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ELECTRONIC
DEVICES for SCIENCE and INDUSTRY

The G.E.C. are specialists in valves and other electronic devices which find many
applications in industry and scientific research.

The following are a few of the classes of electronic tube which have already found their
place in industry.

VACUUM AMPLIFYING VALVES
For all cases in which the amplification of small voltages is required, with continuous
control of amplification over a wide range of frequencies.

As self oscillators for generation of high frequency voltage and power.

VACUUM RECTIFIERS
For Extra High Tension Voltages in cable and condenser testing, etc.
For power rectification at medium and high voltages.
For radio frequency detection. In peak voltmetiers.

HOT CATHODE MERCURY VAPOUR
RECTIFIERS
For high current rectified outputs in radio transmitters and
power circuits.

GASFILLED RELAYS (THYRATRONS)
For trigger controls and various industrial research work used
where an instantaneous release of power is required from a
low voltage source.

PHOTO CELLS
Vacuum or gasfilled - with various characteristics both in
applied voltages and colour response.

ELECTROMETER VALVES
Used in conjunction with glass electrode for pH determination.

CATHODE RAY TUBES
For acoustic tests, sound and waveform analysis, pressure
indication, chemical analysis, educational demonstrations,
monitoring, laboratory instruments, electro-medical and
1 iological investigation, navigation aids, etc.

Advt. of The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2

The fact that goods made of raw materials in short supply owing to war conditions are advertised in
this magazine should not be taken as an indication that they are necessarily available for export.
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INSULA \LATIN) Island Here's one more type of British
made capacitor for which you can thank Dubilier - if you're in a
thanking mood. We used to depend on foreign sources until
Dubilier pioneered the 100% British Ceramic Receiving Capaci-
tors. Now we can show them a thing or two. They are constructed
with low loss ceramic material and finished with wax or high grade

wry enamel to suit operating conditions. Type C.P. are enclosed in a
low loss high resistivity ceramic tube, which is hermetically
sealed. This is an outstanding example of the small dimensions
and high insulatory properties for which the whole range is notable.

DCOcOMIC CO IIIII1 ITO

UBILIE

The name is ... Dubilier
C.R.C12

A
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AT/A916 BRIMAR PRESTIGE

"Our wireless back
home is 0.IC,again
/ managed to get
a i?rimar Palve I"

People who know make Brimar Valves their first
choice. They are unequalled for reliability and
performance. Although still in short supply you
may be able to get the valve you require.

HRIMMI

VALVES
STANDARD TELEPHONES AND CABLES LIMITED, FOOTSCRAY, SIDCUR
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FROM EVERY POINT OF VIEW
Frequentite is the most suitable material for all high frequency applications. Ten
years ago we introduced the first British -made low loss ceramic, and consultation
with us before finalising the design of new components is a wise precaution.

STEATITE & PORCELAIN PRODUCTS LTD.
Head Office: Stourport-on-Severn, Worcester. Telephone: Stourport 111. Telegrams: Steatain, Stourport. SP ZO
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STATIC TWO-DIMENSIONAL visual
delineation of any recurrent law.

RELATIVE TIMING OF EVENTS and
other comparative measurements with ex-
treme accuracy.

PHOTOGRAPHIC RECORDING of
transient phenomena.

SIMULTANEOUS INDICATION of two,
variables on a common time axis
INDUSTRIAL INDICATING and TESTING afford increas-
ing scope for the Cathode Ray Tube as the only device
with the above inherent features, of which the last is

unique in the Cossor DOUBLE BEAM Tube.

The Model 339 Cossor Oscillograph thus equipped is
invaluable on all problems of research, production or
operational testing, when the effect examined is applied
as a voltage. When recurrent the traces are studied
visually and when transient are recorded photographically,
using Model 427 camera.

A. C. COSSOR Ltd.,
INSTRUMENT DEPT.

Cossor House, Highbury Grove, London, N.5
'Phone: CANonbury 1234 (33 lines).
'Grams : Amplifiers Phone London.

-SOLON
SOLON ELECTRIC
SOLDERING IRON

SoloniElectric Soldering
Irons., are, of course,

only available for
essential war

work.

SOLON
ELECTRIC
INSULATION
STRIPPER

SOLON ELECTRIC
SOLDER POT

SOLON Industrial
Electric Appliances
are designed for
practical use under
factory conditions.
They are robust and
efficient.
The Soldering Iron
illustrated is repre-
sentative of a range
which includes
models with various

types of bits suitable for a wide variety of jobs.
The Insulation Stripper provides a quick method of severing the
insulation neatly without damaging the conductor, by means of
an electrically heated wire.
The Solder Pot maintains ills. solder at working temperature.

Please write for Folder Y9.

W. T. HENLEY'S TELEGRAPH WORKS GO., LTD
MILTON COURT, WESCOTT, DORKING, SURREY

TELCON
CABLES

for
HIGH

FREQUENCY
TRANSMISSION
and RECEPTION

Full particulars of all Telcon Products from

THE TELEGRAPH CONSTRUCTION
& MAINTENANCE CO. LTD.
Head Office t 22, Old Broad Street, London, E.C.2

Telephoner London Wall 3141
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The finest rectifier
we know how to build

Thousands can-and will-testify that fifteen
years ago we built rectifiers that are still giving
efficient service . . . and yet today we are
producing better rectifiers than we could have
built even a year ago.
The mass of accumulated experience enables
us to continue pioneering new and advanced
designs and the " Westalite " selenium com-
pound unit is the direct result of years of steady
progress towards even better rectifiers.

WE STINGHO USE' 0
METAL RECTIFIERS

WESTINGHOUSE BRAKE & SIGNAL CO., LTD..
PEW HILL HOUSE, CHIPPENHAM, WILTS

TAYLOR

FAMILY

MODEL 500
5" scale

Size 61" x 51"

MODEL 400
4" scale

Size 41" x

MODEL 350
31- instrument

type.
Flush or Pro-

jecting.

Send your enquiries to

These moving coil instruments are very
soundly constructed, and are accurate and
dependable in use. A very large number of
ranges are available in moving coil, Rectifier
and Thermocouple type Instruments.
Model 400 and 500 instruments are also
available with illuminated dials.
All models are supplied in black moulded
insulated cases, and Alnico magnets and
stainless iron polepieces and cores are used.

We also manufacture several other sizes of
moving coil instruments with scales of Y
and up

Taylor
electrical in/trumentnd

TAYLOR ELECTRICAL INSTRUMENTS, LTD51
4I9-424 Montrose Avenue, Slough, Bucks.

Telephones: Slough 21381 (4 lines). 'Grams : Taylins, lou .
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If your set is on the shelf because of valve

trouble, you will be pleased to hear that

in spite of heavy service demands the

Government is releasing more MAZDA

Valves for civilian radios.

New Mazda Valves in your old set,

whether it is completely out of action or

only showing symptoms of wear and tear

will make all the difference.

Your Dealer has details of all available

types of MAZDA Valves, but in case of

difficulty please write to us:

MAZDA
RADIO VALVES

THE EDISON SWAN ELECTRIC CO. LTD., 155, CHARING CROSS RD., LONDON, W.C.2.
R.M.26.
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THE event of the last month in
the radio industry has been the
inauguration of the new Radio

Industries Council, which is a federa-
tion of the four independent As-
sociations who cover the whole field
of radio and electronics in this
country.

They are, as most readers know,
the Radio Equipment Manufac-
turers' Association (formerly the
R.M.A.), the British Radio Valve
Manufacturers' Association, The
Radio Component Manufacturers'
Federation, and the lately formed
Radio Communication and Elec-
tronic Engineering* Association.

These four Associations will con-
tinue to act independently in certain
respects, but the Council will have
the important function of co-
ordinating the industry as a whole
and acting for it in special technical
or political matters as they arise.

Already the Council has tackled
several problems in co-operation
with the Government, and it is now
concentrating on plans for the re-
conversion of the industry and the
expansion of the export trade.

At the Inaugural Luncheon on
January 18, Mr. F. B. Duncan,
the Chairman of the Council, spoke
of the work which had been done by

Usual disclaimer 1-Ed.

R.I.C.
the various Associations and stated
that in 1942 the radio industry had
grown to 2 times its 1939 size.

Dealing specifically with some of
the immediate post-war problems,
Mr. Duncan said that the first post-
war receiving gets will be similar to
those of 1939, the design and quality
of which had already achieved a
very high standard. The develop-
ments in short wave technique
during the war would lead to better
transmission and reception on this
band and to greater reliability.

On television : " The Radio In-
dustry Council has made its sub-
mission to the Television Committee
under Lord Hankey, and this was
for an immediate restarting of the

"Can I haft. It repaired to, you by
tow o'clock! Of what day and mouth?"

-Radio News

pre-war system of television as soon
as the German war shall end, this
restarting to be not only a station.
in London but an immediate com-
mencement of work on the linking -
up of the whole country by a net-
work of radio, which had, in fact,
been envisaged before the war
began."

The Industry aims to provide
good television sets for the largest
possible public. I am not going to
suggest a price at which the first
sets may be sold. The public must
not expect that the price of post-war
television will be any lower than
1939 in the early stages. Our object
is to serve everyone, and it is
elementary economics that a down-
ward price curve follows an upward
demand curve."

Apart from television, Mr. Duncan
pointed out that a whole new
industry was developing in the
technique of radio frequency heating
and other developments which will
absorb the energies of a- large
number of scientific workers and
provide steadily increasing employ-
ment for those already in the
industry.

A hopeful address and an aus-
picious start for the post-war
prospects of the radio industry as a
whole.



360 Electronic Engineering February, 1945

The "Miniscope "
A Miniature Cathode -Ray Oscilloscope

By M. MICHAELIS, B.Sc.(Eng.), A.Inst.P.*

Fig. I. External view of the " Miniscope."

DURING recent years the
cathode-ray oscilloscope has
shown itself to be indispensable

for numerous purposes. In future it
will undoubtedly achieve even more
general use in such diverse activities
as electronic research and develop-
ment, measurement and checking of
industrial processes, teaching of
science and technology and servicing
of electrical and electronic apparatus,
to mention only a few outstanding
examples.

The use of an oscilloscope is often
precluded by its weight and bulk and
the lack of supply mains on the spot.
The Miniature Cathode -Ray Oscil-
loscope, called the " Miniscope "t
for short, has therefore been designed
to combine general usefulness with
smallness and lightness. Especially
under war -time conditions, when its
use is often called for in most
inaccessible places, this miniature
instrument is repeatedly showing its
worth.

An external view of the Miniscope
is shown in Fig. 1. It is a self-
contained unit measuring about
8 in. x 6 in. x 2 in. and weighing 6 lb.

 Research Laboratories of The General Electric Co.,
Ltd., England.

Trade Mark Registration applied for.

It comprises a power pack operating
from either A.C. mains or an accu-
mulator, a i in. cathode-ray tube,
linear time base, signal amplifier and
attenuator as well as various other
features.

In the following notes a more de-
tailed account of the circuit and
construction of the Miniscope is
given.

Circuit
The complete circuit diagram is

shown in Fig. 2, and the, following
description is written with reference
to this diagram.

(a) Power Pack
With suitable adjustment of the

supply voltage selector, the instru-
ment may be operated from either an
accumulator or the usual a.c. mains.
In the former case, the vibrator em-
bodied in the instrument is used. The
total power consumption of the
Miniscope is about 15 watts. Provi-
sion for operation from an accumu-
lator greatly enlarges the sphere of
application of the Miniscope. Its use
in the field, in vehicles, boats and
aircraft becomes an immediate possi-
bility. Inspection, aligning, check-
ing and servicing of installations can
thus be carried out anywhere on the

scene of (Tel ations and waste of time
and labour in returning faulty gear
to the laboratory or workshop is
eliminated. In these applications in
particular, the small size and light
weight of the Miniscope are greatly
appreciated ; it is carried in a small
leather case slung over the shoulder
and is no bigger or heavier than an
average amateur's plate camera.

Two metal rectifiers MRi and MR2
in a. voltage doubler circuit provide
the H.T. supplies for the cathode-ray
tube, time base and amplifier.

When the amplifier is not in use,
direct access to the deflector plates is
provided. Since, however, it seldom
happens that the alternating com-
ponent of the observed signal is of a
convenient amplitude to be applied
directly to the plates, an attenuator
is provided to reduce large signals by
the necessary amount.

The earthy side of the signal under
observation has to be connected either
to the negative or positive end of the
H.T. supply according as the ampli-
fier is being used or not. The toggle
switch " S. " connects the earthy
input socket " E " to the appropriate
point in the circuit.

The use of a single H.T. supply
for cathode-ray tube and amplifier
permits of a great reduction in size
and weight, and the minor incon-
venience of having to operate the
switch " S.. " as well as changing
input sockets in selecting either
amplifier or attenuator does not out-
weigh the advantage gained.
(b) Cathode -Ray Tube

The t in. cathode-ray tube is used
because of its small overall size and
low operating voltage. Its focal
properties are excellent and the spot
size in relation to screen diameter
compares well with the standard set
by larger tubes. The advance made
in recent years in the quality of these
small tubes is so considerable that
anyone whose opinion Was formed on
those available even only two or three
years ago will be surprised at the
improvement. The definition of the
luminous trace permits comfortable
and accurate observation of the most
complex wave pattern.

The usual brilliance " B " and
focus " F " controls are provided.
In addition external signals may be
applied to the modulator of the
tube through the socket marked
" MOD. IN. " This brilliance modu-
lation is particularly useful in
examination of short duration
transients, when the normal bright-
ness obtainable would prove to be
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insufficient for the high writing
speeds involved. There are many
other uses of this facility, detailed
description of which, however, falls
outside the scope of this article.

One of each pair of deflector plates
is joined to the final accelerator
electrode, while direct connexion to
the other plate of each pair is avail-
able through the sockets " X " and
" Y " on the back panel of the
instrument. The input capacities are
about 20 ttilF and the input re-
sistances 3.3 Mit.
(c) Time Base

A soft -valve time base with a fre-
quency range of about zo c/s. to
25,000 c/s. provides a linear hori-
zontal sweep on the cathode-ray tube.

The coarse velocity control " V, "
selects one suitable condenser for the
desired range of frequency, con-
tinuous adjustment throughout this
range being provided by the fine
control " Vf." The first position of
" V. " renders the time base inopera-
tive and disconnects the X plate and
socket from it so' that an external
signal may be applied to the X plate
through " X " socket.

A sweep amplitude control " S " is
provided and the synchronising signal
for the time base should be fed into

the socket " SYNC. IN." The syn-
chronising voltage is normally de-
rived from the signal itself by
using part of the signal to the Y de-
flector plate appearing at the socket
" SIGNAL FREQ. OUT." Alternatively,
it may also be obtained from the
socket " MAINS FREQ. OUT " or from
an external source.
(d) Signal Amplifier and Attenuator

The single stage resistance -capacity
coupled amplifier using pentode Vi is
of conventional design. The gain is
continuously variable by means of the
input potentiometer " G." The
maximum gain is about x 400 with
a sensibly flat response from so c/s.
to io,000 c/s. The waveforms of
signals of only o. i volt amplitude can
thus be conveniently examined. The
input capacity is about 15 pi4F with
an input resistance of 1M12. The
input capacity of the attenuator cir-
cuit is about 3o AILF and the input
resistance iMn.

The toggle switch " Se," men-
tioned above as providing alternative
.earthing arrangements of the oscil-
loscope circuit, also serves to select
either the output of the amplifier or
attenuator and to join it to the socket
" SIGNAL OUT." Access to both
input and output of either the ampli-

fier or attenuator therefore enables
them to be used separate trom the
rest of the Miniscope proper. In order
to display the output from either of
them on the tube, however, it is
only necessary to link the socket
" SIGNAL OUT " to the " Y " or " X "
sockets.

In addition to these alternativt
input circuits for A.C. signals, D.C.
observations may be carried out by
applying the signal direct to the "Xi'
or " Y " sockets.
Construction

The internal construction of the
Miniscope is shown in Figs. 3 and 4.
Some of the components are shown
numbered as follows :-

I. Mains transformer.
2. Metal rectifiers.
3. Voltage doubler and smoothing

condensers.
4. Mumetal tube enclosing cathode-

ray tube.
5. Time -base condensers.
6. Time -base gas -filled triode V,.
7. Amplifier pentode V,.
8. Octal base valve holder on top

of case.
9. 4 -pin valve holder for vibrator.
The Mumetal screen around the

cathode-ray tube is provided to
eliminate unwanted deflections of the

Rz

b

C,

Atten Sync.In

Cs

S.
.

AC Maim

Accumulator

Mains F eq Out

C,

Fig. 2. Circuit diagram of the " Miniscope."
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Fig. 3. Internal view of the " Miniscope " (with left side
panel removed).

spot by magnetic fields such as may
be caused by transformers, magnets,
etc., in the vicinity.

The octal base valve holder on the
top of the instrument (see Fig.. 3)
carries L.T. and H.T. supplies from
the poet pack. These supplies may
be used to operate external plug-in
units of sufficiently small dimensions
to fit on to the top of the case. Among
such units mention may be made of
the following :-

(i) A second cathode-ray tube, time
base sweep voltage for which may be
obtained from " X " socket. This
will give a " double -beam " facility,
although, of course, the two traces
can only be superimposed by some
external optical method.

(2) Various types of time bases
generating, for example, high-speed,
single -stroke or circular sweep
voltages..

(3) Various types of amplifiers,
e.g., those providing wide -band
response or D.C. amplification.

These units can be operated singly
or in combinations as required.

A short tubular hood is fixed over
the screen end of the 6.thode-ray tube
to provide means of supporting view-
ing lenses or camera attachments if
required. It also serves to hold
a green celluloid filter in front
of the screen. This renders the
luminous trace much more easily
seen in daylight because, since

Fig. 4. Internal view of the " Miniscope " (with right side
panel removed).

the trace is green, light from it
kill not be appreciably attenuated
in intensity on passing through the
filter. Light from external illumina-
tion, however, after reaching the
screen and being reflected from it,
has passed twice through the filter
and is therefore considerably at-
tenuated in all but the green parts
of the spectrum. The apparent bright-
ness of the luminous trace in com-
parison with its background is thus.
enhanced.

A hinged support under the front
panel of the instrument enables the.
(Miniscope to be tilted so that th
screen may be viewed at an angle of
about 2o° to the vertical. This posi-
tion is found most useful in general
bench work. It was decided to tilt
the whole instrument, instead of
mounting the tube at an angle in the
case, in order to conserve space.

All the tube, time base, amplifier
and attenuator controls are mounted
on the front panel underneath th'
screen, as are. the three input termi-
nals and toggle selector switch (see
Fig. 3). The potentiometer and
variable resistors used are miniature
components rated at ti to watt.

Deflector, plate,  signal output and
synchronising input sockets are ar-
arranged on the back panel .in a
manner convenient for joining up the
various internal circuits by short
links (see Fig. 4).

The back panel also carries the
mains input lead and supply voltage
selector as well as the valve holder
for the vibrator. The vibrator may
be seen standing at the left of the
Miniscope in Fig. i. It need only
be plugged into its holder when using
the instrument on the accumulator
supply but it may be left in position
without being damaged when operat-
ing from A.C. mains supplies.

Most of the components are mounted
on two tag boards across the width
of the instrument and are thus easily
accessible after removing the two side
panels. In addition, the front panel
can be removed separately, and the
same applies to the internal sub-
assembly holding the mains trans-.
former, amplifier valve and tag
hoards.

Future Development

The Miniscope in its present
form represents the first step towards
a general purpose miniature oscil-
loscope. Different applications will
doubtless entail special modifications
of its circuit and, in fact, work is
already being done in this direction.

The system of providing small ex-
ternal plug-in units to cater for
particular requirements should, how-
ever, enable the Miniscope to be
readily adapted to meet new problems
as they arise.



February, 1945 Electronic Engineering 363

Photographic Materials for the Electron
Microscope

By L. V. CHILTON,* E. M. CROOKt and F. M. L. SHEFFIELD+
This paper, from which the following is an abbreviated extract, was delivered at a joint meeting of the
Royal Photographic Society (Scientific and Technical Group) and the Association for Scientific Photo-

graphy held on November 25, 1944.

THE work to be described arose
trom some tests carried out with
the limited objects (a) of

examining the performance of a wide
range of Ilford plates in the R.C.A.
Type B Electron Microscope; (b) of
determining the best Ilford plates for
recording electron images of a rather
specialised class of objects, viz., plant
viruses, and the best conditions in
which to use these plates. The
majority of the plates studied were
selected as being likely to give high
contrast. The general scheme was
that selected types of plates were ex-
posed to electrons at Rothamsted
and returned to Ilford for processing
and measurement, in comparison with
similar plates exposed to light.

In spite of the narrowness of the
scope of the tests it became evident
that some of the observations made
were likely to be of general interest,
whether from a practical or
theoretical point of view, the more so
because relatively little had hitherto
been published on the subject:
Experimental Details
A. The Electron Microscope and General
Exposing Procedure

The R.C.A. Electron Microscope
(Type B) in which the exposures were
done consists of an electron gun with
controllable accelerating potential
and a set of magnetic lenses compris-
ing condenser objective and projector
(" eyepiece "). When used for
microscopy, the, focused electron
image is received on a fluorescent
screen coated with willemite (Zn
orthosilicate). This can be swung out
of the beam to expose the photo-
graphic plate beneath, and acts as
the camera shutter. The plates are
io in. x 2 in., and a masking device
makes it possible to select picture
lengths from 4 in. to 3 in., but does
not allow the width to be varied from
2 in. In most of the work reported
here the plates were cut so in. x I in.,
so that two could be accommodated
side by side in the cassette.

The accelerating potential can be
varied from a nominal 3o kV to a
* Messrs. Ilford, Ltd.
t The Rothamsted Experimental Station.

nominal 6o kV in steps of 5 kV by
a panel -mounted control. The con-
trol is effected by means of a
reference dry battery and electronic
stabiliser. It was found, by reducing
the size of the battery, that the lower
range could be extended to 55 kV
without overloading the stabiliser.
The high voltage is controlled by.
feeding the stabiliser through a
5,000-megohm potentiometer, one
side of which is connected to the
H.T. and the other grounded. There
is thus a leakage current through the
high resistance-approximately i µA
per kV accelerating potential-and
this is included in the current regis-
tered by the microammeter measur-
ing the electron beam current.

In making exposures, the objective
lens current was always .adjusted
proximately to focal value for the
accelerating potential in use. The
magnification produced by this lens,
used at a fixed object and image
distance, is inversely proportional to
the focal length and is thus (i)
directly proportional to the square of
the current in the lens coil ; (ii) in-
versely proportional to the accelerat-
ing potential.

As the energy density incident on
the plate is inversely proportional to
the square of the magnification, some
means had to be found to correct for
this sq that incident energy density
at the plate is always the same irres-
pective of kV. While it would have
been possible to calculate approxi-
mately the necessary magnification
corrections and make them by means
of adjustments in the projector lens
current, the following procedure,*
which allows a definite relation to be
established between the energy
density at one kV and that at 'another,
was adopted.

A Leitz " Monlar " lamp Was
fitted with two No.. 78 and one No. 58
Wratten filters and. a neutral grey
filter so that it gave a light of ap-
proximately the same. colour as the
fluorescent screen, and of the correct
* Based on method described by Dr. Smiles,
(N.M.R.C., Hampstead) and due originally to the
N.P.L.

intensity. This was used, to project
a bar of light onto the screen, con-
tiguous with the fluorescent bar pro-
duced by the masked -down electron
beam. With the controls set at 6o
kV, focal value for condenser and
objective lenses, and maximum value
for projector lens, the beam current
was varied until the intensity of the
two fields was the same. The required
gross current was 370 µA, and this
was regarded as the (arbitrary) "cali-
bration " current. Exposures were
.done at the 6o kV range with control
settings as for calibration.

For any other kV range, the con-
denser and objective lenses were set
at focal value (determined previously,
using a specimen in the machine),
the beam current adjusted to 370 ILA
and the projector setting (i.e., final
magnification) varied until the
fluorescence and reference fields were
the same intensity. Exposures were
then made at these settings. It be-
came necessary to modify this proce-
dure for the low kilovolt ranges.
Here, in the low projector ranges, the
available steps are too large to make
possible accurate matching of the
fields. The projector was therefore
set at the nearest step above match-
ing value and the final adjustment
was effected by slightly de -focusing
the condenser.

The procedure used for making the
exposures was as follows. The plates
were loaded into the cassette in the
darkroom using appropriate safe -
lights, after appropriate numbering-
two io in. x i in. plates side.by side.
The cassette was then inserted into
the machine and pumped out (2o to
30 min.). After centring the electron
beam, " calibration " was carried out
as described above, the mask width
set to take LI in. long pictures and
the exposures made as rapidly as
possibM Two operators worked, one
recentring the beam and making the
exposures, the other holding the
beam current as constant as possible
during each exposure. It was not
always possible, owing to mains
fluctuations, to maintain a constant
beam current, and when this was so
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an " eye estimate " was made of the
average current during the exposure.
Recentring was in general necessary
between exposures, but experiment
showed that the intensity was
not detectably altered by this proce-
dure when the reference light was
used as standard. After exposure, the
plates were removed and packed in
the darkroom, and sent to Ilford for
processing and measurement.
B . Details of Actual Tests
(i) Plates Tested. These were :-
S 15o5*No. 1. Gaslight lantern.
S 1495 No. 2. Photomechanical.
S 1492 No. 3. Halftone (without usual

sensitising dye).
6914 A No. 4. Contrasty special lan-

tern (process).
6941 E No. 5. Special process (with

panchromatic sensitis-
ing dye).

S 1494 No. 6. Rapid process panchro-
matic (but without sen-
sitising dye).

S 1406 No. 7. X-ray (single -coated on"
glass).

* Experimental coating numbers.

As they stand, these plates form a
series roughly of increasing speed
and decreasing contrast to light. Of
these plates Nos. 4 and 5 are substan-
tially identical except for the presence
of an optical sensitising dye in No. 5.

(ii). Exposure and Development.
The exposure of these plates to
electron beams has been described in
general terms above. At each kilo -
voltage studied each plate was ac-
tually given, in the electron micros-
cope, a logarithmic scale of expo-
sures-generally an intensity scale.
Six steps of exposure were usually
given, covering the range of net beam
currents from 20 ILA (considered the
minimum reliable value) to 44o FA
(the maximum possible at 6o kV),
i.e., the nominal net beam currents
aimed at formed the series 20, 37, 69,
128, 237 and 440 ILA. Table
gives a typical experimental set of
electron beam exposing data for a
pair of elates exposed together.

Similar series were exposed, for
each type of plate, at kilovoltages
increasing from 15 kV by 5 kV steps
to 6o kV. Additional plates were
exposed to light for the same time
(io secs.) and developed alongside the
electron -exposed plates. The light
exposures were made behind a neutral
wedge, suitable illumination levels
for the very diverse types of plates
examined being obtained by varying
either the intensity of the light source
or the exposing distance.

Development of the plates was

TABLE I
Plate Type No. 2 : Photomechanical - - - - Plate marking 2/60

No. 6: Undyed Process Pan - - - 6/60

Plates exposed side by side at nominal 60 kV (beam current correction -59µA at this
ki lovoltage)

Exposure time : 10 secs.

Beam Current : Nominal 79 96 128 187 296 499 µA
Est. Mean

(le)
Net (In)

79
20

96
37

128
69

186
127

294
235

505 µA
446 µA

Log In 1.30 1.57 1.84 2.10 2.37 2.65

carried out using brushing technique
with groups of six plates, comprising
five exposed to electrons and a con-
trol exposed to light. In every case
the developer employed was of a type
which might normally be used with
the plates concerned; thus, in all
cases but Plates Nos. 7 and 8, de-
velopment was for 3 min. at 650 F.
in ID -13 (caustic hydroquinone), but
for No. 7 an ordinary X-ray de-
veloper was used (M.Q. carbonate,
ID -19, 5 min. at 65° F.). The plates
were fixed, washed and dried in the
usual manner and their densities read
on a B.P.R.A.-type densitometer.

(iii) Electron -Beam Characteristic
Curves. For each type of plate a
family of characteristic curves was
constructed, each curve being a plot
of measured density against the log
of net beam current (h). For con-
venience the curves of each family
were plotted with a constant small
displacement of one curve from the
next of 0.2 unit of log In, the change
of accelerating voltage from one
curve to the next being 5 kV. Typical
curves for some of the plates studied
are shown in Figs. i and 2. Plate
No. i (gaslight lantern) was found
to be too insensitive to give any ap-
preciable density under the electron
exposure conditions employed.

Great difficulties were expefienced
in exposing some of the plates with
sufficient reliability. Most of these
difficulties were associated' with
variations in the electron beam cur-
rent during exposure, though in some
cases (especially at low kilovoltages)
the developed photographic density
was not unifbrm and was conse-
quently difficult to measure with con-
fidence. The shutter -operating me-
chanism was also found difficult to
handle with precision. It was hoped
that variations due to this cause
would be reduced by employing the
fairly long exposing time of to secs.,
but the choice of such exposure intro-
duced a greater difficuley in main-
taining the requisite beQrn. uniformity.
In passing, it should CO mentioned

that exposures of z secs. or less on
this instrument are extremely difficult
to apply, and it is hoped that a
radically improved form of shutter
and shutter control will be intro-
duced in electron microscopes that
may come on the market in the
future.

(i) Contrast Data. Plates Nos. 2
(Fig. i) and 6 (Fig. 2) were the first
to be examined. Their characteristic
curves show a number of points of
similarity, but others of significant
difference. In the first place, both
plates showed a progressive rise in
gamma (maximum slope) with in-
creasing kilovoltage, and a tendency
for the curves obtained at lower kilo -
voltages to develop " shoulder " at
relatively low densities, indicating
that the materials would have low
contrast in these regions, or even
perhaps a low maximum density.
Actually, Plate No. 6, exposed at
15 kV, showed a maximum density
of about 1.36, whereas similar plates
exposed at kilovoltages above 40 kV
gave densities beyond the range of
the densitometer (3.8 approx.). The
somewhat restricted range of expos-
ing conditions made it impossible to
follow the complete course of the
characteristic curve at many of the
kilovoltages studied and values
quoted for gamma are in some cases
correspondingly uncertain. However,
gamma has been plotted against kilo -
voltage for these two plates as shown
in Figs. i and 2. The curves are
substantially linear, but there is
naturally some doubt as to their
course at the higher kilovoltages ; for
example, they may turn over to a
maximum value. In the case of
Plate No. 2, the gamma values are
considered reliable up to 45 kV, at
which the curve between gamma and
kV shows signs of flattening. Similar
reliance can, it is thought, be placed
on curves for Plate No. 6 up to 45
kV. This variation of gamma with
kilovoltage was entirely new to us
at the time it was observed. It is
at variance with the observation of



February, 1945 Electronic Engineering 365

4

3

z
0

0

.6
0

KV 40 6024

4

oi

LOCO In

Fig. 1. Electron -beam characteristic curves of Plate
No. 2-Photomechanical. (Abscissa scale unit same as
that of ordinates : short vertical stroke on each curve

ponds to log In = 2.)

Baker, Ramberg and Hillier' that
with the Eastman medium lantern
plates the characteristic curves ob-
tained same form over the kV
range from 4o to 212 kV. Reference
to similar variations to that found
by us has since come to light in a
paper by von Borries2 who examined
a series of Agfa and Perutz plates at
kilovoltages from 18 to 220 kV.

Plate No. 7 showed this variation
of slope with kV to an even more
marked extent. At kilovoltages in
the range 45 to 6o kV the charac-
teristic curves obtained have a maxi-
mum at a density round about 2.5.

Plates Nos. 4 and 5 were of gener-
ally similar behaviour, but great
difficulty was experienced in obtain-
ing smoothly reproducible exposures
on the occasion when they were
studied.

Plate No. 3 gave results qualita-
tively very similar to Plate No. 2.

This increase of contrast with
kilovoltage, at first sight somewhat
surprising, appears to be undoubted-
ly due to the absorption of electrons
by the outermost parts of the photo-
graphic emulsion layer, an absorp-
tion which will be the more complete
the lower the energy of the electrons.
It does not seem to indicate any
essentially different photo -chemical
reaction between electrons of different
energy with the emulsions studied.
No doubt the suggestion might be
made, though we adduce no evidence
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Fig. 2. Electron -beam charac-
teristic curves of Plate No. 6-
Rapid process panchromatic

(without sensitising dye).
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Fig. 3. Comparison of characteristic curves to 45 -kV
electrons (curves identified by Plate numbers).

in its support, that if an emulsion
could be produced having a suffi-
ciently high content of sensitive ma-
terial in a medium of sufficiently
low absorption, a unique electron
characteristic curve might be obtained
at all kilovoltages, just as in the case
of X-rays the inherent sensitivity of a
photographic emulsion to X-rays is
similar at all kilovoltages.

Although the characteristic curve
of a photographic emulsion to X-rays
is independent of kilovoltage, it  is
well known that the contrast of a
radiograph of a given object de-
creases the higher the energy of the
X-rays, and that this is simply due
to the greater absorption of low -
voltage X-rays by the object, and the
correspondingly greater differentia-
tion of different parts of the object
having different absorptions, when
rays of low energy are used. It may
be that a similar result is to be
expected with electron exposures,
i.e., that with higher electron kilo -
voltages the contrast of an electron
microgram of an object would be
lower than at low kilovoltages. Such
an effect has not been observed in
the study of viruses at Rothamsted.
In fact, visual inspection of micro-
grams on photomechanical plates
would suggest that higher contrast is
obtained at higher kilovoltages,
though the difference in contrast is
small over the rather restricted range

of kilovoltages normally used in the
R. C. A. instrument.
(ii) Speed Data : Relative Speeds of Different

Plates to Electrons and to Light
(a) Comparison at a Given Kilo-

voltage.-At any kilovoltage the rela-
tive speeds of different plates may
be compared directly in terms of the
values of log I. required to produce
selected densities. For example, in
Fig. 3 are assembled the characteris-
tic curves of six plates to 45 -kV
electrons. Table 2 summarises the
interpolated values of log I. (electron
exposures) and log E (light expo-
sures) to produce densities of I, 2
and 3.

It will be seen from the Table that
the plates studied exhibit a much
smaller range of speeds to 45 -kV
electrons than to light; for example,
at a density of 2, the range of light
speeds is too to t (antilog of 2.00),
while the range of electron speeds is
only 12.9 to I (antilog of LW. The
relation between light speed and
electron speed is fairly systematic, as
shown in Fig. 4. It may be noted
that plates 4 and 5, whose speeds to
light differ in the ratio of about 3.3
to i (due to the sensitising dye), have
practically the same speeds to elec-
trons, as might be expected.

(b) Comparison of Speeds at Dif-
ferent Kilovoltages.-An absolute
comparison of plate speeds at dif-
ferent kilovoltages from our data -de-
pends on a knowledge of the fluores-
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TABLE 2

Plate
No.

Electron Exposures
(Rel. log In)

Light Exposures
(Rel. log E)

Density Density
1 2 3 I 2 3

2 2.18 2.44 2.70 0.94 I 06 1.16

3 1.94 2.18 2.34 0.16 0.34 0.49

4 1.42 1.71 1.93 1.52 1.72 T.86

5 1.36 1.73 1.99 1.02 1.19 T.34

6 1.33 1.68 2.72 1.06 T.36
7 1.67 2.90 1.46 -

cence efficiency of willemite to
electron beams.

If the accelerating potential is V,
the net beam current in, and the mag-
nification M. then the energy E inci-
dent on unit area of the plate or the
fluorescent screen is

IM2, where K is a constant.
Itegarding the relation betwepn

E and fluorescent brightness B,
Rupp' quotes results by Schnabel'
showing that, for willemite in water -
glass suspension bombarded by elec-
trons of energy up to 36 kV,
B=Ki(V - V being measured in
kilovolts, while for electrons of
constant energy (12 kV) B is also pro-
portional to beam current. Combin-
ing these two relations, B =
(V -10). Rupp supposed that the
departure of the straight line from
the origin was due to the water -glass
medium and suggested that the
inherent fluorescence or the willemite
should be represented by B =Kali/ .
Applying these last two relations to
the electron microscope, with net
beam current I. when 'working at
magnification M, we have :-

B=K.I.(V-io)/M2,
or, as an alternative,

13.=K51V IM'.
Now M .was so chosen that, when

gross beam current was fixed at
370 µA, B was brought to a fixed
value. M was measured on two occa-
sions as a function of kV, the second
giving results believed to be' the more
reliable. Plotting M'/I against V,
it was found that the data were
reasonably well represented by :-

M2//..--(i.i x io9)(V-5).
There was some uncertainty about

the last constant, but the best line
certainly did not pass through the
origin.

We could thus make the desired
speed comparison by replotting the
curves of Figs. i and 2 (and similar
curves for the other plates) with
abscissae increased by log (V V V-5),
bringing them together on a common
abscissa scale.

The amount of the correction is

very small at higher kilovoltages
(0.04 at 6o kV) and rises to 0.18 at
15 kV. The curves so replotted are
not reproduced here, but showed that
the plates studied fall roughly into
three groups : (1) those which, like
Nos. 2 and 3, exhibit little change
of sensitivity with kV over the
greater part of the kV range studied,
but a sharp rise in sensitivity at the
highest kV's; (2) those like Nos. 4
(and its anarogue 5) and 7, which show
a steady rise of sensitivity with kV to
a maximum near the upper end of
the range, and (3) No. 6, which
shows a practically linear increase of
density with kV, with no sign of a
maximum. It may be mentioned that
Baker, Hillier and Ramberg' found
maximum sensitivity in the Eastman
medium lantern plates in the neigh-
bourhood of too kV, while von
Borries' found that the sensitivity of
Agfa and Perutz plates varied with
kilovoltage and passed through
maxima at kilovoltages varying from
32 kV upwards.
General Notes on Choice of Plates and on

Reproduction Techniques
In the case of tobacco -mosaic virus,

one of the principal objects studied at
Rothamsted, even a relatively slow
plate such as photomechanical «as

3

CC

Fig. 4. Relation be- ei
tween light speed and -(45 -kV) electron speed
(N.B.-Scales are of log 2
exposure for the refer-
ence densities used :
i.e. the inverse of log

speed.)

0-/

amply fast enough. The main need
was to obtain adequate contrast.
Since the photomechanical plate ex-
hibits some " foot " and does not
attain its maximum slope below a
density of approximately 0.7, there is
an evident advantage in increasing
the exposufe (beam -current control)
to give such minimum densities in
the electron microgram. More opaque
objects,' such a bacteria, are not so
readily penetrated, however, and a
faster material such as No. 6 is
probably required ; in any case, how-
ever, an endeavour should be made
to expose on the straight region of the
characteristic curve.

The objection is sometimes made
that such relatively dense electron
micrograms become difficult to en-
large. Some rough experiments have
been 'carried out, however, using a
simple intermediate printing tech-
nique which does away with this ob-
jection and, at the same time, pro-
vides afr further control of contrast.
According to this technique, the elec-
tron microgram is first contact -
printed onto any selected material to
form an intermediate positive "
transparency hiving a sufficiently
low minimum density and this "posi-
tive " is then projection -printed. If
desired, of course, a further printing
stage can be introduced to bring
about a reversal of the image.
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High Vacuum Gauges
By M. PIRANI, Dr.Phil., F.Inst.P., F.S.G.T., and R. NEUMANN, Dipling.

Part III

(c) Heat Conductivity
As was shown by the investiga-
tions of Maxwell," Kundt and
Warburg" and others there

exists a close relation between heat
conductivity and viscosity of a gas.
Therefore, some of the statements
made above refer also to conductivity
gauges. This refers especially to the
pressure ranges for which these
gauges are applicable. Maxwell had
stated that viscosity and thermal con-
ductivity must be independent of the
density of the gas, as in the expression
derived for viscosity the latter is
proportional to the product of mean
free path and density and as the mean
free path changes inversely with the
density. But this result loses its
validity for very dilute gases in
which the mean free path is large in
comparison to the dimensions of the
apparatus. In this case " the con-
ductivity for heat must rise from zero
at first proportionally to the density
of the gas, then more slowly when
the lengths are commensurable "
(Nernst)."

The deviation from Maxwell's pre-
diction is seen if one plots the results
of the experiments of Kundt and
Warburg concerning the time of
cooling 'of a thermometer in air as a
function of pressure. While for
pressures between 76o and, about to
mm. Hg the prediction holds true
there is a definite rise of the cooling
time to be noticed at smaller
pressures.

Crookes" repeated Kundt and
Warburg's experiments extending
them down to a pressure. of a few
millionths of an atmosphere (about
io-8 mm. Hg). He gives in a very
instructive graph the results of his
measurements together with the curve
showing the mean free path as a
function of pressure.

A similar behaviour is shown by
Schleiermacher's experiments." He
observed the temperature rise of an
electrically heated platinum wire at
different pressures. While for pres-
sures between 365 and o.3 mm. Hg
the temperature rise was nearly con-
stant (between 6.g° and 7.8° C.) it
rose to 15.70 C. at 7 x to -2 mm. Hg.

Fig. 19. Pirani's hot wire gauge.

Bottomley's experiments" extended
to still higher vacua and he showed
that in lowering the pressure from
76o to 7 x to' mm. Hg the total
emission drops in the ratio 21.5 :
and correspondingly the current in
the ratio 4.6: 1. Among the
gauges based on the conductivity
principle the hot wire gauge (Pirani,
1926) in its original form and in its
different modification is the one most
extensively used."

The following quotations may not
be out of place :-

Kundt and Warburg :" "The cooling
speed of a thermometer which can be
measured with great accuracy is an
excellent yardstick for the quality of
the vacuum."

Smoluchowski" (Abstract) : The re-
duction of the heat conductivity and
the viscosity in a gas at reduced
pressure begins when the mean free
path of the gases becomes of the
same order as the dimensions of the
vessel in which the measurement is
made. At very high vacua when
practically no collisions take place,
but the molecules fly from one wall to
the other without colliding, the heat
transmission is exactly proportional
to the number of molecules which are
present, i.e., the gas pressure.

Pirani's Diary of 8th June, 1906:
Note.-" The present attempt to use
the heat conductivity for the meas-
urement of low pressures does not
present a new concept, but seems
anyway a promising practical appli-
cation of the observations of Warburg
and others."

Generally speaking, the interest in
high vacuum measurement is the

outcome of modern technical develop-
ment with its need for speedy and
if possible automatic operation.
Evidently the start has been made by
the needs of the vacuum lamp indus-
try for which first the pumps and
then the measuring methods were
developed. In 1905 the manufacture
of tantalum lamps was started at the
works of Siemens and Halske. These
lamps required a higher vacuum than
the carbon filament lamp as the metal
was very sensitive against gases in
the presence of which it becomes very
brittle. A quickly acting automatic
method was needed for the measure-
ment of the gas quantities evolved
during the different stages of the ex-
hausting operation. One of the
authors was given the task of design-
ing an appropriate instrument and
solved it by developing the hot wire
gauge.

As an effect of the measurements
with this gauge the exhausting
schedule was altered as it had been
found to be much more advantageous
repeatedly to " flash " the filament to
very high temperatures for a short
time than to heat it gradually up to
the operating temperature and keep
on with pumping as was done before.
The gauge also gave the possibility
to study the differences of different
glasses used for the bulbs and stems
-especially with regard to the "water
skin"-as well as the behaviour of
different metals used as supports.

The principle of the hot wire gauge
consists in observing the changes of
resistance, voltage or current of an
electrically heated wire enclosed in a
container communicating with the
vacuum system the pressure of which
is to be measured. One of, the three
characteristic quantities is kept con-
stant and the changes of one or both
of the other two as dependent on
different pressures are observed.
There is quite a variety of different
connexions for carrying out the
measurement. The one principally
used is the Wheatstone bridge con-
nexion shown in Fig. 19. In order
to make the measurements as far as
possible independent of changes of
the surrounding temperature and of
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the operating voltage it is advisable
to make resistance W, of the same
design as W4 and to adjust it to the
conditions preferably to be measured
with regard to pressure, kind of
gas, etc.

Fig. 2o shows the design of a hot
wire gauge as manufactured by W.
Edwards & Co., Ltd., Figs. 21 and
22 that of Cambridge Instrument Co.,
Ltd. The hot wire gauge is calibrated
with a McLeod gauge. As heat
conductivity depends not only on
pressure but also on the specific
heat, and the size of the molecules,
the calibration must be carried
out for every gas separately. If the
pressure of corrosive gases is to be
measured, the wire may be enclosed
in a glass or preferably quartz sheath-
ing. King" proposed to use a glass
spiral filled with mercury as a
resistance.

Various modifications have been
proposed for the hot wire gauge, but
most of them are hinted at in the first
publication. Fig. 23 shows a design
proposed by Brown-Boveri. Here the
opposing arms a, c of the Wheatstone
bridge network are arranged inside
an H-shaped extension of the vacuum
chamber, the other arms b, d being
connected between the ends of the
cross tubes. In order to make the
gauge independent of the room tern-
pefature all the arms of the bridge
network are made of conductors of
the same temperature coefficient
(German Patent 429791).

Fig. 20. Pirani gauge.
(W. Edwards and Co.)

Fig. 24 shows a design in which a
number of wires c connected in
parallel and arranged so that they
run parallel to the walls of the bulb
serve for increasing the sensitiveness
of the gauge. The heat lag is de-
creased and the temperature jump
between wire and gas is reduced.
The design is due to v. Issendorf
(German Patent 541758).

Various means for increasing the
sensitiveness of the gauge were in-
vestigated by Hale," who recommends
the use of a fine wire with a high
temperature -resistance coefficient to
be connected in a bridge network with
three resistances of negligible tem-

perature coefficient. A constant
potential is applied to the network,
and the change in resistance of the
wire due to its change of temperature
with varying gas pressure is measured.
Hale also describes in detail the
method of calibration of this gauge
with a compression gauge. He found
the gauge to be reliable down to
pressures of io-9 mm. Hg.

Contrary to Hale, but according to
a method also mentioned by Pirani in
the original publication, N. R. Camp-
bell and collaborators' measured the
potential which must be applied to
the bridge network in order to keep
the resistance and temperature of the
wire constant. In this arrangement
the gauge was used successfully for
the microanalysis of gases.

A sensitive hot wire gauge applic-
able for pressures down to 2 X II3-"
mm. Hg was developed at the Re-
search Laboratory of the M.O. Valve
Co. by Le Rossignol and used by
A. L. Reimann" for the investigations
of the clean-up of hydrogen by a
magnesium getter.

A combination of a hot wire gauge
with a McLeod gauge was proposed
by A. H. Pfund" in order to extend
the range of the lattei in a similar
manner as was proposed a few years
later in the combination of McLeod
gauge and discharge tube (Stintzing,
see above). Both proposals make use
of the fact that the pressure in the
closed capillary of the McLeod gauge
is considerably higher than in the
vacuum to be measured and, there -

6687

Fig. 21. Cambridge micro -vacuum gauge -Indicator. (Cambridge Instrument Co., Ltd.)
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fore, measurable by means of gauges
applicable to higher pressures.

Quite recently a recording hot wire
gauge has been developed by Dr. G.
Keinath for Great American Indus-
tries Inc., U.S.A. (unpublished pri-
vate communication). The recording
instrument proper is based on the
" sweep balance " principle and
capable of higher speeds than older
designs. A special recording paper
is applied as it is used with facsimile
recorders. It takes only o. i milli-
second to make a recorded point.
In place of the hot wire a platinum
ribbon is used, about o.oi mm. thick.
The gauge covers the range from
ro--' to to' mm. Hg in five decades
with perfect logarithmic calibration.
The main difficulty was that the
change of resistance between ro-' and
to -6 mm. Hg is only of the order of
0.1 ohm.

Various proposals have also been
made to design hot wire gauges on
the same principle as hot wire am-
meters, using the change of length of
a heated wire in an indicating instru-
ment (e.g., German Patents 202524,
295259), or to use a thermocross inside
a vacuum bulb, one wire being fed by
a constant A.C. and the e.m.f. of the
soldering point being measured by
galvanometer of the indicator or
mirror type (Voege)." Another design
uses thermocouples in a vacuum tube
irradiated from outside by a constant
source of light (Rohn, German Patent
268896). As an example Rohn gives

the following results of measure-
ments :-

discharge tube used for a qualitative
determination of pressure. The

760 I ro-i ro-' to-` ro-' mm. Hg
1.1 1.2 1.3 1.7 4 6.5 7.2 mV

Also, the deformation of a bimetallic
strip enclosed in the vacuum chamber
may be used for indicating the pres-
sure. (E.g., German Patent 437846
Brown-Boveri.)

Finally, the vaporisation manometer
of Herzog and Scherrer" should be
mentioned which is applicable for
pressure between to -2 and ,o-' and
which measures by means of a simple
U-tube the speed of vaporisation  of
solid carbonic acid or liquid air con-
tained in a chamber similar to that
used in a liquid air trap. The device
is specially suitable for demonstra-
tions in lectures.

(d) Ionisation
One kind of ionisation gauge has

previously been dealt with. It is the

Fig. 23 (above). Pirani gauge of Brown-Bover

Fig. 24 (below). Pirani gauge of Siemens-
Schuckert (v. Issendorf).

C
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Fig. 22. Cambridge micro -vacuum gauge-
Katharometer. (Cambridge Instrument Co., Ltd.)

ionisation gauge for quantitative
measurement was developed during
the last war independently by
Hausser-Ganswindt and Rukop (Tele-
funken)" on the Continent and by
Buckley" in U.S.A.

In Buckley's design the manometer
" consists of three electrodes-the
cathode, anode and collector of posi-
tive ions. The cathode may be any
source of pure electron discharge, e.g.,
Wehnelt cathode or heated metallic
filament. The collector is preferably
situated between anode and cathode.
A milliammeter measures the current
to the anode and a sensitive galvano-
meter that to the collector, which is
maintained negative with regard to the
cathode and thus picks up only posi-
tive ions. If no gas were present in
the tube a pure electron current would
flow, no current would flow to the
collector. When gas is present, posi-
tive ions are formed in amount pro-
portional to the electron current and
to the number of gas molecules
present and a certain proportion of the
positive ions will flow to the collector.
Hence the ratio of the collector cur-
rent to the anode current is propor-
tional to the pressure and may be used
to measure the pressure when the con-
stant proportionality is known."
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The Telefunken gauge is very
similar but is used in two different
connexions as shown in Figs. 25 and
2,6. The gauge consists of an ordinary
triode with a hot tungsten cathode.
Ionisation takes place by impact. In
connexion A the ion current flows to
the grid which has a small negative
potential, the electron current is
measured in the anode circuit. In
connexion B the ions are collected at
the negative potential anode while the
electron current is measured in the
grid circuit. While connexion A is
easier for theoretical treatment con-
nexion B is more sensitive as may be
seen from Fig. 27, based on measure-
ments with Telefunken valve Ngia in
nitrogen. This figure shows the func-
tional relation between pressure and
ratio of ionisation current and electron
current. Proportionality between the
positive ion current and pressure
exists if the electron current is chosen
so that, on the one hand, glow dis-
charge and on the other hand-with
strong currents and very low pres-
sure-saturation of the ionisation
current are prevented. The ionisation
gauge must be calibrated with a
McLeod gauge separately for the kind
of gas for which it is to be used.

According to A. M. Skellett," for an
investigation on the dissociation of
hydrogen the ionisation gauge had to
be replaced by a hot wire gauge as the
former absorbed too much of the gas.

This drawback is also mentioned by
Gaede" who states that in an ionisa-
tion gauge in which the electron path

Pressure
mm. Hg
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Fig. 25. Ionisation gauge, connexion A.
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Fig. 26. Ionisation gauge, connexion B.

Milliammeter

was lengthened by a magnetic field
the gas absorption was so strong that
the pressure dropped to x 3o of its
former value " with a speed as if a
pump was connected." Also the
chemical decomposition of the gase-
ous compounds may be obnoxious.

Mr. J. Blears, o the Research De-
partment of the Metropolitan -Vickers
El. Co., draws our attention to his
interesting suggestion to maintain the
pressure of the interelectrode space by
allowing very free access for new
molecules to take the place of those
consumed. He investigated the rela-
tive indications of normal and high

10-2
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4

105
l0-5 10-4 i0-3 10-2 10'

Ratio between ionisation
current and electron current

Fig. 27. Ionisation
gauge, calibration.
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speed ionisation gauges in their appli-
cation to systems evacuated by oil
diffusion pumps."

A great advantage of these ionisa-
tion gauges is that the valve is com-
paratively small and may therefore be
arranged in the immediate vicinity of
the place where the pressure is to be
measured. In fact, the bulb in which
the pressure is to be measured may be
identical with the bulb of the gauge as
is frequently the case in the testing of
thermionic valves or vacuum incan-
descent lamps. This is especially
important when chemical reactions are
used for the removal of gases,
e.g., in the gettering process with
Ba metal or the like. On the
other hand, the manipulation of the
ionisation gauge is somewhat cumber-
some and takes up considerable time
and the necessary electrical instru-
ments are complicated. This refers
especially to the various methods
which have been described lately by
different contributors to the Review of
Scientific Instruments, methods which
serve for maintaining a constant elec-
tron current from filament to grid or
anode. For this purpose the follow-
ing means have been proposed : a
mechanical relay" or a saturable core
transformer" or a thyratron," a full
wave rectifier consisting of two
triodes, the grid voltage of which
serves for controlling the power sup-
plied to the filament," or an additional
grid inside the ionisation gauge
serving for accelerating only those
electrons which have passed the first
grid."

With a triode the " vacuum factor,"
i.e., the ratio between positive ion
current and electron current, may be
readily determined as both currents
may be exactly measured. As was
observed by Selenyi" the vacuum fac-
tor obtaining inside an ordinary high
vacuum incandescent lamp may be
estimated by approaching a negatively
charged body to the outside of the
bulb. The vacuum is the more perfect
the smaller the speed of approach
at which no electrostatic attraction
between the filament and the outside
electrode occurs. Also quantitative
measurement is possible by using the
filament and the outside electrode as
the two coatings of a capacitor (Fig.
28) and either measuring directly the
ionisation current raised by a constant
A.C. voltage or inserting the capacitor
in an oscillating circuit the frequency



February, 1945 Electronic Engineering 371

of which may be readily determined.
By the latter method the improvement
of the vacuum during the "clean-up"
process of the bulbs may be observed.
Thus an improvement of the vacuum
from io-' to 2.2 X I0-7 mm. Hg could
be established during a clean-up pro-
cess of 258 minutes' duration.

In the investigations carried out by
Alterthum and Ewest" D.C. was used
for heating the filament and the bulbs
consisted of a sodium glass, while in
Selenyi's investigations a lead glass
was used for the bulbs. A transition
of electrons through the glass takes
place. Apparently, an electrolysis of
the glass occurs in this case with a
migration of sodium, a phenomenon
previously observed and made use of
by Pirani and Lax" for incorporating
at high temperature sodium into bulbs
made of a lead-free glass.

Besides, it was shown that especially
in the presence of phosphorus used
as a getter within the bulb for remov-
ing the residual gases, the curves
showing pressure and vacuum factor
as functions of the voltage applied
were in satisfactory agreement.

Thorough investigations made by
H. D. Miller in U.S.A. showed the
influence of high frequency voltages
applied to the outer electrode of such
a " lamp capacitor " on the clean-up
process and the removal of hidden
gases which cannot be found by the

M
=Egrr

-

Fig. 28. Lamp capacitor (" clean-up").

usual methods of vacuum testing. He
also observed the transition of elec-
trons through the glass walls and
sorption of gases and vapours into the
glass walls or on to their surface
(private communication).

While, as was mentioned above,
glow discharge is undesirable with the
ordinary ionisation gauge, the mano-
meter described by F. M. Penning,"
the " Philips gauge," is based on
glow discharge. It is an outcome of
investigations made by S. S. Thomson,
J. S. Townsend, R. G. Strutt, Edgar
Meyer and others concerning the in-
fluence of a magnetic field on an
electric discharge. As a predecessor
of the Philips gauge, a gauge pro-
posed by Brown-Boveri may be men-
tioned (German Patent 369326) which
uses a magnetron type tube for meas-
uring low pressure. Cathode and
anode are arranged concentrically
and a magnetic field is generated by
a coil wound around the tube. With
a certain magnetic field the current
from cathode to anode may be sup-
pressed. But the presence of gas

Fig. 29. Philips gauge.

molecules causes collisions which tend
to increase the current as more elec-
trons reach the anode.

In the Philips gauge the configura-
tion of cathode,' anode and magnetic
field is somewhat different (Fig. 29).
The cathode is formed by two parallel
plates P within the tube M. A strong
magnet H arranged outside the tube
forms a " beam " of magnetic lines
of force connecting the two plates,
while the anode R intermediate be-
tween the two cathode plates is formed
by a wire frame surrounding the
beam. The electrons move in a
helical path between the cathode por-
tions until finally they are deviated
towards the anode. Thus the path of
the electrons is greatly lengthened
and the probability of ionisation by
collision is materially increased (but
see Gaede's remark mentioned above).
Thus an appreciable current will flow
even at pressures so low that a dis-
charge would normally be impossible
and similarly the ignition voltage of
the glow discharge is greatly reduced.

(To be concluded)
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A Note on Grid Control Characteristics of Gas -Filled Relays
By D. W. Gillings, A.Inst.P.*

GAS -FILLED relay tubes Piavemany

applications in instru-
ment design. The properties

which render them useful are :-
(a) The ability of small and inex-

pensive tubes to pass relatively heavy
currents with low voltage drop, with
negligible power loss in the control
circuits.

(b) The " trigger " action obtain-
able in the control circuits.

The first of these properties is
characteristic of practically all gas -
filled relays. There are, however,
considerable differences in the trigger
action obtainable from different types
of tubes, which are not readily de-
duced from the usual tube charac-
teristics control ratio and voltage
drop.

In respect of their trigger action.,
small gas -filled relay triodes avail-
able Commercially seem to be in two
classes :-

(a) Those in which the gas dis-
charge, once established, cannot be
extinguished by the application to the
control grid of a negative potential
of the same order as the anode
potential;

(b) Those in which the gas dis-
charge can be extinguished with cer-
tainty by a negative grid potential
much less than the anode potential ;
assuming that in each case circuit
conditions allow a continuous dis-
charge to be maintained.

Examples of the two classes of be-
haviour can be quoted by reference to
typical measurements comparing two
commercial gas -filled triodes, Osram
GT' C and Mazda T31. Fig. 1 shows
the measurement circuit, designed

* Ministry of 'Supply.

Fig. 2.

Fig. I.

only for the purpose, and not re-
ferring to any special application of
the relay, and the Table shows a se-
quence of grid potential changes,
maintaining a constant anode supply
potential and continuous anode cir-
cuit, and the corresponding anode
potentials. It is clear that the GTIC
represents the class where grid con-
trol is ineffective, T31 that for which
grid control can be established after
gas discharge commences. Three
typical applications show in which
instance each type is appropriate.

(i) The scaling circuit of Wynn
Williams employing pairs of " scale
of two " circuits, each a pair of gas -
filled relays, requires that the main-
tenance of the gas discharge in one
relay of every pair be independent
of negative impulses arising from the
anode circuits of the preceding pair.
If the relays are actuated by these
negative impulses, the counter set
fails to scale, and the relays act only
as amplifiers.

(ii) The input circuits of electronic
chronographs generally employ gas -
filled relays, and it is important, once

""  Table :

2V V  CTIC/ 3V T 3/

/0 KII
200v.

Message.
y3 Register

61(11

the initiation or cessation impulses
have been received by the relays that
the succeeding circuit elements are
unaffected by any further disturbance
in input circuits. A relay with no
grid control of the discharge once
established is clearly required. If
this is not the case, time intervals
may be recorded between spurious
events in the initiation circuit.

(iii) The output circuits of counters
which drive a message register may
employ a gas tube. If the grid con-
trol of the discharge is ineffective, it
is necessary to employ auxiliary cir-
cuit elements to break the anode cir-
cuits. This may be avoided if a tube
of the grid -controlling type is em-
ployed. Fig. 2 shows a counter -
output circuit using gas -filled relays
of different types in the penultimate
and output stages. The T31 output
relay V. is operated by positive
pulses and is extinguished by the
return of the grid to bias potential.

Notes on the stages:
(a) for relay T31.

Stages i, 2, 3, 4 represent four con-
secutively applied grid potentials.
Stage 5 differs from Stage 4 in that
a change of grid volts from Stage 5
conditions to Eg = o is reversible,
while Stage 4 is irreversible.
(b) for relay GTIC. 

Stages 3-6 demonstrate that no
small change of grid potential
restores grid control. Stages 7 and 8
show re-establishment of grid control
by extinction of arc following return
of EA to zero.

The permission of the Chief
Superintendent, Chemical Defence
Experimental Station, Porton, to
publish this note is gratefully ack-
nowledged.

a Mazda T3I
Stage Total H.T.(E+) Eg v. - ve Es v. - ve EA V. + ve

1 190 24 18 190
2 190 0 0 24
3 190 24 12 40
4 190 24 22 190
5 190 24 24 190

(b) Osram GTIC

I 90 72 54 190
2 90 54 40.5 190
3 90 12 16
4 90 0 15
5 90 54 19
6 90 120 90 19
7 0 120 90 0
8 90 120 90 190
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Aerial Coupling Circuits
A Series of Data Sheets

Part 1.-Introduction

By S. W. AMOS, B.Sc.(Hons.), Grad.I.E.E.

THE present series of data sheets
has been prepared in order to
present, in a convenient form,

information about the performance to
be expected from certain well-known
methods of coupling aerials to tuned
circuits. The data sheets will apply
only to the type of tuned circuits and
the kind of aerial likt ' to be used on
the 550-1,500 kc/s.
The information desired about any
aerial coupling circuit in which we
are interested can be conveniently
divided into three main headings,
namely, " voltage gain," " selec-
tivity " and " mistuning effect." It is
convenient at this point to define
these three terms.
Voltage Gain

ThiS' can be defined as the ratio
between the voltage developed across
the tuning condenser of the resonant
circuit and the voltage induced in
the aerial by the passage of the elec-
tromagnetic wave across it. Fig. I (a)
represents a generalised aerial
coupling circuit, Z,, Z, and Z, being
the coupling components and AC, the
tuning circuit. The electrical equiva:-
lent of the circuit is given at
Fig. i(b). In a complex aerial
coupling circuit it is possible that all
three coupling impedances may be
important and thus require taking
into account in a full analysis of the
performance of the circuit, but in
most practical cases one particular
component predominates and the
effects of the others are negligible.
If, for example, Z, is infinite, Z,
zero and Z, a condenser, then the
aerial coupling circuit is known as
the series capacitance type-the per -

Fig. I. (a) G I-
ised aerial coup-
ling circuit, and
(b) its electrical

equivalent.

selectivity factor

formance of which will be the sub-
ject of Part II of this series. This
and some °thee forms of aerial
couplings are illustrated overleaf:

The type of aerial generally used
for medium -wave reception has a
length which is small compared with
the received wavelength. In fact, its
length is usually less than X/4 so that
the impedance of the aerial -earth
system is predominantly capacitative.
The aerial -earth system may thus be
regarded as a generator of e.m.f.
V, (V3 equalling the product of the
effective height of the aerial and the
field strength of the transmitter at
the aerial) with internal resistance r
and internal capacitance c. R, is the
total RF resistance of the tuning
inductance L, (including skin and
proximity effects). In Fig. i(b) the
voltage gain is given by the value
of V2/V,. A term which will be fre-
quently used in the subsequent text
is the " voltage gain factor." This
is defined as the fraction (usually
expressed as- a percentage) of the
maximum possible gain which is
realised in practice at a given fre-
quency. It is well known that the
maximum gain realisable at any
frequency from a given coil is equal
to one-half the value of the Q factor

L203

of the coil (Q=--- in this case) at
R,

that particular frequency. This
maximum voltage transfer occurs at
that frequency for which the aerial
coupling circuit accurately matches
the aerial impedance to the dynamic
resistance of the tuned circuit. It
follows, therefore, that the voltage

2V,
gain factor is given by -.

Q V,

Selectivity Factor
This is defined in a similar way to

voltage gain factor as the fraction
(again usually expressed as a per-
centage) of the maximum possible
selectivity which is realised in prac-
tice. We shall evaluate it nu-
merically in  the subsequent analysis
of the problem from the relationship
effective Q of L2 at a particular frequency

real Q of L, at the same frequency

Q of L, with damping due to aerial

Q of L2 without damping due to aerial

L263 R2 R2
. -

R,+R L2co R,+R
in which R is the value of the extra
RF resistance " reflected " into the
resonant circuit as a consequence of
the addition of the aerial coupling
circuit and the aerial.
Mistuning Effect

The actual effect of the primary of
the secondary circuit is to " reflect "
an impedance, i.e., a complex quan-
tity involving reactance and resist-
ance, into the secondary circuit. The
resistive part of it, as just explained,
reduces the effective selectivity of the
tuned circuit; the reactance upsets
the tuning of the secondary circuit
and reduces or increases the value of
the resonant frequency for any par-
ticular setting of the tuning control.
The most convenient method of
assessing the magnitude of this dis-
turbance of the secondary circuit is to
calculate the magnitude of the
capacitance (which may be positive
or negative depending on the nature
of the aerial coupling circuit) which
is effectively added in parallel with
the existing tuning capacitance. This
is the method which will be used
throughout this series. This extra
capacitance will be referred to as the
" reflected capacitance " or " ca-
pacitance correction " and will be
designated by AC,.
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Usual Types of

(a) Series capacitance coupling. (b) Shunt capacitance coupling generally giving low gain but high selectivity. (c) Series capacitance
coupling with aerial loading by inductance to " hold up " voltage gain at low frequency end of waveband. 14 and Le are not mag-
netically coupled. (d) Shunt capacitance coupling with inductance loading. See article by the author in Wireless Engineer for

December, 1942.

Assumptions made WI the Analysis
Before any calculations of these

three factors can be made, values
must be postulated for r, c, LE, R,
and C,. In preparing these data
sheets, attention was paid only to the
medium waveband and L, and C,
were given the values of 157 µH and
500 µµF (maximum) respectively.
The Q value for the inductance, was
assumed constant at ioo for all fre-
quencies in the waveband. Since

Lzw L2,4

Q = then R, = so that
R2

the value of R, for every frequency
is automatically fixed by this assump-
tion. Some values are listed in
Table I. For the aerial character-
istics c and r were assumed equal to
200 µµF and 40 ohms respectively,
both being of the order to be expected
from an average outdoor aerial.
These values for L,, C,, R,, r and c
will be used throughout this series of
data sheets.
Variation of Selectivity and Voltage

Gain Factors with Frequency
The assumption made above that

the aerial generator impedance con-
tains capacitance and resistance only
is not quite justified in practice,
though it is a useful approximation
in analyses. Actually, an aerial wire
possesses, in. addition, a small
amount of inductance, and quite fre-
quently aerial coupling circuits
involve the addition of more induc-
tance so that the equivalent aerial
generator circuit, is resonant at a par-
ticular frequency. Since, for a par-

ticular aerial -earth system, the aerial
capacitance is constant, we can place
this resonant frequency more or less
at what value we please by giving
the added inductance a suitable value
-and the performance of the aerial
coupling circuit with respect to volt-
age gain, selectivity and "reflected"
capacitance is very largely deter-
mined by the value of this resonant
frequency.

It is not advisable, for example,
to place this resonant frequency
within the frequency range the
tuning circuit is intended to cover, in
spite of the fact that this is the con-
dition for maximum voltage gain,
for this will lead to a very poor per-
formance with respect to selectivity
as the damping imposed on the
tuning circuit by the aerial -earth
system is clearly a maximum in these
circumstances. Moreover, as the fre-
quency of the tuning circuit passes
through the resonant value of the
aerial -earth system, there will be a
change in the sign of the reactive
component of the impedance "reflec-
ted" into the tuning circuit, i.e., the
"reflected" capacitance will change
from positive to negative (or from
negative to positive, depending on
whether frequency is increasing or
decreasing), and there will therefore
be a consequent anomaly in the cali-
bration of the tuning condenser,
making accurate ganging of this
component with 'other tuning conden-
sers in the receiver almost impossible.

Suppose'.however, the aerial cir-
cuit is made resonant at a frequency

in excess of the greatest in the
wanted waveband. This condition
is obtained by, including very little
or no inductance in the coupling cir-
cuit. As the tuning is adjusted so
as to increase the received frequency
the voltage gain will rise, since the
frequency approaches the resonant
value for the aerial circuit. Selecti-
vity, however, will decrease as the
resistive component of the aerial cir-
cuit impedance decreases as the
resonant frequency is approached.
Increase of gain is therefore obtained
at the expense of selectivity, and the
problem in aerial coupling circuits
is to obtain a reasonable compromise
between these two mutually conflict-
ing properties. In the case where
the aerial circuit is resonant at a high
frequency, i.e., for a capacitative
aerial circuit, the' variation with fre-
quency of voltage gain and selecti-
vity factors will be considerable. The
selectivity -frequency and voltage
gain -frequency curves will be far
from level, since we are attempting,
With our aerial coupling circuit, to
match a capacitative generator (the
aerial -earth system), the impedance
of which naturally decreases with
increase of frequency, to a load (the
tuning circuit), the resistance of
which rises with increase 'of fre-
'quency. For the aerial circuit the
impedance is roughly indirectly pro-
portional to frequency, and for the
tuning circuit the dynamic resistance
is given by L.20Q, of which L. and Q
are assumed fixed so that this resist-
ance is directly proportional to fre-

Aerial Coupling

(e) R.F. transformer coupling : probably the commonest of all aerial coupling methods. (f) Aerial coupling by tapped coil method.
May be regarded as a special case of (e) (see Electronic Engineering for June, 1943). g) The simplest of aerial coupling circuits. May
be regarded as a limiting case of (a) in which C1 approaches infinity, or of (f) in which the tapping point coincides with the end of
the coil. (h) One of many possible varieties of band-pass circuit. These circuits give a good approach to the ideal square -topped

response curve, but difficulty is usually experienced in keeping the band -width constant.

quency. With such a load and such
a generator, it is natural that even
small changes in frequency bring
about large changes in mismatching,
and hence correspondingly large
changes in selectivity and voltage
gain factors.

A far better performance with
respect to the constancy of voltage
gain and selectivity factors is pos-
sible by making the generator induc-
tive. Its impedance then increases
with increase of frequency as for the
tuning circuit, and hence the match-
ing holds far better than for a capaci-
tative aerial -earth system. To make
the aerial circuit inductive over the
received waveband, it is necessary to
add sufficient inductance to place the
resonant frequency of the aerial cir-
cuit below the lower extreme of the
received waveband. Voltage gLn
will now increase as the received fre-
quency decreases, since it is now
necessary to decrease the frequency
in order to= approach the resonant
value of the aerial circuit. Con-
versely, selectivity will decrease as
frequency decreases, both results
being just the opposite of those
obtained above for the capacitative
circuit, but the curves of selectivity -
frequency and gain -frequency will,
for the inductive aerial circuit, show
greater constancy than those for the
other case. These points are all
illustrated in Fig. 2, which also
indicates the broad generalisation
that all selectivity -frequency and
voltage -gain frequency curves for

any aerial coupling circuit are por-
tions only of the Iltiniversal resonance
curve. The qualitative curve of
Fig. 2 will serve as a very rough
guide to the variations of gain and
selectivity with frequency likely to
be encountered. In interpreting the
curves of the various data sheets to
follow, one should bear in mind that
they only apply when e=2oo µµF,
r=4o ohms, L2=157µH, and Q= loo.
Exact interpolation from the curves
is thus inadvisable as one is unlikely
in practice to have all the circuit con -

stants with these particular values.
Nevertheless, the data sheets should
prove useful as a means of indicating
approximately the results to be ex-
pected from various common methods
of aerial coupling.
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Usual Types of

(a) Series capacitance coupling. (b) Shunt capacitance coupling generally giving low gain but high selectivity. (c) Series capacitance
coupling with aerial loading by inductance to " hold up " voltage gain at low frequency end of waveband. 14 and Le are not mag-
netically coupled. (d) Shunt capacitance coupling with inductance loading. See article by the author in Wireless Engineer for

December, 1942.

Assumptions made WI the Analysis
Before any calculations of these

three factors can be made, values
must be postulated for r, c, LE, R,
and C,. In preparing these data
sheets, attention was paid only to the
medium waveband and L, and C,
were given the values of 157 µH and
500 µµF (maximum) respectively.
The Q value for the inductance, was
assumed constant at ioo for all fre-
quencies in the waveband. Since

Lzw L2,4

Q = then R, = so that
R2

the value of R, for every frequency
is automatically fixed by this assump-
tion. Some values are listed in
Table I. For the aerial character-
istics c and r were assumed equal to
200 µµF and 40 ohms respectively,
both being of the order to be expected
from an average outdoor aerial.
These values for L,, C,, R,, r and c
will be used throughout this series of
data sheets.
Variation of Selectivity and Voltage

Gain Factors with Frequency
The assumption made above that

the aerial generator impedance con-
tains capacitance and resistance only
is not quite justified in practice,
though it is a useful approximation
in analyses. Actually, an aerial wire
possesses, in. addition, a small
amount of inductance, and quite fre-
quently aerial coupling circuits
involve the addition of more induc-
tance so that the equivalent aerial
generator circuit, is resonant at a par-
ticular frequency. Since, for a par-

ticular aerial -earth system, the aerial
capacitance is constant, we can place
this resonant frequency more or less
at what value we please by giving
the added inductance a suitable value
-and the performance of the aerial
coupling circuit with respect to volt-
age gain, selectivity and "reflected"
capacitance is very largely deter-
mined by the value of this resonant
frequency.

It is not advisable, for example,
to place this resonant frequency
within the frequency range the
tuning circuit is intended to cover, in
spite of the fact that this is the con-
dition for maximum voltage gain,
for this will lead to a very poor per-
formance with respect to selectivity
as the damping imposed on the
tuning circuit by the aerial -earth
system is clearly a maximum in these
circumstances. Moreover, as the fre-
quency of the tuning circuit passes
through the resonant value of the
aerial -earth system, there will be a
change in the sign of the reactive
component of the impedance "reflec-
ted" into the tuning circuit, i.e., the
"reflected" capacitance will change
from positive to negative (or from
negative to positive, depending on
whether frequency is increasing or
decreasing), and there will therefore
be a consequent anomaly in the cali-
bration of the tuning condenser,
making accurate ganging of this
component with 'other tuning conden-
sers in the receiver almost impossible.

Suppose'.however, the aerial cir-
cuit is made resonant at a frequency

in excess of the greatest in the
wanted waveband. This condition
is obtained by, including very little
or no inductance in the coupling cir-
cuit. As the tuning is adjusted so
as to increase the received frequency
the voltage gain will rise, since the
frequency approaches the resonant
value for the aerial circuit. Selecti-
vity, however, will decrease as the
resistive component of the aerial cir-
cuit impedance decreases as the
resonant frequency is approached.
Increase of gain is therefore obtained
at the expense of selectivity, and the
problem in aerial coupling circuits
is to obtain a reasonable compromise
between these two mutually conflict-
ing properties. In the case where
the aerial circuit is resonant at a high
frequency, i.e., for a capacitative
aerial circuit, the' variation with fre-
quency of voltage gain and selecti-
vity factors will be considerable. The
selectivity -frequency and voltage
gain -frequency curves will be far
from level, since we are attempting,
With our aerial coupling circuit, to
match a capacitative generator (the
aerial -earth system), the impedance
of which naturally decreases with
increase of frequency, to a load (the
tuning circuit), the resistance of
which rises with increase 'of fre-
'quency. For the aerial circuit the
impedance is roughly indirectly pro-
portional to frequency, and for the
tuning circuit the dynamic resistance
is given by L.20Q, of which L. and Q
are assumed fixed so that this resist-
ance is directly proportional to fre-

Aerial Coupling

(e) R.F. transformer coupling : probably the commonest of all aerial coupling methods. (f) Aerial coupling by tapped coil method.
May be regarded as a special case of (e) (see Electronic Engineering for June, 1943). g) The simplest of aerial coupling circuits. May
be regarded as a limiting case of (a) in which C1 approaches infinity, or of (f) in which the tapping point coincides with the end of
the coil. (h) One of many possible varieties of band-pass circuit. These circuits give a good approach to the ideal square -topped

response curve, but difficulty is usually experienced in keeping the band -width constant.

quency. With such a load and such
a generator, it is natural that even
small changes in frequency bring
about large changes in mismatching,
and hence correspondingly large
changes in selectivity and voltage
gain factors.

A far better performance with
respect to the constancy of voltage
gain and selectivity factors is pos-
sible by making the generator induc-
tive. Its impedance then increases
with increase of frequency as for the
tuning circuit, and hence the match-
ing holds far better than for a capaci-
tative aerial -earth system. To make
the aerial circuit inductive over the
received waveband, it is necessary to
add sufficient inductance to place the
resonant frequency of the aerial cir-
cuit below the lower extreme of the
received waveband. Voltage gLn
will now increase as the received fre-
quency decreases, since it is now
necessary to decrease the frequency
in order to= approach the resonant
value of the aerial circuit. Con-
versely, selectivity will decrease as
frequency decreases, both results
being just the opposite of those
obtained above for the capacitative
circuit, but the curves of selectivity -
frequency and gain -frequency will,
for the inductive aerial circuit, show
greater constancy than those for the
other case. These points are all
illustrated in Fig. 2, which also
indicates the broad generalisation
that all selectivity -frequency and
voltage -gain frequency curves for

any aerial coupling circuit are por-
tions only of the Iltiniversal resonance
curve. The qualitative curve of
Fig. 2 will serve as a very rough
guide to the variations of gain and
selectivity with frequency likely to
be encountered. In interpreting the
curves of the various data sheets to
follow, one should bear in mind that
they only apply when e=2oo µµF,
r=4o ohms, L2=157µH, and Q= loo.
Exact interpolation from the curves
is thus inadvisable as one is unlikely
in practice to have all the circuit con -

stants with these particular values.
Nevertheless, the data sheets should
prove useful as a means of indicating
approximately the results to be ex-
pected from various common methods
of aerial coupling.
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C -

To Wimshurst's problem (strange but true!)
Three words provide a full solution,
One simple sequence gives the clue:

. Volt, Re -volt, Revolution.

James Wimshurst, in his day, was a man of some consequence. It is but the
irony of fate that his name should survive only in association with the Wimshurst
Machine, the fruit of his leisure hours. This was an ingenious contrivance for
inducing electricity at high voltage ; the machine is now just of academic interest,
but its part in the evolution of such modern marvels as X-rays and Television has
assured its place in the annals of science.

To -day, the experimenter has everything made easy for him. He has at his
command materials perfectly adapted to his needs. In DISTRENE (Regd.), for
example, he has an ally whose value can only be appreciated in actual use.
Here is an insulating material which has revolutionised high -frequency
electrical design.

BX DISTRENE (Regd.)
COMPRESSION STRENGTH
SPECIFIC GRAVITY .

WATER ABSORPTION .

COEFFICIENT OF LINEAR EXPANSION
SURFACE RESISTIVITY (24 hours in water)
DIELECTRIC CONSTANT 60-106 CYCLES
POWER FACTOR UP TO 100 MEGACYCLES

7 tons per sq. in.
1'06
Nil

'0001. .

3 X 10° megohms.
2'60-2/0

. '0002-'0003

DISTRENE is made in sheets, rods and tubes, and
injection moulding.

BX PLASTICS LTD., LARKSWOOD WORKS, L

in powder -form for

ONDON, E.4

LH /8)(224

4
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Cup -Electrode Technique in Electroencephalography

By G. D. GREVILLE, Ph.D., and P. St.JOHN-LOE*

IN electroencephalograph practice
in this country it is customary to
use saline pad electrodes held on

the head by a system of rubber bands.'
This has disadvantages when dealing
with children, mental patients,
patients with scalp wounds, and sub-
jects who find the rubber bands
irksome. . Electrodes firmly attached
to the scalp are then preferable. In
America, solder pellets on the end of
fine wires and fixed with collodion are
in general use, but their application
requires much practice,' although the
use of an adhesive bentonite-Ca°,
paste is said to make it easier.' We
have developed a technique using
silver cup -electrodes which has proved
so satisfactory that we have adopted
it for routine use.

The electrodes (A), containing
electrode paste, are fixed on to cleaned
areas of scalp by means of collodion
delivered from a syringe. The am-
plifier leads are clipped on to the
rings. The electrodes may be spun
from tubing and soldered, or prefer-
ably spot-welded, to the ring. Sol-
dered joins should be made at the
points a, to avoid contact of the
solder with the head or paste.

The syringe bears a nozzle attach-
ment (B) of glass or metal, which will
fit over the electrode with rather less
than i mm. clearance. It is of
advantage to give the plunger a
slightly looser fit than usual by grind-
ing with fine carborundum.

Materials Required

(1) Electrode paste. Potassium
chloride is ground in a mortar and
about 3 vols. of soft soap worked
in. Glycerine and a little water are
added until a suitable paste is
obtained.

(2) Methylated spirit for cleaning
the scalp.

(3) Alcohol -ether mixture (5o per
cent. v/v), used both as solvent for the
collodion and for cleaning the elec-
trodes.

(4) Collodion. British Drug
Houses " Collodion for preparing
permeable membranes " is suitable.

(5) Removal fluid. Acetone con-
taining approx. io per cent. castor oil.

 Runwell Hospital, Wickford, Essex.

Collodion
.414116,..

Electrode
Paste

Components and accessories for the Cup -electrode technique:

Technique : A small area of skin is
cleaned with spirit, conveniently ap-
plied with the device C. An elec-
trode, filled with paste from a syringe
or metal tube, is held on the area, the
nozzle attachment of the syringe
placed over it, and a small quantity
of collodion delivered. To remove
the electrodes, removal fluid is
squirted, on to each in turn from a
convenient form of teat pipette (D).
The electrodes can then be lifted off,
and residual collodion removed from
the hair with a fine comb. The elec-
trodes are dropped into alcohol -ether
mixture, which completely cleans
them.

Notes: ( 0 Instead of the paste
described, Cambridge electrode jelly
can be used, but it has not been pos-
sible to remove this and the collodion
simultaneously with one solvent after
use.

(2) It is extremely important to
keep the collodion adjusted to a suit-
able viscosity to ensure wetting of the
skin, and rapid adhesion. With the
collodion specified above, no air blast
is necessary as the electrode remains
in place. Twelve electrodes may be
attached to the head without difficulty
in less than ten minutes, by which
time the first four are ready for use.

(3) The contraction of the collo-
dion on drying results in a firm
pressure oil the skin and a resistance
usually considerably lower than that
of saline pads. It is almost impos-

sible for subjects to dislodge elec-
trodes, placed in the hair.

(4) New electrodes should be
chlorided, but repetition of this ap-
pears to be unnecessary, as judged by
the absence 'of polarisation. No
artefacts attributable to the type of
electrode have been observed.

(5) If plenty of removal fluid is
used, no difficulty is found in free-
ing the hair from collodion. The
castor oil in the fluid leaves the hair
soft and glossy.
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(1938).
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Correction
Dr. H. Moss points out two correc-

tions to be made in the series
"Cathode -Ray Tube Traces," Part II,
December issue (p. 285), col. i.

For : " (c) that the deflecting field
is uniform and wholly axial "

Read : " (c) that the deflecting field
is uniform and wholly normal to the
axis."

January issue (p. 329), col. ii.
Equation 36 should read :
Fractional displacement 'error
E.
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Low Frequency Amplification
Part IV. Cathode Self -Bias and Attenuation Distortion

By K. R. STURLEY, Ph.D., M.I.E.E.

AVALVE having an indirectly -
heated cathode can be made to
provide its own grid -bias voltage

by inserting a resistance Rk between
the cathode and H.T. negative lead
as shown in Fig. 29a. The D.C. com-
ponent of anode current flowing
through Rk produces a positive volt-
age between the cathode and H.T.
negative, and since the grid leak is
returned to H.T. negative it means
that the grid is biased negatively
with respect to the cathode. Rk must
be bypassed by a large capacitance
Ck in order to prevent the A.C. com-
ponents of the anode current produc-
ing voltages  between cathode and
grid. These A.C. voltages are in
opposition to the grid voltages pro-
ducing them and overall amplifica-
tion may be seriously reduced. That
the grid and cathode voltages are in
opposition can be proved by consider-
ing an increase of the input grid
voltage in a positive direction; this
increases the anode current and the
voltage across Rk. The net positive
increase in grid -to -cathode voltage
(the difference between the increase
of input voltage and increase of
cathode voltage) is less-it may be

Fig. 29. (a) A low frequency amplifier with self -bias.
(b) The equivalent circuit for a valve with cathode self -bias.

much less-than the input voltage
change.

The capacitor Ck clearly cannot be
equally effective at all frequencies,
and negative feedback (reduced am-
plification) occurs at the lower end
of the frequency range owing to the
increase in the reactance of Ck. In
the equivalent circuit, shown in Fig.
29b, the' stray capacitance C. is
omitted because its reactance over the
range of frequencies affected by Ck is
very high; the coupling capacitance
C. is assumed to have negligible
reactance so that' Rg is effectively in
parallel with P.. This is generally
justified because it is easier to make

25

3

5,-Values of B

5
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4

-11.c) 6

Z
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O
-J 16
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Frequency cis.

500 1000

Fig. 30. Generalised curves
of attenuation distortion
(loss) for the cathode self -

bias circuit.

the reactance of Co small compared
with Rg than to make the reactance
of CIE at the same frequency small
compared with Rk.

Analysing the circuit of Fig. 29b,
the output voltage is

pEggkRc
Eg,_ 14

Ro+ R'o+ Zk

where Eggc = net A.C. voltage be-
tween the grid and cathode

RoRg
R'0=

Ro+ Rg

Zk=impedance of the self -bias cir-
cuit

Rk

±iWCIERk

Eglk = Eg, - Ek

where Eg, = input voltage
to H.T. negative

and E. A.C. voltage component
developed across Zk

PEglkZk

15

from grid

R.+R'.+Zk
From (i5) and (16)

Egi(Ro+ 12'0+ Z5)
&nit - 17

R,C+Iro+ZI1(1÷A

Replacing Egik in (14) by its value
in (xi)

µEa?'
Eg2--

R.+R'.+Zk(t +A)
8
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Overall amplification with cathode
feedback = At

Egt µR'0
19

Egi Ra+ R'o + Zt(1 + A)
Overall amplification at the me-

dium frequencies, where Ck has a
very small reactance, is

AR'o
Am -=

Ra + R'0

AP

Therefore ...... 20
Am Zk(i +

Ra+ R'0
Rk

Replacing Zk in zo by 5

I + ik5CkRk

At
we have --

Am
+

Rk(i +/4)

(Ra+ R'0)(1 + jo,CkRk)

+ jwCkRk

Ric(' +
1+ + jwCkRk

Ra+ R'o

+ j(Rk/Xk)

B +j(RkXk)
21b

Rk(i +1i)
where Xk=-- and B= i +

..)Ck R.- I- R'.

Attenuation distortion, treasured
by the loss of amplification, is

B2+ (_
Am \X k/

- 20 logik-= - Io logik db
A1 Rklt

I + (-
Xk ...22

Expression (22) is plotted against
Rk

to a logarithmic scale for
Xk

different

Rk

Xk

values of B in- Fig. 30. As

increases, i.e., Ck becomes more

effective in bypassing the A.C. com-
ponents, the loss of amplification de-

Rk
creases to zero, whilst as de-

Xk
2 Ia. creases (decreasing frequency), the

loss tends to the value which is
realised when Ck o. The maximum
value of loss depends on B and is,
from expression (22),

+Rk(i db
Ra+ R'0

For a particular value of Rk, maxi-
mum loss is increased when 11 is
increased or Ra or R'0 decreased.
Hence a decrease in high frequency
attenuation distortion in the anode
circuit by deci-easing the anode load
resistance R0 leads to an increase in
low frequency attenuation distortion
from the cathode self -bias circuit.

With a tetrode or pentode valve for
which /.4 i and Rk h R'0, maximum
loss

ARk
=-2o log. [1 +--]

Ra

= - 20 log. (i +gmRk).

Phase angle displacement curves
can be derived by rationalising ex-
pression (2113) and plotting its phase-

Rk
angle component against .

Xk

( jRk\ jRk)

At Xkl°
Thus

Am
Bt +

80 100OI 02 04 06 08 1

1

to

5

Xk
8 10

VALUES OF B

/0

1

50 100 500
Fig. 31. Phase angle displacement curves for cathode self -bias.
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Rk

B +(- +j(B
Xk

2 Rk

aXk

+[-

from which

Xk

ok=tan -

Rk
(B - 1)-

Xk

B

Fig. 31 shows the result of plotting
95k against Rk/Xk for the same values
of B as are used for Fig. 30. This

21C curve may be converted to time ad-
vance curves by assuming that
f= I c/s. at Rk/Xk= I and plotting

X 106

360° x Rk/Xk

...23 Rk/Xk as in Fig. 32. The phase dis-
^ placement represents a time advance

because the angle 95k is positive. As
Rk/Xk is decreased the phase displace-

microsecs. against

IC

6
--1-....

2

K

I,
8
6
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k
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Fig. 32. Time advance curve, for cathode .elf -bias.

50:0

5

(B - i)Rk
ment approaches tan -1 , i.e.,

BXk
(B- i)Rk

rads., and time advance
BXk

therefore approaches a constant value
(B -1)ie

of microsecs. Hence it is
27rB

possible to produce time error curves
similar to that -of Fig. 25, by plotting
the difference between the constant
and actual value at a given Rk/Xk.
The result is indicated in Fig. 33.

Figures 3o and 3i are made
applicable to a particular case by
suitably locating a logarithmic fre-
quency scale underneath the Rk/Xk
scale as described previously. Thus,
if R. = 200,0008, $R. = 5o,o0Ol, Rg
= I Ma, µ= loo, Rk = 2,I 0S-25 Ck 2/1F,
8'0=166,6662

+

R.+ R'0
Rk To'
-=1 when 1= -37 c/s.
Xk 2.77- X2 X 2,15o

The logarithmic frequency scale is
adjusted beneath the Rk/Xk scale in
all the figures so that 1=37 c/s.
registers with Rk/Xk= t, and fre-
quency response (Fig. 3o) and phase
angle displacement (Fig. 31) are read
from the B=2 -curve. The total over-
all frequency response including the
effect of C. and Ce is obtained by
adding the losses due to these two
capacitances as found from Figs. in
and zo to the loss due to Ck. Some
error is introduced at low frequen-
cies in taking the frequency response
from Fig. 30 because of the assump-
tion that the reactance of Ce is small
compared with R., but the effect will
not usually be very serious.

Time advance and time error for a
particular set of component values
are obtained by suitably positioning
a vertical logarithmic carve. For the
component values selected, the B=2
curve is applicable and it will be seen
that the time advance at Rk/Xk=I is
51,200 microsecs. This time is
divided by 37, the frequency cor-
responding to Rk/Xk=i, and the
sliding vertical logarithmic scale is

51,200
located so that - 1,385 micro -

37
secs. on its scale registers with 51,200

-4.65 B=2.
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microsecs. on the fixed scale. Actual
time advance at any frequency is
then read from the sliding scale.
Thus at 20 and 5o c/s., the actual
time advances are approximately
1,90o and i,000 microsecs., respec-
tively. Similarly, actual time error

28,300
is read by locating -766 micro -

37
secs. on the sliding scale against
28,300 microsecs. on the fixed scale.

The correct value. of R5 to choose
for any set of operating conditions is
obtained by drawing the D.C. load
line on the I.E. characteristic curves
and estimating by inspection the bias
voltage to give maximum output
voltage with minimum distortion.
The locus of operation should be
over that part of the load line which
makes equal intercepts with curves of
constant grid voltage difference ; at
the same time it must not be allowed
to pass beyond the start of grid cur-
rent. The ratio of the bias voltage
finally selected to the anode current
at the intersection of the load line
with this bias voltage curve gives the
required Value of R. In many cases
Rk will be a non-standard value and
it is usual to select the nearest stan-
dard value. The D.C. load line
should be drawn for (R.+R.), but
Rk is so much less than R. that its
effect may usually be neglected.
Example in use of Response Curves

As explained in the previous article,
a logarithmic frequency scale may be
positioned under the (R' I X') and
(R" I X") scales of Figs. 19 and 20,, so
that the response at various frequen-
cies may be read directly.

The following example shows the
method of calculating the response.

A triode has a µ of 5o and a slope
resistance (R.) of 5o,0002. The anode
load resistance (R.) is ioo,000 ohms
and the grid leak (Rg) of the succeed-
ing valve is r.o megohm. The
coupling capacitance is o.005 µF.

First, determine the value of the
slope resistance of the valve in
parallel with the anode load resist-
ance plus grid leak : -

ReRo
= + R g = .o4 megohms.
R.+ R.

Substitute this in the formula

no= where Co is the coupling
27C.R'

capacitance.

flo = -30.6 c/s.
6.28 x .005 x 1.04

Set this value of frequency against

Fig. 33. Time error
delay curves for cath-

ode self -bias.
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(R'/X')=i on the horizontal scale and
read off the loss at other frequencies.

To obtain the high -frequency
response, calculate the value of R"

R.R.Rg
where R., R 0 and

R.R.+ R.Rg+ R.R.
Rg have the same values as before.

Find the value of filo from the
expression :-

I I 11111 I I

50 l00 500 Ian

105

5

3 TZ

161

5000

- 500

-100

- 50

-0

fho- where C. is the shunt
277-C,R"

capacitance (assumed to be o.0005 µF)
I CO'

o =8,260 C/S.
6.28 x .0005 x 38, 500

This value of frequency is set
against (R"/X")=1 on the horizontal
scale of Fig. 20, and the loss at other
frequencies read off.

Time Advance and Delay
In the time advance and delay curves given in Figs. 23, 24, 25 and

32 an inner vertical logarithmic scale will be noticed.
This is a reference time advance or delay scale which is obtained from

the phase angle displacement at the particular value 9f R/X considered.
x 106

Thus :- Reference time advance -
36o° x (R I X)

where 95 is the se angle displacement at the particular value of
(R/X), obtained from the corresponding figures of 0 against R/X (Fig.
2I or 22).

For the low -frequency range (Figs. 21 and 23)
Reference time advance x (R'/ X')

.Actual time advance=
t corresponding to a particular value of (R' I X')

Actual time advance at (R'X') = i = Reference time advance at (R'/X') =

fie corresponding to (R'/X')=1
= 125,000/f lc microseconds.

For the high -frequency range (Figs. 22 and 24)
Reference time, delay at (1?" I X") =

Actual time delay at (R" X")= i =
tho corresponding to (R" X")=

= 125,000/fk, microseconds.
In the case of Fig. 25, which shows the time -delay error, the vertical scale

is a reference time -delay error scale, and
Reference time delay error at (R" I X")=

Actual time delay,error at (R" X") -
fko corresponding to (R" I X")=

= 134,000/fh. microseconds.
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The Principles and Design of
Valve Oscillators

Part Separation of Functions

By A. C. LYNCH, M.A., and J. R. TILLMAN, Ph.D.*

AN oscillator circuit can be
separated into two parts: (i)
a maintaining circuit (more

conveniently referred to as a " driv-
ing circuit "); and (2) a frequency -
discriminating circuit (or " tuning
circuit "). In a few special oscilla-
tors there are more than one of each
of these circuits. The separation of
these two functions is not theoreti-
cally perfect, but is justified by its
practical convenience. It is more
obvious in multi -valve circuits than
in some of the apparently simpler
circuits previously in .favour. An
example of an oscillator circuit
showing this clear division is
given in Fig. r; the oscillator con-
sists of a parallel resonant circuit
coupled through resistors to an am-
plifier of flat frequency characteristic.

It is convenient from a theoretical
viewpoint to divide the driving circuit
into a linear amplifier (i.e., one whose
gain is the same at all amplitudes)
and a limiter. Up to the present time
these two functions have not usually
been physically separated, except in
certain oscillators of high precision.

The tuning circuit may be an oscil-
latory circuit, a mechanical resonator
(such as a crystal; a tuning fork, or
a magnetostrictor), or a network of
resistors and either capacitors or
inductors. This article is concerned
mainly with driving circuits, and its
conclusions apply to all types of
tuning circuits.

Modern oscillators, except those for
very high frequencies, almost inva-
riably use a separate amplifier .to
obtain the required power output.
Questions of power output or
efficiency of oscillator circuits, there-
fore, do not usually arise.

Equivalence of Positive Feedback and
Negative Resistance

Driving circuits may be classified
as " positive feedback " (e.g., the

Post Office Research Station.

Fig. I. Oscillator showing separation of functions.

Hartley, the Colpitts, or the Franklin
circuits) and " negative resistance "
(e.g., the dynatron or the transitron)
types. But suppose a resonant circuit
to be connected to a network of un-
known properties, and thereby to be
maintained in oscillation ; then the
network may be interpreted as one of
either type. The distinction is, at
most, one of convenience. Both types
of circuit supply power to the tuning
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Fig. 2. Negative resistance characteristics of
transitron measured statistically.

circuit, and their instantaneous out-
put is controlled by it.

The more general type is the posi-
tive feed -back circuit, whose property
is that an applied potential E at a
point P results in the development at
another point Q 3f an amplified
e.m.f. µE. If P and Q are connected
through an impedance Z (whose value
includes the output impedance of the

(A- 1)E
amplifier), a current of flows

to P, and the result at P is the same
as if it had been connected to a

resistance of - - . A " negative
ig

resistance " possesses a similar pro-
perty, but P and Q are already con-
nected internally, and the impedance
7 is not, in general, available as a
separate entity to be selected at will.

General results can thus be ob-
tained by consideration of the positive
feed -back circuit, which is easily
pictured, and it is in theory unneces-
sary to consider negative resistance
oscillators separately. However, there
are certain circuits, such as the

N
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dynatron, which can be more easily
studied by using the conception 0 t
negative resistance.

Negative Resistances

The negative resistance method of
analysis is applicable to oscillators in
which the tuning circuit is a two -
terminal network, i.e., can be re-
solved into a simple parallel resonant
circuit. The name " negative re-
sistance " Is applied to any device
whose voltage -current characteristic,
in some limited range, has a negative
slope. (See, for example, Fig. 2.)
The term is not confined to those
devices, such as dynatrons and transi-
trons, whose negative resistance char-
acteristic can be measured by d.c.
tests; it can be applied to devices in
which the characteristic is revealed
only by a.c. tests-an example being
a two -stage amplifier with output and
input terminals connected together.

There are two types of negative
resistance,' distinguished by their be-
haviour outside the range of negative
slope. The " voltage -controlled "
type gives a unique current for any
one value of applied voltage, but for
certain values of current there are
three possible applied voltages. (Fig.
3.) Similarly the "current -controlled"
type maintains a unique potential for
any one value of current. Dynatrons,
transitrons, and back -coupled ampli-
fiers are voltage -controlled, and to
form oscillators they are connected in
parallel with the resonant circuit.

The amplitude of oscillation be-
comes such that at one or both peaks
of the oscillation the resistance is
large (it may even pass through an
infinite value and become positive),
and the average value of negative
resistance during each cycle is equal
to the positive resistance of the tun-
ing circuit. It is, however, difficult
to calculate this " average " negative
resistance. The variation in negative
resistance introduces harmonics into
the generated waveform. The con-
dition that oscillation shall occur
spontaneously is that the value of the
negative resistance in the initial con-
ditions is arithmetically less than the
positive equivalent shunt resistance
of the tuning circuit which it is to
maintain. The initial conditions can,
however, be such that, although there
is no spontaneous oscillation, oscilla-

VOLTAGE. VOLTAGE.
VOLTAGE - CONTROLLED CURRENT - CONTROLLED

3:- Two types of negative resistance.

tions started by a sufficiently large
transient will continue with stable
amplitude.

If the relationship between current
and voltage is known and can be ex-
pressed algebraically both inside and
outside the range of negative slope,
a full mathematical analysis of the
oscillator is possible; but it involves
the solution of a differential equation
with non-linear coefficients. Some
interesting,results have been obtained
by this method ;2 the connexion found
between the frequency of oscillation
and the harmonic content has been
shown to agree with that derived by
a more direct consideration of the
influence of the harmonics. The
method is important historically but
the mathematical difficulties involved
seem to have limited its use,

The shunt capacitance of several of
these devices varies with the current
flowing,' and is therefore changing
during each cycle of oscillation. This
variation causes the generated wave
to differ from a sine curve, and
should be allowed for in a complete
investigation of such oscillators. Itis
well known, for example, that the
input capacitance of a valve increases
with increase of anode current-the
effect is explained as a movement of
the hypothetical " virtual cathode "
formed under the influence of .space -
change. In some circuits (e.g., the
dynatron) the valve capacitance is not
that between grid and cathode, but
is one of the other inter-eleCtrode
capacitances, which are, in general,
more stable.

Positive Feedback : Conditions for
Steady Oscillation
The condition for steady oscilla-

tion expressed in terms of feedback,
is that if at some point the circuit is
interrupted, then an oscillation

originating at this point returns
to it with the same amplitude and in
the same phase after passing through
the driving and tuning circuits.' For
if not, the returning signal modifies
the original one ; a different ampli-
tude causes the circulating signal to
build up or to decay, while a phase
shift tends to produce a wave of dif-
ferent frequency. The condition re-
quires the gain in the driving circuit
to be equal to the loss in the tuning
circuit and the total of the phase
shifts in the two circuits to be zero or
a multiple of zir.

The essential property of the
tuning circuit is that it transmits
different frequencies with different

The frequency of the oscillation, if
any, may be imagined to adjust itself
to satisfy the phase condition. Then,
if the gain of the driving circuit at
that frequency is adequate, the oscil-
lation will persist.

Since the driving circuit usually
transmits a wide range of frequencies
with little difference in phase -shift,
the oscillation frequency is deter-
mined mainly by the tuning circuit,
and its dependence on the properties
of the driving circuit is often ignored.
As, however, the result is to make the
oscillation frequency different from
the " natural frequency " of the
tuning circuit, it must be considered
in a full account of the action of the
oscillator.

The adjustment of driving circuit
gain, as usually understood, to exact
equality with the tuning circuit loss
would be impossibly difficult to .main-
tain with normal circuits ; yet without
it the steady state cannot be reached.
The adjustment is, of course, brought
about by non -linearity of the ampli-
fier ; the ratio of output to .input
voltage must, at some value of the
output, fall. Overloading or non -
linearity at some point in the circuit
is therefore an essential feature of
normal oscillator circuits.

(To be continued)
References

1 Herold, Proc. I.R.E. 23, p. 1201 (1935).
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The Cossor-Robertson Electrocardiograph
ACONSIDERABLE amount or

interest has been aroused in
the above instrument due to the

fact that it has recently been installed
in the Stalingrad Hospital. This
electrocardiograph has been consider-
ably improved since it was originally
described in 1937 by Robertson.' It
is a portable instrument for both the
visual and photographic observation
of the small electrical potentials
developed by the heart, by which its
condition may be more accurately
diagnosed. It can be operated from
an A.G. mains supply, or alterna-
tively from dry batteries. The re-
corder unit is common to both types
of power unit and comprises a gas -
focused, directly -heated cathode-ray
tube with split deflector plates suit-
ably biased for the correction of
origin distortion.' The screen of the
tube has a blue-green fluorescence
with an afterglow in total darkness of
approximately to seconds, thus ren-
dering it suitable for continuous
visual observation of the electro-
cardiogram.

The amplifier circuit comprises
three resistance -capacity coupled
stages with filter circuits having an
overall time constant of 1.33 seconds
to cut off the higher frequencies which
are not important for electrocardio-
graphy. These filter circuits also
have the advantage of reducing the
amount of+ screening necessary in the
amplifiers and screened leads from
the patient to the instrument are not
required. The advantage of using a
resistance -capacity coupled amplifier
over a D.C. coupled amplifier is that
it is not necessary to compensate for
skin currents and the use of non-
polarisable electrodes is obviated.
The patient electrodes on the instru-
ment consist of Monel metal cores,
which do not corrode in saline solu-
tion, wrapped round with cotton wool
and bandage and soaked in a saturated
solution of saline. These pads can
be easily remade and sterilised if
necessary. Use of this type of elec-
trode avoids the necessity of using the
strap type electrode and electrode
jelly. The overall gain of the ampli-
fier to provide a screen deflection of
6 cms. is 8o,000 times. A balanced
input circuit is also used so that
interfering potentials such as pick-up
by the patient from the field of elec-

 A. C. Cossor, Ltd.

By K. RICHARDS*

Fig. I. Recorder unit showing tube enclosed in Mu -metal screen. Time -base
circuit (top right); Amplifier and Input circuit (left).

tric wiring, etc., can be cancelled out
and the patient's heart potentials
amplified. By using this type of cir-
cuit, interference can be balanced out
with the battery unit, even if it is
being operated in a building with an
A.C. mains supply.

The time -base circuit of the instru-
ment is of a high voltage resistance
charged condenser type and is manu-
ally operated by a press -button key on
the control panel. It provides a
screen traverse of ro cms. with a
linearity to within 5 per cent. The
speed of the time base can be varied
by the selection of one off five charg-
ing resistances, giving a speed varia-
tion of from 3.3 to to cms./sec.

In order to provide photographic
recordings as well as a visual trace a
clockwork driven film camera is em-
ployed having a speed of from zero
up to 6 cms./sec., and a tuning fork
time marker makes a true o.i sec.
marking across the record. A
mechanism is also provided which
automatically marks on the record the
respective patient lead which is being
used. This is in the form of one,
two or three small gaps at the top of
each time mark, thus indicating the
respective lead and also the top of
the record. This marking is caused
by small prongs which interrupt part
of the light in the time marker slit,
and the markings are automatically
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WHEN the 'jaws' of a Spire Nut grip the thread of a

bolt, there's no letting go. The whole assembly is held fast-as though a trap

nad been sprung. And indeed that is exactly what does happen. A Spire Nut

tightens and locks itself, biting hard on the bolt thread. Send us along the

details (parts or drawings) on any light assembly job, and we'll see if

Spire could make a better, simpler, quicker job of it.

* A BETTER way of fixing

THAT'S Fixed THAT!
The NP 164 is the simplest form of plate -type Spire fixing. It looks
small and slim compared with the hexagon nut and washer it replaces,
but it does the work of both of them more quickly, more firmly and
more permanently. In other words it saves weight and material but
increases security and simplifies assembly. No wonder that it is

increasingly used throughout industry.

Simmonds Aerocessories Limited Great West Road London A Company of the Simmonds Group
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selected by the patient lead switch.
The camera drive is of the friction
type, and saves the necessity of using
perforated film or paper, thereby
allowing the full width of the record-
ing material to be used. The loading
cassette of the camera accommodates
25 ft. of 35 mm. recording paper or
film, and the receiving cassette will
accept records up to ro ft. in length.
In order that the trace can be
observed during the time that the
photographic record is being made,
the camera is designed to photograph
from the back of the cathode ray tube
through a mirror.

The calibration of the instrument
is obtained from a resistance poten-
tiometer circuit connected to the valve
filament supply, and is controlled by
a press -key switch which applies r

mV to the input of the amplifier.
The calibration is set for a spot ex-
cursion of 2 cms. for r mV input,
and the camera lens makes an exact
2 : r reduction so that the resultant
record is standardised at r mV for

cm. deflection.
The A.C. mains unit for the instru-

ment is intended to be operated from
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a roo-25o volt supply having a
periodicity of 40-60 cycles, and con-
sists of a voltage doubler rectifier
circuit which provides 60o volts for 
the anode of the cathode-ray tube,
and a resistance network is included
to give the 6o volts required for the
modulator of the tube.

The mains unit is fitted with a
moving coil voltmeter embodying
suitable shunts to measure the ampli-
fier low tension, amplifier high ten-
sion and cathode-ray tube high
tension. A neon stabiliser is also
incorporated to provide a constant
focus, irrespective of slight anode
voltage variations. The total power
consumption of the instrument is
4o 'watts.

The battery unit employs two 300
volt batteries for the provision of
tube high tension, and a tapping at
6o volts. is used for the modulator
voltage. A moving coil voltmeter is
also used to enable the various supply
voltages to be checked.

The advantages claimed for the
instrument are : distortionless electro-
cardiograms due to the fact that the
cathode-ray tube is free from inertia
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Fig. 2. Schematic diagram illustrating method of photographic recording employed and
disposition of controls. (From Cossor Electrocardiograph Instruction Booklet.)

effects, and therefore there is no
overdamping or overshooting as with
electro-mechanical recorders; the
records are free from the string
shadow, which has been one of the
disadvantages of the galvanometer
type of instrument; long, period ex-
amination of the patient can be made
without the necessity of taking photo-
graphs; the 'instrument cannot be
damaged by overload, and by em-
ploying a cathode-ray tube as a
recording device there is no possi-
bility of a broken string; the switch-
ing for the various patient leads is
so designed that there is no delay
between leads, as is usual with valve
amplifier equipments; by using
photographic paper a direct positive
is obtained and it is not necessary to
make prints; the instrument is very
robust and can be serviced by any
good -class radio engineer.

References
1 Robertson, D.,.J.I.E.E., Vol. 8i 19,7.
2 British Patent 442513 (A. C. eossor).

Parallel " R" and Series "C"
on the Slide Rule

Users of the ordinary 4 -scale type
of slide rule (i.e., without the recip-
rocal scale) will no doubt be inter-
ested in the following facts which are
not generally known :

To find the reciprocal of any num-
ber, all that is necessary is to reverse
the ' slider and close rule up fully.
Reciprocals of numbers appearing on
scale "A" may now be read directly
opposite on scale "B" (now upside
down). By leaving slider in this
position, it is now possible to calcu-
late any combination of resistors in
parallel-or condensers in series-
without further movement of slider :
the cursor only is required.

For, say, 3 resistors in parallel,
proceed as follows :-

Set cursor to value of RI on scale
"A" and note corresponding number
on scale "B." Repeat for R2 and
R3 and add total of numbers on scale
"B." Reset cursor to this total on
scale "B" and absolute resistance
value appears opposite in scale "A."

After a little practice this will be
found to be a much quicker method
of calculation than the old formula
and reduces the operation to one of
simple addition. This system may,
of course, be used with equal ease for
calculating total capacity of any
number of condensers in series.

H. E. SMITH.
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NOTES FROM THE INDUSTRY
Metro -Vick Research

In issuing a short report on the
activities of the Research Department
during 1944, Metropolitan -Vickers
point out that circumstances do not
permit a full report to be issued at
the present time.

Among the materials of note that
have been investigated are magnetic
fluids for crack detection, the Apiezon
range of low vapour pressure oils and
compounds, and Metrosil, the car-
borundum product with non-linear
resistance characteristics.

The department has also con-
structed special dryers for penicillin
and several complete electron micro-
scopes with a magnification of io,000.
A wattmeter has been designed and
made for son A. 1,000 v. at io,000 c/s
with a power factor down to 0.02.

Bakelite, Ltd.
A new booklet on Bakelite resins

has been issued by the Bakelite Com-
pany, covering cements, varnishes
and lacquers, together with sealing
solutions and filling compound,
Copies can be obtained on request
from the head office of the company at
Brackley, Northants.

Gecalloy Radio Cores
The 1944, list of Gecalloy magnetic

dust cores gives general technical
data and dimensions of a number of
typical cores which are usually
available from stock or at short
notice. Full particulars and advice
can be obtained from Salford Electri-
cal Instruments, Ltd., Peel Works,
Salford 3.

British Sound Recording Association
This Association, which was formed

in 1936 for the study of problems con-
nected with sound recording on disk,
film or wire, has issued a revised
leaflet and membership application
form. Under.present conditions it is
not possible to hold meetings, and the
membership fee has been reduced.
Interested readers are invited to
write for further particulars to the
Hon. Secretary, Mr. D. W. Aldous,
" Strathdee," Studley Road, Torquay.

B.K.S. Scholarships
The B.E.S. have decided to award

two scholarships to an annual value
of between £25 and ,Sc) tenable at the
Polytechnic, Regent Street, for stu-
dents of the Kinematography Course.

Applications for the awards should
be made to the Headmaster, School
of Photography, the Polytechnic,
Regent Street, W. I. The scholarships'
are tenable till July, 1946.

Dr. A. P. M. Fleming
The award of a knighthood to Dr.

A. P. M. Fleming, C.B.E., M.I.E.E.,
F.Inst.P. marks the recognition of
a long untiring service in the cause of
technical education and research.

Trained at Finsbury Technical
College, Dr. Fleming joined the
Westinghouse Electrical Co. (now
Metropolitan -Vickers) and since 1916
has been Director of Research and
Education in the company. He was
responsible for founding the Research
Laboratory which is known all over
the world for its work on high voltage
phenomena and the discovery of low
vapour pressure oils, continuously
evacuated plant, and other funda-
mental electronic developments.

The training scheme for appren-
tices, founded by Dr. Fleming has
served as a model for similar organ-
isations.

For his work in education and re-
search the Manchester University
conferred on him the degree of M.Sc.
(Tech.) and the University of Liver-
pool that of D.Eng. He also holds
the Faraday Medal of the I.E.E., of
which he was president in 1938-39.

Our congratulations to Dr. Fleming
on his honour will be shared by a
wide circle of friends in the electrical
and electronic industry.

Other New Year Honours
Mr. J. M. Lawrence, production

manager of the Philips factory has
been awarded the M.B.E., and Mr.
G. T. Egan, tool room superintend-
ent, 'the British Empire Medal.

A knighthood has also been con-
ferred on Professor J. Chadwick, of
the University of Liverpool, and

Professor E. T. Whittaker, of Edin-
burgh University, lately president of
the R. S. E.

Changes
Mr. B. St. J. Sadler has been

appointed manager at Messrs.
Rediffusion, Ltd. He recently retired
from the post of commercial manager
at Marconi's W/T Co.

Mr. H. S. Bennett, M.I.E.E., has
joined the Philco Group as telecom-
munications manager and technical
adviser to the chairman and manag-
ing director.

Dr. K. R. Sturley, the author of the
present series of articles on Low
Frequency Amplification, takes up
his new .appointment as ead of the
Engineering Training Department of
the B.B.C. on February 1.

Mr. A. W. Ladner has retired from
the post of Principal at the Marconi
School of Wireless Communication,
Chelmsford, and his successor is Mr.
N. C. Stamford.

Dr. Whitehead, the assistant direc-
tor of the E.R.A. Laboratories, be-
comes acting director on the retire-
ment of Mr. E. B. Wedmore, C.B.E.

Quadrant Engineering Co.
The illustration shows a new zo-

head capping machine developed by
the Quadrant Engineering Co. for
lamps or valves up to 6 in. diameter
and 12 in. long. The heads are
specially 'insulated to minimise heat
losses to the frame and the burner
ring has one cooling and two heating
sections, independently controlled.
Full particulars can be obtained from
the Quadrant Eng. Co. Imperial
Works, Perrin Street, N.W.S.
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Abstracts of Electronic Literature
CIRCUITS

Grounded -Grid Radio -Frequency
Voltage Amplifiers

(M. C. Jones)

Triode radio -frequency amplifiers
have come into extensive use for
medium -high -frequency applications.
The use of triodes results from the
reduced noise -equivalent resistance of
a triode amplifier as compared to a
multi -grid type amplifier tube. It is
not possible with a triode to use con-
ventional circuits with the input into'
the grid circuit and the output from
the plate 'circuit, because this con-
nexion results in excessive output to
input feedback which produces re-
generation and even oscillation. The
grounded -grid amplifier' circuit alle-
viates these difficulties by utilising
the grid as a shield between the
input or cathode circuit and the
output or plate circuit. Such a circuit
exhibits certain peculiarities, particu-
larly when several such stages are
operated in tandem. Following is an
analysis of the performance of several
types of grounded -grid radio -fre-
quency amplifiers.

'C. E. Strong, "The Inverted Am-
pltfier," Electronics. p. 87; July,
1940.

-Prot. I.R.E. Vol. 32 (1944))
P. 423

MEASUREMENT
Testing High -Frequency Cables

(F. Jones and R. Sear)

The paper describes a method for
the measurement of electrical im-
pedances, and its particular applica-
tion to the routine testing of cables
in the decimetre wave range. Details
of the method and the working equa-
tions are given, together with a des-
cription of the necessary equipment
and its operation. Particular atten-
tion is paid to difficulties encountered

0 with the measuring line and its de-
tector, the problem of measuring line
calibration, and the effect on
measurements Jf reactive discon-
tinuities at the junction of the line
and cable and at the centre line sup-
port. The measurement of twin
cables with a velocity unbalance is
discussed. Full treatment of the

.theory is given in an appendix.
-Wireless Engineer. November,

INDUSTRY

Fluorescent Lighting
(S. E. Pugh)

This article describes some of the
constructional and operating features
of the fluorescent tube and its asso-
ciated control gear, and gives some
suggestions for the installation and
maintenance of fluorescent lighting
fittings.

-P.O.E.E.J. (Part 3). October,
1944, P. 65.

Efficiency of Induction Heating Coils
(G. H. Brown)

Examination of the action oc-
curring in induction heating of
metals, including analysis of current
distribution in work coil and load,
relation .between frequency and
coupling efficiency, impedance con-
siderations and discussion of factors
affecting choice of frequency.

-Electronics, August, 1944.

X -Ray Powder Diffraction Camera
(J. Shearer)

An X-ray powder camera is des-
cribed which is designed for speed of
working. This is achieved (at the
cost of certain disadvantages) by im-
proving factors that control exposure
time and by eliminating the necessity
of any adjustments and of any
calibration when these have once and
for all been carried out. The camera
is applicable to the analysis of soil
colloids.

-Jour. Sci. Inst. November, 5944,
p. 198.

Electronically -controlled Adjustable -
speed Motors
(B. T. Anderson)

The author considers electric motor
drives in which power, rectified by
means of thyratron tubes, is supplied
to the armature and field of a D.C.
shunt-wound motor and the speed
may be varied by adjusting one or
other of the two supplies. In addi-
tion, the electronic control auto-
matically limits the motor current to
a sate value so that during accelera-
tion or stalling the motor will draw
only a preset value of current. Three
applications of this particular drive
to machine tools are discussed.

-Machinery (Lcond.),'24/8/1944, P
197.*

 Abstracts supplied by the courtesy of Metropolitan
1944, P. 512. Vickers Electrical Co. Ltd., Trafford Park, Manchester

ATTENUATOR
BOXES

Accurate attenuation of the vol-
tage from a standard signal source
(such as the Furzehill B.F.O.) is
frequently required. A typical
instrument is our

A.F. ATTENUATOR TYPE 1358

I. IMPEDANCE. 600 ohms.

2. FREQUENCY RANGE. Zero
to 10 kc/sec.

3. ATTENUATION RANGE. I

dB to 109 dB in steps of I dB.

4. SECTIONS. The following 600
ohm T -pad sections are pro-
vided each having a key switch
to throw the section IN or
OUT. 40, 20, 20, 10, 10, 4, 2,
2, I. dB.

5. INTERNAL. TERMINATION.
An internal termination of 600
ohms ± I per cent. is provided.
This may be connected at
option by means of a key switch.

6. ATTENUATION ACCURACY.
40 dB and 20 dB sections

± 0.1 dB.
10 dB sections ± .05 dB.
4 dB, 2 dB and 1dB sections

± .02 dB.
Maximum total error ± 0.2 dB.

7. IMPEDANCE ACCURACY.
When terminated by internal
termination or external termi-
nation of 600 ± I per cent.,
the input impedance with the
keys in any positions will be
600 ohms ± I per cent.

PRICE - £25

LABORATOWES LTD.

BOREHAM WOOD
HE RTS

TELEPHONE . ELSTREE 1137
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CORRESPONDENCE
Frequency Modulation

post-war plans for
television and U.H.F. sound broad-
casting are under discussion, it is
important that the pros and cons of
F.M. should be understood.. Space
will not permit a full discussion here;
but I wish to correct a misconception
which is found even among respon-
sible engineers, that F.M. can give
no protection against ignition noise
or other similar pulses which have
an amplitude much greater than that
of the signal carrier. The actual
response of an F.M. receiver to very
powerful impulsive interference can
be summarised as follows :

(i) In the absence of a signal, the
F.M.receiver gives no output from
impulsive ,interference.

(2) In the presence of an unmodu-
lated carrier to which the F.M.
receiver is accurately tuned, the im-
pulsive interference causes no audible
output. If the receiver is not
accurately tuned, there will be
an audible output, but the amplitude
of the pulses in the audio -frequency
circuits of the receiver will correspond
to a modulation of the carrier of less
than too per cent., in fact, to a
modulation depth equal to the ratio
of the frequency error in tuning to
the frequency swing corresponding to
full modulation of a frequency -
modulated signal.

(3) In the presence of a frequency -
modulated signal to which the re-
ceiver is accurately tuned, the audio -
frequency noise pulses are limited to
the instantaneous level of signal
modulation. If the receiver is not
accurately tuned, the amplitude of
the audio -frequency pulses will be
increased by the amount defined in
(2) above.

If it is true, as sometimes sug-
gested, that ignition noise is the chief
trouble in U.H.F. broadcasting, this
summary provides a basis for the
comparison of F.M. with other sys-
tems, such as wide -band A.M. with
audio -frequency limiting.

Yours faithfully,
D. A. BELL.

Amplitude Distortion
DEAR have been reading in

the November issue of your journal
a very interesting article on L.F.
amplification by Sturley and am a
little pained to note his frequent use
of the' term " amplitude distortion "

when, in fact, he is referring to
"non-linear (or harmonic) distortion."

It is only too true that the use of
this term for this purpose has very
many precedents and probably, in the
contexts in which it is used in this
article, there is no serious danger of
misunderstanding it. N evertheless,
if agreed standardisation is a good
thing, it is undesirable to flout it,
and it is a fact that the B.S.I. Glos-
sary has laid down clear definitions
of these various types of distortion.

It is, of course, true that amplitude
distortion (as defined by B.S.I.) is a
form of distortion which occurs
hardly at all in radio, except when
deliberately introduced as in contrast
expanders or compressors : where it
is even then achieved to the accom-
paniment of non-linear distortion.
Amplitude distortion, in fact, is
principally of interest as being en-
demiC amongst carbon microphones,
but it cannot therefore be altogether
overlooked. The strongest argument
against the misuse of the term

amplitude distortion,"; when one, in
fact, means " non-linear (or har-
monic) distoition," is surely that it
leaves one no means of describing
true amplitude distortion when one is
so unfortunate as to meet it.

Yours faithfully,
J. R. HUGHES.

Photo -cell Nomenclature
DEAR SIRS,-Referring to " A Note

on Photo -cell Nomenclature," by
Dr. W. Sommer, in your December,
1944, issue, we would venture to
support in some respects the plea for
a better nomenclature and non -
ambiguous symbol -shorthand, but we
would also venture to disagree with
some of the remarks.

We think, generally, that the dot
anode in the general photo -cell sym-
bols should disappear in favour of
the appropriate bar anode (as in
valves in general where it has to
collect substantially all of the elec-
tronic stream from one or more
cathode (s) ).

As the old photo -electronic cathode
consisting of a semicircle with central
connexion now confuses with some
magnetron or similar types of elec-
trodes in certain symbols, our feeling
is that the semicircular cathode (thus
indicated as being emissive under the
influence of light) should have its
connexion taken from one end as
other cathodes.

Under these conditions it does not
appear necessary to have the adjacent
arrow to indicate some energy im-
pact.

We agree very strongly with the
suggestions about light sensitive re-
sistors and in such instances it may
be desirable, together with the tidy-
ing -up of the symbol, to use some
form of impact arrow. We believe it
is already a useful practice in some.
directions, which can still more use-
fully be extended, to give the resis-

 tor symbol, within the circle,
curved arrow, (instead of the straight
arrow which indicates manual varia-
bility) to indicate some non -manual
changing.

In a light sensitive resistor, the
envelope being indicated by a circle
or other surround, the gas dot can be
added when required, or the gas
symbol (e.g., He=helium) if there is
need to be specific.

In regard to a photo-e.m.f. cell, it
might be desirable to use the stand-
ard symbol for a battery -cell, within
the circle, and with the indication of
self -change, with or without the arrow
to indicate influence impacting.

We feel that it is very impor-
tant indeed, not only to have simple
non -ambiguous symbols, but to have
standard units in symbols so that
new symbols, as required, can be
built up quickly and speedily and
can be readily accepted by anyone
coming across them for the first time.
That is why we suggest the standard
anode, and why it seems preferable
to have, light emissive cathodes with
a side connexion; and why we sup-
port Dr. Sommer in the light sensi-
tive resistor symbol, and why we
suggest the photo-e.m.f. cell symbol.

The British Standards Institution
are revising the B.S. Symbols at the
present time and it is up to interested
parties (through their appropriate
organisations, trade or technical), to
make representation if they feel
strongly on the subject.

We feel sure that the B.S.I. will
appreciate constructive criticisms, but
if there is disagreement with existing
arrangements they should be given
constructive suggestions at all times
for improvements.

Yours faithfully,
H. T. STOTT,

Technical Director,
A. F. Bulgin & Co., Ltd.
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IS it because gear wheels
made of Bakelite Plastics run so
silently that only the instructed
few seem ever to have heard of
them ? For obviously they deserve
to have made a great noise in the
world !

For years, gears of toughened
steel have been meshed with
Bakelite gears-and they run for
years ! . . . There is less wear on
the steel gear wheel. Where re-
sistance to corrosion is imperative,
the Bakelite gear cannot be beaten.

Gear wheels may not be your
particular problem : yet it may be
important to you to remember
that there is available to you to-
day a man-made material capable
of standing up to hardened steel.
Just one more instance where
Bakelite Plastics have replaced a
natural material because they do
the job in hand more efficiently . .

BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, S.W.I
TREFOIL

BAKELITE PLASTICS
REGD. TRADE MARES

Pioneers in the Plastics World
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FEBRUARY MEETINGS
NOTE.-In general, visitors are admitted to the meetings of scientific bodies on the invitation of a member, or on
application in writing to the Organising Secretary at the address given. In certain cases (marked *) tickets may also be

obtained on application to the Editorial offices of this Journal.

Institution of Electrical Engineers
All meetings of the London Section

will be held at The Institution of
Electrical Engineers, Savoy Place,
Victoria Embankment, London,
\V. C. 2.

Radio Section
Date : February 7. Time : 5.3o p.m.

Lecture :
" Aerials for Use on Aircraft-a
comparison between fixed and trail-
ing types on the 900 -metre wave-
band."

By :
C. B. Bovill.

Date : February 20. Time : 5.30 p.m.
Discussion on :

" Aspects of Post-war Valve Stan-
dardisation."

Opened by :
A. H. Cooper, B.Sc.

Date : February 28. Time : 5.3o p.m.
Lecture :

"Multipath Interference in Televi-
sion Transmission."

By:
D. I. Lawson, M.Sc.

Measurementl,Section
Date : February 16. Time 5.3o p.m.
Lecture :

" The Economic Utilisation of
Modern Permanent Magnets."

By:
D. J. Desmond, M.Sc.

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

Students Section
Date : February 13. Time 7 p.m.
iLecture :

" The Cathode -Ray Tube and its
Applications."

By:
Dr. W. Wilson.

Hon. Assistant Secretary:
R. V. Barton, 27 Church Rise,
Forest Hill, London, S.E.23.

Cambridge Radio Group
Meetings held at the Cambridge

Technical College.
Date : February 13. Time : 6 p.m.
Lecture :

" The Development of Polythene
as a High Frequency Dielectric."

By:
Professor Willis Jackson, D.Sc.,
D.Phil., and J. S. A. Forsyth, B.Sc.

Date : February 26. Time : 6 p.m.
(Lecture :

" The Acoustic Design of Broad-
casting Studios."

By:
Alex. Wood, M.A., D.Sc.

Hon. Secretary:
D. I. Lawson, c/o Pye Ltd., Radio
Works, Cambridge.

North-Western Centre
All meetings will be held in the

Engineers' Club, Albert Square,
Manchester 2.

Ordinary Meeting
Date : February 13. Time : 6 p.m.
Lecture :

" Thermoplastic Cables."
By:

T. R. Scott, D.F.C., B.Sc., H.
Barron, Ph.D. and J. N. Dean,
B. Sc.

Radio Group
Date : February 23. Time : 6 p.m.
Lecture :

Particulars from the Secretary.
Secretary:

T. T. Evans, 9 Kingston Drive,
Sale, Cheshire.

The Television Society*
Date : February 27. Time : 6 p.m.
Held at :

The Institution of Electrical Engi-
neers, Savoy Place, London, W.C.2.

Lecture :
" Vertical v. Horizontal Polarisa-
tion."

By:
H. P. Williams, Ph.D.

Lecture Secretary:
G. Parr, 43 Shoe Lane, London,
E.C.4.

General Secretary:
0. S. Puckle, 8 Mill Ridge,
Edgware, Middlesex.

British Kinematograph Society
Date : February z I. fime : 6 p.m.
Held at :

Gaumont-British Theatre, Film
House, Wardour Street, London,
W.I.

Lecture :
" Film Production in 16 mm."

By:
E. C. Davey.

Organising Secretary:
R. H. Cricks, Dean House, 2 Dean
Street, London, W.I.

The Association for Scientific
Photography*

Date: February 24. Time.: 2.30 p.m.
Held at:

The Caxton Hall,, Westminster.
Lecture :

Spectrography-" Factors Influenc-
 the Choice of Photographic Ma-
terials for Use in Quantitative
Spectrography."

D. R. Barber, B.Sc., F.Inst.P.,
F.R.P.S., and E. H. Amstein,
B.Sc., A.R.C.S.

The Secretary:
Association for Scientific Photo-
graphy, 34 Twyford Avenue, Fortis
Green, London, N.2.

Institution of Electronics
North-West Branch

Date : February 2. Time : 7.3o p.m.
Held at :

The Reynolds Hall, College of
Technology, Manchester.

Lecture :
" Neon Stroboscopic Lamps-with
special reference to lamps of the
cold -cathode type."

By:
D. Besso, B.A., and H. Brown,
B.Sc.

General Secretary:
L. F. Berry, 14 Heywood Avenue,
Austerlands, Oldham.

Bradford Electronics Society
All meetings to be held at the

Technical College, Bradford.
Date : February 15. Time :
..,ecture :

" A loo -kV D.C. Electrostatic
Generator."

By:
J. F. Smee, A.M.I.E.E. (Metro-
politan Vickers Electrical Co.,
Ltd.).

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

Kingston -upon -Hull Electronic
Engineering Society

Date : February 9. Time : 7.30 p.m.
Held at :

Hull Corporation Electricit), Show-
rooms, Ferensway, Hull.

Lecture :
" Acoustics of the Electronic
Organ."

By:
G. W. Robson, B.Sc.

The Secretary:
H. W. Akester, 72o Anlaby Road,
Hull.

7 p.m.
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Rigidity

At last the poor fellow has found the
rigidity he has been looking for.

If only he had known that MYCALEX is
the insulator which is rigid under all
conditions up to 400° C. and yet is still
readily machined.

Power Factor Tensile Strength
(I meg & over) .002 (Ibs./sq. in.,) 5.800

Permittivity ... ... 6.7 Water Absorption... NIL.
Electric Strength

(volts/mil) 550 Plastic Yield ...450°C.

Send for illustrated brochure.

MYCALEX COMPANY LIMITED  CIRENCESTER GLOS.
M Y7

Height, depth, length and breadth are relative terms.
At each end of the scale they pass a long way beyond
the range of human sensibilities. It is the function of
measuring instruments, however, to extend that range
with a more than human accuracy of perception.
In communications there are many aspects of per-
formance to be measured-nowadays, by a series of
routine tests employing instruments specially designed

MARCONI

for each purpose. But not so long ago, before Marconi
Instruments, Ltd. concentrated their energies on this
branch of radio engineering, electrical measurement
bristled with problems and difficulties.
The communications engineer of tomorrow will be
equally well served with test equipment ; whatever
the strides in radio technique Marconi Instruments
will still provide the means for accurate measurement.

INSTRUMENTS, LTD.
ELECTRA HOUSE . VICTORIA EMBANKMENT . LONDON . W.C.2
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BOOK REVIEWS
Handbook of Industrial

Radiology
Edited by J. A. Crowther, 193 pp. (E.
Arnold & Sons, 21s. net).

This is an excellent book compiled
by the members of the Industrial
Radiology Group of the Institute of
Physics.

Each chapter is written by an ex-
pert in the particular branch of the
subject and the whole has been
welded together to make more,
coherent reading than is usual in
books of collected papers. ;The open-
ing chapter describes the principles
of radiology, the second, the genera-
tion and control of X-rays from the
industrial viewpoint, then follow
chapters on measurement, and choice
of photographic materials.

The radiography of heavy and
light metals is described and Dr.
Mullins contributes a chapter on
Uncommon Applications of Radiology

ith a full bibliography of the various
applications.

An interesting contribution, and one
which will be new to most radio

engineers, is that on Gamma Radio-
graphy with examples of technique.

The book is very well produced on
good quality paper and is a credit to
the members of the Institute of
Physics who participated in it, as
well as to the publishers.

G. P,

Symposium on Radiography
Published by The American Society foil
Testing Materials, $4.

The first symposium on Radio-
graphy held by the American Society
for Testing Materials was held at
Detroit in 1935, .and the papers read
then have been recently published,

Books reviewed on this page
or advertised in this Journal,

can be obtained from
H. K. LEWIS & Co. Ltd.

136 Gower Street, W.C.I

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

together with others of a symposium
held in 1942.

The book also includes a recom-
mended Industrial Radiographic
Terminology which will help to es-
tablish the meanings of the terms
used and serve as a glossary for new-
comers in the field.

One of the articles deals with the
G. -E. million -volt portable X-ray
unit which can be adapted for the
examination' of castings in situ.

Further
articles in the symposium

are :_
Miscellaneous Applications of Radiography and

Fluoroscopy. By H. E. Seemann.
An Introduction to Gamma Ray Radiography.

By N. L. Mochel.
The Problem of Radiographic Inspection. By

H. H. Lester.
Some Application of X -Ray Inspection to Prod.

Problems. By M. McCutcheon.
Radiography of Welds and Weldments. By R. E.

Lorentz.
An Investigation of the Apparatus Used in Radium

Radiography. By L. W. Ball and D. R. Draper.
An Exposure Meter for X -Radiography. By I

H. Freidman and A. L. Christensen.
A Study of Casette Design for the Radiography of

Castings. By L. W. Ball.
Equivalent Penetrameters in Radiographic Testing

By R. J. Schier and G. E. Doan.
Precision Radiography. By R. J. Schier and

G. E. Doan.
X -Ray Film Evaluation. By F. Danford.
Industrial X -Ray Protection. By L. J. Taylor.

Write for
PUBLICATION

N° 31

DCD WT

1000

ele/}11°//eTHE NEW INSULATION CO. LTD. BRISTOL RD.GLOUCESTER c7(leqj
GLOUCESTER 'N/GO

490/ LONDON OFFICE WINDSOR HOUSE,46 VICTORIA ST. S.W. I TEL ABBEY6494 GLOUCESTER
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MULLARD

THE ALL -GLASS TECHNIQUE

A new method of construction
which overcomes many of the
problems of maintaining
efficient valve operation at high

radio frequencies

THE MULLARD WIRELESS SERVICE CO. LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 (g8)
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ELTON

METALLURGICAL

IPSWICH ROAD

TRADING ESTATE
SLOUGH, BUCKS. 'Phone : Slough 20992

Agents for Australia :
A. S. HARRISON & CO. PTY. LTD.
85 CLARENCE STREET, SYDNEY

Liquid
Silver
Platinum & Gold

Solutions

For Metall ising
Mica Ceramic

Quartz etc.
Low Melting
Point Solder and
Non - Corrosive
Liquid Flux A(,,ALpea)

HILL L CHURCHILL
Booksellers

SWANAGE, DORSET

ENGLISH & AMERICAN
BOOKS IN STOCK ON

RADIO AND
TELECOMMUNICATION

Catalogue on Application

Ailey forictory
Our products at present are for " Priority "
demands.

For Peace, we will bring you new designs
incorporating the experience of 40 years as
manufacturers of high-class products.

OLIVER PELL CONTROL LTD.
CAMBRIDGE ROW, BURRAGE ROAD, WOOLWICH,

LONDON, S.E.

Ailey for Peace

CLASSIFIED ANNOUNCEMENTS.

The charge for miscellaneous advertisements
on this page is 12 words or less 41- and 4d.
for every additional word. Box numbers
count as four words, plus l,- extra for replies
Remittance should accompany advertise-
ment. Cheques and P.O.'s payable to
Hulton Press Ltd., 43 Shoe Lane, E.C.4. Press
date -15th month for following issue.

FOR SALE
IN STOCK, Rectifiers, Accumulator Chargers,
Rotary Converters, P.A. Amplifiers, Mikes, Mains
Transformers, Speakers of most types, Test Meters,
etc., Special Transformers quoted for. -University
Radio, Ltd., 22, Lisle Street, London, W.C.2
Ger. 4447.
EXCEPTIONALLY WELL BUILT sound equip-
ment. xx valves. 12 watts output. 3 chassis. Phone,
write, full details. £5o or offers. Copies. ELEC-
TRONIC ENGINEERING, November, z94.1, to
present issue. Offers wanted. J. D. Rogers, 3o,
Mulberry Close, Charlton, S.E.7. Telephone : ,Green-
wich 2075.

LOUDSPEAKERS
LOUDSPEAKERS -We carry on. Sinclair Speakers,
12, Pembroke Street, Ni..
LOUDSPEAKER repairs, British, American, any
make, moderate prices. -Sinclair Speakers, 52,
Pembroke Street, Ni..

MISCELLANEOUS
WE WILL BUY at your price used radios, ampli-
fiers, converters, test meters, motors, pick-ups,
speakers, etc., radio and electrical accessories. Write,
phone or call, University Radio Ltd., 22, Lisle
Street, London, W.C.2. Ger. 4447.
WEBB'S Radio Map of the World enables you to
locate any station heard. Size 4e by 3e 2 colour heavy
Art Paper, 4/6, post 6d. Limited supply on Linen, to/6,
post 6d.-Webb's Radio, 14, Soho Street, London, W.x
'Phone GERrard 2089.
MORSE Practice Equipment for Class -room or
Individual Tuition. Keys, Audio Oscillators for both
battery or main operation. Webb's Radio, 24, Soho
Street, London. W.x Phone : GERrard 2089.
BERRY'S (SHORT WAVE) LTD., carry, in
addition to the usual radio parts, a most complete
range of RADIO AND ELECTRONIC EQUIPMENT.
including C.R. Tubes, 2! M., £3 6s. od. ; 411-

£6 xs. od. ; Meters, 0/5 ma, 57s. 6d. ; o/x, 75s. 6d.
Meico 5w. Amplifier, £16 Jos. od. Rothermel Crystal
Mikehead, £4 x5s. od.; Pickups, 73s. 6d., 78s. 9d.
Ceramic S.W. Variables : .000x, 4s. 6d. ; .000x6,
4s. 9d. ; 15 mmf., 3s. 6d. ; 25 mmf., 3s. 9d. ; 40 mmf.,45.

6d. ; 75 mmf., midget, 6s. Precision 4 in. S.M.
Dial, 9/x with driving head and vernier, 35s. S.M.
Drive, 8/x with station named dial escutcheon and
glass, 8s. 6d. " P " Coils, 2S. 3d., 2S. 6d. I.F.'s,
7s. 6d. Metal Cabinets with hinged lid, panel and
chassis, 39s. 6d., 63s. Jacks and Plugs, IS. 6d. each.
S.W. H.F. Chokes, 2s. 6d. All -wave 2.5 ma., 3s. 6d.
Toggle and Rotary Switches, Ceramic Valve -bases,
Stand-offs, Feed Throughs, Formers, Radio Manuals.
Send xd. stamp for full list " E " to 25, High Holborn,
London, W.C.I. (Tel.: Holborn 6231).
THE TECHNICA CAMERA CO., 21, William IV
Street, consulting photographic engineers to H.M.
Government Departments, undertake the solving of
photographic engineering problems.
RADIO -ELECTRIC PATENTS. Well known
London Radio Component manufacturers are open to
consider patents or designs for post-war period.
Write : Progress c/o Alfred Bates and Son, Ltd., 13o,
Fleet Street, London, E.C.4.

NEW COMPONENTS
BRAND NEW COMPONENTS at list prices, for
discriminating amateurs, and professional constructors.
Suppliers to British and Allied Services and Govern-
ment Departments.
Avo and Weston test equipment and meters. Cossor
and G.E.C. cathode ray tubes. T.C.C. and B.I.
condengers. Erie resistors. Wirewound precision
resistors. Colvern w.w. potentiometers. Reston mains
transformers, chokes and output transformers, Londex
relays. Rothermel pickups and potentiometers.
Instrument and wavechange switches. Ceramics.
Wearite P. coils anal I.F. transformers. Wide range of
British and American valves. Celestion speakers.
Service includes circuits, practical help in construction,
crystal calibration of receivers and oscillators. Un-
limited resources for technical information. Specialists
in 'short-wave work for amateurs, etc. Enquiries
invited.
TELE-RADIO (1943), LTD., 177a, Edgware Road,
London, W.2. Phone : Pad. 6516..

THE TRIX ELECTRICAL CO.,LTD.
1-5, MAPLE PLACE. TOTTENHAM CT. RD.'

LONDON w.i.
7EIE:MUSEUM:5817 VRAMSBCABiff." WESDO.I.ONDON

Indispensable
to Radio Ser-

vice Engineers. Makes
20 tests. Interesting Book-
let on request. From all

wholesalers or direct. Send for Leaflet L24

RUNBAKEN'MANCHESTER.I

Bargains in Radio, Electrical andScientific Apparatus.
SEND YOUR ENQUIRIES TO DEPT. E.E.

ELECTRADI X RADIOS,
214, Queenstown Rd., Battersea, London, S.W.11

Classified Announcements (Contd.)
SITUATIONS VACANT

OUTSIDE TECHNICAL REPRESENTATIVE
required. Should have established personal contacts
with radio designers. Experience in design or manu-
facturing department of radio manufacturers desirable.
Salary about £600 p.a. Age 3o-45 years. Box 713,
" Electronic Engineering."
CHIEF DESIGNER DRAUGHTSMAN to manage
drawing office of electrical engineers in S.W. London
area. Write with full particulars to Box 724,
" Electronic Engineering."
A.M.I.E.E., City and Guilds, etc., on " NO PASS -
NO FEE" terms. Over 95% Successes. For full
details of modern courses in all branches of Electrical
Technology send for our 1x2 -page handbook -FREE
and poet -free. B.I.E.T., (Dept. 337B), 17 Stratford
Place London, W.x.

SITUATION WANTED
PRODUCTION ENGINEER AND DESIGNER,
36, Hons. B.Sc. (Eng.), A.M.I.E.E. For past 9 years
in charge of department designing and manufacturing
test and other equipment for electronic products. Free
now to accept suitable responsible work. Box 715,
"Electronic Engineering."

WANTED
WE OFFER cash for good modern Communication
and all -wave Receivers.-A:C.S. Radio, 44, Widmore
Road, Bromley.
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BOOKS ON *
RADIO

THE SUPERHETERODYNE
RECEIVER

By Alfred T. Wilts, A.M.I.E.E.
Sixth edition, 6s. net

RADIO RECEIVER
CIRCUITS HANDBOOK

By E. M. Squire. Second edition, 5s. net.

CATHODE RAY
OSCILLOGRAPHS

By J. H. Reyner. Second edition, 8s. 6d. net.

WIRELESS TERMS
EXPLAINED

By " Second edition, 3s. net.

D/F HANDBOOK FOR
WIRELESS OPERATORS

By W. E. Crook. Second edition, 3s. 6d. net.

N.B. Paper rationing means a shortage of books.

* PITMAN

Yes it is " RECCE " every
time, who probe the unknown
country ahead.

There will be some " rough
country " for industry to cover
in the immediate post-war period,
and it's up to ALL of us to plan
to meet this.

Meanwhile, we are helping to
solve your war -time resistance
problems.

RELIANCE
Manufacturing Co. (Southwang Ltd.
Sutherland Road, Higham Hill,
Walthamstow, London, E. 17.

Telephone-LARkswood 3245

POST-WAR PLANNING
Why not let us handle your
transformer problems ?

If transformers are em-
ployed in the equipment
you manufacture, we shall
be glad to give you the
advantage of our experi-
ence and to offer the same
efficient service that has
won the confidence of the
Government Experimental
Establishments and of the
Leading Industrial Organi-
sations.

The solution of individual
problems has for many
years formed a part of our
normal day's work. The
production in quantity of
PARTRIDGE TRANS-
FORMERS has been built
upon the unique knowledge
thus accumulated.

Partridge Transformers
LTD.

76-78 Petty France
London, S.W. I

Abbey 2244

P. X. FOX, LTD.,
HORSFORTH, YORKSHIRE

FOR STANDARD OR SPECIAL TYPES OF-

TOKOIDAL
POTENTIOMETEKS

LAMINATIONS & SCREENS
RADIOMETAL PERMALLOY

SINCLAIR LOUD SPEAKERS

Electrical Sound & Television Patents Ltd.
12, PEMBROKE STREET, N.I

MOULDED RUBBER
PARTS

As soon as the war is won we hope
to offer our usual " DAINITE "
Service for Moulded Rubber Parts.

In the meantime, enquiries for permitted essential
lines will receive every attention.

THE HARBORO. RUBBER CO., LTD MARKET HARBOROUGH.

Great Possibilities for Technically Qualified Engineers
KEY MEN IN WARTIME AND AFTERWARDS

The finest posts and the majority of posts in
this war are technical and when the war is
over, the Immense Increase in technique and
mechanisation created for war purposes will
be applied to reconstruction and commerce.
An age of great possibilities for qualified
engineers is here. Study at home with The
T.I.G.B. and take a Recognised Engineering
Qualification such as C. & G., A.F.R.Ae.S.,
A.M.I.Mech.E., A.M.I.E.E., etc. in which
examinations T.I.G.B. Students have gained
35 FIRST PLACES and hundreds of passes.
Write now for "The Engineer's Guide to
Success " - 200 Courses - covering all
branches - Aeronautical, Telecommuni-
cation, Mechanical, Electrical, Chemical, etc.
etc.

THE TECHNOLOGICAL INSTITUTE

Woridi best choice of
Courses in Engineering

OF GREAT BRITAIN
160, Temple Bar House, London, E.C.4.
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ALWAYS ON DUTY

YSIONE
COM MUNICATION
RECEIVER

THE RECEIVER MAY 1 INSPECTED
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