a number of such ellipses are
shown which are obtained at different
amplitudes of the grid A.C. voltage.
If the grid A.C. voltage contains
different frequencies more complicated
figures occur. Examples are shown in
Figs. 12 and 13 in which two frequen-
cies, having the ratios 1: 4 and 1: 15,
respectively, were applied to the grid,
and in Fig. 14 in which three frequen-
cies were combined. Finally, in Fig.
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Fig. 10. Variation of the absolute value Z and the
phase angle ® of the impedance of a normal loud-
speaker of good quality as a function of the frequency
v in ¢/sec. In this measurement a condenser of 2,000
pF was connected in parallel with the primary winding
of the loud-speaker transformer, as is the case in many
radio receivers. At 1,000 c/sec., Z = 7,000 ohms.
At lower frequencies Z changes only slightly: the
minimum lies at 200 c/sec. and amounts to about
5,000 ohms., At higher frequencies Z first increases
sharply to about 21,000 ohms at 3,000 ¢/sec., it then
decreases again due to the influence of the condenser.
Cheaper types of loud speaker show In general a greater

variation of Z and ¢ with the frequency.

15 the image is given which is obtained
when the output valve, loaded with a
loudspeaker, is allowed to amplify
music for some time. One can no
longer speak of a load line, but of a
load field which occupies a more or less
extensive portion of the I.-Va diagram.

The Form of the
I.-V, Diagrams

After an idea has been obtained in
this way of the size of the region used
in the I.-V. diagram, the requirements
can be more precisely defined which the
I.- Va diagram must satisfy in order to
obtain as little distortion as possible in
the reproduction and as large an out-
put as possible.

Since the anode A.C. voltage, and
with it the output, is limited by the

Mentlon of ¢ Electronics and Television

& Short-wave World ** when corres-

ponding with advertisers will ensure
prompt attention.

Fig. 12. Two A.C. voltages with a frequeney ratlo of
1:4 are applied to the grid of the inductlvely loaded
output valve.

crowding of the I,-Va curves near the
vertical axis, it is desirable that the
curves should run as closely as possible
along the vertical axis at low anode
voltages, or in other words that in this
region the anode current should in-
crease very rapidly with the anode
voltage. By the introduction of the
screen grid it was possible to satisfy
this requirement, without being com-

Fig. 18. As Fig. 12, but with a frequency ratio ¢f 1 : 15.

pelled to use positive grid voltages, in-
volving a consumption of energy by
the grid as in triodes. . At the same
time, however, in the tetrode thus
formed the phenomenon occurs that
secondary electrons, formed at the
anode, may pass to the screen grid,

Fig. 14. Three frequencies are supplied to the grid.
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Fig. 15. The A.C. voltage of musie is applied for some
time to the grid of the output valve. A certain °‘load
field ** is now covered in the lg-Vq dlagram.

Fig. 16. .
(a) The suppressor grid is too strongly positive, the kinks In the characteristics due to secondary emission from

the anode are not sufficlently suppressed.

(b) The suppressor grid is too strongly negative.

ELECTRONICS AND .TELEVISION & SHORT-WAVE WORLD

which causes a kink in the I.-Va
(Fig. 16a).

In order to avoid these kinks which
are accompanied by great distortion, a
third grid (suppressor grid) is intro-
duced, which is at cathode potential,
and which suppresses the secondary
emission from the anode to the screen
grid. In the older types of pentodes,
however, this suppression was often so
thorough that at low anode voltage
part of.the primary electrons emitted
by the cathode were also forced to re-
verse their direction in front of the
third grid. These electrons were then
lost for the anode current, and the re-
sult was that the anode current in-
creased rapidly with the anode voltage,

By a correct choice of position and

curve

The I4-Vgq diagram of a pentode at different potentials of the suppressor grid.

The kinks in the

characteristic have disappeared, but at low anode voltages the curves rise less steeply. (c) The suppressor grid

has the optimum potential.

This value of the potentlai gives an indication of the sense in which position and

dimensions of the grid must be changed in order to obtaln the same result with this grid at cathode potential.
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dimensions of the suppressor grid, the
decrease in power output which hereby
occurs can be kept very small. In the
work involved in this development the
method described in this article for the
recording of 1.-Va. diagrams has proved
very useful. A change in position and
dimensions of the suppressor grid is to
a certain extent equivalent to a definite
change in its potential. By applying
different negative or positive voltages
to the suppressor grid—which in con-
trast to the ordinary construction must
have leads to the outside—and by in-
specting the I.-Va diagram in each case,
it is possible to discover the voltage at
which the most favourable form of the
diagram is obtained.

Fig. 16 shows three records from such
an investigation. In & the kinks are
very pronounced, in & they have entirely
disappeared, but at the same time the
anode current increases much more
slowly with the anode voltage, in ¢ the
correct compromise has been found in
which the curves mount as steeply as
possible, while the kinks are only pre-
sent in the region of the diagram
which, according to the investigation
of the load field (see above), is not used
in practical cases,

Electrical Measurements

HE average radio service engi-
Tneer quickly becomes adept at

making routine checks with ser-
vice instruments but occasionally
meets a problem where a knowledge
of electrical measurement as a whole
would be of great advantage. For
example, how many radio engineers
know how to measure the power lost
in a choke without a wattmeter? In
large power rectifier systems the use
of three-phase supply is common and
the measurement of the efficiency of
such a system involves a knowledge
of three-phase voltage and current
measurements.

Two books are recommended for
use by radio engineers who wish to
enlarge their knowledge of electrical
measurements.  The first, ‘‘ Elec-
trical Measurements,’’ by Turner and
Banner, covers the whole field of
electrical measuring instruments in-
cluding some with which the reader
is already familiar. The opening
chapters deal with units and stan-
dards and stress the importance of
accuracy in the instrument and the
observer. The principles of the vari-
ous types of indicating instruments
are then discussed including thermal
and electrostatic meters. The most
useful section of the book commences

with a detailed account of the mea-
surement of current and voltage,
power and energy. Further chapters
are devoted to resistance and imped-
ance measurement, inductance and
capacity bridges and magnetic mea-
surements.

In the chapter on inductance
measurement all the different types
of bridges are described—Anderson’s,
Hay’s, and others. A separate chap-
ter outlines the methods of measur-
ing resistance at radio frequencies.
The last section of the book covers

out of the ordinary’ measure-
ments—light and illumination, speed,
temperature and cable tests. A glos-
sary of instrument terms is also
given. For the radio worker who is
looking for concise information on
the various instruments and methods
available, this book covers the whole
field in a most satisfactory way.

‘““ Commercial A.C. Measure-
ments *’ by G. W. Stubbings, is now
in its second edition and is shortly
being issued again at a moderate
price.

As the title implies, it deals thor-
oughly with the A.C. circuit and the
theory underlying the various meth-
ods of measuring power, voltage and
current.  The first chapters cover

the theory of three-phase measure-
ment and describe the special instru-
ments for use in three-phase circuits.
An interesting description of the
N.P.L. electrostatic wattmeter is
given, together with ‘‘ summation **
wattmeters,

The chapter on test-room equip-
ment is intended for those who have
to check commercial instruments and
undertake A.C. measurement on a
larger scale than that demanded by
radio apparatus. An appendix gives
the various trigonometrical functions
used in instrument and power theory,
and the principal references to the
subject matter are given at the end
of each chapter.

This book forms an excellent com-
panion to the one first described, and
with both at hand the radio engineer
could undertake any measurement
work with confidence. Both are
published by Chapman & Hall at
17s. 6d.

Television and frequency-modulation
radio programmes are transmitted from
the same aerial structure at General
Electric’s new transmitter in the
Helderberg Mountains in New York
State, U.S.A. Two aerials located at
right angles to each other at the top of
the pole transmit frequency-modulated
programmes, while two square struc-
tures below, made up of seven-foot
copper tubes, radiate the sound signals
for television programmes.
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N South Africa programmes of every
kind are now re-broadcast from the
pick of Europe’s stations and re-dif-
fused throughout the whole of South
Africa from the broadcasting station

Panorama, a few miles west of
Johannesburg.

The aerial system on which the
signals are picked up is a rhomboid
arrangement of three aerials so placed
that « is separated from & by 1,250 feet,
& from ¢ by 1,240 feet and @ from ¢ by
2,250 feet. At present the aerials are
directional on Central and Western
Europe, but it is intended that addi-
tional aerials shall later be set up to
allow reception effectively to be
obtained from all parts of the world.
Although the present scheme is mainly
intended for picking up signals on
wavebands between 13 and 30 metres, it
also functions effectively on the 49
metre ’band. Beyond this point recep-
tion cannot be maintained at peak
efficiency.

The receivers and associated gear are
mounted in eight racks each 5 ft. 6 in.
by 1 ft. 7 in. wide. Rack 1 houses the
aerial coupling board. Racks 2z to 5
carry the four receivers, and rack 6
holds the diversity locking equipment.
The line and monitor amplifier equip-
ment is housed in rack 7, while rack 8
is used for mounting the telephone
apparatus.

The aerial coupling board is pro-
vided with flexible connectors allowing
any aerial to be linked with any of the
teceivers. The aerial connectors and
Teceiver interconnectors are of the con-
centric co-axial cable type.

Each of the receivers is an eight
valve superhet, built by the General
Electric Co., Ltd., for diversity recep-
tion. Several special features had to
be considered in the design. For
instance, the supply of both high ten-
sion and low tension current is from
accumulators, to avoid risk of noise
from background. To maintain full
efficiency each circuit in each receiver is
individually tuned. There are six cir-
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A Diversity

Reception Station
for Rc—broadcasting European

The control panels
of the G.E.C. radio
receivers and other
equipment used for
diversity reception.

cuits to be tuned before reception from
any station can be obtained, as op-
posed to the single tuning circuit of the
ordinary home receiver, three being
used for I.F. and three for R.F.
tuning, the former, of course, being
the first station and subsequently left
at the right setting then obtained.
Automatic volume control voltage is
obtained from a valve which operates
with its anode at earth potential and its
cathode at minus 1oo volts. The volt-
age developed across the anode load
resistor of this valve is used to control
the variable amplification valves. The
stronger the signal therefore, the
greater the negative value of the volt-
age developed. As an indication of the
performance of the automatic volume
control circuits, there is a gdb. change
in output for 6odb. change in input

June, 1940

Programmes in South Africa

When receivers are coupled in divers-
ity through the diversity locking equip-
ment, i.e., when the outputs are coupled
through a mixer unit and their auto-
matic volume control lines bonded—the
receiver which has injected into it the
greatest signal will take charge of the
total output. This is due to the fact
that the receiver obtaining the greatest
signal will bias the other receivers back
so as to make them almost—or possibly
entirely—inoperative.  As soon as the
strongest signal on aerial 1, for
example, fades, aerials 2 or 3 may be
in the strongest signal field, and the
receiver coupled to whichever is the
stronger of these will then take control.
Thus the total output is being supplied
by all receivers in their turn as they
receive the strongest incoming signal.

Locking
Equipment

It is possible, of course, to couple
the output of two, three or four re-
ceivers as desired, or to extract the out-
puts from each receiver separately. Pre-
cautions are taken to ensure that the
outputs are coupled in phase, so that
cancellation, noticeable in the bass fre-

above zero level, zero level being 10 quencies, will not take place. The line
microvolts. (Continued on page 263)
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ELECTRONIC COUNTING CIRCUITS

A review of various circuits for application to light operated and other counting devices

ODERN mass production
Mmethods and high speed pro-

cesses usually employ a count-
ing mechanism at some stage in the
chain of manufacture in order to give
information on the rate of production.
In some cases the weight of the objects
to be counted may be too small to actu-
ate any mechanical counting device and
in these special conditions a relay oper-
ated by a light beam is ideal as 1t
requires no mechanical power to drive
it and is practically instantaneous 1n
action. The conventional type of relay
circuit is shown in Fig. 1. A beam of
light passes across the path taken by
the moving object and is focused on to
a photo-cell mounted at the opposite
side of the path. The current from

Fig. 1.
interrupting a beam of light on a photo-cell.

Simple counting circuit operated by

the cell is then caused to operate a
mechanical counter. The cell may be
connected in the circuit so that it is
normally illuminated and the change
in current is caused by the shadow of
the moving object, or it may be nor-
mally dark and receive a light impulse
by reflection from the moving object.

A typical case of a normally illu-
minated cell can be seen at many tube
stations, where the passage of a train is
caused to cut off the current and make
a mark on a chart. The cell usually
used is of the photo-electric type, either
gas-filled or vacuum and owing to the
low value of emission current a form of
amplifying device must be used in con-
junction with it,

The most satisfactory amplifier is
the thyratron valve, since it possesses
the property of releasing a compara-
tively heavy flow of current for a small
change in grid potential. The theory
of the thyratron has been explained in
many previous articles, and for the
present purpose it is only necessary to
note that the current flow with a fixed
value of anode voltage starts when the
grid bias falls by a small amount below
the critical value, and that the cur-
rent, once started, can only be cut off
by reducing the anode voltage to zero.

The critical value of grid voltage
bears a definite relation to the anode
voltage which is termed the *f control
ratio,”” and an average figure for this is
20: 1. Thus for an anode voltage of
150 the critical value of grid bias is
7% and if a potential applied to the grid
causes it to fall below this value the
current will flow.

In the circuit of Fig. 1 the grid is
biased to 7% volts through the resistance
of the photo-cell P, which is illumin-
ated. When the light is cut off, the
emission in the cell ceases and the grid
is virtually connected to the cathode of
the thyratron through the leak R. The
current starts and the relay in the anode
circuit moves the counter. The move-
ment of the relay also interrupts the
anode circuit of the thyratron so that
the circuit is self-resetting and is ready
for the next light interruption.

One disadvantage of this circuit is
that if two objects pass the cell at a
very short interval, the relay may not
have time to switch off the thyratron
and they may be recorded as a single
interruption. Similarly, if the object
takes a long time in passing the light
beam the relay may switch off and re-
set a number of times for the same in-
terruption and record the passage of
several objects. This may be overcome
by the use of alternating current for
feeding the thyratron, but there are
several simpler alternatives such as
accurate timing of the relay for the par-
ticular work to be dealt with.

The other connection of the cell to

1L
Fig. 2. Circuit for counting light flashes.

receive reflected light or a direct ray
from the lamp is shown in Fig. 2. In
this circuit the cell is normally dark,
and care has to be taken to exclude
stray light which might operate the cell
at a wrong moment. Apart from the
photo-electric cell shown it is possible
in this circuit to use the selenium cell
without amplification if the relay is
sensitive enough, or the newer ¢ bar-
rier-layer ”’ cell recently described in

this Journal.* In the circuit shown,
the grid is biased by the battery B until
the cell is illuminated, when the resist-
ance is lowered and the grid becomes
positive with respect to the anode thus
causing the current to flow.

Speed of
Counting

The rapidity with which these count-
ing circuits will work with fast moving
objects is limited by the mechanical

L -

Fig. 3. Use of a condenser for breaking the
circuit of a thyratron. A second thyratron
acts as an automatic switch.
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inertia of the relay or counting mechan-
ism.  When objects are passing the
counter at the rate of one or two per
second there is no difficulty, but some
special applications of counting require
speeds of several hundred or even
thousands per second.

A clever circuit devised by Wynn-
Williamst makes it possible to multi-
ply the speed of counting without spe-
cial design of the counter itself. The
principle of this method is simple—if
the mechanical counter is only called
on to record, say, every tenth impulse,
it is obviously possible to count ten
times the number of objects in a given
time. By extending the principle it
becomes possible to count hundreds or
thousands of objects in a very short
time, the multiplication taking place in
the circuit instead of in the counter
train.

The fundamental circuit employed is
shown in Fig 3. If a thyratron has a
condenser and switch connected across
it as shown, the condenser will charge
when the thyratron passes current, pro-
vided that the switch is open. The
potential to which the condenser is
charged is practically that across the
thyratron load, neglecting the small
voltage drop in the valve itself. If
the switch is now closed, the condenser
will discharge through’ the thyratron
and will oppose the potential across it
from the H.T. supply. The discharge
current will then cease to flow, and if
% See January, 1940, issue p. I3.

t Proc. Royal Soc., July, 1931, p. 295, and May,
1932, P. 312.
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the grid is maintained at a negative
potential the thyratron will not pass
current again when the condenser has
discharged. The condenser thus acts
as an extinguisher of the thyratron gGis-
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leaving V, still discharging. The
fourth impulse re-fires V, switching off
V, and switching on V,. The counter
therefore receives one impulse in four
and the circuit is then re-set for an-
other train of four impulses.

ey

1 | 1

CouvzerR

+

Fig. 4. The application of the circult of Fig. 3 to counting rapid impulses.
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the last cathode is coupled back to the
first through the condenser C, acting as
the ‘¢ extinguisher.”

In operating, an impulse is applied
to the first grid as before. The current
passing through the cathode resistance
when the first thyratron has fired re-
duces the bias on the grid of the second
and charges the ‘¢ extinguishing ’’ con-
denser C,. The second impulse will,
therefore, fire V. in preference to any
other, owing to the lower bias voltage
on its grid, and at the same time the
first thyratron will be extinguished by
the discharge of the condenser. The
action then proceeds, V, acting as a
priming for V, and being extinguished
in turn when the next impulse arrives.
Finally, V, primes V, and is extin-
guished in turn, operating the relay in
its anode circuit.

Instead of a switch it is possible to
use another thyratron, as shown by the
dotted connections in the figure. In
this case the condenser discharge is
controlled by the striking of the second
thyratron, with the added advantage
that the circuit is now reversible. When
V, is passing current V, is switched off
and when V, discharges, V, is switched
off. The alternate switching on and off
of either valve is controlled by the im-
pulses applied to the grids.

This fundamental circuit has a
variety of applications apart from the
one with which this article is concerned.
It is possible to convert D.C. to A.C. by
using a transformer in place of the load
resistance and applying a D.C. poten-
tial to the anode and A.C. to the grids.
Such a circuit is known as an ‘‘ inver-
ter ’’ and is an efficient method of ob-
taining a low-power A.C. supply with-
out the use of rotating machinery. An-
other application is the so-called
‘¢ electronic switch,” used for showing
two wave-forms on the screen of a
cathode-ray tube. The deflector plates
are rapidly switched from one test cir-
cuit to the other by means of the thyra-
tron switch and the voltage waves ap-
pear to be recorded simultaneously
owing to persistence of vision.

Returning to the counting circuit,
Fig. 4 shows the application of the
principle to multiplication of counting.
Two pairs of thyratrons are used to
form a stage, the output from the
second being applied to the grid of the
next stage. The counter is connected
in the anode circuit of the last thyra-
tron. The action is as follows: On re-
ceiving an impulse, the first thyratron
¢ fires >’ and passes current until a
second impulse is applied to the stage.
This ¢ fires'”’ the second thyratron and
switches off the first in the way that has
been described. At the same time the
firing of the second thyratron starts the
discharge in V, through the impulse
applied to the grid. The next impulse
re-fires V, and causes V, to switch off,
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Fig. 5. The “ring * circuit for multiple counting.

The passage of the impulse can be
traced through the stages by the table
below which shows the position of the
thyratrons at each impulse :

Impulse. Ve V. Mg V3
1 On Off Off Off

2 Off On On Off

3 On Off On Off

Off On Off On

It should be noted that the arrival of
the first impulse may switch on either
V, or V., but the exact order is immate-
rial, as the reversal takes place auto-
matically.

By the addition of further pairs of
(thyratrons the multiplication can be
increased to record every eighth im-
pulse, and in general “n ” stages will
cause the relay to operate every ‘‘2n’’th
impulse.

Ring Counting
Circuit

An alternative circuit to the above is
the so-called ‘‘ ring ’’ circuit in which
each thyratron is connected in parallel.
This is shown in Fig. 5, the impulses
being applied simultaneously to all the
grids. It will be seen that each grid
derives its impulse from the cathode
circuit of the preceding valve and that

For the sake of simplicity it is as-
sumed that the firing of the thyratrons
takes place In sequence from numter
one, but the chain of operation may
start at any point on the circle, since
the impulse is applied simultaneously
to all the grids. The ‘¢ scale-of-two ”’
counter circuit is, however, usually pre-
ferred for rapid working and high mul-
tiplication.

Hard-Valve
Counter Circuit

Although the thyratron counter is
generally satisfactory for high speed
operation, it is recognised that there
are inherent faults in thyratrons which
make the vacuum valve preferable for
work requiring extreme accuracy and
reliability. = Accordingly a counting
circuit has been developed by Dr. W. B.
Lewis * on similar lines to those des-
cribed, but using battery valves of the
L2 type connected as a multivibrator.
The essential connections are shown in
Fig. 6. The impulse is applied to the
grids through the Westectors shown,
the grid bias being applied through the
choke L.

® Proc. Camb. Phil. Soc., Vol. 33 October, 1937,
P- 549-
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As in the multivibrator circuit, there
are two stable conditions of operation
—either V, is passing current and V,
is cut off, or V, is passing current and
V, is cut off. The changeover is actu-
ated by the impulse in the following
way : Assume that when switched on
V, is passing current and V, is qui-
escent. The potential of G. is then
positive with respect to the centre point
of the rectifiers and there is negligible
potential difference between G, and the
centre point,

When the impulse arrives, rectifier 1
will conduct and rectifier 2 will be non-

ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

which stores up an impulse if the count-
ing circuit is not in a condition to deal

with it. This circuit, which has been
named a *‘ watch-dog,”’” is shown in
Fig. 7. The lever actuating the count-

ing mechanism is also arranged .to
operate a pair of switches, one in each
of the anode circuits.

When the ratchet arm of the counter
is actuated by the current in the coil of
V,, the anode circuit of V, is automati-
cally opened, as in the diagram given in
Fig. 1. If another impulse is received
during this time, V, is ready to receive
it as its anode circuit is closed, and it
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the extreme high frequencies of the
audio output. The telephone line
equipment transmits the modulated
signal to the distributing studio.

Standby
Provision

It has been proved in practice that if
aerials are separated by 1,000 feet or
more, the signal they receive from a
distant short-wave transmitter will fade
only very seldom at all three such
aerials simultaneously. It is not, there-
fore, economically worth while to use
four or more receivers in diversity, as

+220.v.
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Fig. 6. A counting eircuit by W. B. Lewis, using hard valves.

Fig.7. ‘ Watch-dog *’ circuit for storing impulses or for simple

multiplication.

conducting owing to the potential
across it. The anode current in V, will
then fall owing to the increase in grid
bias, and the potential of G, will then
alter until it is nearly that of \G,. The
circuit is now unstable and will ‘¢ tip
over ”’ until V, is conducting and V,
is switched off. The tipping over is
aided by the choke inductance in the
grid circuits. The next impulse tips
the circuit back again. and so on, the
whole arrangement acting as an un-
stable balance in which the impulses
tip first one pan down and then the
other.

The next stage is coupled to the
anode of the first in a similar manner
to that given in the preceding diagrams.
An ingenious addition to the circuit is
a ‘“ magic eye ' indicator to show when
the valve is operating—shown by the
dotted lines in the diagram. The author
points out that the values of choke and
coupling condenser are important and
depend on the duration of the impulse
it is required to measure. A time con-
stant of .0o0o2 sec. in the coupling cir-
cuit and a choke of 6o henries enables
the circuit to count 50 cycles per second
and also impulses lasting 1/40,000 sec.

“ Watch-dog
Circuit

Another ingenious device which is of
use in high-speed counting is a circuit

will ¢ fire.”” The potential of the point
“ A" will then rise to that of the H.T.
supply and will be transmitted to the
grid of V, through the condenser C. On
the return stroke of the ratchet, V, is
open-circuited and V, is put in a condi-
tion to fire from the impulse applied
to its grid in the interval.

This circuit has the useful applica-
tion of extending the limit of counting
speed of the *‘scale-of-two’ counter
previously described, and if every eighth
impulse is normally recorded it can
deal with impulses at the rate of 10,000
per minute.  Without the additional
multiplying circuit it can be used to
ensure that an ordinary counting
mechanism does not miss any impulses.
It has been calculated that a single thy-
ratron counter working a telephone call
counting mechanism which requires
1/25th sec. for its operation will miss
2 per cent. of the arriving impulses at
the rate of 30 per minute and 20 per
cent. at the rate of 300 per minute. A
watch-dog counter having a resolving
time of 1/isoth sec. will only have a
total “ miss ’’ of 2 per cent. at 150 per
minute and 10 per cent. at 500 per
minute.

“ A Diversity Reception Station
(Continned from page 260)

and monitor amplifier and equaliser is
of value should it be desired to cut off

the reduction in fading per receiver
added in excess of a total of three
becomes very small. A fourth receiver
is used, in order that a spare may be
available for substitution in case of
failure, or for use as a standby.

Selective fading, that is to say, the
type of fading which is accompanied by
severe distortion, is not diminished by
diversity working. In other words,
diversity only aids in the: elimination
of straightforward fading.

Power
Equipment

The generator equipment is electro-
statically shielded in order to prevent
any radiation of interfering signals.
The generator set is a petrol-electric
type capable of delivering 34 kW. at
220 volts, so cycles. It employs auto-
matic starting so arranged that as soon
as a load in excess of 6o watts is thrown
upon it, it starts from a storage battery
and will continue to run until the load
is removed.

The charging equipment consists of
a large rectifier unit for the low-tension,
employing two mercury vapour recti-
fiers capable of delivering a full-wave
rectifier current of 50 amperes. The
charger for the high-tension supply em-
ploys a mercury-vapour full-wave recti-
fier and is capable of charging the com-
plete high-tension battery at 5 amperes.
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A FLEXIBLE SYNC.-

PULSE

HE Du Mont type 203 Synchronis-
ing Signal Generator has been de-

signed for television transmitting
stations to operate as a master genera-
tor for the synchronising, scanning and
blanking pulses which are a necessary
part of the composite video signal which
is fed to the radio-frequency
transmitter.

The generator incorporates the most
advanced circuit designs for this type of
equipment. It is claimed that it is fool-
proof in operation and may be satisfac-
torily installed and operated by un-
trained personnel.

The assembly provides all output
signals necessary for control of a tele-
vision signal, and in addition provision
has been made to incorporate many
future developments. The polarity of
waveform of all output signals is re-
versible at will. The ¢ waveshaping ’

B i s

Two-to-one frequency Three-to-one
division shown on monitor
oscillograph of frequency

divider.

Waveform indicating

phase of lock-in of fre-

quency divider with sixty-
eycle power supply.

division as shown on
monitor oscillograph.

Horizontal synchronising
pulse superimposed on the
horizontal blanking pulse
for observation of relative
phase of the two signals in

GENERATOR

(b) 80 ohms,
peak-to-peak.

2. Composite synchronising signal,
consisting of horizontal and vertical
synchronising and equalising pulses.
8o-ohm coaxial output of 4 volts peak-
to-peak.

3. Linear horizontal sweep wave,
So-ohm coaxial output, 4 volts peak-

coaxial, 4 wvolts

to-peak.
4. Linear vertical sweep wave,
200-ohm coaxial output. 10 volts

peak-to-peak.

5. Special sharp vertical synchron-
ising pulses. 200-ohm coaxial out-
put, 10 volts peak-to-peak.

6. Special horizontal synchronising
pulses, 200 ohm coaxial output, 10
volts peak-to-peak. Input: 115 volts,
60 cycles, single phase.

The generator is composed of the
following standard units :

frequency Seven-to-one  frequency
division showing ease with
which oscillator eircuits
may be adjusted by use of

monitor oscillograph.

pulse
vertical

the output of the equip-

Vertical synchronising

superimposed on

blanking wave

showing relative phase of
the two signals.

June, 1940

The Du Mont synchronising-
signal generator.

Horizontal synchronising
pulse waveform output.

requency

ment.
circuits have been designed to operate Fyeguenc of six interlocked relaxation-type oscil-
independently of frequency so that if M ? 24 lators which are used as
eter dividers to obtain the horizontal

the line frequency be changed at any
time a complete redesign of the equip-
ment is not essential. An operating life
of 10,000 hours, may be expected.

The phase of all vertical sixty-cycle
timing pulses generated may be shifted
through 360 degrees with respect to the
mains supply frequency. .The various
output signals available consist of the
following : —

1. Composite blanking signal, con-
sisting of horizontal and vertical
blanking pulses available from two
output circuits :

(a) 200 ohms,
peak;

10 volts peak-to-

This unit is the source of all vertical
and horizontal timing pulses placed in
correct relation for interlacing tele-
vision scanning waves. There are essen-
tially four major types of circuits in-
corporated in this instrument as
follows :—
ga) Frequency divider,

b) Pulse amplifiers.
(¢) Frequency standardising control.
(d) Monitor oscillograph.

Frequency
Divider

The frequency divider is comprised

and
vertical timing pulse waves.
Interiocking of the oscillators is ac-
complished by coupling through buffer
tubes.  Decoupling networks are em-
ployed in all D.C. supply circuits. The
oscillator anode supply is maintained at
a constant voltage by means of a
duplex circuit, incorporating both elec-
tronic and gaseous types of regulators.
The h.t. supply for the buffer is derived
from a similar source so that stable
operation of the divider is insured.
The interlocking action of the oscil-
lators has been designed so that fre-
(Continued on page 283)
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News Brevities—

Commercial and Technical

theory and the use of the cathode-

ray tube the minute electrical
potentials of the nervous system have
been recorded and analysed. Modern
loudspeakers reproduce the sounds of
the human heart with a fidelity that
cannot be attained with the conven-
tional  stethoscope. Photo - cells
measure the condition of the body
fluids. In every branch of surgery
and physiology electricity is a valued
assistant.

Towards the end of last year an
article was published in this journal
describing the measurement of the
electrical potential of the brain by
means of the electro-encephalograph.
In 1938 Cerletti and Bini, of Rome,
announced that the brain could be
stimulated by the application of an
electrical potential from the outside
of the scalp and that beneficial results
were obtained by the induction of
convulsions in certain cases of brain
abnormality.

Since their discovery several
workers in England have tried out
the new technique with satisfactory
results, and electro - convulsion
therapy, as it is called, is now playing
an important part in the treatment
of mental disorders.

The growing use of electrical appli-
ances in the medical profession would
seem to require further study on the
part of the already busy practitioner.
The best of apparatus is liable to
sudden breakdowns, and the doctor
who is confronted with an obscure
fault may have to call in a specialist
of another type as well as his profes-
sional colleague.

This will provide a useful oppor-
tunity for the skilled radio engineer.
If he lets it be known that he has
specialised in the construction of elec-
tro-medical apparatus he will find
that his services will be in demand
among the hospitals and clinics in
his locality.  But in turn he must
take care to acquire the rudiments of
the science in which he is co-operat-
ing and a vocabulary of technical
terms. We have already measured
the impedance angle of the human
body-—no doubt the radio service en-
gineer will soon refer to a lesion in
the circuit !

* * *

It is interesting to note that a dif-
ferent type of film recording has been

BY the application of amplifier

developed in the Philips Laboratories,
possessing several advantages over
the conventional method. A special
film 7 mm. wide has a coating of
clear material on the base over which
1s deposited a microscopic film of
opaque material,

A sapphire stylus is used to cut the
surface of the film into a ‘‘ hill and
dale’’ record with sharp distinction
between the clear and opaque parts
of the track. The film is fed through
an optical system and high-fidelity
amplifier at a speed of 60 inches per
second, and is wound for storage on
a metal drum. It is claimed that the
characteristics of this system of re-
cording are such that 10,000 cycles
can be reproduced easily and it is
practically impossible to distinguish
recorded voices from the original. It
is suggested as a basis for a public
service of weather announcing in
America.

+* * *

It is well known that multi-electrode
valves of the triode-pentode and
diode-triode class were in use in this
country before the American receiver
manufacturers took them up, but
having been adopted on the other
side of the Atlantic, their variety and
uses have been growing. For those
who have not foilowed the introduc-
tion of new American valve types with
attention, it may be surprising to
note that there is a triode-pentode-
rectifier available in one bulb. The
1D8GT has power output characteris-
tics in the pentode section and with
its triode and rectifier anode provides
a complete detector-output valve for
transportable receivers. With a
slightly higher emission from the
cathode, each value could be made to
provide its own F.T. supply!

* * *

There is now no doubt that the
Philips factories and laboratories at
Eindhoven (Holland) have fallen into
the hands of the enemy, although it
had been understood that a scheme
was in existence for the destruction
of the plant and buildings in the event
of invasion. For some reason, how-
ever, it is believed that this plan has
not been carried out and that the
entire Philips factory (which is
equipped with large quantities of
plant and experimental apparatus) is
undamaged,

If, however, as current reports in-
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dicate, much of the most valuable
material has been removed to this
country, it would appear that the
occupation of Eindhoven by the Ger-
mans is of slightly less consequence
than was at first imagined.

A construction permit for a tele-
vision broadcastng station in New
York City has just been granted by
the Federal Communications Com-
mission to the Allen B. Du Mont
Labs., Inc., of Passaic, N.J. Work
has already begun on the transmitter
and studios which will be located on
the top floor of the 42-storv office
building at 515 Madison Avenue.

The new Du Mont transinitter will
operate on Television Channel j, or
the 78-84 mc. band, as a Class 2 tele-
vision broadcaster for programrme
research. It is planned to utilise the
Du Mont flexible system of television,
whereby changes in number of lines,
number of frames and interlacing
schemes can be confined to the trans-
mitter with the receivers automati-
cally - following : any transmitted
signal.

The Du Mont New York City trans-
mitter is in addition to the experi-
mental transmitter W2XVT at Pas-
saic, which has been in operation for
over a year, for engineering studies
and demonstrations. Du Mont also
has a mobile transmitter licence with
call letters.

* * *

To meet urgent needs for more. ac-
commodation, Marconi-EEkco Instru-
ments, Limited, have transferred the
sales and administration offices to
Ridgmont Road, St. Albans, Herts.

¥ * *

A new permanent magnet assembly,
roughly thiree times as strong as any
previously known, was disclosed re-
cently by the General Electric
Research Laboratory. It permits a
tiny piece of sintered alnico to lift and
hold 4,450 times its own weight,

The previous record mounting, de-
veloped in the laboratory last year,
allowed a piece of the same material
to lift 1,500 times its own weight.
Sintered alnico is an alloy of alu-
minum, nickel, iron and cobalt made
by pressing together the powdered
metals and heating almost to the
melting point. By itself, without the
special assembly, an alnico magnet
has a normal lifting power of 500
times its own weight.

A new mounting of brass and iron
in which the magnetic flux passes
through many air gaps, instead of
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the usual two, in bridging from pole
to pole, is responsible for the greatly
increased power. The new assembly
is not a commercial development and
the largest turned out in the labora-
tory to date contains but three cubic
centimetres of alnico.

Though smaller than a thimble and
weighing three-fourths of an ounce,
this magnet in its mounting bas sup-
ported as much as zoo pounds in tests.
One a cubic centimetre in size, sup-
ported 67 pounds of small weights
added one at a time.

L ] *

The problem of defining the expo-
sure to be given to a negative was
dealt with by G. B. Harrison in a
recent issue of the Photographic
Journal. Mr. Harrison stated that it
is possible to base the exposure either
on the shadows, on the highlights or
on the overall brightness of the sub-
ject, and he discussed the advantages
of these several methods.  Photo-
electric meters can similarly be of
three types: those with small angles
of view suitable for readings of the
brightness of highlight or shadow
areas; those which measure the in-
cident light on the subject; and lastly
those with a large angle of view
measuring overall brightness. The
influence of varying tonal characteris-
tics of the subject on the reading
obtained on each basis of measure-
ment is analysed. It is concluded
that for reasons of sensitivity meters
of the first type are at present imprac-
ticable; meters of the second (high-
light) type are excellent for reversal
processes; and those of the integrat-
ing type, which are commonest, are
capable of giving tolerably good
results in negative and reversal work,
but require additional judgment for
the best results.

* * *

An analysis has just been published
of approximately three-quarters of a
million tests made by the Bell Tele-
phone System at the New York and
San Francisco World’s Fairs of 1939.
‘The tests covered the frequency range
from 440 to 7,040 cycles per second
at intervals of one octave, and the
tests were recorded together with in-
formation regarding sex of person
tested, colour of skin and the particu-
lar one of five age groups to which
the person belonged. It was found
that at the low frequencies the falling
off in hearing with age was less for
men than for women, whereas at the
higher frequencies the reverse was
correct.

ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

Osram Variable-Mu Screened
Tetrodc KTW73M

The Osram KTW73M is a valve of
economical consumption suitable for
use in D.C./A.C. receivers and is de-
signed essentially for operation as the
final I.F. amplifier in superhet sets in
which the screen voltage is applied
through a series resistance.

The small physical dimensions, re-
sultant from a short seal construction,
are of value where saving of space is
important, and effect also a consider-
able improvement in input impedance
at short wavelengths,

The characteristics are as follows :
Heater current, 0.16 amp.
Heater voltage, 5.8 volts.
Operating current range, 0.154 to
0.187 amp.
Anode voltage, 250 max.
Screen voltage, 100 max.

Control grid voltage, —3.

Anode current, 6.5 mA.

Screen current, 1.3 mA.

Anode impedance, 0.75 megohm.

Mutual conductance, 1.7 mA./volt.

Input impedance at 40 mcs./sec,
20,000 ohms.

(1% .
M anganamron ” WH‘CS

The Scott Insulated Wire Co.,
Ltd., of Westmoreland Road, Lon-
don, N.W.g, are producing a British-
drawn insulated copper-nickel-man-
ganese wire having a low tempera-
ture coefficient and low thermal
E.M.F. compared with copper, suit-
able for the manufacture of precision
instruments, shunts, etc.

¢ Manganamron '’ is an alterna-
tive to the former almost exclusively
used German copper-manganese wire
which has been imported and sold
under the registered name ‘‘ Man-
ganin,”’ and is now being supplied to

June, 1940

the leading scientific instrument
makers. It has been approved in
instruments designed for the use of
the Admiralty and Air Force. A
folder giving much useful data on
this and other wires can be obtained
on request from the above address.

Petrol Generating Sets

For those who require low-power
electric supply in areas where no
power mains are available, or for
emergency purposes, the combined
petrol-electric generating set is the
most practicable means of supply.
These self-contained semi-automatic
units are now available at remark-

ably low figures. For example,
there are two Electradix (Leslie
Dixon & Co., Ltd.,, 218 Upper
Thames  Street, London, E.C.)

models of 150 watts and 500 watts
available which retail at £12 and
A17 10s. respectively.

These sets comprise a two-stroke
water-cooled engine directly coupled
to the dynamo and mounted on a
heavy base plate as shown in the
photograph. Ignition is by mag-
neto, and petroil lubrication is pro-
vided. Both types are provided with
a governor which in the case of the
I50-watt unit cuts out the ignition,
and in the larger model controls the
throttle. The units will run, there-
fore, for long periods without atten-
tion. Ball bearings are fitted to the
engine big ends and the armature
shaft. Output of the small genera-
tor is 6 amps. at 25 volts and the
large model 10 amps. at 50 volts.

With a slight modification it is pos-
sible to run either unit on gas. We
understand that a number of these °
sets are in use by the G.P.O. and
War Office.
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PROBLEMS OF H.F. DESIGN

Wide Wave Rangc s:  Electron Transit Time ::
Losses :: Q Values ::

coming of increasing import-

ance and the design of equip-
ment presents a problem very differ-
ent to that of normal short-wave de-
sign. While it has become more
usual to extend the range of receivers
down to 10 metres, it is sometimes
apparent that compromises have been
effected, and the extreme high fre-
quency performance is inferior to the
rest of the short-wave performance.
The designer must nowadays be pre-
pared to consider the prospect of
operation down to 5 metres and
lower.

THE higher frequencies are be-

Wave
Range

The problem of the wide range re-
ceiver operating over a wide wave
range extending down to the lowest
wavelengths, is extremely difficult, as
it is almost impossible to avoid hav-
ing to make compromises of some
kind or the other, with consequent
lowering of performance on some
wavebands. In generalit is the high-
est frequency band which suffers, and
because of the inherent difficulty of
providing high-frequency gain at

these frequencies, the specialised
high-frequency receiver has been
evolved.

In addition, to avoid the compli-
cations of multiband operation, there
are also designs for some specific
single waveband. In the case of
single-waveband receivers for ultra-
high frequencies, the designer can
adopt measures impracticable for,
multi-waveband receivers, and ensure
maximum efficiency for the selected
wave range.

A discussion of the exteni to which
a designer may compromise between
an ideal design, and a practical de-
sign is bound up with so many factors
that the question can only be decided
by those concerned. The problem is
naturally complicated by economic
factors, and other questions outside
the scope of strict radio theory and
practice. However, it is of interest
to examine the more strictly technical

By 0. ] Ruue”

aspects of the problem of efficient
operation upon the-higher frequen-
cies.

We may set the limit of normal
short-wave operation as being in the
neighbourhood of 20 metres (14 mega-
cycles). At higher frequencies, the
specific factors operating to limit effi-
cient working are already becoming
serious. The most serious factor is
the effect of finite transit time of elec-
trons in the valve. The lag, due to
the time taken for the electrons
emitted by the cathode to reach the
anode, represents a loss, which may
be expressed as a resistance shunted
across the grid cathode input circuit;
it makes itself felt as a damping of
the grid tuned circuit in a high-fre-
quency amplifier.

This input resistance decreases as
the square of the wavelength, and in
most  high-frequency = amplifying
valves is of the order of only 5,000
ohms at 5 metres, or less. The valve
becomes, in effect, a low resistance
shunted across the input circuit, with
loss of selectivity and gain. It is
possible to build conventional tuned
circuits having resonance resistances
of much greater value than this, a
value of 15,000 ohms or so being
easily attainable.

A partial solution of the problem
is to tap the grid of the high-fre-
quency amplifier down on the tuned
circuit. By so doing the loss in gain,
due to tapping down the coil, is more
than compensated, by the increased
voltage developed across the tuned
circuit, as the damping is removed.
Selectivity is correspondingly in-
creased. In practice, no advantage
will be derived by tapping more than
about half-way down the coil, as the
voltage applied to the grid of the
valve will fall off rapidly below this,
especially as the tuned circuit has a
fairly low value of dynamic resist-
ance with normal construction.

Television
Recervers

In television receivers, where even
the moderate selectivity of normal

Effect of Valve Design
Skin Effect

:: Reducing

tuned circuits would unduly attenuate
the enormous sideband width of the
vision signal, the damping, due to
low input resistance, is no disadvan-
tage.  Special valves of very high
mutual conductance have accordingly
been evolved, in order to obtain
appreciable gain with low input re-
sistance values. It is of interest to
note that with the normal type of
valve = construction, increase of
mutual conductance is accompanied
by decrease of input resistance, so
that there is little advantage for nor-
mal purposes to be obtained by the
use of these wvery high mutual con-
ductance valves.

Finite
Transit Time

The problem of finite transit time
effects may be overcome in two ways.
The transit time may be reduced by
using higher anode voltages, or by
reducing the spacing of the electrodes
in the valve. Unfortunately the bene-
fit obtained is proportional to the
square root of the appropriate
change, so far as the frequency of
operation is concerned. Thus to obtain
equivalent performance upon twice
the normal frequency of operation,
we should either have to decrease the
electrode spacing to a quarter, or in-
crease the anode voltage four times.
In general the solution adopted is to
decrease the electrode spacings. The
acorn valve represents the practical
limit, from present-day production
viewpoint, of the reduction of elec-
trode spacing. It must be remem-
bered that for any specific frequency,
the benefit obtained by either reduc-
ing the electrode spacing, or increas-
ing the anode potential is directly pro-
portiona] to these factors. In some
cases it may be an advantage to oper-
ate a valve with increased anode
potentials, and increased bias in
order to improve performance at the
limit of operation of some particular
receiver.

It is unfortunately still true that
most of the difficulties of high-fre-
quency operation are caused by the
imperfection of the valve. Losses
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due to other components are not
nearly so serious, or can at any rate
be obviated by special measures. The
loss in dielectrics for example is not
necessarily increased with frequency,
and an excellent range of low loss
insulating materials of ceramic and
synthetic plastic types, is now avail-
able. Indeed the use of very low loss
materials has reached at times to ludi-
crous lengths, as when the thin strip
of paxolin type of valve holder is re-
placed by a holder many times thicker
of low loss material, the losses of
which, due to the added thickness of
material, are probably not much less
than the older type of holder, In
any case the losses in the holder are
much less than those in the base of
the valve itself. It is only compara-
tively recently that the valve base has
been modernised, and the footless
types of valve have resulted in de-
creased losses in the valve base, and
also shortened the length of the in-
ternal leads to the electrodes with
reduction of the harmful back coup-
ling effects due to the inductance of
these leads.

The question of tuned circuits for
high-frequency operation is at present
in a state of compromise. For nor-
mal work, the conventional coil and
condenser provides for reasonable
values of Q down to 5 metres or so,
while extremely high values of Q may
be obtained by the use of resonant
systems of the concentric line type.
Such systems may be tuned over a
waveband by the use of a variable
condenser, and may be operated up

ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

to 10 metres. The values of Q ob-
tained are so great, however, that
the use of Acorn valves is virtually
essential, and it is desirable to tap
the Acorn valve grid well down to the
concentric line system, if full advan-
tage is to be taken of the high Q
values obtained. The chief advan-
tage of such systems is that for a
given diameter of the concentric line
system, the Q) actually increases with
frequency, unlike more conventional
tuned circuits. Such concentric line
systems are, however, too bulky for
other than fairly specialised use,

In regard to conventional tuned
circuits, it is of interest to note that
at high frequencies the skin effect is
accentuated by the phenomenon of
the oscillatory current tending to flow
only along the portion of the wire
that would touch a cylinder enclosing
the coil.  The consequence of this
effect is that the effective loss resist-
ance of the coil is not greatly reduced
by using very thick wire. However,
if the coil is wound from flat strip
rather than wire, the current has a
larger effective surface to traverse,
and the loss resistance is proportion-
ately reduced.

While the factors militating against
efficiency may most fairly be ascribed
to the shortcomings of valves, rather
than to serious deficiencies in other
components, it is possible by circuital
arrangements to obviate many of
these losses. In particular, the at-
tention given to by-passing, and to
the cathode circuit are of paramount
importance.

Use of Beryllium Fluoride Glasses as Binders for

Fluorescent Screens

electric discharge tubes such as

mercury-vapour lamps or cathode-
ray tubes, the fluorescent material is
stuck to the wall of the tube by the
use of a binder. Such binders have
included sodium or potassium silicate
and boric oxide. The fluorescent
material has been applied before,
after, or with the binder.

The binders used hitherto have
been unsatisfactory for a number of
reasons. Some, such as the silicates,
depend for their adhesive properties
on the presence of water and during
the baking process, which is an
essential part of the evacuation,
they tend to flake off the walls of the

I N the use of fluorescent screens in

tube. Others such as boric oxide
have an undesirably high melting
point—577° C.—which makes their
use difficult.

It has been discovered that the
beryllium fluoride glasses prepared
by fusing together beryllium fluoride
with alkali fluorides and other
fluorides, are particularly suitable for
use as binders owing to the low
melting points available, the wide
temperature range over which the
glasses are soft, and also to the high
transpasency of these glasses to light
in the ultra-violet region down to a
wavelength of 2,200 A.

An example of a glass suitable is
that made by fusing together equal
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parts by weight of sodium fluoride
and beryllium fluoride.  This glass
has a melting point about 160-170° C.
If a glass with a high melting point
is required it can be obtained by
using in the mixture other fluorides,
such as potassium, calcium, mag-
nesium and aluminium fluorides.
It is desirable to keep the percentage
of beryllium fluoride about 50 per
cent. of the mixture and also to have
about 20 per cent. of an alkali
fluoride present.

The binder may be applied to the
wall of the discharge tube in a num-
ber of known ways such as smearing
the melted glass over the hot sur-
face, spraying it in as a dry powder
or as a suspension, spraying it on a
solution of the constituent fluorides.
The fluorescent material can be
applied in similar ways either to the
hot binder in soft or melted condition,
or to the cold surface to be followed
subsequently by a heat treatment to
cause firm adhesion between the
fluorescent material and the wall of
the tube.

An alternative method, that may
be used for example in the manufac-
ture of mercury or neon discharge
lamps where the exciting agent for
the fluorescence is ultra-violet light,
is to mix the fluorescent material
with the binder and melt the mixture
within the tube, causing it by suit-
able treatment to be coated evenly on
the inside of the tube. Little
diminution in the efficiency of exci-
tation results from this coating pro-
cess owing to the high transparency
of the glass to ultra violet light, and,
in fact, the layer of binder may act
as a protective coating. A further
layer of binder may, if desired, be
applied subsequently to the fluores-
cent material.

The exact degree to which the
fluorescent material is embedded in
the binder is sometimes of import-
ance, particularly in avoiding hala-
tion effects. For the control of this,
these glasses with their range of tem-
perature within which they are soft,
and also their low melting points, are
particularly suitable.

If desired, a neutral light-absorb-
ing material such as graphite may be
incorporated in the layer of binder
between the fluorescent material and
the glass in order to reduce halation
effects.

This development is reported
from the Laboratories of Electric and
Musical Industries Limited.


http://www.cvisiontech.com
http://www.cvisiontech.com

June, 1940

ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

269

A RECORD OF PATENTS AND PROGRESS

RECENT

DEVELOPMENTS

Electron Multipliers
(Patent No. §12,040.)

HE secondary-emission elec-
Ttrodes of an electron-multiplier

are made in the form of two or
more conical rings, the walls of each
converging towards the cathode and
grid, and diverging in the direction
of the anode or collecting electrode.
Arranged close to the emitting elec-

PATENTEES

Farnsworth Television Incorporated :: Baird Television

Ltd., and D.V. Ridgeway ::
E. L. C. White and A. D. Blumlein :
W. A. Beatty ::

Switch Inc. =

tor of oscillations.—Farnsworth
Television Inc.

Scanning Systems
(Patent No. 512,795.)

In interlaced scanning systems,
there is a tendency for those line im-
pulses that occur immediately before
the framing impulse to ‘‘ trigger ”’
the framing oscillator prematurely,
thus upsetting the correct timing. As
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Method of improving interlace timing. Patent No. 512,795.

trodes is a conical-shaped accelerat-
ing grid which is made of open mesh-
work and biased to a high potential.

In operation, primary electrons
leaving the cathode are drawn radi-
dlly outwards to strike against the
inner wall of the first conical-ring
electrode. Here they produce
secondary electrons, which " are at-
tracted by the high positive voltage
on the nearby accelerating grid so
that they pass through it and strike
against the opposite inner wall of the
second ring-electrode,

The second impact liberates still
more secondary electrons, and the re-
sulting stream is then drawn through
an aperture at the top of the conical
assembly where it is collected by the
anode, which carries the highest posi-
tive potential. The tube can be used
as an amplifier, detector or genera-

a result consecutive frames are not
accurately interlaced, and the chief
advantage of the method—as com-
pared with ‘¢ straight >’ scanning—is
thereby lost. The circuit shown is
intended to avoid this defect,

Mixed picture and synchronising
impulses are applied to the terminals
T, the picture signals being in the
positive and the synchronising im-
pulses in the negative sense. The
valve V separates the two, the line
impulses being fed to the oscillator
Vi1 through a condenser C, and the
frame impulses to the oscillator V2
through a resistance R, condenser
Ci, and diode D,

The anode of the diode is connected
to the grid of the framing oscillator,
and its cathode to earth through a
resistance Ri.  Any line-frequency
impulses across the resistance R that

Fermseh Akt. :: Photo

Soc. Anon. Fimi.

might tend to trigger the frame oscil-
lator Vz are effectively cancelled out
by impulses of opposite phase applied
to the coil L by the ‘‘ line *’ oscilla-
tor Vi. The picture signals are
separated out by a bleeder resistance
Rz. The diode D serves to re-intro-
duce the D.C. component represent-
ing background illumination.—Baird
Television, Ltd., and D. V. Ridge-
way.

Projection Receivers

(Patent No. 513,740.)

In order to project a bigger picture
than can be accommodated inside the
cathode-ray tube, various schemes
have been devised for replacing the
ordinary fluorescent screen by a sur-
face which changes its transparency
from point to point, as it is scanned
by the electron stream. The light
from an external lamp is then pro-
jected through this sensitive surface
on to a large-sized viewing-screen
placed outside the C.R. tube. Owing
to the changing transparency of the
sensitive surface, a large image of the
received picture will be shown on
the viewing screen.

According to the present invention,
the surface of variable transparency
is made by depositing a large num-
ber of small, light particles over a
‘“ rippled >’ sheet of glass, the latter
being arranged close to the electrode
which is scanned by the electron
stream of the cathode-ray tube.
Under the electrostatic influence of
the scanning stream, the small parti-
cles are rotated so that they lie edge-
wise, instead of broadside-on, to the
outside lamp. In this way the light
from the lamp is varied or ‘‘ modu-
lated '’ so as to project an image of
the incoming picture on to the ex-
ternal viewing-screen.—Fernseh Akt.

Photo-electric Relays
(Patent No, 514,600.)

The figure shows a valve relay A
which actuates a switch S when any
change of light occurs on the photo-
clectric cell C. The heater for the
valve cathode K is supplied from
A.C. or D.C. mains T through a
potentiometer R, from which a tap-

The information and illustrations on this page are given with permission of the controller of H.M. Stationcry Office.
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ping is taken to the screen-grid of
the valve. The potential on this grid
is kept below 20 volts, so as to reduce
the production of positive ions which
tend to collect around the control
grid.

When light falls upon the photo-

ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

a large potential-drop will be set up
across the protecting coils, so that
the momentary voltage thrown on
the various component parts of the
C.R. tube is correspondingly reduced.
—E. L. C. White and A. D. Blum-
lein.

3.t
3 Circuit diagram of photo-
electric relay. Patent No.
/ S 514,600,
4 L
22
\r

cell C, its resistance is lowered and
current will pass. If the upper ter-
minal of the A.C. mains is then nega-
tive, the control grid of the valve
becomes positive, and the relay is
operated to close the switch S. When
the same mains terminal goes nega-
tive, the valve relay is cut out, but
sufficient charge is by then stored in
the condenser C1 to keep the coil L
alive, and hold the switch closed until
the phase of the supply again
changes. The arrangement can be
used, for instance, to ring a warning-
bell for the attendant of a garage
when the headlamps of a motor-car
light up the cell C.—Photo-swiitch
Inc.

Protection Against High Voltages
(Patent No. 514,825.)

The voltage applied to the final
anode coating A of a cathode-ray
tube may be of the order 50,000,
whilst that on the first anode A1 may
be about 2,000 volts. If a flash-
over occurs between these two elec-
trodes, or if the H.T. supply is acci-
dentally shorted, the deflecting-coils
D (of which only one pair is shown
on the drawing) may momentarily
carry 50,000 volts negative to earth,
owing to the inherent capacity be-
tween the parts, which is of the order
0.001 microfarad. Such a voltage is
liable, of course, to damage the com-
ponent parts of any connected cir-
cuit, besides being -definitely danger-
ous to anyone handling the appara-
tus.

In order to minimise the risk, in-
ductances L, preferably in the form
of long solenoid windings, are in-
serted, as shown between the supply
terminals T, and the anode A, elec-
trostatic screen S, and deflecting-
coils D. Then if a flash-over occurs,

Television System
(Patent No. 515,474.)

The line and frame impulses are
radiated on a carrier-wave which
differs by some five megacycles from
the carrier-wave used for the picture
signals. The carrier-wave frequency
is automatically shifted, when re-
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line across the station dial. At its
lower end the pointer carries a trans-
parent strip, which is marked at
equally-spaced intervals by opaque
lines.  As the tuning indicator is
moved, these lines pass between a
glow-lamp and a photo-electric cell,
so that the latter is impulsed by each
opaque line, and sends a momentary
current to the distant control point.

The number of current impulses so
produced obviously depends upon the
distance through which the tuning-
indicator is moved in the first in-
stance. By applying each impulse to
operate an electromagnetic relay at
the distant point, the initial move-
ment can be accurately reproduced.—
Soc. Anon. Fimi.

Summary of other Electronic
Patents
(Patent No. 510,881.)
Frequency-dividing circuit suitable
for handling the scanning frequencies
used in television.—Baird Television,
Ltd., and T. C. Nuttall.
(Patent No. 511,363.)
Controlling the brightness of the
spot formed on a fluorescent screen

quired, by causing the voltage-swing in interlaced scanning systems.—
corresponding to the synchronising Fernseh Akt.
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Protection against high voltages in C.R. tube deflecting coils.
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Patent No. 514,825.

impulses to alter the effective imped-
ance of a normally-saturated pentode
valve, which is shunted across the
oscillatory circuit. The picture sig-
nals are radiated on a single side-
band, the frequency-shift being in
the direction of that side-band.

One advantage of the system is
that less power is needed to ensure
a clear-cut discrimination between
the picture signals and synchronising
impulses.—W. A. Beatly.

Photo-electric Remote-control
(Patent No. 518,071.)
The indicator pointer of a wireless
set is arranged to move in a straight

(Patent No. 511,519.)
Circuit arrangement to protect a
television receiver from the effect of
local interference.—Kolster-Brandes,
Ltd., C. N. Smyth and R. ]. Berry.
(Patent No. 511,600.)
Production of sharply-peaked scan-
ning voltages of true linear shape.—
Murphy Radio, Ltd., and G. F. Haw-
kins.
(Patent No. 515,426.)
Television receiver in  which
changes in overall gain do not alter
the correct representation of the
black values.—Ferranti, Ltd., and
M. K. Tavlor.
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Variable Frequency Crystal

Control
N the May issue of QST, Keith Hayes
Isuggests that a wide range variation
in quartz crystal oscillators can be
obtained with variable air gap crystals.
Two methods are in common use for
changing the operating frequency of a
transmitter to any desired spot in the
band—the electron-coupled oscillator
and the ‘ conversion exciter,”” which
uses a low-frequency self-excited oscil-
lator to beat with a crystal controlled

H952-

3984~
3990Kc.

3790 x¢ 11370 ke 34 110Ke.

35,856~

11,970 ke 35,910 Ke.

A Review of the Most Impor-
tant Features qf the World's
Short-wave Development.r

In general, it is necessary to have
two crystals, one (or both) of which is
a variable-frequency unit, that have a
frequency difference which when multi-
plied by the harmonic used will give the
fundamental difference frequency re-
quired. For example, any two crys-
tals that have a difference of 200 kc.

1746~
1800 re—{00UBLER

3492~
3600Kc

Fig. 1. A block diagram illustrating the principle of extended frequenecy variation. The
erystal frequencies shown are mot the only ones that can be used—they were selected
only as examples.

oscillator. The electron coupled oscil-
lator is to be preferred, but its adjust-
ment for optimum results is not always
easy and in any case it cannot match
the performance of a good crystal. The
logical development of this is the use
of a variable-gap crystal holder by
which the frequency of a crystal can be
changed by as much as 6 kec. If the
range of the crystal could be in-
creased by as much as 100 ke, it
would be possible to cover the entire
14 mc. band with one crystal, and it is
this that Mr. Hayes proposes to do.

The principle is simple and was
suggested by work on frequency modu-
lation. Referring to the figure, two
crystal oscillators, one with a fixed
crystal on 3,790 kc. and one with a
variable-gap crystal on 3,084 kc., work
with their outputs on the third-harmonic
frequencies.  The third-harmonic out-
puts from these two oscillators are fed
independently to two frequency-tripler
stages, giving the gth harmonics of the
two crystals, or 34,110 and 35,856 kc.
respectively. If this energy is mixed
in a converter stage, the beat or differ-
ence frequency of 1,746 kc. is obtained.
The sum frequency of 69,996 kc. could
also exist, but by tuning the anode cir-
cuit of the converter to 1,746 kc., the
‘““image’’ is completely eliminated.
The 1,746 kc. output can now ke intro-
duced to a doubler stage to obtain 3,482
ke. output. When the variable-gap
crystal is set to 3,990 kc., the gth har-
monic from this oscillator becomes
35,910 kc., and the difference between
this and the fixed-frequency oscillator’s
oth harmonic is 1,800 kc. Doubled, the
1,800 kc. becomes 3,600 kc., and we have
a variation in output on 8o metres from
3,500 to 3,600 kc. with one variable
crystal,

will, when worked on their gth har-
monics, give a fundamental frequency
of 9 x 200 or 1,800 kc. It is advisakle
to select crystals that have no harmon-
ics within the operating range. The
crystals shown in Fig. 1 will have har-
monics falling outside the operating
range, as would many other combina-
tions.

If both crystals have the same tem-
perature coefficient, the resultant drift
will be exactly the same as if one crys-
tal were used. However, by properly
selecting the temperature coefficients of

23000 0

230040
2504 {( UNUSED CONTACT
*0

Fig. 2. Q.A.V.C. circuit using a relay.

the two crystals used, it should be pos-
sible to obtain practically a zero coeffi-
cient as a resultant.

Q.A.V.C. Using a Relay

In many applications where a
Q.A.V.C. action or *‘‘squelch’’ circuit
is desirable in a communications type
receiver, the incorporation is not espe-
cially easy, because oftentimes the cir-
cuit does not lend itself to the necessary
circuit changes without making drastic
revisions in the existing circuit or valve
line-up.

A simple and inexpensive method of
squelch that can be applied to most any
communications type superheterodyne
is that shown in Fig. 2. The 2,500-ohm

relay is of the inexpensive type which
normally closes at about 7 mA. and
opens at about 5 mA. The points are
adjusted to reduce the allowable move-
ment of the armature, so that the arma-
ture makes just a perceptible movement.
This spacing is sufficient, because the
amount of voltage handled by the con-
tacts is very small. When the contacts
are so adjusted they close and let go at
more nearly the same value of anode
current.

The ¢ fixed ’’ cathode bias or the
screen voltage on the I.F. valve is then
varied until the valve draws 10 mA.
anode current when no signal is being
received. In many receivers employ-
ing remote cutoff valves such as the 78,
6D6, 6Ky, 6SKy7, etc., the valve will
draw just about 10 mA. without signal,
and no alteration in the screen voltage
or cathode bias will be required.

The 25,000-ohm variable resistor
across the relay is adjusted until with
no signal the relay contacts won’t quite
open. Then, when a signal is tuned in
and the increased A.V.C. bias voltage
causes the valve to draw less anode cur-
rent, the contacts will open and the
A.F. stage will be operative. Except
on very weak signals the action of the
relay will be positive and no chattering
or erratic operation will be experienced,
even when the relay is being jarred
moderately, as would ke the case in
mobile service.

Observe that the operation of the
relay is ¢ backward >’; the reception of
a signal causes the armature to let go,
and thus open the short across the A.F.
system.

In some of the less expensive com-
munications type receivers having no
R.F. stage and but one I.F. stage, the
A.V.C. action will not be sufficient to
cause a satisfactory anode current
change in the I.F. stage on weak sig-
nals. ‘This condition can be helped by
using a divider instead of a simple
dropping resistor for screem voltage.

If the screen voltage is already ‘‘tied
down’ fairly well, but the anode current
change is not great enough for satisfac-
tory operation of the relay, a greater
change in anode current can be obtained
by substituting a sharp cutoff valve for
the remote cutoff valve generally used
in the L.F. stage.

It might appear that the substitution
of a sharp cutoff valve (57, 6C6, 77, 6]7,
6SJ7, etc.) would result in crosstalk or
distortion when receiving on or near
the frequency of a nearby powerful sta-
tion. In actual practice this does not
happen, at least in the case of receivers
having but one I.F. stage and no R.F.
stage, and the A.V.C. action is im-
proved. In other words, not only do
we get a better anode current swing for
operation of the relay, but for a given


http://www.cvisiontech.com
http://www.cvisiontech.com

272

setting of the A.F. gain control all sig-
nals are more nearly the same A.F.
volume than when a remote cutoff valve
is used. Also, a fading phone signal is
held at more nearly the same volume.
A sharp cutoff valve draws somewhat
less anode current than its remote cut-
off equivalent at the same bias voltage.
This means that the cathode bias resis-
tor will probably have to ke lowered to
a value as low as 150 ohms (and pos-
sibly the screen voltage raised slightly)
in order to get the valve to draw 10 mA,
with no signal. Under these conditions,
however, the gain is greater than for a
remote cutoff valve, and therefore the
I.F. stage will provide more amplifica-
tion on weak signals. This is due to
the fact that a sharp cutoff valve has
somewhat greater transconductance than
a remote cutoff valve at the same plate
current.—Radio, May, 1940.

A Cathode-ray Tube as
Frequency Meter
It has long been known that if an
A.C. voltage of frequency F is applied
to one set of plates of an oscillograph
and another frequency any multiple of
F is applied to the other set of plates a
clear stationary waveform will result.

ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

The other set of plates is coupled to
the final amplifier of the transmitter
which uses a V.F. oscillator for fre-
quency control. The oscillator in the
broadcast station is heterodyned against
a broadcast station tuned in on the sta-
tion’s broadcast receiver. This can be
done down to about 20 cycles of the
broadcast signal by ear. The transmit-
ter may then be tuned to any harmonic
of the broadcast signal by observing the
tube. It is necessary to kmow the ap-
proximate frequency of the transmitter
in order to know on which harmonic it
is operating. This can be done with
almost any type of communication
receiver.

For example, assume that a spot fre-
quency in the ten-metre phone band is
required. The 4oth harmonic of a
broadcast station on 720 kc. is 28,800
kc. and the 4i1st harmonic is 29,520 kc.
This will give two spot frequencies in
the ten-metre phone band.—R. E. Baird,
Radio, May, 1940.

Life of Acorn Valves

Acorn valves should have long life if
properly used. Care should be taken
in putting them in sockets, the screen
voltage should not be run above 100,

! [+] lunx TO FINAL AMP. OF XMTR.
3 |02

G- = Dy

Fig. 3. Circuit diagram
of the frequency monitor.

Cy—-0001-pfd. mica.

Cy,—Original tuning condenser.
Cgq—o.1-ufd. 400-volt tubular.
Cy» Cp—Original 8-8-ufd. elect.
R;—100,000 Ohms, 1 watt.
R,—50,000-ohm pgtentiometer.
Rg—1,500 ohms, 1 watt.
R4—500 ohms, 1 watt.
R;—1I2,500-0hm potentiometer.

Rg, Ry—50,000 ohms, 1 watt.

Rg—200,000 ohms, 1 watt.
Rg—50,000 ohms, 1 watt.

L,—Original  detector coil,
tapped—see text.

X~—No choke because speaker
field removed.

If both frequencies are F the figure will
vary from a straight line to a circle, de-
pending upon the phase. The second
harmonic forms a figure 8, the third a
figure with three loops, and so on. Each
harmonic will give a clear pattern and
in between there will be a green ‘“‘field”
such as that observed with an unmodu-
lated carrier.  The fiftieth harmonic
will, however, be just as clear cut as the
second or any other.

The frequency meter described em-
ploys the above-mentioned principle
(see Fig. 3). A small electron-coupled
oscillator covering the broadcast band
furnishes the signal to one set of plates.

RFC—3.5-mh.

and the control grid bias should be at
least three volts. One of the most com-
mon troubles with the acorn valve is
shorting between grids—which can be
checked with an ohmmeter, and often
repaired by tapping the tube, Obtain-
ing screen voltage through a series re-
sistor may give a degree of protection
in case a short between control grid and
screen results in too heavy an anode
current,

The new miniature battery valves
have closely spaced elements and short
leads, but have such a low mutual
conductance that their higher input re-
sistance, and consequent lower loading
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of the tuned circuit, may not result in
particularly good gain. In respect to
input resistance and mutual conduct-
ance, they are the opposite of the 1852.
The input resistance of the latter loads
the circuit so that a high impedance
cannot be developed (as well as having
about 13.5 uufd. input capacity), but
can still turn out some gain at five
meters.

New Beam-power Amplifier

A new push-pull beam-power ampli-
fier has been announced by R.C.A. for
use primarily on the ultra-high frequen-
cies. It has the unusually high mutual
conductance of 8,500 and a combined
anode dissipation for the two units of
40 watts. The maximum anode voltage
rating is 500 volts and the maximum
anode current is 240 milliamperes,

A single 829 valve operated in push-
pull class C telegraph service is capable
of handling a power input of 120 watts
with less than a watt of driving power—
and at frequencies as high as 200 mega-
cycles. The valve may be operated
practically at full ratings as high in
frequency as the amateur 224 mc. band.
The exceptional efficiency of the 829 at
the ultra-high frequencies is made pos-
sitle by the balanced and compact struc-
ture of the two units, excellent internal
shielding, and close electrode spacing.
The internal leads are short and heavy
in order to minimise internal lead in-
ductance. The valve has no base, the
terminal wires being large and heavy
and brought out through heavy indivi-
dual glass seals. The two anode leads
are brought out through the top of the
envelope. This terminal arrangement
provides excellent electrical insulation
and is designed to facilitate symmetry
of circuit layout.

Sylvania recently announced several
additions to their Loktal range. The
1232, a high mutual conductance valve
designed primarily for television, is
now identified as the 7G7/1232.

The additions include the 7B4, a
single-ended high-mu triode similar to
the type 6F5G; the 7J7, a triode-hexode
converter somewhat similar to the 6J8G ;
and the 7L7, a single-ended triple-grid
amplifier resembling the 7G7/1232 ex-
cept for lower heater current and mutual
conductance.

As with all Loktal valves, the nomi-
nal heater-voltage rating of 7.0 volts
corresponds to a 130-volt line condition
—the normal 6.3-volt rating of the
heater corresponds to a line voltage of
117,

] 7B4 High-Mu Triode.

Heater voltage—6.3, 6.3 volts.

Heater current—o.30, 0.3 ampere.

Anode voltage—100, 250 volts.

Grid voltage— —1, —2 volts.

Anode current—o.5, 0.9 mA,

Anode resistance—85,000, 66,000 ohms.

Mutual conductance—i1,175, 1,500

pmhos.
(Continued in 3rd col., page 274)
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Progress in the
Design of Augetrons

for Use at
High Frequencies

By the Technical Staff of

Vacwum Science Products, Ltd.

N account has already been
Agiven of the performance of

the six-stage Augetron at fre-
quencies up to 50 mc/s.* It was
shown that the input impedance is
greatly superior to a tube which does
not employ secondary emission.
Although the static slope is very
high there is, however, some reduc-
tion in this at U.H.F., due to the
effects of transit time and lead induc-
tance. The result has been that
although very high stage gains may
be obtained up to 50 mc/s., these
have deteriorated greatly at higher
frequencies.

The first step in overcoming these
shortcomings was to set up a suit-
able test circuit. It was decided to
concentrate on the measurement of
the effective mutual conductance of
the Augetron, since the input side

e Electronics, Television & Short-wave World—
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Fig. 2. Photograph

of equipment wused

for high-frequency
tests.

of the tube did not appear to be at
fault.

The circuit of the apparatus is
given in Fig. 1. The Augetron, a
six-stage model in this case, is fed
from a conventional potential divider
network.  The final anode voltage
is fixed by a neon stabiliser at 130
volts. This enables the tube to be
operated over a wide range of anode
currents and also accurate measure-
ments of the static slope may be
made. The grid is fed through a
suitably terminated low impedance
line from an oscillator covering a

MareHl, To%o; wide range of frequencies. ‘The
SedB000a00
bma §
e
G ma i;
] T
3
9 -— A -
‘D
3
>
9 _—— Y m— -
a——
. 00/ uf”
< Q ()
l J-
- 4
+ § 2500.v. - ) g 4

Fig. 1. Circuit diagram of the high-frequency test equipment illustrated in Fig. 2.
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voltage applied to the grid is
measured with a probe voltmeter.

The anode circuit is tuned by the
capacity of the tube and its wiring,
a different coil being plugged in for
each test frequency. ‘The output
voltage is read by a simple diode
voltmeter.

The H.F. input is normally set to
100 mV peak and the amplification
determined immediately from the
output voltmeter.

The dynamic mutual conductance
is not so readily obtained. Bridge
measurements are, of course, quite
out of the question at such frequen-
cies. If the high-frequency current
was to be passed through an untuned
load this would have to be very low
and the voltage across it would be too-
low to read. The only practical
course seems to be to tune the output
circuit.

Unfortunately, the constants of the
tuned circuit cannot be lumped at
these frequencies so that the dynamic
impedance of the tuned circuit can-
not be determined very accurately.
Reasonable results up to 100 mc/s
have been obtained, however. The
anode circuit is broken by removing
the tuning coil and the total capacity
of the anode circuit measured. A
suitable addition for the self-capacity
of the coil may then be made.

The Q of the tuned circuit may be
measured during the amplification
test by detuning the oscillator on
either side of the resonance curve
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until the output falls to of the

N2
f

Then Q ~ ——.
df

frequency in mc/s at

resonance.

the total change

frequency in mc/s.

If the value of Q he multiplied by
the impedance of the tuning capacity
at the test frequency the dynamic
impedance will be obtained.

A typical set of figures on a six-
stage Augetron are given in Table 1.
This Augetron was constructed in
such a way as to have a particularly
short transit time. No effort was
made to reduce the lead inductances
on this model,

It will be noticed that although
there is considerable loss of effective
dynamic slope, there is still sufficient
left to provide an excellent stage gain
with tuned circuits of only moderate
Q values. This Augetron is illus-
trated in Fig. 3 by the side of a
recent footless type.

Thé corresponding test results on
this type of Augetron are given in
Table 1I. There is some improve-
ment due to the reduction in lead
inductances but the main limitation
would still appear to be due to transit
time.

We have had many requests that
the characteristics of an Augetron
equivalent to those of a valve should

maximum value.

When {

in

df

ELECTRONICS AND TELEVISION &

SHORT-WAVE WORLD June, 1940
P me T P TAbcEl] ——
: -
—_— dynami dynami
Frequency Stage Gain. df we R. 8 my:/V. i - w-"
mcs. Voltage Ratio. mcfs. Ohms Ohms static
30 180 5] 408 10,000 18 55
36 130 1.0 339 12,000 II 32
43 100 0.8 285 15,000 6.6 20
52 88 0.8 237 15,000 5.9 17
60 48 1.2 200 10,000 4.8 14
7 - _58 1.0 174 12,000 4.8 14
TaBLe IT .
. L
d .
Frequency Stage Gain df. we. R. g dynamic g- ynamlg
mcs. Voltage Ratio. mcs. Ohms. Ohms. mA V. static.
30 360 1.3 400 9,200 39 73
37 328 0.8 310 14,500 23 43
43 310 0.6 260 18,500 17 32
52 190 0.8 220 14,500 13 24
63 87 0.9 180 12,500 7.0 13
71 38 1.7 160 6,700 5.6 10
81 20 1.8 140 6,300 3.2 6
¢¢ Short-wave Radio World ”
. (Continued from page 272)
Amplification factor—100, 100.
7J7 Triode-Hexode Converter.
Heater voltage—6.3, 6.3 volts.
Heater current—o.30, 0.30 ampere.
Anode voltage ((hexode)—100, 2350
volts.
Fig. 3. Two examples of Osc. anode voltage (triode)—100, ¥250
six-stage Augetrons: on the volts "
i €. :
left is the footless typ Screen voltage (hexode)—100, 100
volts,
Control grid voltage (hexode)——3,
2 —3 volts
be published. Although much com- GV .
p g Osc. grid resistor (triode)—so0,000

parative information has been pub-
lished we feel that it would be un-
wise to assume that Augetron tech-
nique is exactly parallel to that of
conventional walves. We are in-
cluding in this article (Fig. 4) a series
of curves of output current against
grid voltage.

Each curve is taken with 150 volts
between final anode and final
secondary cathode, but with a differ-
ent voltage between each secondary
cathode. This is equivalent to a
series of curves on a pentode valve
with different screen voltages, but
constant anode voltage.

50,000 ohms.
Anode current (hexode)—r1.1, 1.3 mA.
Screen current (hexode)—3.1, 2.9 mA.
Osc. anode current (triode)—3.7, 5.4

mA.

Osc. grid current (triode)—0.3, 0.4
mA.

Anode resistance (hexode)—o.3, 1.5
megohm.

Conversion conductance—260, 300
umhos.

Conversion conductance (E, = —20
—2, 2 ymhos,

Total cathode current—8.2, 10 mA.
Triode Characteristics.

Anode voltage— 150 volts.

Grid voltage— —3 volts.

Anode current—7.5 mA.

Anode resistance—10,400 ohms.

— :
I _H t_# i |i tT,_ 0. Mutual conductance (approx.)—1,350
L 1111 Lo Am lﬁzgots i
T T ! i ] 1—t— p ation—i4.
: . " i 2 i i
Lq:_ __T jt-l_j] I ]_ -2 pmpeAr }E:ll::;d-p;l;;:;gh 20,000 ohms series resistance
I IS I 4 P -
it 5513, Definitions and  Formulae for
) BRI {60 Students. A. T, Starr, M.A., Ph.D.,
| L1 L AM.ILE.E., Sir Isaac Pitman and
i s=  Sons Limited, 6d. net. Intended pri-
—9 - marily for the student o_f radio and tele-
11 11 X{%c vision engineer, this little book gives
I 7 71 [TTI¥|,, concise information on definitions, valve
yil i N circuits, coupled circuits, resonance,
T i k. inductance, capacitance, etc. In addi-
1/ NANEREE tion to formulae for capacities of wires
BRP4 )4 L] | 1,0 to earth and between wires, it contains
D4ED ]_* _lT o copper wire tables, skin effect formulae
= == - _2_01 o and other useful data. It should prove

Greo Votrace
Fig. 4. The above curves of control grid voltage
against output current are equivalent to the
la-E.g, curves of a standard valve.

invaluable to engineers and service
men who have to memorise a large num-
ber of definitions, processes, formulae
and circuits.
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Recent Progress in

TELEVISION

HE special requirements of the
I production of studio television
have been studied for some time
in this country and abroad, and visits
have been paid by American en-
gineers to the B.B.C. studios for the
exchange of ideas. A great deal of
the technique has been adapted from
experience gained in motion picture
studios, but it has been recognised
that there are several major differ-
ences which render television produc-
tion more difficult. The instantane-
ous reproduction of the scene rules
out all *‘ re-takes,’’ and the presenta-
tion must be as near perfection as
possible at the time of taking. The
differences in lighting intensity re-
guired by the Iconoscope and the
standard panchromatic film are such
that special arrangements have had
to be designed.

ELECTRONICS AND- TELEVISION & SHORT-WAVE WORLD

Fig. 1. Producer’s plan
of studio floor showing
positions of cameras and
props for a typical three-
act play. The cameras
are indicated by num-
bered cireles, which also
indicate the movement
after each ¢‘ take.”” The
angle of take of the
camera is shown by the
dashed lines. The sound
boom is so placed that
it can cover the settings
without movement.

In a paper before the Television
Society,* Mr. Woolfe Murray des-
cribed the layout of a typical tele-
vision ‘‘ set,’”’ which is reproduced in
Fig. 1. The positions of the cameras
for successive scenes in a three-act
play are shown by the numbered
circles, the whole layout being de-
signed so that the cameras may be
easilv swung into their new positions

\
1
| S f .g _ Fig. 2. Plan showing lay-
= | TeLewson STUBO 1 > l 120 jout of television studio
[/ 478 [ == floor.
O j % QA\X
YL =¥
Q
Studio without disturbing the scene or
Layout actors. The sets, numbered 1 to §,

are seen disposed round the walls of
the studio, and the microphone boom
is placed so that the whole area can
be covered without transporting the
main stand from its marked position.

Fig. 2 shows a typical American
television studio layout, as described
by A. W. Protzman, of the N.B.C,,
America. Apart from the increased
area available it will be seen that it

e Jour. Tel. Soc. Vol. 3— No. 1, p. T,

+ R.C.A. Review, Vol. 4, No. 4, p. 399.
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is arranged on similar lines to the
first diagram, with the notable addi-
tion of a screen for ‘‘ back projec-
tion.””  This is an important im-
provement borrowed from the cine
studio, and gives increased realism
to the background view seen through
windows, etc.

Background
Projection

The problems of background pro-
jection in television differ, however,
from those encountered in motion
pictures. ~ More light is necessary
because of the proportionately
greater incident light used on the set
proper.

Considering the centre of a rear-
screen projection as zero angle, it
must be possible to make television
shots within angles of at least 20
degrees on either side of zero with-
out appreciable loss of picture bright-
ness. This requirement calls for the
use of a special screen having a
broader viewing angle than those
used in making motion picture shots.
Also, in motion. pictures, the size of
the picture on the screen can be
varied in the proper relation to the
foreground for long shots or close-
ups, but for television, the back-
ground picture size cannot be
changed once the programme starts.
The background subject matter must
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Rcstriétions Of Focal Depth

aiso be sharp in detail and high in
contrast for good results.

At present, only glass slides are
used and a self-circulating water-cell
is used to absorb some of the radiant
heat from the high-intensity arc.
Both sides of the slide are air-cooled,
and these precautions permit the use

N.B.C. is considerably better off
than the B.B.C. were, as frequent
references were made last year to the
difficulty of working in cramped sur-
roundings at Alexandra Palace.

Cameras
Both the British and American

Fig, 3.

of slides for approximately
minute periods without damage.

The N.B.C. studio is 30 ft. wide,
5o ft. long, and 18 ft. high. Such a
size should not be cousidered a re-
commendation as to the desired size
and proportions of a television
studio, as it was not specially de-
signed for television. To those
familiar with the large sound stages
on the motion picture lots, this size
may seem small, but in spite of the
limited space, some involved multi-
set pick-ups have been achieved by
careful planning. Sets, or soenes,
are usually placed at one end of the
studio and control facilities are
located at the opposite end in an
elevated booth, aftording full view of
the studio for the control room staff.
Any small sets supplementing the
main set are placed along the side
walls as near the main set as possi-
ble, and in such position as to mini-
mise camera movement. At all
times as much of the floor space as
possible is kept clear for camera
operations and such floor lights that
are absolutely essential. At the base
of the walls and also on the ceiling
are numerous power points to mini-
mise the length of lighting cables.
At the rear of the studio is a perman-
ent projection room for background
projection.

In respect of available space the

30-

Arrangement of “set >’ in N.B.C, studio,

studios use similar types of camera
mounting——the  so-called ‘¢ dolly-
truck >’ on which the camera can be
run to and fro, and the fixed stand
for close-ups and caption photo-
graphy. Each of the N.B.C.
cameras is fitted with an assembly
of two identical lenses displaced 6 in.
vertically. The upper lens focuses
the image of the scene on a ground-
glass which is viewed by the camera
operator. The lower lens focuses
the image on the mosaic. The lens
housings are demountable and inter-
changeable. Lenses with focal
lengths from 6% to 18 in. are used
at present. Lenses of shorter focal
length or wider angle of pick-up can-
not be used since the distance between
the mosaic and the glass énvelope of
the Iconoscope is approximately 6 in.
Lens changes cannot be effected as
fast as on a motion picture camera,
since a turret arrangement for the
lenses is mechanically impracticable
at present.

Ordinarily, one camera utilises a
61 in. focal length lens with a 36-
degree angle, for long shots, while
the others use lenses of longer focal
lengths for close-up shots. Due to
its large aperture, the optical system
used at present has considerably less
depth of focus than those used in
motion pictures, making it essential
for camera operators to follow focus

continuously and with great care.

This - restriction on the camera
focus gives rise to difficulty in the
arrangement of the actors in a scene
when it is desired to take a group,
all of whom should be in focus. Their
movements must appear natural and
at the same time they are restricted
in order to keep in focus. An exam-
ple of the difficulties due to this was
experienced in a scene from ‘* Royal
Family of Broadway ’’ produced by
the B.B.C. early in 1939. Six actors
were of necessity in front of the
camera at the same time and they had
to take position in a line to avoid
moving out of range of the camera,

It is expected that this limitation
will disappear as more sensitive types
of Iconoscope will permit the use of
optical systems of greater focal
depths.

Vertical parallax between the view
finder lens and the Iconoscope lens
is compensated for by a specially de-
signed framing device at the ground-
giass that works automatically in
tonjunction with the lens-focusing
control. It may be of interest to
note here that early television
cameras had no framing device,
which meant that images, in addi-

Fig. 4.

‘““Single-six >’ portable lighting
unit.

tion to being inverted as they are in
an ordinary view-finder, were also
out of frame. The camera operator
had to use his judgment in correct-
ing the parallax. With the new
framing device, the operator now
knows exactly the composition of
the picture being focused on the
mosaic in his camera, and it can be
(Continued on page 288.)
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Valves for Power Amplification
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Do you want technical infor-
mation on the best choice and
: “»v&““‘“‘.do; < 2 use of Power Valves ?

New and Extended

Sheets

particulars,

curves, and typical circuits,

including push-pull.
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A.C. BEAM TETRODES—

) A.C. POWER TRIODE —
PX. 4 9/6
D.C./A.C.BEAMTETRODE —
KT. 35 10/6

he e WP e e ? .
T - ::.. w‘:x:::_‘» types required.
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KT, 61 10/6, KT 63 10/6, KT. 66 15/-,

NOTE
Types KT. 66 and
t PX. 4 require a
l Post Office permit
= to purchase.

Technical data sheets available for every type of OSRAM VALVE.
When applying for your copy, please state exactly the type or

Advt. of The General Electric Co., Ltd., Magnet House, Kingsway, W.C.2.
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tion that we now call X-rays was

discovered in 1895 by Conrad
Roentgen, twenty years passed before
it was realised that these rays might
have industrial uses. This was partly
due to the fact that they had always
been looked upon as the tool of the

Q LTHOUGH the form of radia-

. PUGp—

pure scientist and medical man and
partly because the efficiency of the early
tubes was low.

Then in 1916 Coolidge, in America,
invented his high-vacuum, hot-cathode
tube and the door to an immense new
field of development was opened.

Spheres of
Use

The uses of X-rays to mankind may
be put under four headings.

1. The examination of manufactured
and natural articles for defects.

2. Physical analysis of crystals.

3. Biological uses. Animal and vege-
table worlds.

4. The action of the rays on non-
living substances. ~

All these affect industry in some way
or other, and it will become increas-
ingly important for the electrical
engineer to have some acquaintance
with them, as it is he who is ultimately
responsible for the installation and
operation of the necessary plant. The
use of X-rays in manufacturing is not
rare, but on the other hand, it is not
the type of test one expects to find in
every works. Possible uses are only
just becoming apparent and as time
goes on the list must inevitably ex-
pand, as there is a growing tendency
for purchasers to demand radiological
examination and perhaps permanent
records, of many things. For instance,
certain insurance companies allow a
higher factor of safety to be granted to
such things as boilers and gas cylinders,

ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

providing that they have passed an
X-ray examination.

The extent to which this method of
approval is carried out depends on the
nature of the article in question. In
some cases, like radio valves, a per-
centage of the total may be sufficient,
whilst in the case of heavy metal parts

The Philips
X-ray appara-
tus arranged
for the rou-
tine examina-
tion of objects
on a conveyor
belt. The
operator sees
a reflected
image in a
mirror, which
permits a
more com-
fortable posi-
tion for view-
ing.

X-RAYS IN

or vital aircraft components, every one
may have to be tested.

Uses in
the Foundry

For the inspection of forgings, cast-
ings and weldings, the X-ray method is
the only reliable one. Cracks, gas
pockets, sand inclusions and porosity
are some of the commoner faults which
can be easily discovered, whilst an
examination of the internal structure of
the metal itself will determine with
great accuracy whether working or
chilling was carried out at the best
temperature. And all this is possible
without any destruction being necessary.

T)'y ]olm
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An excellent example of this pro-
cedure being applied to welding is in
the great Boulder Dam, in the United
States. This structure contains 400,000
feet of welded metal work and every
inch was subjected to X-ray examina-
tion on the site.

Manufacturing
Uses

There is hardly a singlé trade that
cannot make use of X-rays to prove or
improve its products. In all fields, a
most important feature of the tests is
that they are non-destructive and in
some cases do not even require photo-
graphic equipment, a fluorescent screen
being all that is necessary.

A particular use that is of interest to
the radio man is the radiographing of
thermionic valves, especially the ex-
pensive ones, before and after exhaus-
tion, in order to verify that nothing nas
moved or has been damaged by
the electronic bombardment necessary
during this process. Other random
industrial uses include finding pearls in

INDUSTRY

H. ]upe

living oysters, determining age rings in
trees, viewing the rubber and fabric
boundaries in motor-car tyres, detect-
ing artificial gems, examining parcels
and tinned goods for foreign objects.

Chemical
Uses

Very little has been published on the
chemical branch of X-ray applications
and the few examples that have been
made known point out that there is
much to come in the future. For in-
stance, starch can be converted into
dextrine, jodine can be obtained from
potassium iodide and glass can be

(Continued on page 282)

OBLIQUE MIRROR

CLEAR
LEADGLASS SCREEN

FLUORESCENT SCREEN

&
OPERATOR'S
EYE LEVEL

Diagram showing

internal arrange-

ment of Philips’

X-ray apparatus

for visual examina-

tion of objects on
a conveyor belf.

-SECTION THROUGH
CONVEYOR, BFLT
SHOWING SPECIMEN
IN POSITION FOR
VIEWING

["X-RAY TUBE
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—=l PREMIER RADIO Be=—

e NEW PREMIER S.W. A.C. RECEIVER KIT o

In response to many requests we have now produced an A.C. version of the popular Premier Short Wave $G3 Kit.
Clrcuit : Pentode H.F. Stage, Pentode Detector, Beam Power Output, and F.W. Rectifier. 200-250 v. A.C. Operation. Built in Power
\ Pack. Hum-free operation. For use In Phones or P.M. Speaker.

Complete Kit of Parts with drilled chassis, all components. Plug-in Coils covering 13-170 metres, 4 valves and full instructions and
circuits £4-10-0. Completely wired and tested £5-10-0. Send for full detoils.

» - 1
i o GRAMOPHONE MOTORS
'LEARNING MORSE PREMIER SHORT-WAVE KITS ond PICK.UPS
Premier Morse Practice Key on 3/3 for OVERSEAS NEWS

Bakelite Base and Brass Movement Special Offer of Record Auto-Changer
Incorporating the Premier 3-Band S.W. Coil. Units for A.C. Mains by famous manu-
General Purpose Morse Key 11-86 Metres without coil changing. Each Kit is facturer. PlayBrecords. Latesttype Magnetic
|0/- complete with all components, diagrams and Pick-up, Auto-stop, Start and Rejector.
Heavy Duty TX Key on Cast Base ... 2-volt valves. - 3-Band S.W. | Valve Kit, 14/9. Limited number only at £4.19.6. Carriage
|/9 3-Band S.W. 2-Valve Kit, 22/6. Paid.
Bakelite Buzzers ... .. .. A.C. Gramophone Motors.

| Complete Kit of Parts for Valve Oscil 1007230 \eIZA0ch turntable Ao 35,

. > Hod

| lator as described in  W.W. 25/_ | DE LUXE S.W. KITS XOC?/DH(E‘mM‘;SZIM .. 52/6

** Learning Morse ** Complete to the last detail, including all Valves
- and colls, wirlng diagrams and lucid Instructilon; . IA .C. ?ramdophg"e li"t':'
for building and working. Each Kit is supplie omplete motor an PIC up uto-
sHoRT-WAVE GEAR with a steel Chassis and Panel and uses plug-in stop and start . e ;;/:
coils to tune from I3 to 170 metres. A.C./D.C. Model LS li
Short-Wave Coils 4- and 6-pin types, 13-26, X 3 v
2247, 41-94, 78-170 metres, 2/~ each, with circuit, | XTtlve Short-Wave Receiver or Adaptor % ol r:Pa:er::;era.-PICk up Heads e
Premier 3-Band S.W. Coil, 11-25, 19-43, 38-86 : Y MR
metres. Suitable any type circuit, 2/11. I Valve ShO’t Wave SuPerhet Converter ANOTHER SPECIAL OFFER
4-pin or 6-pin Coil Formers. Plain or Threaded, Kie 23/- Rothermel Bruth Piezo Crystal Pick-ups
1/2 each. 1 Valve Short-Wave A.C. Superhet CO"- - New Junior P.U. with arm, 19/6. St:ndard
e P Kit n 6/3 S.8, Model with arm, 29/6. P.U head only,
Utility Micro Cursor Dials, Direct and 100 : | Ve ! 0 d
Ratios, 4/3. S s e 2 Valve Short-Wave Recelver Kit v 29/- De Luxe Model, 19/6.
New Premier 2-Gang S.W, Condenser. 3 Valve Short-Wave Screen Grid and Pen-

2x.00015 mf. with integral slow motion, 5/9. tode Kit ... d . 68/~ REPLACEMENT VALVES \
Bakelite i i

Dielectric Variable Condensers.

-|0/203 and .0005 mf. Suitable Tuning or Reaction, FOR ALL SETS | |
/6 each. Europa Mains Valves, 4 C. Types
Short-Wave H.F. Chokes. 10-100 m., 10}d. MAINS TRANSFORMERS AC/HL, ACIL, AC/[SG, A ENMIE,
i ! A.C.JH.P.. A.C/V.HP., AC.P, all 5/3 each.
each. High grade Pie Wound U.S.A. type, 2 ACIHP. ACIVHP. Tpim 7/ AC.Pens
:_I, eachD. I R s 4 Coil Medl Wire-ends. All L.T. Windings IIH. 7/. .;' ACIPXiT.iIJd O;clt‘ Freﬁ Chan[g)el;:
issen Dual ange Screene oils. edium = 8/6 ; Double Diode Triodes, watt
and Long Waves, 2/9 each. Centre-Tapped Triode, 9/9. 350 v. F.W. PRect d I‘T 520 v. 5%6
SP. 13 v. .2 amp. Gen. Purpose Triodes,
PREMIER 1940 HIGH PUERSGIRIRIT T s | HE pets and Vartiul HE. Pen Double Diode
riodes, Oct. Freq angers, eac ull an
FIDELITY AMPLIFIER KITS SP. 350A 350 350 v. 100 m.a.5v.2a (not Half-wave Rectifiers, 6/6 each.

C.T.), 6. 2530 14/-
} Each Kit is complete with ready drilled chassis, U GBI 4 /

Triad U.S.A. Valves
selected components, specially matched valves SP. 3508 350-350 v. 100 m.a. 4IV 2 33-

We hold the largest stocks of U.S.A. tubes in this

and full diagrams and instructions. 4v.2-32, 4v.2-3a... . 14/- country and are sole British Distributors for
Completely SP. 351 350-350 v. 150 m.a. 4 v. I-Za, TRIAD High-grade American Valves. All types
i 4 v. 2-32, 4 v, 3-4a... 15/= in stock. Standard types, 5/6 each. All the new
Kit of Parts Wired and v. . 5 " e
with Valves  Tested SP.352  350-350 v. .50 m.a. 5 v. 2a SR, 26 00 e
3-watt A.C. Amplifier €2 6 6 £3 4 0 ’ 63v.23,6 v 2. " 1s/9 Clearance Line U. S A. Valves
e e . N s ¥ ol U.S.A Types, 24, 30, 35/51, 55, 56, 57, 71, 85,
8-10-wace A.C./D.C. €50 €26 MATCHMAKER UNIVERSAL S T 187, éA7. 20, 250, 1223. all
15-wace A.C. 4 £8 2
Black Crackle Steel Cabinet 15/- extra. OUTPUT TRANSFORMERS
PgmNERELTP:IEF SELF- pczwsnsvn aF will c.Inmh any output valves [to any speaker NEW PREMIER 1940 5v5
incorporating a ar.-Mu i nce. l
pentode amplifier followed by a power grid IIT‘:‘:” ferom 13:1 0 80: I, 57 watts, 15/9. COMMUNICATION RECEIVER
gﬁ:ﬁcewr:ng;);gg_?%% :,:1 glogoh_-ﬁde"" receptloa 10-15 wattes, 20/6. 20-30 watts 35/-. : £9 9 0
2,000 metres. Complete with valves. o) o Send for details
MOVING COIL SPEAKERS SHORT-WAVE PREMIER BATTERY
All complete with transformer. Rola 8 in. 1
P.M.s, 16/6 ; 10 in. P.M.s, 22/6 ; G.I2 P.M.s, CONDENSERS CHARGERS for A.C. Mains
66/ Trolitul insulation.  Certified superior to Westinghouse Rectification
ENERGISED MODELS ceramic. All-brass construction. Easily ganged complete and ready for use
Plessy 8 In., 750 or 7,500 ohm field, 7/6 ; I5mmfd. ... 1/9 100 mmfd. ... 2/3 To Charge : 6 volesat | amp. 22/6
G.12 energised, 59/6. 10 in. B.T.H. 1,600 ohm 25 mmfd. ... 2/~ 160 m.mfd. ... 2/6 2 volts afg amp. 11/9 12voltsat | amp. 24/6
field, less transformer, 11/6. 40 m.mfd. v 2/ 250 m.mfd. ... 211 6 volts at § amp. 19/- 6 voltsat 2amps. 37/6

ALL ENQUIRIES MUST BE ACCOMPANIED BX 2id. STAMP,

YOU MUST HAVE OUR GIANT 1940 ILLUSTRATED CATALOGUE
AND VALVE MANUAL OVER 100 PAGES. PRICE d.

PLUS POSTAGE 2id.

ALL POST ORDERS to: JUBILEE WORKS, 167, LOWER CLAPTON ROAD,
LONDON, E.5 (Amherst 4723).
CALLERS to : Jubilee Works, or 169, Fleet Street, E.C.4 (Central 2833), or 50, High

Street, Clapham, $.W.4 (Macaulay 2381).
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'HOME INSTRUCTIONAL COURSE

THE PURPOSE OF THIS SERIES

With the object of filling the gap which has been temporarily caused in the education of the radio student,
we are providing a series of articles on various theoretical aspects of radio engineering.

The present position has led to the suspension of evening classes in many of the Technical Institutes and
added to the difficulties in attending those that are available. Some thousands of students of radio will miss

the opportunity of increasing their knowledge of the theoretical side of the subjeet.

Practice is not

always enough to keep abreast of the subject, and the radio engineer or serviceman must understand fully
the theory underlying the practice in order to cope with the frequent ““out of the ordinary’’ jobs that come

his way.

The articles are not intended to compete with or in any way displace the “correspondence course’’ in
which the subject is dealt with fully from beginning to end, but are aimed to give concise information on
certain fundamental theories which will be of direct use to the student in his work.

Each article will be complete in itself and in order to give mental exercise, examples will be given at the
end. While we cannot enter into correspondence with readers on the subject matter of the articles, it will
be found that the examples given are answered in the succeeding article and numerous explanatory foot-
notes should make the discussion as clear as possible.

Suggestions are invited from students for special aspects of the subject to be dealt with in later articles.

use of symbols and formulz the
reader will probably have noticed
that the

IN the previous article discussing the

words ‘‘ equation ”’ and
‘“ formula *’ were used almost indis-
criminately.  The difference is slight,
since a formula is used to express one
quantity in terms of others, like
X = 2rL, and this statement is at the
same time an equation, that is, it states
the equality between two quantities.

In some cases, however, a formula
can be derived from an equation by
simplifying or re-arranging some of the
terms with a view to expressing the
formula in a simple and convenient
form.

For example,

.0885A.n.K

the equation

is used in calculating
t
the capacity of condensers, but by re-
arranging the terms we could write
down a formula for the area of the
plates A in this way :
Ct *
Al s - which is handier for
.0885.n.K
calculation of A than the equation
originally given.

The re-arranging of the terms in an
equation to give the required unit in a
convenient form is governed by the
usual rules of multiplication, division,
addition and subtraction and the only
art in re-arranging is in knowing which
to apply and the simplest way of
applying it.

An equation is primarily a statement
of truth about two or more quantities
set down in a concise form. For ex-
ample, the equation 1 = 0.707 Imax.
means that the effective current in an
A.C. circuit is always .707 of its maxi-
mum value, whatever the maximum
value is. ¥

* See the issue for October, 1939, for the rele-
vance of this equation, p. 616.

EQUATIONS

Provided that the fundamental truth
of the statement is not altered, it is pos-
sible to write the equation in a variety
of ways : .

2l = 1.414.Imax. is equally true, and
on inspection will be seen to have been
obtained from the first equation by
doubling the values given. Similarly,
it is possible to write $1=.3535 Iinax. by
dividing the values by 2.

The first rules for re-arranging the
equation can therefore be given as
follows :

The terms in the equation can be
multiplied or divided by any quantity,
provided that the truth of the statement
is not affected.

This implies that whatever is done to
one side of the equation must be done to
the other. Taking another case, sup-
pose we have the equation E=V +IR.
Obviously, we cannot multiply E by 2
and say 2E =V + IR, since this alters the
original statement. But it is permis-
sible to re-write it as 2E=2(V+IR),
where each side has been doubled. Note
the use of the brackets to show that
both the quantities on the right have
been doubled. An alternative way of
writing this would be 2E=2V+2IR,
which amounts to the same.

The use of the brackets, besides being
neater, avoids the risk of incompletely
multiplying. In writing down the equa-
tion and multiplying by 2 it is some-
times possible to omit one of the terms,
making it 2E=2V +IR which is again
a wrong statement compared with the
original.

The second re-arrangement which can
be made to an equation is in adding or
subtracting a quantity from both sides,
provided that the truth is not altered.
A good analogy of this is to consider a
balanced scale containing two 4 lb.
weights on one side and a 7 1b. and 1 1b.
weight on the other. The scale is

balanced and the balance is not affected.

if a 2 Ib. weight is added to both pans.
Writing it out: 4+4+2=7+1+2.
Now if a one pound weight is taken off

one side, the weights must be re-
arranged to balance again, thus:
4+4+2—1=7+2 and a 1lb. weight

must be taken from the other side.

The application of the four rules can
be summed up by stating that to re-
arrange or simplify an equation it is
permissible to perform any mathe-
matical process on one side, provided
that a similar process is done on the
other side and the truth of the equation
is not affected.

Transporting

Terms

It might be asked what is the object
of ¢ shuffling ”” an equation about by
altering the terms. The answer is that
by re-arranging it is often possible to
write it in a simpler form or to select
a term which can be used in calcula-
tions more easily. When calculating
from a formula it is usual to write the
original equation from which the
formula is derived in such a way that
the quantity which is used is on the
left-hand side of the equation. Refer-
ring back to the equation for capacity
which is at the head of this article, A
can certainly be found from the equa-
tion in its original form, but it is
simpler to work out when it is written
with A on the left and the other terms

C.t
on the right: A = ———
.0885.n.K

If C, t, n, and K are known, they
can be substituted in the formula and
the fraction cancelled out in the usual
way,

The process of simplifying the equa-
tion is sometimes known as ‘¢ trans-
posing,”” since the term required is
transposed to the left and the others to
the right.
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As an example in transposing, we can
take the well-known Ohm’s Law formula
I=E/R. This can be transposed into
R=E/I or E=IR giving all the three
quantities on the left-hand side in turn.
The best arrangement which suits the
calculation can then be used. For find-
ing the voltage drop in a resistance we
use E = IR, while for the resistance
value we use R=E/I.

This formula can be used as an ex-
ample of the re-arranging rules which
have been given above. Suppose we
wish to re-write I = E/R so that E
appears on the left of the equation.
Multiply both sides by R, which, as we
know, will not alter the truth of the
statement.

Then IR=ER/R. The R’s cancel on
the right-hand side, giving IR = E,
which, when turned round the other
way, is E = IR, the equation form
required.

The clue to which term is multiplied
or divided is given by the form in which
the equation is written. In the one just
quoted, the E was divided by the R,
and so to obtain E by itself the R haa
to be ¢ got rid of ”” by cancellation or
by transferring to the other side.

Taking another more complicated
case, suppose it is required to trans-

E-V
pose for E in the equation V = —

To re-write this with E by itself on one
side, we have to re-shuffle the R and
the V.

As the R is dividing the expression
on the left, we commence by multiply-
ing both sides by R. Then

(E - V).R
VR = — and the R’s cancel on

R

the right, giving VR = E — V. Turn
the equation round at this stage for con-
venience, writing it as E — V = VR.
Now to get rid of the V from the left-
hand side, we can add a V to both
sides, making E — V + V = VR + V,
and this then becomes E = VR + V.

This formula could be re-written as

. = V(1 + R) by taking out the com-
mon factor V on the right, but this is in
the nature of a * frill 7’ and does not
affect the working.

Although the re-writing of the equa-
tion has taken several lines to explain
in full, it becomes possible by practice
to perform the several operations
mentally, and the re-writing is then
done in one step, thus :

E-V
V = ——— whence E = V(1 + R)
R
which is similar to the somewhat
bewildering statements which are found
in technical articles when the writer
assumes that all the intermediate
re-arrangements have been made
mentally by the reader.

« Changing
the Sign>

In some transpositions, the terms
appear on the other side of the equa-
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tion with their signs mysteriously
changed and, in fact, the omission to
take care of the sign is one of the com-
monest errors in simplifying equations.
The reason for the change of sign can
be understood by considering the sub-
traction rule given above. Suppose we
are simplifying the equation v=u+at
and finding ‘““a.”” The ‘“t” has to
be removed from the ‘‘a’’ and put on
the other side, and so has the “u.”
Commencing with the ‘ u,’’ we can
subtract u from both sides making
v —u=u+ at — u = at. Notice that
the ‘“ u’’ has actually been transferred
to the other side, but with a change of
sign.

The final step in the simplification is
v —-u

t
In the various steps in simplifying the
equation always perform the subtrac-
tions and additions first, leaving the
multiplications, etc., till the end. If in
the above, we had divided by ““ t ”’ first,
we should have had: v/t = u/t + a
which is not so simple to deal with. Tt
would, however, have worked out to the
same since u/t would have been taken
over to the other side with the sign
changed, giving v/t — uft = a, and
re-writing the fractions to give a com-
mon denominator, we would have
v—u
——— = a, as before.

t

As a final example, a complicated
equation will be simplified in steps:
The formula for the inductance of a
coil in terms of the turns of wire N is
1.25. 0. A N?
—————— where u is the perme-
10°.1
ability of the iron path, A the area cf
the path, and 1 its length. It is required
to re-write this formula for N.

Commence by removing the terms
below the line of the fraction, 10® and 1.
We can do this by multiplying simul-
taneously by these two quantities,

10".1.L 1.25. 0. A.N?
and to clear away all the terms from
N®, the one required, we can divide

simultaneously by 1.25, u and A. This
gives :

the dividing by ““ t >’ giving a =

L —

10°l.L 1.25.u. A N*®
1.25.0.A 1.25.0.A
and cancelling out, we get
10".1.L.
N° = ———
1.25.u.A.

transposing at the same time to put N*
on the left. This is not the final answer,
as we require to use N and not N?; but
the last step is made by taking the
square root of both sides (again note
that it will not affect the truth of the
statement). Then

N b

which is in the form required.
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Bosch Electronics

St. George’s Works,
Merton Road, Norwood Junction,
London, S.E.25
Telephone : ADDiscombe 4529

* %

Thermionic Augetrons

£3.3.0

Photo Augetrons 6 stage

£56.5.0

e FLECTRA DI X =

LIGHTING & CHARGING PLANTS

A 500-watt, Petrol Electric,
single cyl. 2-stroke, water
cooled, self-olling Stuart
DTurner engine ; mag. ign.,
coupled to 50/70 volts,

10amps. £17:10:0

shunt dynamo 1,000 r.p.m.
A 150-watt Engine and Dynamo on similar
lines but coupled to 25/30 volts, 6 amps.

dynamo, immediate delwery
of either model £|2 0 o

(SEE EDITORIAL REPORT ON PAGE 266).

“ NITNDAY ' BATTERY CHARGERS

Metal Rectifiers—Steel Chassis
Model N/A 24, Radio Home Charger. To charge
2 volts'y amp. 12/6. Model NJA 6}, Trickle Charger.
To charge 6 volts } amp. 17/6. Model N/B §/1, Car
Charger. To charge 6 voits | amp. 24/-. Model N/B
6/1%, Car Charger. To charge 6 volts 14 amps. 27/6
Model N/C 6/2, Car Charger. To charge 6 volts
2 amps 37/-. Model N/D 12/1, H.M. Car Charger.
To charge 12 voles | amp. 38/-. Model N/D 12/2,
N.K. Car Charger. To charge 12 volts 2 amps. 55/-
Model N/E 2, Doubler. Meter Car Charger. To
charge 6 volts and 12 volts 2 amps. 65/-

All Models for 200/250 volt input.

1,000 Bargains List “E.T.” Send stamped envelope

ELECTRADIX RADIOS

218, Upper Thames Street, London, E.C.4.

Mention of ¢ Electronics and Television

& Short-wave World ** when corres-

ponding with advertisers will ensure
prompt attention.
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The Taylor Universal
Test Meter—Model Q0

AYLOR Electrical Instruments

I have produced a compact 3z-range

universal test meter to cover all

the usual measurements required ‘in
radio circuits.

The Taylor Model 90 Universal test meter.

It is neat in appearance, measuring
approximately 5 in. by 8 in. by 3 in.

deep, and weighs only 4 Ib. The meter
is an open-fronted square moulded type,
as will be seen from the illustration.

The meter reads direct in volts A.C.
or D.C. in the following ranges :-

o— z.5V.
o— 10 V.
0—I100 V.
0—250 V.
0—3500 V.

and a separate terminal connection
gives a maximum range of 1,000 v. The
resistance of all ranges is 1,000 ohms
per volt. The low range (2.5 v.) also
indicates A.C. milliamperes with a full-
scale reading of 1.0 mA.

Current is read on one of two scales,
depending on whether A.C. or D.C. is
used. The ranges in this case are 2.3,
25 and 250 D.C, and 15, 250 and 2,500
A.C. The A.C. ranges are thus useful
for checking heater currents and the
input to transformers.

The instrument measures resistance
values from 1 ohm to 10 megohms. The
scale is calibrated from 10 to 100,000
ohms, and by a selector switch the read-
ing can be divided or multiplied by 1o0.
The highest range of resistance requires
the use of an auxiliary battery of the
standard 6o v. type and a resistance of
54,000 ohms in series with the instru-
ment and the resistance to be measured.
The scale reading is then multiplied by
100.

June, 1940

On the front panel are mounted three
control knobs and a row of contact
sockets. Special wander leads are pro-
vided, coloured red and black, and fitted

with test prods. The sockets are
labelled ‘¢ Common -.,”" * Test +,”
““1,000 v.” and ¢ Output.”” The first

two are used for the ordinary tests, the
special 1,000 v. socket only when the
high voltage is measured.

The socket marked ¢ Output " is con-
nected to the measuring system through
a small condenser, and is therefore used
when A.C. is to be applied with a D.C.
component. In using this socket it is
recommended that the selector switch
be turned to the highest range of D.C.
voltage likely to be present. The knob
can then be turned to give greater sensi-
tivity when the reading is seen on the
scale.

The switch knob on the left of the
panel is used for selecting D.C. and
resistance measurements from A.C. and
is marked to suit.

On the right of the main selector
switch is the zero setting control for
resistance measurements, It is advisable
to set this for each scale used when
measuring resistances. The instrument
zero setting serew is in the usual posi-
tion over the movement.

The movement is exceedingly robust
and the internal workmanship is such
that it cam be relied on for several years’
good service if treated with reasonable
care. The price of the complete instru-
ment is £8 15s., and it can be obtained
from Messrs. Taylor Electrical Instru-
ments, Limited, 419/422 Montrose
Avenue, Slough, Bucks.

« X-Rays in Industry ”
(Continued from page 278)
stained purple, merely by exposure to
X-rays under suitable conditions.
The uses of X-rays in medicine is well
known, but some of the more recent

Radiograph of a motor car tyre.

developments are not so widely
publicised as were the earlier ones.
It is now possible to make short

cinema films by X-rays, which last
about 16 seconds and are ample for
many purposes, as in the case of, say,
heart radiography, only about a yard of
film need be exposed as each beat is a
repetition of the previous one and the
results can be projected in the form of
an endless band.

Other valuable films have been made
of swallowing movements, which take
place so quickly that the eye cannot
follow them on a fluorescent screen.

Another aspect of the biological use
of the rays is the effect of them on eggs
and seeds, both of which have a ten-
dency to develop along abnormal lines
as a result of exposure.

The atomic arrangement of crystals
acts to X-rays in a similar manner to
which a thin film of oil on water acts to
ordinary light. It breaks up or dif-
fracts the rays and by allowing them to
pass through crystalline bodies on to
photographic plates the resulting
shadows will give data as to the actual
atomic pattern within the crystals. This
is the key to many metallurgical uses
and foremost amongst these in the
minds of electrical engineers is, per-

haps, magnet research. Cobalt steels
and ‘‘ Alnico ’’ type alloys are vital
in many branches of light engineering
because of their powerful magnetic
properties and as these depend entirely
on molecular structure, X-ray crystal
analysis is the most important tool in
magnet research.

A rather wider subject is electro-
plating, which again depends much on
molecular structure for such charac-
teristics as hardness, brittleness, grain,
etc. The conditions of deposition can

Radiograph showing positions of deflecting
plates in cathode-ray tube.

readily be determined by the use of the
rays and the wearing properties esti-
mated at once, whereas tests by age,
use or exposure take a long time.
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“¢ Flexible Sync. Pulse Generator
(Continued from page 264)

quency variations up to 15 per cent. of
the master control oscillator can be
tolerated before succeeding interlocked
stages become unlocked and fall out of
synchronism. In many of the divider
stages, which have been designed with
a low division-factor, variations in fre-
quency much greater than 15 per cent.
may be tolerated.

Pulse
Amplifiers

The pulse amplifier circuits have
been provided to transfer the pulse out-
puts of the frequency divider to other
units in the synchronising-signal
generator.

To insure flexibility, both positive
and negative output phases of horizontal
and vertical pulse waves have been pro-
vided. To preserve the steep wave
fronts so essential for proper synchron-
ising control, compensating networks
have been employed wherever necessary
in the pulse amplifier circuits.

Frequency-Standardising
Circuit

A frequency-standardising circuit has
been provided to compare the frequency
of the final divider output with that of
a standard source, such as a 6o-cycle
power line, and operates upon the

ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

master-frequency sinusoidal oscillator
circuit to standardise the divider output
frequency. Frequency control of the
master-frequency relaxation oscillator
is accomplished through use of a master
sine wave oscillator controlled by auto-
matic frequency control and to which
the master relaxation oscillator is
synchronised.

The source of quasi-d.c. control volt-
age for the master-frequency sinusoidal
oscillator is a detector which compares
the divider output frequency with that
of the standard. The output of this de-
tector is connected, through a filter, to
the frequency control unit of the master
sine wave oscillator circuit. The over-
all sensitivity of this frequency control
is of the order of 400:1 frequency cos-
rection which is more than ample to
accommodate any possible variations in
either the divider output frequency or
the standard frequency.

Momtor
Oscillograph

A monitor oscillograph has been in-
corporated in the frequency divider to
provide for immediate investigation of
the frequency relationships of all fre-
quency dividing circuits.  An eleven-
point rotary switch selects any one of
eleven circuits, some of which have
critical adjustments to be monitored at
will. Ten separate linear sweep-fre-
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quencies, automatically synchronised,
are selected by this switch; and one
sixty-cycle sinusoidal sweep signal is
provided.

The sixty-cycle sinusoidal sweep
operates as a frequency monitor for the
entire equipment, and it plots its output
as a sinusoidal function of the power
frequency providing continuous fre-
quency monitoring.

Blanking-Pulse
Shaping Unit

The blanking pulse shaping unit has
been designed to shape the horizontal
and vertical pulse outputs from the fre-
quency divider unit to square waves cor-
responding to the desired percentages
of blanking intervals, to mix them in
the proper manner, and to transform
the amplifier output to the proper
coaxial output impedance.

The waveshaping circuits in this unit
operate independently of the pulse fre-
quencies. It is also possible to adjust
both the percentage of blanking and
timing of both horizontal and vertical
blanking waves. The amplitudes of
the mixed waves are then equalised in
the output so that both signals remain
at the same relative amplitude regard-
less of the level of the composite signal.
The polarity of this output signal may
be reversed at will.

(Continued on nexct page)

Universal

Telephone :

CLERK 7030
Photo Electric Cells, 15/~ each.

ercury Relay Va|ves (Amenmn) for use with above valves if necessary, 10/ each.

Champion Radio Valves in stock.

Transformers 110 to 230 volts, 12 velts input, 15/ each ; 240 volts input, 6 volts output 6/~.

each, suitable for trains and models.

Claude-General Neon Transformers input 200/240, output 3,000 volts, .1 K.V.A., 10/~ each.
Centrifugal Pumps, AC/DC, 59/6.

D.C, Electric Drills, 230 volts, 30/- ea.
Sliding reaslnnoea. 400 and 800 Ohms /6 each.

Electrical

i | RADI
221, CITY ROAD, LONDON, E.C.I. 1 (BHAM) LTD. |

Co

THE SHORT-WAVE SPECIALISTS
WE CARRY LARGE STOCKS OF ALL TYPES OF SHORT-
WAVE AND COMMUNICATION EQUIPMENT, INCLUDING

RADIOMART SPECIAL OFFERS /
America’s largest manufacturer.

T.3005—300/300 v. 80 m/A., 4 v. 4 ACT 4v.25a. unshrouded ... 6/6
T850Y—350/350 v. 150 m/A. 4 v.6a, 254 ... 15/~

OMART =

LTD.

AMERICAN VALVES.

Fully shrouded Transformers by
While they last, all 230 v. 50 cy.

4v. 4

Sl Filters. 5/~ each. T.19610—350/350 v. 150 m/A. 2.5 v. 6 a., 2. 5 v. Z a., 5 v. 3 a. 12/6
Anti-Interference Units. pair of H.F. Chokes and pair of .1 T.M.C. Condensers, 2/6 the set, T.7236—375/375 v. 120 m/A. 6.3 v. 4., 5 v, 3 a. .. 10/6
New 30th HP. Universal Motor, 200/250 volts. 27/6 each. . T332 v. 80 m/A.25v. 60, 5v. 3n. .. 1 L 76
American * Weston ™" Set Analyser A.C./D.C. | 000 ohms per volt, 2 Meters £4/10/- T.464919—10 v. 4 a., primary tap ed 110-250 v. - .. 58
" Ferrant] ** Line Transformers, new, 6/ ea l W .379Y~—440/440 v. 200 m/A. v3a.CT.,5v.3a. .. oo 25/«
* FosteriiDaublelWeund Transformtara b W.308Y—550/550 v. 200 m/A 6 Iv. 3 a.CT.5v.3a. cee 25/
110 to 230 volts 500 watts, 50/-. 110 to 230 volts 3,000 watts. 130/-. T.1113AB=230 to 110 v. 500 wait auto transformer . ~ .. 29/8
110 to 230 volts 1.000 watts, 80/-. 110 to 230 volts 5, 000 watts, 199/~ * i T.2311A—230 v. to 110 v. 100 watt auto transformer 12/6

110 to 230 volts 2.000 watts, 100/-. The following chokes are interleaved and impregnated :
Weston Millismp Meters, 0-200  15/- each.  Weston Ammeters 0-30 15/~ each T.7007—250 m/A., 135 ohms, 20-8 Hy., cadmium shrouded 12/6
v 0-250 15/- . D.C. Meters 0-2,500 15/~ ., T.7007A—150 m/A., 250 ohms, 30—]2 Hy., cadmlum shroudcd 12/6

All Types of Rotary Converters sold and purchased

100 m/A., 20 Hy., 500 ohms, unshrouded ~ .. R 1)
60 m/A., 5 Hy., 250 ohms b 1/11

RANTI Meters at less than half price. 3{ in. Morv:ng Coxl proxecnngS 10, 25, 50
100, 150, 300 m/A., 16/6. Flush, 17/6. Triple range Mlllmmmeters. 22/6. " All boxed.
MOVING COIL SPEAKERS. Rola, Magnavox, etc. 8-in. ; 1,200, 2,000, 2,500,
6,500 ohms. 8/6. 10-in. cone; 400, 800, |650 2,000, 2,500 ohms, 12/6 Magna 10-in.;
1,650 ohms, 17/6. M.C. Spenker Transformers Power, Pentode or Push-Pull, 1/11.
GANG CONDENSERS with Airplane Dials, 8 and 80-1, Cost 35/-. Few only, 4/11.
Utility Microdials. List 7/6. Our Price, 4/~. [deal for Short Waves.
PUSHBACK Wire, 6 yds., 6d. ; heavy, 9d. Resin-cored Solder, 6 ft. 6d. ; screened
Flex single, 6d. yd. ; twin, 9d. yd Assorted Solder Tags, 6d. pncket Humdlmmers,
A ehehe Centralab pots, all sizes, 1/9 ; switched, 2/3 ; tubular fuses, 2d.
VALVES Reliable replacements for all types, NOTE : All enquiries should be
British and American, showing saving of over accompanied by 13d. stamp for
0 per cent. reply.

WANTED -AMERICAN COMMUNICATION RECEIVERS.

WE CAN OFFER A GOOD PRICE FOR THE ABOVE
SUBJECT TO THEIR BEING IN SCUND CONDITION.
NATIONAL SETS PARTICULARLY REQUIRED.
OUR NEW 66-PAGE MANUAL, packed full of valuable infor Metro-
Kilocycle Charts, Shortwave Suhons, times of News Bulletins, Shortwave
Receivers, constructional articles, etc. 7id. post free.
THE NEW RAYMART CATALOGUE shows dozens of New Shortwave
Components and is yours for 2id. post free.

RADIOMART

GS5NI (Birmingham) Ltd.

LOUDSPEAKER
24-HOUR SERVICE

(BRITISH AND AMERICAN)

TRANSFORMERS DESIGNED AND REPAIRED.

NEW SPEAKERS 3” to 18" P.M. and MAINS
ENERGISED.

SPEAKERS OF ALL KINDS FROM

10/6.

SINCLAIR SPEAKERS

PULTENEY TERRACE, COPENHAGEN ST, TER 4355

44 HOLLOWAY HEAD,
LONDON, N.I.

BIRMINGHAM
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Synchronising-pulse
Shaping Umt

The synchronising pulse shaping unit
has been designed to operate upon the
three necessary types of synchronising
waves so that they are properly shaped,
mixed, and transformed to a coaxial
output. Front panel controls have been
provided for independently adjusting
the shape, the timing, and the ampli-
tude of each wave.

The vertical synchronising pulse is
serrated in this unit by means of a
simple chopping circuit producing a
waveshape which is adjusted to con-
form to the present U.S. television
standards.

The equalising pulses are obtained by
a means similar to that employed for
the vertical synchronising pulse, and
adjustment of the number of equalising
pulses may be made.

The horizontal synchronising pulse
wave train is corrected, in this unit, to
allow for insertion of the serrated
vertical synchronising pulses and
equalising pulses in the mixed com-
posite synchronising signal.

Master Horizontal-sweep
Generator

The master horizontal sweep genera-
tor generates a linear sawtooth wave
for horizontal deflection at the desired
scanning frequency. An 8o-ohm coaxial
output circuit is provided. Amplitude
of the horizontal deflection may be
controlled from the front panel. The
phase of the output signal is reversible
at will by means of a rear panel
selector switch.

The sweep voltage output may be
used also as a master source for driving
iconoscope scanning systems, television
monitors, etc. The initial flyback time
of the generated wave is less than 8 per
cent. of its total period.

Master Vertical-sweep
Generator

The vertical sweep generator unit
has been designed to generate a linear
sawtooth wave which is accurately
timed with the output of the frequency
divider so that positive interlace action
is maintained at all times. The linear-
ity of this sawtooth wave is within at
least 2 per cent., and the flyback time
has been limited to less than 4 per cent.
of its period.

A low-impedance output circuit has
been provided. Front panel controls
include a means for adjusting the out-
put amplitude, and frequency adjust-
ment which is not critical.

Momtor
Oscillograph

The monitor oscillograph has been
provided in the synchronising signal
generator for the purpose of monitoring
the waveshape, amplitude, and timing
of all output signals and critical cir-

ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

cuits associated with the waveform
shaping units. A selector switch in this
oscillograph enables the operator to
quickly check any one of ten wave
shapes. Another selector switch is in-
corporated in this unit which allows for
manual operation of sweep-frequency
controls for any position of the first
selector switch.

The power unit operates as the main
power supply for the synchronising-
signal generator. A regulated d.c. out-
put at 250 volts is maintained regardless
of load wvariations up to 450 milli-
amperes, by means of an electronic re-
gulator circuit. In addition, two
separate regulators are supplied from
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the main regulated source for the pur-
pose of maintaining constant voltage to
the oscillator and buffer of the fre-
quency divider.

Filament supplies for each unit are
incorporated in this power supply.

Pulse Amplifier and
Auxiliary Power Supply

For the purpose of flexibility, an
auxiliary synchronising pulse amplifier
has been provided. Separate amplified
horizontal and vertical synchronising
pulses may be employed for synchron-
isation of camera equipment at a
distance.

The Limits of Inherent Frequency Stability
By Walter Van B. Roberts, Patent Department,'Radio

Corporation of America (R.C.A. Review)

REAT improvements in oscilla-
G tor stability have been made in

recent years by careful attention
to the mechanical design and layout of
component parts and also by the
development of a number of compensa-
tion arrangements. An example of the
latter is the compensation for a change
in anode voltage by a suitable change
in screen voltage. By the proper use
of such refinements and by other pre-
cautions, frequency variations due to
variations of input and output imped-
ances of the valve may be much re-
duced. However, it seems obvious that
if the circuit could be made more stable
in the first place, the addition of these
schemes would bring about still better
final results.

The many causes of frequency varia-
tions ‘may be divided into three groups :
First, changes in the constants of the
frequency determining circuit itself;
second, changes introduced by the load-
ing on the circuit; and third, changes
in the effective input and output imped-
ances of the oscillator valve which are
reflected into the circuit by the neces-
sary coupling of the valve to the cir-
cuit. Only the third group will be con-
sidered here, and the term ‘‘inherent
stability * is used to refer to the extent
to which the frequency is independent
of small changes in the effective valve
impedances. The object of this inves-
tigation is therefore to determine just
how far one can go in reducing the
effect of given capacitance changes in
a valve on the frequency of any ordin-
ary oscillator circuit.

Fig. 1 shows a representative simple
feed-back oscillator in which the small
capacities CgandCjprepresent the maxi-

mum 2ariations that may be ex-
pected in the input and output
circuits of the valve. It is;, of
course, possible that these varia-

tions may sometimes take place in oppo-
site senses so as to tend to compensate
for each other. However, in order to

deal with the worst case possible they
will be assumed to take place in the
same sense and at the same time. In
this case the resulting frequency shift,
measured in cycles per second, may
readily be shown to be given approxi-
inately by the expression

floMy ) C, flwMp):Cyp

+ -

(1)
2L 2L
in which 7 is the oscillator frequency in
cycles per second, » is 2zf, the induc-
tance L and the mutual inductances
M, and M, are measured in henrys and
the capacities are in farads,

If now the mutuals are reduced to
the point where the system just barely
oscillates and if, furthermore, their
ratio is adjusted to give the least pos-

Fig. 1. Circuit of simple feed-back oscillator.

sible frequency shift when Cgzand C)p
d.isappear or reappeat, then the expres-
sion

D

gives the smallest frequency shift that
can be obtained in the presence of the
capacity variations C4 and C,. In this
expression 7 is in ohms and g is the
transconductance of the valve in mhos.
The derivation of the exvression is
given in the appendix.

From expression 2 it can be seen that
the stability is limited by three inde-
pendent factors. First of all, the mini-

(Contirned on next pag-, middle cclumn)
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TROPHY 6

Junior Communication
Receiver

EXPLORING the egher with a

special receiver like the
TROPHY is amazingly thrilling—
very satisfying too when Yyou
reach out to seventy to eighty
countrjes instead of the twenty

covered by the ordinary radio. From
To ensure reception ‘of the all good
World's news and general pro-

PHY — 1 dealers~'

grammes—buy a
while the price is low.

BRIEF SPECIFICATION. 6 valves

i
Why not ! 4 bands—6.5 to 545 metres
Bedyeligs continuous. Switched AVC and
NOw ? 8FO, Pitch control, built-in

Speaker, phone socket. Ready for
use on AC 200/250 v. Guaranteed.
All British. Terms £11:11:0

available - Price
Send for brochure covering all models
PETO SCOTT CO.LTD.

77 City, Road, London, E.C.I and
at 41, Hi gh Holborn, W.C.

Tel. CLissold 987S.

RECORD

radio results.

SPECIAL OFFERS

Scott Quaranta, 4| valves, 13-2,000
metres, Record changer, 5 speakers in two
magnificent cabinets, cost £1,0 3 .£160 0 0
Scott Imperial, 27 valves, expander super
speaker, 13-550 metres, Record changer,
tn Finmar or French walnut sideboard
cabinet, cost £180 ..

McMurdo-Silver 1940 Model 15-17 Olym-
pic Auto-radiogram, unused, cabinet shop
solled only, listed £72 gns. ... £58 10 ©
Murphy Model A28C Console, Imle used £8 10 0

Peerless All-wave Console, 11 valves,
13-2,000 metres, 5 bands, magic eye super
speaker, Dem. solled only £12 10 0
H.M.V. 479 All-wave Radlogram i 200
metres, 4 bands, 8 valves, llke new ... £21 10 0
R.M.E. 69, standard model, stock solled
only ... .£35 0 0

A C S RADlO
Widmore Road, Bromley,
RAVensbourne 0156.

Osram Valve Price Revisions

In view of the increased cost of
materials and manufacturing charges,
The General Electric Co., Ltd., an-
nounces a revision in the prices of a
number of Osram valves. These
valves figure among those types
which are now only produced in small
quantities from time to time for re-
placement purposes.

The list of these, and the new

46, Kent.

Phone and Grams :

prices, are as follows: HLz21o,
7s. 6d.; L21, 6s.; P215, 7s. 6d.;
QP21, 14s.; S24, 12s. 6d.; VS24K,

14s.; Xz21, 12s. 6d.; X23, 125, 6d.;
MSPy4, 125s. These price revisions
came into force on May 1,
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(Continued from previous page)
mum possible frequency shift in cycles
is seen to be proportional to the fre-
quency of operation, which is natural
enough and is merely a way of saying
that the percentage frequency shift 1s
independent of frequency. Secondly,
this shift is proportional to the ratio
r/L which means that a good coil is
desirable, a conclusion that again is
less startling. Finally, the shift is pro-
portional to the ratio of the geometric
mean of the valve capacity variations

| to the transconductance.

This result is little less obvious and
might lead to the choice of a valve not
ordinarily considered particularly well
suited to oscillator use. For example,
a certain valve may have a rather large

variation of input capacity, say, 1.0
uuf. Nevertheless, if its output capa-
city is constant to ’within o.01 ,u,uf the
geometric mean variation is only .0.1
uuf. and the valve is preferable, other
things being equal, to one which has
only, say, o.2 ,uuf. variation at most,
but has this much variation of both its
input and output capacities.

In the foregoing it was assumed that
the circuit was just barely oscillating,
and the looser the couplings can be
made the greater the stability up to the
limit given by expression 2. In prac-
tice, of course, the couplings would be
made somewhat closer to allow a fac-
tor of safety in starting the oscillation,
and also, to obtain a sufliciently strong
oscillation to be of some use. How-
ever, for any given factor of safety, ex-
pression 2 will be proportional to the
actual frequency variation, so that con-
clusions drawn from it will still be
valid.

Harmonic

Operation

When an oscillator is used to obtain
excitation in several frequency bands,
it is common practice to run it at the
frequency of the lowest band, or even a
submultiple thereof, and to obtain
excitation for the other bands by fre-
quency multiplication. Let us see
what conclusions can be drawn from ex-
pression 2 regarding this mode of
operation,

To be specxﬁc suppose the fundamen
tal frequency is in the range from about
830 to 1,020 kilocycles, say, goo Kec.
(This range is very easily calitrated by
beating with broadcasting. stations. The
number of cycles shift is given by ex-
pression 2, and the number of cycle
shift of 28.8 megacycle harmonic is
thirty-two times as great, since the lat-
ter frequency is the thirty-second har-
monic of the oscillator. Thus the for-
mula for the shift in the 10-metre band
would be 28,800,000,

() ()

But this the same formula that would
be used if the oscillator were running
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Portiicly®

DISTORTIONLESS
OUTPUT
TRANSFORMERS

12w, PUSH-PULL TYPE
any single ratio to order

38'6

The recent articles in the
‘“ Wireless World * disclosing
methods of determining and
reducing Harmonic Distortion
in Output Transformers have
aroused enormous interest
amongst sound engineers. For
the benefit of readers of
‘* Electronics’® who may have
missed the series, reprints can

be obtained by using the
coupon below.
N R S T S G S e DD S s BT SO SR & W 0 e e

COUPON

N. PARTRIDGE, B.Sc., A.M.L.E.E.,
King’s Buildings, Dean Stanley St., London, S.W.1
Please send mefree of charge a copy of the

reprints in accordance wiith your offer to
readers of ** Electronics.”’

ADDRESS ..

T LT Y T T T Ty T e reppm—— |

" SPADES

For Every Purpose

Small, No. 414 . 14d.
Large, No. 4i5 e s
Heavy Wiring, No. 416 3d.
Keyhole, No. 418 ... 2d.
Hook, No. 419 wom s

Usual colours and engravings.

An important feature embodied
in all models of Clix Spade
Terminals is the metal shoulder
piece which prevents acid creep-
ing up to the leads. The wiring
contact is positive metal to metal,

and the jaw in all models is
designed to give full surface
contact.

The Heavy Wiring model, No. 416,
as illustrated, is intended for
bringing aerial or earth leads
direct to set without having to
make breaks or joins. Lead-in
hole in .insulators allows leads
up to f in. diameter to be used
without stripping insulation tape
from wires. Supplied with Red
or Black insulators.

CELI2X

British Mechanical Productions, Ltd.
I, Church Road, Leatherhead, Surrey.
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at 28.8 megacycles as its fundamental

except that the ratio /L and the ratio

v CoCp

———— were evaluated at goo kilo-
£

cycles in the one case and at 28.8 mega-

cycles in the other. Hence, it is that ex-

would be 14 cycles, This is 14 times
better than if the oscillator had been
run at a 14 Mc. fundamental, using a
coil of the same ‘‘ Q,”” and assuming
the same capacity variation and trans-
conductance,

Tlaed tunéd beng Amplifiee
tilter pariing 1700 &ve

o nylocyele.
F § 5

Circutt tunasle
from 830 to 1000 Ve X
Allogycles

30,000 poubler
AGK.

To furthee
Toublar sseges

ALl

Ltoo
T
LE ’Ro_:lm

% T e
l I Volts
, Xxay jaca

b

XIacn
1t * &0, +20  s0m.
Y Oupiil Cutrnr
- Jacs =

Fig. 2.—L is a coil of $24 wire wound 32 turns per inch on a bakelite tube two and a quarter
inches in diameter, the length of winding being two and three-quarter inches. 7' is the feed-back
or tickler coil and consists of about six turns wound over the grounded end of L. An aluminium

box contains the entire tuned circuit, grid choke and leak, coil 7, and the band-pass filter.

pression 2 may be generalised to take
care of harmonic operation as follows :
f radiated

v W GG

(— ———) fundamental (3)

L g
where the subscripts indicate that the
frequency is taken as the radiated fre-
quency while the rest of the expression
is evaluated at the fundamental oscilla-
tion frequency.

The interesting thing about expres-
sion 3 is that it indicates that for any
given radiated frequency the actual
number of cycles shift caused by valve
variations can be reduced in theory by
using a low enough fundamental oscil-
lation frequency. This is partly be-
cause the ratio of valve capacity changes
to transconductance is somewhat lower
at the lower frequencies, but mostly be-
cause a low-frequency coil can be made
to have a very much lower /L ratio
than a high-frequency coil of the same
physical size, as is evident from the
fact that the selectivity in cycles of a
tuned circuit is proportional to /L and
the fact that low-frequency circuits are
much more selective than high-frequency
circuits in terms of actual cycles. In
practice, of course, it would be too com-
plicated to multiply all the way up from
audio frequency, for example, but a
great improvement may be obtained by
multiplying from reasonably low fre-
quencies such as the range from 850 to
1,000 kilocycles.

To illustrate, let us substitute some
reasonable values in expression 3. If
the fundamental frequency is between
850 and 1,000 Kc., and a “ Q '’ or 200
is assumed, the ratio /L is about
30,000. Taking g as 3,000 x 10-° and
the mean capacity variation as 1/10
micromicrofarad, the numker of cycles
shift given by expression 3 is, approxi-
mately, numerically equal to the output
frequency measured in megacycles.
Thus, at 14 Mc. the frequency variation

has not appeared in the expressions for
minimum shift, it may be concluded
that the stiffness of the circuit is of no
importance unless it affects the ratio
r/L. Data already published indicate
that this ratio will be very little differ-
ent in coils of the same size and shape,
but wound for different inductances,
using the optimum wire size in each
case. Thus, there would seem to be a
good deal of latitude in the amount of
capacity that may be used.

If the variable condenser is very
large, however, it is likely to have
large and relatively flexible plates and

850-1000 k.c. Oscillator Doubler
Circuit tube tube

-+
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coil at points close together in order
to loosen the couplings, as was assumed
at the start of the derivation of expres-
sion 2 from expression 1.  Parasitics
may, of course, be suppressed by insert-
ing resistances at suitable points, but
this is likely to increase the effective re-
sistance at the desired frequency and
hence increase the /L ratio.

It is preferable to use a circuit which
does not develop parasitics. Such a
circuit is included in Fig. 2 which
shows the essentials of an exciter that
has been in use for some time. The 100
upf. condenser is adjusted until the de-
sired frequency band, 8so to 1,000 Kc.,
is just a little more than covered by
vanation of the so uuf. condenser after
which the former is left severely alone
so as to keep the calibration of the oscil-
lator unchanged. These two conden-
sers are physically a single unit made
for band-spread use, and only the so0-
upf. section has a shaft on it.

The other data shown in connection
with Fig. 2 are what are actually in
use, but have not been worked out by
cut and try to their best values. The
whole arrangement is merely illustrative
and doubtless could be considerably
polished up. In particular the band-
pass filter designed to pass with fair
uniformity all frequencies between
1,700 and 2,000 Kec. could be much im-
proved by experimenting with different

To further
doubler stages

Fig. 3.

small clearances, all of which may in-
troduce vibration troubles and changes
of the calibration curve with ageing.
Hence, it does not appear desirable to
approach maximum stability by using
a ‘“ high C ”’ circuit with the valve elec-
trodes connected across the whole cir-
cuit, as the amount of capacity required
for maximum stability in this type of
circuit may be many thousands of micro-
microfarads.

Practical

Circuits

The circuit of Fig. 1 was chosen for
simplicity of analysis. In practice it is
likely to give parasitic oscillations, The
same is true of many circuits where grid,
cathode, and anode are tapped to the

coupling between coils. This filter is
fixed-tuned so as to avoid any tuning
reaction on the oscillator.

Incidentally the grid leaks on the
doublers really are connected as shown
since the amplification constant of
these valves is so high that with the
leaks connected from grid to ground
the anode currents fall to nothing when
the oscillator key is up. By connecting
as shown, the anode currents stay up
and keep the load on the power supply
nearly constant during keying, and
also, no R.F. chokes are needed in series
with the leaks. As is evident from the
diagram excitation for any band can be
obtained by connecting a transmission
line to any of the tank links  the only
other change when changing bands

CONDITIONS OF SALE AND SUPPLY.—This periodical is sold subject to the following conditions, namely, that it shall not,
without the written consent of the publishers first given, be lent, re-sold, hired out or otherwise disposed of by way of Trade except
at the full retail price of 1/6 and that it shall not be lent, re-sold, hired out or otherwise disposed of in a mutilated condition or in any
unauthorised cover by way of Trade ; or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.
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being that it is well to pull out the valve
following the link selected so as to get
all the power available from the tank.

While Fig. 2 represents the arrange-
ment in use at present, a slightly differ-
ent scheme for getting the power out of
the oscillator, as shown in Fig. 3, is
believed to be better and avoids the
band filter. In Fig. 3 the oscillator
valve has enough cathode bias to bring
the operating point on the steepest part
of the grid voltage-anode current char-
acteristic curve in the absence of oscil-
lations.

The oscillator valve should be one
requiring a large bias for cut-off while
the following valve should be one re-
quiring less bias for cut-off so that with
no oscillations the anode current of the
second valve would be just cut off by
the normal bias of the oscillator. Then
with even very feeble oscillations the
following valve would act as an effi-
cient doubler while with stronger oscil-
lations, that would develop more bias on
both valves by way of the grid leak,
the harmonic output of the following
valve would be still further increased.
The following valve should, of course.
be well screened to prevent reaction of
its anode circuit upon the oscillator.

Conclusions

To recapitulate, in order to obtain
the greatest inherent stability :

1. Make the fundamental frequency
as low as possible.
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2. Make the ““Q?” of the coil as
large as possible at the fundamental
frequency. This means that the coil
should be as large physically as there
is room for within the shield can, sub-
ject to clearance of at least half a dia-
meter, as well as that the coil design
should be good in other respects.

3. Use the loosest couplings between
the tuned circuit and the valve that will
give the required output, and use a low
enough bias resistance so that the effec-
tive transconductance in the oscillating
condition is not seriously reduced.

4. Choose for the oscillator valve
one which has a high ratio of transcon-
ductance to capacity fluctuations when
operating at the required level.

5. Keeping the oscillation strength
constant, vary the ratio between the
grid and anode couplings. The best
ratio depends on the ratio between the
capacity variation of the grid and
anode.

After having obtained a good inher-
ent stability, any or all the tricks known
to the trade may be added. Some of
these are: Temperature compensation
in the tuned circuit, or at least arrang-
ing this circuit where it will not be
heated by the valve or other parts of
the transmitter, supporting the tuned
circuit on a single rigid member to
avoid kending and vibration of its
parts, reducing the power taken from
the oscillator as much as possible and
preferably taking output at a harmonic
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frequency, supplying screen voltage
from a voltage divider whose two por-
tions have resistances chosen to form
the combination that best compensates
for variations in supply voltage, and
stabilising the supply voltage.

By starting with an oscillator of high
inherent stability and then adding the
refinements to it, sufficient stability may
be obtained for many purposes, even
including oscillator keying for output
at the highest frequencies used for long-
distance communication.

Cp My
and y =

Cy M

expression 1 may be written in the form

oM, My

2 L

any given value of £ the minimum value

of (1/xy + xy) that may be obtained by

varying y is 2, and this minimum occurs
My Cy

when y = 1z, that is = .
My Cp

Furthermore, in order for oscillations
to occur, a given grid voltage must
cause at least an equal voltage to be
fed back, whence the condition for oscil-
lation is approximately w?M,Mp> 7/g.
Substituting this value of w*M 4, and
the minimum value of (1/z + xy) al-
ready obtained into the expression
above, expression 2 results.

Let x = Then

v Cg Up (1zy + xy). For

GALPINS ELECTRICAL STORES

TERMS : Cash with Order

75, LEE HIGH ROAD, LEWISHAM, LONDON, S.E.I3

Telephone :

or C.O.D. Charges extra

J P.M. PUBLIC ADDRESS HORN SPEAKERS.

handle. 15/20 watts. Size, 40 in. high, 30-in. flare.

Complete with power transformer

ALL GOODS SENT ON THREE DAYS APPROVAL AGAINST CASH

CHOKES, 30 hy. 120 m/A., 150 chms resistance, 3/6 each, post 9d. Dino,\

LEE GREEN 5240

Price, 75/, C/F, Packing 5/=,

MORSE TRANS RS, i i

100/200 volts D.C, n very good sondiion. T0ls enciyr”, &< complete with moter.
X-RA_Y TRANSFORMERS. All in good condition, fully guaranteed. 120 volts, 50 cy,
1-ph. input, 64,000 volts 2 kVA output, with winding for Cool idge Tube, £11 10s. Anoth

E other,
same input, 80,000 volts 3 kVA output, £14 10s.  Another, 200/240-volt input, 4,000 volts

12 m/A. output, £6, All Carriage Forward.

TRUVOX PUBLIC ADDRESS HORN SPEAKE 3 i
6-volt field, 15/~ each, post 1/6. = TN

DYNAMOS, for charging or lighting. etc., all shunt wound and fully guaranteed. 100-volt
10 amp., 4-pole, I,SQO t.p.m., 90/« ; 50/75-volt 15 amp., 1,750 r.p.m., 4-pole, 90/« ; 30-volt
10 amp., ball bearings, 1,500 r.p.m., 4-pole, 70/~ ; Zg-volt 8 amp., 1,750 r.p.m., 2-pole.
ball-bearing, 37/6 ; 50/75-volt, 25 amp., 4-pole, 1,500 r.p.m., 110/-.

ELECTRIC LIGHT CHECK METERS, for sub-lettings, garages, etc. 200/250 volts,
50 cy. 1-ph., supply 5, 10 or 20 amps., 6/« each, post 1/-.

MARCONI ROTARY CONVERTORS, D.C. to A.C. Input 80/120 vols, output
180/240 volts 2 kW 500 cycles | phase. Also 24 velts 123 amps. at 208 cyeles | phase,
£10 10s., C/F.

PORTABLE LIGHTING ENGINES, 2} twin Douglas, special air cooling, complete
with all fittings, including petrol tanks, etc., fully protected, condition as new, £10, &/F-
SII;Y‘ERTOWN HORIZONTAL GALVANOMETERS, jewelled movements, 5/~ each,
post 6d.

HIGH VOLTAGE TRANSFORMERS, useful for all test work or television.
200/240 volts, output 5,000 and 7,000 volts, 6/6 each, post 1/-.

MAINS TRANSFORMERS, 200/250 volts input, 12 and 24 volts at 4/6 amps. output,

suitable for model trains, etc., 15/~ each, post 1/-.

g/lAIl];}E POWER PACK, consisting of 2 X 20 hy. chokes and 2 X 2 mf. condensers,

STUART TURNER 2§ h.p. PORTABLE ENGINE, petrol, flat twin, air cooled,
complete with all accessories, in good condition, £7 10s., C/F.

WESTON & E. TURNER first-grade 2-in. MOVING COIL MILLIAMP METERS,
0 to 50, 20/~ each.

VOLTAGE CHANGING TRANSFORMERS, auto wound, 12 months’ guaranteed,
110/ to 200/240 volts, or vice versa. 250 watts, 26/~ ; 500 watts, 32/6 ; 1,000 watts, 50/~ ;
1,500 watts, 62/6. (Delivery 7 days from date of order.)

ZENITH VARIABLE RESISTANCES, twin tubular, 180 ohms at 3} amps., 42/6 each.

Inpu!

MAINS

30 hy.. 250 m/A., 7/6 cach, post 9d. L.T. Choke, .5 hy., 13 smps., 3/6 each.
GARAGE ACCUMULATOR CHARGER, 14 h.p. A.C. motor, 200/240 v. 50 cy. 1 ph.’
with no volt release starter. Direct coupled to 50 volt 10 amp. dynamo. Complete switch-
board fitted mercury type Neville cutout, 0 to 120 voltmeter and shunt regulator, 4 charging
banks, 4 amp. meters each 0 to | amp., 0 to 3 amp., 0 to 6 amp.-and 0 to 10 amp. Each
bank fitted separate charging resistance. Fully guaranteed. £15, /F.

BRAND NEW EX-G.P.O. MULTI CONTACT RELAYS, small type, 1,000 x_1,000
coil resistance, 5/~ Ditto, 7,000 ohms resistance, fitted 2 blades, 3/6 each, post 4d. Useful

for remote control, etc.

MAINS TRANSFORMERS. Input 200/240 volts, out 12 volts at 3/4 amps.
model trains, L.T. rectifiers, etc., 9/, post free.

MAINS TRANSFORMER, 500/240 volts input, 100 volts at 100 watts output, for

American sets, 8/6 each, post 9d.

EPOCH LARGE P.M. SPEAKERS, 10 ochm speech coil, handle 10 watts, 10-in. cone
32/6 each.

Ex-(.(‘;aP.O. GLASS-TOP RELAYS, with platinum points, new condition, 10/~ each
post »

WESTON ELECTRIC PERMANENT MAGNET MOVING COIL P.A. HORN
SPEAKERS (2) only, 75/~ each.

“SAVAGE ” 40-WATT PUBLIC ADDRESS AMPLIFIERS, complete with valves
2 DA. 30 in push-pull. In good condition, £8 10s. each, C/F. Ditto, 25 watts output
(2) P.X. 25 in push-pull, £5 10s.

EN PUBLIC ADDRESS MICROPHONES, carbon-type on desk stand
good quality, 20/~ each.
FLECTRO DYNAMIC D.C. TO A.C. ROTARY CONVERTOR, 240 volts D.C. to
230 volts A.C. 100 watts. Complete in silence-proof cabinet with smoothing, £5, C/F_
ZENITH SLIDER VARIABLE RESISTANCES, 5,000 ohms carry .3 amp. in new
condition, 30/~ each. Ditto, !,100 ohms .6 amps, 25/~ each.
MAINS TRANSFORMERS, 200/240 volts input, 50 volts 8 amps. output, useful for
small arcs, etc,, 15/- each, post |/-.
RAYCRAFT MAINS RELAY UNIT, complete with 10,000 ohm relay mains transformer,
rectifier, Condensers, etc., 12/6 each, post 1/-.
PUBLIC ADDRESS HORNS for £-in. speakers, size 40 in., with 30-in. flare (non-
metallic), 30/~ each.

A.C. INDUCTION MOTORS, approx. h.p., 1,440 r.p.m., 200/240 volt 50 cy. | phase.
New condition, 27/6 each.

Useful
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“ Recent Progress in Television Studio
Technique ”
(Continued from page 276)

quickly adjusted to accommodate
any lens between 6} and 18 in. focal
length.

Because of the fact that several
cameras are often trained on the
same scene from various angles, and
because all cameras are silent in
operation, performers must be in-
formed sometimes—such as when
they are speaking directly to the tele-
vision audience—which camera is
active at the moment. Two green
signal-lamps mounted below the lens
indicate which camera is “‘on the air.”’

Make-up

Mr. Woolfe Murray points out that
the British cameras used by the
B.B.C. appeared to vary occasion-
ally in sensitivity to ditfcrent colours
and this used to necessitate °‘‘re-
touching »’ of the artists’ make-up
during a long scene. It has leng
been known that yellow reproduces
better than flat white and the ground
work of most white tints is pale vel-
low. One of the advantages of the
modern television camera is that
exaggerated make-up is no longer
necessary, and in fact the N.B.C. use

ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

a type similar to that for ordinary
panchromatic ciné films.

Television sets are usually painted
in shades of grey. As television re-
production is in black and white,
colour in sets is relatively unim-
portant. Chalky whites are gener-
ally avoided because it is not always
possible to keep high lights from
these highly reflective surfaces which
cause a ‘‘ bloom ’’ in the picture,
and, in turn, limits the contrast
range of the system.

Due to the fact that the resolution
of the all-electronic system is quite
high, television sets must be ren-
dered in considerable detail, much
more, in fact, than for a correspond-
ing stage production. As in motion
picture production, genera] construc-
tion must be as real and genuine as
possible; a marked diflerence, for
instance, can be detected between a
painted door and a real door. On
the legitimate stage, a canvas door
may be painted with fixed highlights;
that is, a fixed perspective, because
the lighting remains practically con-
stant, and the viewing angle is ap-
proximately the same from any point
in the audience. But, in teievision
the perspective changes from one
camera shot to another, and painted

June, 1940

perspectives would therefore be out
of harmony with a realistic appear-
ance.

Lighting

The Americans® classify the light-
ing of the scene into ‘‘ foundation ”’
light and ‘‘ modelling * light, the
former being the flat illumination of
the set necessary to give a picture on
the mosaic. Modelling light is the
illumination which adds to the con-
trast of the picture, and may be from
overhead, floor or background. It
adds a characteristic highlight or
shadow to the uniformly illuminated
scene.

An analysis of the requirements
for a satisfactory system seems to
indicate that flexibility and efficiency
are the paramount. factors to be con-
sidered, although glare and radiant
heat from the units have to be taken
into account. Of necessity, the
light produced has to be a high-level
diffused illumination in quantities
encountered only in the colour-film
studios. In addition, television re-
quires that the operation, upkeep
and manceuvring of this light be of

* W, C, Eddy, Jour.?oc. Motion Picturz Ergi-
neers, July 1939. .
(Continqed opposite)

Clels b tarN Ly

* BUILDING TELEVISION RECEIVERS AT HOME ' con-
tains full constructional details for bullding three of the latest
type receivers, and the illustrations, of which there are
over 100, make the text extremely simple to follow. Copies
of **BUILDING TELEVISION RECEIVERS AT HOME* can
be obtained from any newsagent, price 2/6, or direct ftom
the Editorial Offices of Electronics and Television & Short-Wave
World, 43, Shoe Lane, London, E.C.4, for 2/9. post free.

TEL

Secretary :

INTEREST IN

The war may have temporarily checked the
development of television in this country, but the
interest of hundreds of amateurs has not waned.
If you are one of those who wish to keep in touch
with television developments and meet fellow
enthusiasts, the Television Society offers you every

facility. ‘
\ The work is still being actively carried on at the
it new headquarters at 1%, Featherstone Buildings,
ﬁ W.C.2, where a library and data collection has

been installed, and a museum of historic specimens
is in course of arrangement.

If you are interested in keeping television “ on the
map ”’ and helping the work forward, write for
| particulars of membership to the Hon. General

Mr. J. J. DENTON,
17, Anerley Station Road,

THE TELEVISION SOCIETY

President : Sir AMBROSE FLEMING, M.A, D.Sc, F.R.S.

EVISION
IS NOT DEAD!

London, S.E.20

(Founded 1927)
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The charge for miscellaneous advertisements on this page is 12 words or less 2/-, and 2d. for every additional word.
displayed, 12/6. All advertisements must be accompanied by remittance.
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EMPLOYMENT
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such simplicity that one or two men
could satisfactorily handle routine
productions.

A recent step taken in the N.B.C.
studio was the conversion from the
concentrated unit to more diffused
light from reflectors and ‘¢ foot-
lights,”’ but the glare produced and
the inefficiency led to their abandon-
ment in favour of a battery of 500-
watt units, each equipped with a re-
flector and lens system. These also
suffered from lack of flexibility and
excessive heat radiation, besides
being bulky.

Photometric tests, conducted in
the studio, indicated that the inside
silvered spotlight would deliver into
an area more light per watt than a
lens, lamp, and reflector assembly or
the standard incandescent bulb and
exterior scoop. This new bulb was
light in weight and of relatively small
envelope size in the wattage required.
It remained to design a fixture that
would permit simple adjustment in
elevation and direction to satisfy the
requirements of the multi-set produc-
tions proposed by the programme
staff. Such a mounting, known as
the ‘‘ single six,”’ incorporates Six
s00-watt spotlights on a framework
of thin-walled steel tubing, so ar-
ranged that the centre-to-centre dis-
tance between lights is ten inches.
This ensures that the light-beains
interlock at a distance of eight feet
from the fixture and that the light
arriving on the set is relatively free
from spots and secondary shadows.
The total weight of the fixture,
equipped with spots, is slightly less
than rg pounds and with three kilo-
watts produces an index of 18,000

units, compared with an index of
7,650 units registered by an equiva-
lent grouping of lens, lamp, and re-
flector units. This amounts to an
increase in usable light per watt con-
sumed of approximately 240 per cent.

The average set illumination is in
the neighbourhood of 1,200 foot-
candles of incident light. The aver-
age modelling ratio is 2 to 1, while
the average light load is slightiy more
than 50 kW
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BOOKSELLERS TO THE WORLD
New and second-hand books on every subject

113-125 Charing Cross Rd., London, W.C.2
Telephone Gerrard 5660 (16 lines)

TELEVISION.

“ Electronics &

has met with remarkable success.

expense tn its preparation.
Course on request.
A.MILW.T., AM.LR.E., etc., Examinations.

FEE.” Our Technical

Professor A. M. Low.
Send for full particulars to-day.

PASS—NO

SHAKESPEARE HOWUSE, 17/19,

337,
LONDON, W.I.

A NEW COURSE OF INSTRUCTION.
We have pleasure In announcing that our new * Television ” Course
The enormous demand for the
Course has shown, beyond any shadow of doubt, that it fills that long-
felt need which we anticipated when we went to such trouble and

We shall be happy to send full details of this special * Television ”
Particulars are also available of other Courses

in all branches of Wireless, Television, Talking Picture Engineering,
ete., and of the easiest way in which to prepare for the A.M.LE.E..

We teach by correspondence, and guarantee " NO
Consuitant s

Free and without obligation.

THE BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
STRATFORD PLACE

Television and
Short-wave
World ** will be
; sent post paid
to any part of
the worl!i' for
tge[vgr'fl_ﬁgpths
tof 20/-

MISCELLANEOUS

ALL TYPES of Rotary Converters, electric motoes,
battery chargers, petrol electric generator sets, cte.,
in stock, aew and second-hand.

A.C.-D.C. Conversion Units for Operating D.C.
Receivers from A.C, Mains, 100 watts output, {2. 10!
150 watts output, {3. 10.

WARD, 46, Farringdon St., London, B.C.4. Tel.

Holbom g703.

LOUDSPEAKER repairs, British, American, any
make, 24-hour service; moderate prices.—Sinclair
Speakers, Pulteney Terrace, Copenhagen Street, N.1.

WIRE RECORDING APPARATUS

MAGNETIC SOUND HEAD PARTS 25/-, Pole
Pieces, Steel Wire with correct carbon content,
limited quantity only. Light Modulation Cells for
Experimental Work. H. E. Sanders & Co., 4, Grays
Inn Road, London, W.C.xz. ’Phone, Chancery 8778.

LOUDSPEAKERS

3,000 SPEAKERS P.M. and energised 4° to 14°
including several Epoch 18°. Sinclair Speakers,
Pulteney Terrace, Copenhagen Street, N.z1.

LITERATURE

eur  Relay
#-the-minute

NEW EDITION. American A°
League Handbook. 500 pages of

technical information. 7/- post

1949 JONES Handbook 'Jely 700 pages,
dealing with every ast ave radio. 8/6
post free.—Webb’ oho St., London,
W.1. ‘Phone: ¢ )

) MENT

FULL M:W ting Keys, Practice Sets,
Oscillators, Ree other Radio Telegraph
Apparatus, designed and manufactured by T. %
McElroy, World Champion Telegraphist. Absolutely
first-class cobstruction.—Webb's Radio, 14, Socho
Street, London, W.1. ‘Phone : Gerrard 2089.

RADIO MAP AND GLOBE

WEBB'S RADIO MAP of the World enables you to
locate any station heard. Size 40" by 30". 2-colour
heavy Art Paper, 4/6. Limited supply on Linen, 10/6.
WEBB'S RADIO GLOBE-—superb r2” full-colour
model. Radio prefixes, zones, etc. Heavy oxydised
mount. Post Paid, 27/6.—Webb’s Radio, 14, Soho
Street, London, W.1. ‘Phone : Gerrard 2089.

MORSE TRAINING

-3

MORSE CODE COURSES. ' Book of Facts'
Pree.—Candler System Co. (Room 55 B), 1ar,
Kingsway, Loadon, W.C.2.

PUBLIC ADDRESS

‘“ PARTRIDGE P.A. MANUAL," standard
handbook on electro-acoustics, amplifiers, and audie
circuits ; price 2/6 (free to trade).

‘** PARTRIDGE AMPLIFIER CIRCUITS," des-
cribes many modern constructional amplifiers, z2w. to
45w. output, battery A.C.-D.C., etc.; price 2/- (no

free copies).
PARTRIDGE, N., B.Sc., AM.I.E.E, King's
Buildings, Dean Stanley St., London, S.W.r. {0630

PATENT AND TRADE
MARK AGENTS

GEE & CO., (H. T. P. Gee, Mem. R.S.G.B,, etc.).
51-52, Chancery Lane, London, W.C.2. Holborn
4547-8. Handbook free.
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ThreeTAYLOR Precision built Instruments

A 32 RANGE A.C.-D.C. METER. The instrument is self-contained in an all-metal case
finished in black crackle, and fitted with a strong carrying handle.
4}-in. moving coil jewelled movement meter which has a sensitivity of 1,000 ohmns per volt
onall A.C. and D.C. ranges, the total resistance on the highest voltage range being | megohm.
Three controls are provided, the right-hand switch selects
The control In the front of the case is for
adjusting the zero on the Resistance scale, and compensates for voltage varlation of.the internal battery. Ou-, .
measurements are obtained with the switch in the A.C. position and resistance readings with it in the D.C. position.
-¥pe metal rectifiers are incorporated for all A.C. measurements,
Every instrument is carefully hand-calibrated and carries a
Pns for operation, together with a set of test leads are supplied.

MODEL 9

The large dial is clearly marked with three scales.
the range required and the left-hand, A.C. or D.C. measurements.

ke latest full-wave Westinghouse instrume:

» ~ro effective up to very high fre ies.

~ervice guarantee. Full di*

¥ AMPS.

- Output D.C. AC.

Ve . 8.1 m/A. 0-1 m/A.

0-. -2.5 m/A 0-25 m/A.
el 0-25 m/A
0-25 5 0-250 m/A.
0-100 \ — J' 0250 m/A.  0.2.5 amps.
0-250 5 " 0-2.5amps.
0-1,000 ¢

requirements ..,

It incorporates a sturdy

OHMS
1-60-10,000. 10-600-100,000.
100-6,000-1 megohm.

* 1,000-60,000-10 meg.hms.
Maximum Resistance
1,000,000 ohms on A.C. or
D.C. Volt Ranges.

* With 60-voltexternal battery.

A general purpose, universal meter, eminently satisfactory and
amply sensitive and accurate for all Radio and General Test

MODEL 90

£8 15. 0.

MODEL 45

VALVETESTER

Accurately checks the mutual

conductance of all English,
American and Continental
valves from as low as 0.25

milllamps per volt, and up to
24 MA/volt, as well as Filament
Continuity, Electrode shorts,
and =Cathode leakage, The
anel has a total of 17 valve
olders of fifteen different
types ranging from the midget
valve holder for testing Deaf-
Aid Valves, to the latest Mullard
side, contact and the American
octal, loctal and bantam bases.

The 4}” square type meter has a
‘* Good, Doubtful, Replace’’
scale showing whether the slope
of the valve is satisfactory and a
specially calibrated scale giving
the cathode leakage of indirectly
heated valves in megohms, and
will measure leakage as high as
10 megohms.

A book of instructions and a
comprehensive valve chart are
issued enabling any type of

MODEL 45 £| 3 20 60

valve to be quickly and accurately tested. .
The instrument is fitted into a steel case, finished in black crackle and operates on A.C.
mains 200250 volts, 40—100 cycles.

Ask for latest Catalogue -

WEBB'S RADIO

OSCILLOSCOPE

This British made Oscilloscope uses a 3-in. hard type Cathode Ray tube
glving a brilliant green image, and has separate built-in amplifiers for both
the Horizontal and Vertical anodes. A linear time base is also incorporated
giving a horizontal sweep, variable between 5 and 15,000 cycles per second,
and a synchronising control enables the linear sweep to be locked to the
fundamental, or a sub-harmonic of the voltage applied to the vertical anode,
making it possible to examine wave form up to about 100,000 cycles per
second. 59 e}

: . A 4 e
With the Model 30 Oscilloscope;”it is possible to measure D.C. or peak
A.C. volts and examine the wave form of oscillators ‘and amplifiers. The
examination of the waveform of a signal at various stages of amplification
helps to locate quickly’the stage at which distortion or non-linear amplifica-
tion is taking place.

The Oscilloscope also makes it easy to check the percentage modulation of

oscillators and transmitters, and is essential for the correct MODEL 30
alignment of band-pass tuners as are used in superhetero-

dyne receivers, it being almost impossible to adjust these

accurately for double peak tuning without its aid.

The instrument Is fully screened, and is fitted into a steel

case 12" X 7° x 15” deep, with carrying handle and G UINEAS

weighs 22 Ibs.

1, SOHO SYREET, OXKFORD STREET, LONDON, W.1.

¥
1 pen 9.0 ¢.m to 6.0 pm.
Birn ingh~m Depot :—41, CARRS LANE.

Sats. | o’clock. Telephone : Gerrard 2089

'Phone :  Mid. 5669
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