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Made in Three
Principal Materials

FREQU ELEX-An Insulating
material of Low Dielectric Loss.
For Coil formers, Aerial Insulators,
Valve Holders, etc.
PERMALEX-A High Permit-
tivity Material. For the construction
of Condensers of the smallest possible
dimensions.
TEMPLEX-A Condenser
material of medium permittivity. For
the construction of Condensers having
a constant capacity at all temperatures.

"Everything
O.K. Sir !"

DIELECTRIC Loss problems in High
Frequency circuits have been solved by the use of
Bullets Radio -Frequency Ceramics.

Many years of research and development in our
Laboratories have brought these materials to a high
degree of efficiency.

They are in constant use for transmission and
reception and play an important part in maintaining
communication under all conditions.

Butlers
LOW LOSS CERAMICS

BULLERS, LTD., THE HALL, OATLANDS DRIVE, WEYBRIDGE, SURREY
Telephone : Walton -on -Thames 2451. Manchester Office : 196, Deansgate, Manchester

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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DUCADU OSCILLATOR
Type D -105-A "... as easy to use as a resistance box"

The
MUIRHEAD-WIGAN DECADE OSCILLATOR
Type D -105-A, illustrated, is an instrument of
outstanding performance embodying something
entirely new in oscillator design.

FREQUENCY IS DIRECT READING TO PRE-
CISION ACCURACY ON FOUR DECADES.
There are no troublesome calibration charts to
refer to or engraved scales to adjust.

For full particulars of this and other Decade
Oscillators, write for Bulletins B -320-A,
B -321-A and B -528-A.

MUIRHEAD & CO. LTD., ELMERS END,

BECKENHAM, KENT

Telephone : Beckenham 0041-0042

Specification :
FREQUENCY

1 c.p.s. to 111.1 Kc/s on two ranges: -
1 c.p.s. to 11.11 KO by 1 c.p.s. steps.

10 c.p.s. to 111.1 Kc/s by 10 c.p.s. steps.
ACCURACY

+ 0.2% or 2 c.p.s. over the entire fre-
quency range.

OUTPUT 2 watts maximum.
HARMONIC CONTENT

.2`! at 2 watts : 1.25% or less below
1 watt.

POWER SUPPLY 200 to 250 v. 50 c.p. r.

MUIRHEAD.
FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS

C.R.C.31

A
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BELLING & LEE LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX

TRANSFORMERS FOR THE

Vacuum
Impregnation
ensures
reliable
service under
most arduous
conditions. Doi

Our Tropical type
Transformers are

made to
specifications

D.T.D. 1000
or

K. 110

TRANSFORMER CO.
Thornley Street, Wolverhampton

Tel. : Wolverhampton 22829
MAKERS OF TRANSFORMERS, POWER PACKS, AND. SPECIAL RECEIVE:0

AND TRANSMITTING APPARATUS

The Model 26 Mark II is an A.C. mains driven ur
which provides up to 250 mu/a at a voltage continuous
variable between 0 and 1000 D.C. (max. continuo

load 100 watts). Ripple voltage

LE LAN D
less than '25 per cent.
British built to R.A.E. specificati
and available for priorityorderson

21,10H N ST.. BEDFORD RO\
LONDON W.C.I.

TELEPHONE: CHANCERY 87INSTRUMENTS LTD
G P. 8774 CLOUGH-BRENGLEBOONTONFERRISBALLANTINEHEWIETT-PACKARI
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Proving ground for the future of electronics
On the battlefields,electronics is meet-
ing its extreme test. Failure here means
death to men, defeat to armies. Con-
versely, experience here means vastly
broadened knowledge, improved
techniques, and progress so rapid as

to be impossible of description.
The collective brains of Eimac engi-

neers are concentrated full tilt on the
new knowledge which is coming outof
this holocaust. And are consequently
still setting the pace in vacuum tubede-

.

Follow the leaders to
Army -Navy "E" awarded for high
athievement itt Production for user.

velopments. The fruits of their efforts
are going directly to Uncle Sam and
our Allies to play a vital role in the war.

When the fighting stops you'll find
Eimac still the pre-eminent choice of
engineers throughout the world.

EITEL-NcCULLOUGN, INC.
SAN BRUNO  CALIFORNIA  U.S .A.

VALVES Sure.SaArnn.COewpU S.
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COMMUNICATIONS, DEPEND ....

BULGIN
FOR

RESISTORS

The largest and most compre-
hensive range of Resistor's.
Values from 0.10 to 150,000S1
in wire -wound types, ratings
of from 2 to 100W. Solen-
oidal -wound and double -spiral
models available. Special
accuracies of < + I% to
order, at special prices. Only
the finest materials are used
throughout.

ON SMALL
PARTS....

In countless instances quite
intricate pieces of apparatus
are wholly dependent on the
proved reputation and relia-

bility of their component parts.

All products from the House
of Bulgin are pre-eminent for
superior design and workman-
ship, and every article bearing
our Trade Mark has to pass
exacting and exhaustive tests
during the course of its
production.

We ask the kind indulgence

of the public on delivery until
peaceful conditions return.

ALWAYS DEPEND ON

BULCIN
REGIS TE R ED  TRADE  MARK

material
for

High
Temperature

Work

are the makers
of

WIRES, RODS
& TAPES

for
Lamps, Valves
and Furnaces
exact to Specifications

WIRE Ca

O

VACTITE
IMF

A. F. BULGIN X CO. LTD., BY-PASS RD., BARKING, ESSEX
Tel. Rippleway 3474 (4 lines)

VACTITE WIRE Co, LTD.

19 QUEEN ANNE'S GATE, WESTMINSTER, S.W.I
TELEPHONE; WHITEHALL 2552
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In our well-equipped chemical
laboratories qualified chemists are
constantly engaged in examination
and analysis of materials used in
WESTINGHOUSE PRODUCTS

Conditions to -day compel steady research and experiment
towards improved rectifier design. While we regret that
Westinghouse Rectifiers are not freely available, the day is
drawing nearer when we shall offer to industry Rectifiers
incorporating new, advanced features.

WESTINGHOUSE BRAKE & SIGNAL Co. Ltd.
PEW HILL HOUSE, CHIPPENHAM, WILTS.

THE SCIENTIFIC

MIDGET
VALVES
HIVAC LIMITED
Greenhill Crescent.

Telephone:Harrow0895. Harrow on the Hill. Middx.
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LAST month we referred to two
memoranda which have been
issued on the training of students

for science and allied subjects. These
have now been followed by a Report
on the training of Physicists, issued
by the Board of the Institute of
Physics.

The report, which has been
prepared by a strong committee
under the chairmanship of Sir
Lawrence Bragg, outlines proposals
which will ensure . to intending
physicists an education which will
enable them to make the fullest
contribution to the service of the
community.

There are two points of particular
interest, particularly in these days
of universal planning, blue -printing,
and general messing about with
things for the sake of making a
change:

The report expresses its recognition
of the valuable features of the
existing courses and has no desire to
see changes made merely to embody
them in some uniform educational
system.

Secondly, the main theme of the
report is the necessity for physicists
to have a broad education, and it
is recommended that in the post -
School Certificate curriculum at least
one third of the available time for
study should be spent on non-
scivitific subjects.

The necessity for physicists to
keep abreast of the rapid develop -

More Training
ments of the subject, and especially
of its applications in industry, is
reflected in a recommendation that
arrangements should be made for
post graduate courses both on the
theoretical and experimental side
of physics.

The committee recognise that
there is a definite distinction be-
tween the technical college on one
hand . and the function of the
University on the other. They look
forward to the time when as a
result of the introduction of a State
Bursary Scheme and the conse-
quent increase in the number of
students educated at universities,
the training of technical college
students for external university de-
grees will be a minor function of the
technical college.

These views endorse those of the
late Silvanus Thompson, who held

TOO LATE
By the time this Journal appears

the official Salvage Week will be
over, but the need for salvage of
all kinds is still urgent.

It is never too late to put out
paper salvage-every bit is used.

Pre-war catalogues, obsolete cir-
cuit diagrams, notes, drawings-
all will play a vital part in the war
effort.

Don't leave your salvage till too
late. The war will be over one
day, and you won't have helped to
win it.

that the prime function of the
Technical College was to train stu-
dents to be useful and practical
engineers and not to enable them
to pass examinations for degrees.
The value of the degree in physics
or any other branch of science
seems to undergo a fluctuation
like any other fashion, and time
was when no employer would look
at a research worker without an
Honours degree.

(The salary paid, however, was
not always commensurate with the
number of letters after the employees
name). Now the pendulum seems
to be swinging the other way, and
prospective employees are asked
what they have done, and not what
they apparently know.

The mean seems to be the satis-
factory solution, and the report's
recommendation that students at
technical colleges should be enabled
to obtain some recognised qualifi-
cation in physics covers the differ-
ence between the two educational
courses.

Finally, the Committee considers
that many students would benefit
(many?-all, surely) from some direct
contact with industry as part of
their training and mention the
various ways in which this can be
done.

Copies of the Report can be
obtained from the Secretary to
the Board, Dr. H. Lang, The
University, Reading, Berks.
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Safety with X -Rays
The Detection and Measurement of Radiation

By A. G. LONG*
THE number of uses to which

X-rays are put is increasing day
by day : X-ray generators are

finding their way into many new fields
and the operators of these machines
are perhaps using X-rays for the first
time. It is for these new workers that
this article is primarily intended,
though perhaps some of the older
workers will be glad to have their
minds refreshed.

X-rays, in sufficient quantity, give
rise to permanent changes in living
tissue, and it was due to ignorance of
this fact that the pioneers in X-ray
work suffered. It is not, however, pro-
posed to enter into the biological
changes due to X-radiation, but it will
suffice to say that the effects are detri-
mental from the point of view of the
operator's health. A most important
characteristic of X-radiation is that it
is cumulative in its effect ; that is to
say, the effect of radiation received by
an operator in the current week will,
in the main, be added to any he re-
ceived in the previous week.

The effects of X-rays depend both
upon their quality and their quantity,
and both must be known before any
definite conclusions can be drawn as
to the safety of personnel. By quality
is meant the range of wave length of
the radiation. By decreasing or in-
creasing the kV. across the tube we
can lengthen or shorten the wave-
length, the long wave giving the lesser
penetration and the short wave the
greater penetration. Long wave radia-
tion, or, as it is sometimes called, soft
radiation, from a tube at low voltage
(30-40 kV.) will not penetrate deeply
into the tissues with the result that the
superficial layers of tissue absorb a
large percentage of the radiation to
which they are exposed. Short wave,
or hard, radiation penetrates more
deeply into the tissues and its effect is,
therefore, spread through a greater
mass. Now the biological change in
living tissue is in the main determined
by the amount of radiation absorbed
by the exposed tissue, and this is seen
to be greater superficially in the case
of the long wave radiation, but more
far-reaching with short waves.

Tubes operating on pulsating H.T.
go through two periods of long wave
radiation each half cycle. (See Fig.

ter). Provided that the work in question
does not require this long wave radia-

 Messrs. Newton & Wright.

QUALITY
Peak Kv= Max.Intensity
= Min. Wave Len. th ANODE

VOLTAGE
QUANTITY
= Tube
Current TUBE

URRENT

Fig. I. Quality and quantity characteristics
of a tube under full wave operation.

tion there are two ways of minimising
this risk to the operator. The more
common method is to fit in the window
of the X-ray tube an aluminium filter
which is capable of absorbing the
maximum soft radiation while inter-
fering but little with the harder radia-
tion. The second method is to equip
the tube -cathode with a control grid
so biased as to cut off electron emis-
sion when the anode voltage is below
the value needed.t

DENTAL FILM /N WRAPPING

Cut away to
show aperture
and filter Mr'

left open
/.5% Lead
1-5% APIP
.1 %Copper

LEAD BOX
1.5mm

h'.)TE:-The aperture and filter strips are
repected at back also

Fig. 2. Operators Test Film box.

Mention must also be made here of
what is known as " characteristic
radiation." This, as its name implies,
depends on the character of the metal
of which the tube target is made, and
is additional to the general radiation.
Each metal requires a definite anode
voltage before its particular character-
istic radiation becomes evident. For
instance, for a tungsten target the
necessary minimum anode voltage is
69,20o V, for copper it is 9,000 V, this
voltage required to excite the char-
acteristic radiation being proportional
to the square of the atomic number of

t ELECTRONIC ENGINEERING, Feb. 1943, p. 366,
fig. 9.

the target material. The higher the
atomic number of the anode material
the shorter will be the wave length of
the emitted radiation, or, all other
things being equal, the higher the
atomic number the deeper the pene-
tration of this particular component of
the radiation.

A very simple rule governs the in-
tensity of an X-ray beam, namely,
that it is inversely proportional to
the square of the distance from the
source. Therefore, if an operator
suspects stray radiation he should
keep as far away from the source as
possible.

The operator should never expose
himself to the main, primary X-ray
beam, but it is more than likely that
he may be in the scattered beam with-
out knowledge of its existence. When
X-rays fall on any matter, including
the air through which the radiation
passes, part of it is scattered, and also
secondary radiation is emitted from
the matter. The quality of this scat-
tered radiation is mainly the same as
that of the primary radiation and is
governed by the tube anode voltage at
any given instant. This radiation
takes place in all directions-a very
important point to remember. The
secondary radiation has a character-
istic wave -length dependent upon the
atomic number of the material from
which it is emitted in the same way
as the characteristic radiation of the
tube target. Scatter can again be
scattered, each time with a reduction
in energy. Ignorance of this pro-
perty of X-rays often leads to a false
sense of security.

Having gained some idea of the 
nature of the dangers to be avoided,
let us see how these conditions
can be detected and measured.
Perhaps the most simple test for the
presence of X-radiation is that of the
radiographic film. A double -coated
dental film is the most useful for this
purpose and is best fitted into a lead
test box. (See Fig. 2). The box and
lid are constructed of 1.5 mm. lead
throughout, and the film should fit
into the box firmly but not too tightly.
An aperture, approximately 28 mm. x
36 mm., is cut both in the back and
in the front of the box, the 36 mm.
length being then divided up into four
sections each of g mm. Three of the
four sections are covered respectively
by a strip of 1.5 mm. lead, 1.5 mm.
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aluminium, and o.i mm. copper, leav-
ing the fourth section uncovered
Most dental films are wrapped in
paper, but also have a strip of lead
foil on one side, which is marked.
The side without the lead foil should
face the direction from which the
radiation is suspected. The test box
containing the film can be placed in
convenient positions about the appara-
tus or carried by the operator. The
film should be developed .after about
4o hours of total test period, based on
5 days of 8 hours duration. The de-
velopment of the film requires care;
the mixture and the temperature of
the developer and the time of develop-
ment must all receive close attention.
The blackening of the film exposed
by the uncovered portion of the aper-
ture will be the result of radiation of
all wave lengths, while the blacken-
ing of the areas covered by the vari-
ous filters, whose function now be-
comes evident, will be a measure of
the radiations of different wave
lengths. By careful control quantita-
tive measurement of the radiation can
be adduced from the various degrees
of blackening by photo -electric
measurement of the amount of light
transmitted by the developed film.
The depth of blackening is brought
to a standard by exposing a test film
to a radiation of known intensity.
For general purposes it is a sufficient
gauge of safety to say that if a film
under the uncovered portion of the
aperture is only lightly fogged the
amount of radiation is not dangerous,
provided little or no radiation
blackening appears in the areas
covered by the filters. If the operators
carry these test boxes as a routine,
carelessness or mistakes come to light
in time to prevent serious conse-
quences.

To detect from which direction
radiation is coming the device shown
in Fig. 3 is useful. The hole which

60°
30 Holes

111U! t1111111111111U1111111111111111111W11

SECT/ON A.A.
DENTAL

FILM

PuPANSIELOW611,
A111111%1111MIIIIIIMMIIIM1111111111112E

SECTION B.B.
All material LEAD

Fig. 3. Radiation direction indicator.

gives the sharpest image lies in the
direction of the source of the X-rays.

Strong radiation can be detected by
means of a small fluorescent screen
fitted to the end of a stick. When
using this method to explore for radia-
tion the operator should remain in
darkness for at least five minutes to
allow the eyes to accommodate them-
selves to the dark conditions. As a
rough guide it can be said that an
amount of radiation sufficient to make
a modern sensitive screen just visible
in the position where the operator
works, is just safe.

Having discussed some rather rough
and ready methods for the detection
of X-radiation we shall now see what
can be done with more exact appara-
tus. The electroscope is, of all instru-
ments, the most useful for detecting

Fig. 5.

Fig. 4. I, Box 3" x 3" and 3" from brass. 2. Support bush, brass. 3. Fixing
screws. 4. Support rod, brass. 5. Main insulation, Polystryene. 6. Leaf rod N
7. Leaf Al 0.001". 8. Cellophane covering. 9. Shoulder for collimator tube if
required. 10. Observation window position. I I. Contact spring. 12. Spring

fixing. 13. Spring. 14. Ebonite bush. 15. Charging rod, brass.

the presence of X-radiation. The con-
struction of a simple electroscope suit-
able for rough measurements is shown
in Fig. 4, and needs no further ex-
planation. Such an electroscope,
when its natural leakage is known,
can be converted into a true measur-
ing instrument by the addition of a
glass scale to enable one to read the
rate of fall of the gold leaf. The scale
is, as a, rulee part of the eye piece.
(See Fig. 5).

The electrostatic capacity of the
electroscope and the volume of the
ionisation chamber will obviously
govern its sensitivity, therefore, for
accurate measurements of quantity or
dose rate the capacity must be kept to
a workable minimum. The electro-
scope can be fitted with a removable
ionisation .chamber of suitable elec-
trostatic capacity which, when in situ,
receives the same charge as does the
electroscope from the charging source.
The chamber is then removed from the
electroscope and placed in the position
where radiation is suspected; after a
time interval of perhaps one hour the
chamber is returned to the electro-
scope and the fall of the leaf will in-
dicate the loss of charge in the cham-
ber due to radiation received, this loss
of charge being almost all due to
ionisation conduction due to radiation.

In some types of work it is desirable
for the operator to carry the chamber
on his person in much the same way as
the test film. The advantage of the
chamber over the test film lies in the
fact that the chamber provides a true
measurement of radiation quantity
when the capacity of the chamber is
known. The air volume of the cham-
ber should not exceed r cc. The
general construction of a chamber and
suitable electroscope is shown in
Fig. 6.

The capacity of the chamber is
chosen to give the most accurate re-
sults for the intensity of the radiation

X RAY WINDOW

NOTE.

ELECTROSCOPE
as Fig 4.

FLASH
LAMP
BULB

LIGHT
WINDOW

BRASS TUBE

Cut hole in box opposite
viewing tube and cover
with tracing paper to
diffuse the light from
the bulb.

EYEPIECE

OBJECTIVE with
transparent scale
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under measurement, and the volume
above -mentioned will be found most
suitable for measuring the stray radia-
tion met with in usual practice. In
medical treatment by X-radiation
special chambers are constructed to
measure the dose rate in r units.
(Roentgen units). The r unit is de-
fined as follows : i r, or i roentgen, is
the amount of X-ray energy that will,
under controlled conditions, produce
in i cc. of air an amount of conductiv-
ity enabling an electric current of
electrostatic unit to be transmitted. In
medical measuring equipment the
radiation received ionises the air in
the chamber causing a capacity to dis-
charge to a predetermined value
whereupon a counter -mechanism is
tripped. The same mechanism re-
charges the chamber for the next
period. This equipment enables
operators to gauge the amount of
radiation received by the patient as
the chamber receives the same radia-
tion density. Other instruments are
constructed to show the dose rate in
r per minute direct on a stale.

A more delicate form of electroscope
can be used to measure scattered
radiation, a general idea of which is
shown in Fig. 7. Its great value lies
in the fact that, when calibrated
against available standards, it gives
an immediate indication as to the
amount of radiation present. The
writer, indeed, would go so far as to
say that no-one who uses any form of

W/RE HOOK
nforco necting_spring

4 FIXING
HOLES

BRASS BODY
POLYSTRENE

INSULATION
,k CENTRAL P/N CONTACT

BODY CONTACT Bross

OUTER CONTACT
to fit over

body contact

POLYSTRENE -
BUSH

CYLINDER
from Cellophane

closed end

CENTRAL
r EL EC TROD
AQUADAG COAT/NG
in contact with outer

cylinder

METHOD of fitting
SOCKET to

ELECTROSCOPE
and CONTACT

HOOK SPRING

ELECTROSCOPE as Fig.4
fitted with removable test chamber.

Fig. 6. This diagram is
size.

approximately half

X-ray apparatus should be without
this form of radiation detection. The
principle of this electroscope is after
Lauritsen.

This instrument can be held in the
hand where fairly strong radiation is
suspected or can be clamped in a retort
stand and placed in various positions
about the apparatus. The amount of
radiation reaching the chamber en-
closed by the aluminium cover box in
a given time is revealed by the amount

COVER BOX from -01.A/.
WINDOW
Cellophane
covered

r".

SUPPORT FOR
EYEPIECE AND
SCALE as Fig .5

SUPPORT FOR FIBRE
20 s.w.g Copper

LIGHT WINDOW covered
with tracing paper

30 s.wg. Copper Tail

CHARGING HEAD

EBONITE BUSH

FIXING SCREWS

SUPPORT/NG BUSH
from Polystrene

CHARGING ROD and
RETURN SPRING

BASE PLATE from A/.

METAL COATED QUARTZ
FIBRE 8 m long -005'Idia
cemented to the support with
SCALE INDEX FIBRE at
right angles at the end

HAND GRIP

Fig. 7.

Fig. 8.

12

of discharge effected in that time and
can be read direct by means of a scale
howing the rate of discharge and cali-

brated in terms of r per minute. The
time period of this test is determined
by the amount of radiation in the par-
ticular position. The complete instru-
ment is quite simple to make and the
author will be pleased to advise in
cases of difficulty. Reference should
be made to the books listed at the end
of this article which give much useful
information. For practical purposes
the filtration by the .01" cover box can
be neglected, and if the user has no
means of calibrating the instrument in
terms of r units this will be under-
taken by the National Physical
Laboratory for a small charge.

Tolerance Dose. From the study of
data collected over many years it has
been agreed that a dose rate of .27 per
8 -hour day for a 5 -day week is a safe
one. The test apparatus used should
be capable of reading this rate or some
fraction of it. In the case of the test "
film carried by the operator during
his duties, where the quality of the
radiation is known within reasonable
limits, a 0.5 blackening of the film
over a period of 5 days of 8 hours is
considered concomitant with safety.
The 0.5 blackening is measured by
means of a photometer and is the rela-
tion between the light transmitted
through the exposed unfiltered area
and that transmitted by the unexposed

(Concluded on p. 84)

LEAD GLASS
2 x 2 x J-4"
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FOR
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FLUORESCENT
SCREEN
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j16. Brass

HAND FITMENT

TOP VIEW

Cut away to show position
of Line -u. Stris
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Cathode -coupled Push -Pull Amplifiers
By 0. S. PUCKLE, M.I.E.E.*

This article, which deals particularly with push-pull amplifiers for time base circuits,
forms part of the author's book " Time Bases," and is reproduced by permission of

the publishers, Messrs. Chapman & Hall.

Introduction
THE advantages to be gained by

the use of push-pull for deflec-
tion are so great that unbalanced

time bases are rarely employed in
cathode-ray tube circuits. If it is
essential to employ unbalanced deflec-
tion, it is advisable to use an anti -
trapezium -distortion cathode-ray tube.
The time base in many commercial
oscillographs is directly connected
to one X -plate and a single -valve
phase -reversing stage, e.g., an ampli-
fier having an overall unity gain
with the output taken from the anode,
is used to supply the other X -plate. In
certain cases, where the repetition fre-
quency is low and a rapid fly -back is
not essential, it is possible to employ
a push-pull transformer, but this solu-
tion of the problem is not applicable
when it is desired to vary the fre-
quency over a wide range. The in-
sertion of a valve amplifier between
the time base and the cathode-ray
tube often involves some sacrifice in
linearity and in fly -back velocity, al-
though it is possible to arrange the
circuit so that the distortion intro-
duced by the valve approximately
cancels out the effects of an ex-
ponential curvature in the wave -form
of the time base. Unfortunately, varia-
tions in the gain of the phase -revers-
ing stage are liable to occur and the
deflector plates only receive sym-
metrical potentials if the circuit is
kept in good adjustment. A small
amount of unbalance of, say, 5 per
cent. to to per cent. is not serious un-
less both the horizontal and vertical
deflections are fairly large, but this
error is not difficult to avoid if the
amplifier is provided with negative
feed -back to the extent of, say, 5o per
cent. to ioo per cent. In these con-
ditions, it is well known that although
the gain is greatly reduced, it is in-
fluenced only to a small extent by
wide variations in the characteristics
of the valve while distortion due to
curvature of the valve characteristics
is likewise reduced.

The amplifier may be used, as
indicated above, to reverse the phase
of the time base potential applied to
one X plate of the cathode-ray tube
before application to the other. This
method requires that the time base
wave -form be generated at the poten-
:Messrs. A. C. Cossor.

tial level required
an X plate.

An alternative method is to generate
the time base potential at a low level
and to amplify it by means of a circuit
which provides a push-pull output of
the required potential, the input being
an unbalanced one.
Advantages

When the output potential of a time
base with the addition of a phase -
reversing stage is insufficient to pro-
vide the required push-pull deflection
potentials, a cathode -coupled ampli-
fier will generally provide a satisfac-
tory solution. This device is suitable
for amplifying either the horizontal or
the vertical deflection potentials and
its attractive features include :

(a) Low distortion and relatively
small value of grid current
when overloaded.

(b) Freedom from any tendency to
self -oscillation.

(c) Absence of " jitter " or hum
derived from fluctuations of the
H.T. supply potential.

(d) Facilities for arranging D.C.
connexions at the input and
output.

(e) Facilities for providing shift,
astigmatism correction and
balance controls.

(f) Facilities for providing sweep
expansion.

In the case- of oscillographic in-
vestigations at very low frequencies
the cathode -coupled amplifier is ex-
tremely popular and is almost invari-
ably employed as the output stage of
the signal amplifier. For time bases,

for application to

Fig. I. A cathode -coupled
push-pull amplifier.

particularly if the repetition frequency
is high, the utility of such an ampli-
fier is limited because it is difficult to
obtain a rapid fly -back when the
anode load resistances are sufficiently
high to minimise the effects of curva-
ture of the valve characteristics. How-
ever, the features noted above make it
very suitable for providing an ex-
panded sweep.

The amplifier is preferably directly
coupled to the deflector plates, so that
the spot lies at the centre of the screen
when the two anode potentials are
equal. This automatically provides a
foolproof means of adjusting the re-
lative bias on the valves, because the
bias adjustment serves as the shift
control, and if the valves are wrongly
biased with respect to each other the
image will be deflected to one side of
the screen.
Cathode -coupled Amplifier Circuit

The circuit of a cathode -coupled
push-pull amplifier is shown in Fig. t.
In this circuit, the potential across the
time base condenser is applied between
the grid of V, and the grid of V. which
is held at a fixed potential E..

Provided that the common cathode
resistance R. is made large, so that
each valve is capable of behaving like
a cathode follower when the other
valve is removed or its anode current
cut-off, the sum of the anode currents
in the two valves will be nearly con
stant when both are conducting. Thus,
any reduction in anode current of one
valve is almost exactly balanced by an
increase in that of the other.
Normally, R, and R, are made equal
and two similar valves are used, but it
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is not usually found necessary to ob-
tain specially matched valves. In
order to secure the best results, the
values of the resistances should be
chosen in relation to the values of the
fixed potentials, E. and E. and the
valve characteristics.

When the input potential is zero the
valves are equally biased by the differ-
ence between the potential drop across
R. and the fixed potential E.. The lat-
ter is normally made ten or twenty
times the grid base (i.e., the grid volts
required to cut-off anode current when
the potential between .the anode and
the cathode is E, - E.) so that a small
percentage increase in the combined
cathode currents is sufficient to change
the grid -cathode bias potential from
zero to the cut-off point, or vice versa.
In these conditions the total cathode
current is automatically regulated at a
value approximately equal to E2/R3
and is not greatly dependent on the
valve characteristics or the values of
R, and R,. If one valve is removed
from the amplifier the potential across
R. becomes slightly less and the grid -
cathode bias on the remaining valve
falls, allowing its anode current to in-
crease so that the current through R.
remains nearly at the original value.

When the grid potentials are un-
equal, as is the case when an input
potential is applied to the grid of V.,
the total cathode current is roughly
proportional to the average of the grid
potentials, measured from the nega-
tive rail, so long as neither valve is
cut off. Thus, if the grid potential of
V. is raised, say 4 per cent., above Et,
the average grid potential rises by 2
per cent, and the total current in-
creases by about 2 per cent., although
V, may now take practically all the
current. The increase of current in
V. is obtained almost entirely at the
expense of the current in V2. The
anode currents of the two valves are
complementary and if the anode loads
are balanced, almost equal push-pull
potential changes are developed. Ex-
act equality of the output potentials
from the two anodes is obtainable by
making

R.. + R.\
R. = 12,(1 +

R.(µ2 + i)
where As and R., are the amplification
factor and anode impedance respec-
tively of V,. If it is desired to pro-
duce an output having some ratio of
potentials other than r :r, it is only
necessary to adjust the anode load
resistance values to the desired ratio.

When the input potential is suffi
ciently negative, V, is cut off and V2
takes its maximum current, although
grid current does not flow. Beyond
this point, the input potential may be
made still more negative without pro -

Fig. 2. The conditions existing in the cathode -
coupled amplifier of Fig. I.

ducing any further change in either
valve. On the other hand, if the grid
of V. is made sufficiently positive to
cut off 112, then the cathodes begin to
follow the grid of V, and the bias on
this valve only changes slowly with
further increase of grid potential. Al-
though this change is slow by com-
parison with the changes which occur
when both valves are conducting, a
point is reached at which the grid --
cathode bias is low enough for grid
current to commence and further in-
crease of grid potential will produce
an increase of grid current.- The
value of the grid current correspond-
ing to a given overload is small when
compared with that in an ordinary
amplifier without the protection pro-
vided by the high cathode load
resistance.

Since the changes of anode current
in the two valves are nearly equal and
opposite, the ratio of the output poten-
tials at the anodes is substantially the
same as the ratio of R. to R,, even if
the anode loads are very unequal. One
aspect of this condition, due to the
presence of R,, is that the output im-
pedance .at each anode is high and
therefore the output potentials relative
to earth are apt to be disturbed by the
connexion of external circuits which
may apply unequal capacitances or re-
- sistances in parallel with R. and R.
When the external impedances have
the same ratio as the anode load resist-
ances or appear only between the
anodes, instead of between anode and
earth, the effects are no worse than
would be obtained if the same valves
and effective anode loads were em-
ployed in a single -valve amplifier or
a push-pull amplifier which is not
cathode -coupled.

In order to reduce amplitude dis-
tortion, the anode load resistances
should be made large in comparison
with the internal anode impedances of
the valves and the two valves should
be of the same type. The high im-
pedance of pentodes makes their use
unprofitable in this circuit because the
anode load resistances cannot be made
high enough to reduce distortion. Pen-

todes and tetrodes may, of course, be
used if their screens are connected to
the anodes so that they behave as
triodes. The reason for the compara-
tive absence of amplitude distortion
may be seen from the equation given
below. If the amplification factors
of V. and V. are equal and the fixed
potential E, is large compared with
the grid base, the gain from the grid
of V. to the anode of V, is given
approximately by :

µR.

R., + R. + + R2
where µ is the amplification factor, and
R., and R. the anode impedances of
V and V, respectively.

In a triode, µ is relatively constant
while R. varies considerably, depend-
ing on the anode current. In a
cathode -coupled amplifier, with a pair
of similar valves, the variations of R.
tend to cancel each other because R21
increases when R. decreases and the
gain depends only on their sum.. The
changes of (R. + R.2) are rendered
ineffective by making (R, + R,) re-
latively large. If R, is made equal to
R. the gain becomes,. approximately :

/
AR'R ). + R,

where R. is the nominal anode imped-
ance of one valve. This is half the
gain which would be anticipated in a
straight -forward single -valve ampli-
fier.

If the resistance R. is split into two
parallel sections, one in each cathode
lead, and if a variable resistance is
placed between the, two cathodes
which are now not directly connected
together, the variable resistance will
serve to control the gain of the
amplifier.*
Design

In order to design a cathode -coupled
amplifier, one may choose the value of
the anode load resistance R, in the
ordinary way, making it large com-
pared with the value of R., while the
required H.T. potential E, may be de-
termined by allowing E, volts above
the value which would normally be re-
quired. E. should be as high as can
conveniently be obtained, at least ten
times the grid base corresponding to
an anode potential equal to E, - E,.
The required value of R. is then deter-
mined from the equation :

+ E.)(R. + R.)
R3 -

E, - - E. - E0
where E. is the grid base of the valve
for an anode potential of E, - E.
The above equation states the condi-
tions necessary to avoid grid current
in V. before V, is cut off. Fig. 2 de-

* M. L. Jofeh, Brit. Pat. 529044.
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picts the conditions existing when V,
is at the cut-off point, and it will be
seen that the grid -cathode potential of
V. has been fixed at minus one volt in
order to prevent the flow of grid cur-
rent.

If R8 is made variable, the mini-
mum value should not be less than
that given by the above equation. The
value of R. may be determined from
the equation :

Rpg /?2

R2 = R1(1 +
R.(µ. +

or, if precise symmetry is not de-
manded, R. may be made equal to R,.

It is to be noted that a cathode -
coupled amplifier may be designed
with comparatively small values for
E. and Rs and yet the output poten-
tials may be kept balanced by making
R. considerably larger than R,. How-
ever, in a design of this type, the
variations of anode impedance in the
two valves do not compensate each
other and distortion is likely to be
greater than is the case when E. and
Rs are large.

An Amplifier providing Facilities for
Sweep Expansion

Fig. 3 shows a circuit for a time
base in which a cathode -coupled
amplifier is arranged to provide sweep
expansion. The condenser C, is rapidly
charged from the H.T. supply rail
by means of any suitable trigger de-
vice or gas -filled relay tube (indicated
by the key K) and discharged slowly
through the constant current device
D. The potential across C, is applied
to the anode of the diode V, and the
grid of the triode V,. The effect of
the diode is to bring the grid potential
of V, to a definite potential each time
C, becomes fully charged. Any leak-
age of the charge on C2 is also com-
pensated. The diode therefore acts in
the same way as a D.C. restorer and
fixes the potential at the commence-
ment of the trace without reference to
the extinction potential of the switch-
ing device K. The valve V. is a
cathode follower and the potentio-
meter R. and resistance R. are effec-
tively in parallel since, from an-A.C.
point of view, all the supply rails are
at the same potential. The change of
potential applied to the grid of V. is
thus adjusted by altering the position
of the slider of R,, but the value of
the resistance R, is so chosen that the
potential at the grid of V, at the com-
mencement of the trace remains con-
stant irrespective of the adjustment of
the gain potentiometer Rs. Thus,
when the key is closed, R. is adjusted
to make the lower end of R, have the
same potential as its upper end. The
trace on the cathode-ray tube screen

Y2

c2

-II
©11

..-Sweep
Exponsion
Control

R3

7

5

X Ast/grnotism TC
Control

4-160 v

0

0 ov

0
-150 v

- 325.v
0

X Shitt
R Control

- 340 v

0 440.v

COMPONENT VALUES
RI 2 megohms
R2 500 ohms (variable)
R, and R4 20,000 ohms each
R, and Rs 100,000 ohms each
R7 10,000 ohms
R8 30,000 ohms

50,000 ohms
R10 and nn 2 megohms each
C1 and C, dependent upon repetition frequency
C, not less than I mfd.
Cy and C8 dependent upon the frequency of the signal under examination
V, DI, EA50 or DDL4
V2, V3 andY4 MH4

Fig. 3. A cathode -coupled amplifier time base providing facilities for sweep expansion.

therefore always commences from a
fixed point.

Since the potential change across C,
is far more than is necessary to cut off
V, and V, the output potential on the
X -plates may be expanded' until the
whole of the trace is produced by
about 25 volts out of possibly several
hundred available across C2, the re-
mainder producing no further deflec-
tion. As the potential applied to the
grid of V, is reduced, a greater per-
centage of it produces the trace and,
as a result, the velocity of the cathode-
ray spot is reduced. Thus the sweep
expansion does not increase the length
of the trace, but it increases the spot
velocity so as to open out the first part
of the trace.

The value of the fixed bias on the
grid of V is controlled by adjustment
of Rs. This has the effect of moving
the trace bodily in the X direction.
Adjustment of the 'resistance R, con-
trols the degree of astigmatism be-
cause it changes the mean potential on
the anodes of the valves with respect
to the final anode of the cathode-ray
tube.

The percentage of the repetition
period represented by the trace is nor-
mally controlled by the expansion
potentiometer R,, but if it is desired to
raise the percentage to moo it will be
necessary to adjust the trigger device
K so that the maximum potential
change across C, is only about 50-60
volts.

Since the catbode of the valves, ex-
cept that represented by D, are all at
approximately the same potential,
their heaters may be fed from a single
winding on the transformer. The
heaters should be connected to the
-325 -volt supply rail. The constant
current valve D should have its heater
fed from a separate winding connected
to the -44o -volt rail.

The time constant CsR, must be
large compared with T, the repetition
period of the time base, in order not
to introduce curvature of the wave-
form. C, is made large. to eliminate
hum on the grid of V.. The output
obtainable from the time base using
the components specified is of the
order of 300 volts. '
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A New School of I ndustrial Radiography
The recent inauguration of the Kodak School of Industrial and Engineering Radiography is worthy of
notice because it is the only centre of training in the British Isles which covers this highly specialised
field. It is also a very significant index of the growing employment and the widening scope of radio-

graphic methods in the engineering industries.

THE rapid development of indus-
trial radiography under the
stimulus of war -time effort

created an urgent need for an organ-
ised course of specialised instruction
in technique which was not offered by
an existing technical college or train-
ing institution.

On the other hand, the Research
Laboratories of Messrs. Kodak, Ltd.,
have had an industrial X-ray Depart-
ment established for several years in
order to keep abreast of all develop-
ments in this field-and the basis of
dependable industrial radiography
lies in the thorough study of the
photographic side of the technique.

In this situation it was logical that
the training centre so urgently re-
quired should be established by
Messrs. Kodak, and although in the
nature of a private enterprise the
school has been welcomed by inter-
ested Government departments, offi-
cial institutions, and manufacturers of
X-ray equipment.

The school was officially opened by
Prof. E. N. Andrade, accompanied by
Dr. V. E. Pullin, C.B.E., Chief
Radiological Inspector, A.I.D., and
Group Capt. J. Sowrey, of the A.I.D.

In the period of three or four
months since its opening, the school
has been attended by students numer-
ous enough and sufficiently diverse in
type to provide a thorough test of its
organisation and syllabus and to pro-
vide evidence of its value as a train-
ing centre.

Students who have already attended
the course range from beginners to
radiographers of considerable indus-
trial experience ; and they have in-
cluded engineers, metallurgists and
chemists, some having a specific prob-
lem demanding the employment of
radiography and others desiring to ex-
plore the possibilities and scope of
radiographic methods in their particu-
lar branch of industry. On account
of this wide divergence in the type of
students for whom the school is in-
tended to cater, the classes are kept
small enough to allow of effective
grading-not more than six students
take the course at one time. This is
one of the main reasons for the success
of the school. It allows the teaching
given to each class to be adapted to
the attainments, experience and in-
terests of the particular group of
students : it meats that students re-
ceive almost personal tuition through-

out : and it has the great advantage
that students have the opportunity to
associate with other workers in the
same or a closely allied field.

Altogether it means that the great-
est advantage in tuition and experi-
ence which can possibly be derived
from a highly specialised two -weeks'
course is offered. The school is, of
course, equipped with this purpose in
view. A 200 kV. industrial X-ray set
is provided for practical work, and in
addition students have the opportun-
ity to familiarise themselves with a
i4o-kV,_set and a ioo kV. set designed
for crystal analysis. Processing and
viewing rooms which are models of
up-to-date practice serve to encourage
the high standards of practical tech-
nique which critical radiographic in-
spection demands. One object which
underlies the planning of the school
throughout is to ensure that the best
use is made of the constantly im-
proved X-ray materials now made for
industrial use, and that the best re-
sults of which these materials are cap-
able in their special fields are real-
ised by the students through the
systematic practice of correct pro-
cedure. Industrial radiography is it-
self a rapidly growing technique, and
the formulation of dependable stan
dard practice gathered from the best
sources and experience is one of the
main objects which the organisers of
the school have held in view. It is
for this reason that the course has
been appteciated even by those
students with considerable previous
of practical work in industry.

Tuition is under the direct personal
supervision of L. Mullins, M.Sc.,
Ph.D., A.Inst.P., who is able to call
upon the services of a number of
technical experts from the manufac-
turing side of Messrs. Kodak, Ltd.,
especially so far as the photographic
aspects of the course are concerned.

Although the course may be modi-
fied for particular groups of
students, it generally begins with
the fundamentals --with the basic
physical principles of radiology, the
design and operation of X-ray tubes
and circuits, and the characteristics
and the behaviour of X-rays, scattered
rays and secondary radiation. The
next phase of the course goes compre-
hensively into the photographic
aspects of radiography, and leaves the
student fully acquainted with the pro-
perties of sensitive materials, the

fundamentals of sensitometry, the
theory and practice of development
and after -treatment, and the making
of prints and lantern slides from
radiographs. This leads to a discus-
sion of the uses of fluorescent and
lead intensifying screens, and their
effects on exposure, contrast and
sharpness : the choice of films for
various types of X-ray work; the
handling of X-ray films and the
defects caused by faulty handling :
the viewing of radiographs, and the
designing of a darkroom for an X-ray
Department. The basis is thus pre-
pared for the main and final section,
devoted to radiography proper, in all
its aspects and industrial applications.
This begins with the arithmetic of
X-ray exposures1 and the effects of
changes in milli -amperage, time,
focus -film distance and kilovoltage,
with special reference to the necessity
for different kilovoltage radiations
for different purposes. The align-
ment and setting -up of specimens, ex-
posures with and without intensifying
screens, the use of exposure charts,
fluoroscopy, the sensitivity of fault
detection, the localisation of defects
and the use of steroscopic methods are
then dealt with. Then follows the
important section covering special
aspects of the radiography of light -
alloy castings, of heavy-metal cast-
ings and of welds, and a number of
uncommon applications of radio-
graphy. The succeeding section deals
with the elimination of scattered
radiation, by means of the Potter-
Bucky grid and the stationary grid,
and the reduction of excessive radio-
graphic contrast and of scattered
radiation by the use of filters or black-
ing media. The regular course con-
cludes with an introduction to gamma -
radiography and to X-ray crystallo-
graphy, and with the design of X-ray
departments, particularly from the
point of view of the protection of per-
sonnel from X-radiation.

Apart from the regular course the
School is able to offer special facili-
ties for advanced work extending
beyond the syllabus described, in
cases in which evidence can be pro-
vided of the urgency of the work for
which the special training is required.
All such advanced courses will be
matters of special arrangement and at
agreed fees.

Photographs of some of the depart-
ments in the School are shown.
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Views at the Kodak School

Top (right) : A view of the
200 kV. X -Ray Equipment

Above (left) : Film drying
equipment and dry bench

Below (right) : The Lecture
Room

Bottom : Part of the Dark
room showing the film pro-

cessing unit
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Television After the War
The question of what form the television transmissions will take and how soon they will be resumed
after the war has been debated unofficially for some months in radio circles. At the Institution of
Electrical Engineers in May last an informal discussion was opened in the Wireless Section by Mr. B. J.
Edwards (Pye Radio) on

" Factors determining the Choice of Carrier Frequency for an Improved Television System "

and his remarks, together with those of some of the other speakers taking part in the discussion,
are given below.

Mr. B. J . Edwards :
IN opening this discussion, it is

necessary first to consider what im-
provements should be made to the

existing television picture, and then
to decide how these changes will
affect the video and hence the carrier
frequency.

The television station at Alexandra,
Palace, according to published in-
formation, transmitted a 2:1 inter-
laced picture of 405 lines 25 times pei
second, at a carrier frequency of 45
Mc/s., effectively modulated over a
total banthfith of 5 Mc/s. This gave
a video band of 2.5 Mc/s., which en-
abled a horizontal definition of ap-
proximately 25o lines to be achieved.
It is obvious, therefore, that even with
the existing line structure the defini-
tion of the Alexandra Palace trans-
mission could be considerably im-
proved if the transmitted bandwidth
were increased to say. 16 megacycles.

It is possible that sufficient informa-
tion regarding wide band modulation
now exists to "'enable this to be
achieved on the original carrier fre-
quency,. but the problem would be
difficult. Even with this increased
video band, however, I consider that
the definition would still be inade-
quate for reasons that are indicated in
the following experience.

Some years ago, while carrying out
experiments to determine the optimum
viewing distances, I noticed that if
viewers were allowed to locate them-
selves freely before the receiver, they
would nearly always show preference
for a position approximately four
times the picture height from the
screen, and not at a distance of ap-
proximately eight times where the in-
dividual lines cease to be resolv6d by
the normal eye. This suggested that
the -standard of definition was not
adequate since the line structure of
the television image was' observed at
the distance at which the viewer
placed himself to avoid eye strain.

This experience has been confirmed
by a number of other observers, and
it is desirable, therefore, that the
image should be such that at the pre-
ferred viewing distance there- is no
obvious lack of definition. This in-
dicates that if the number of lines

\\ ere approximately doubled,  any
further increase would be unneces-
sary, since the line structure would
not be resolved by the normal eye.

Assuming for the moment that the
frame frequency remains the same,
then the first factor determining the
choice of a carrier frequency, e.g., the
video frequency, can be deduced.

Using accepted formulx and assum-
ing a picture construction of approxi-
mately Boo lines interlaced to produce
25 complete pictures per second, the
video frequency arrived at is of the
order of 20 Mc/s. This, if we consider
double side band transmissions, will
necessitate the transmitter being
effectively 'modulated over a band-
width of 4o megacycles.

From considerations governing the
modulation of high frequency trans-
mitters, this means that a minimum
carrier frequency of 400 Mc/s will be
needed, and it is at this point that the
second governing factor, that of pro-
pagation difficulties, must be con-
sidered.
Interference

One of the greatest difficulties
likely to be encountered is interfer-
ence with the main picture by re -
flexions of the signal from buildings,
etc., which give rise to secondary
images displaced by a small distance
from the main image.

Evidence of this type of interfer-
ence was noted on the old television
system, and in that case the path dif-
ference necessary to give a delay of
one picture element was of the order
of Soo feet, whereas with the sug-
gested video frequency of 20 Mc/s. a
reflected signal arriving with a path
difference of 5o feet will result in a
delay of one picture element. This
means that with a television system
of higher resolution, we are faced with
the possibilities of considerably
greater trouble due to this effect,
since reflexion from a greatly in-
creased number of buildings will be
resolved.

It should be noted that this inter-
ference is primarily dependent upon
the video frequency and hence the re-
solving power of the system and not
upon the carrier frequency, although

it is likely that at the higher carrier
frequencies the reflecting power of
buildings is increased, which will re-
sult in an increase in the amplitude
of the spurious signal.

One method of minimising the effect
of these unwanted signals is to in-
crease the directivity of the receiving
aerial system by the addition of some
form of reflector. To achieve a polar
diagram in which the rear and side
lobes are very small compared with
the main lobe complicates the aerial
design and imposes a serious practical
difficulty of erection, unless the fre-
quency is such that an extremely
small aerial system with a paraboloid
reflector can be used. From the point
of view of wind pressure and economic
factors, it would appear that in prac-
tice it would not be possible to use a
paraboloid greater than 2 feet in dia-
meter, and preferably not greater
than i8 inches in diameter.

Taking the smaller size and assum-
ing that we require a polar diagram
which will show a reduction of ten
times at ± to°, it can be shown that
a carrier frequency of the order of
some thousands of megacycles is
necessary.

The use of such frequencies for
broadcast distribution, apart from dif-
ficulties of generation and detection
which I will touch upon later, appears
at first sight to be an almost impos-
sible task, since, due to the optical
nature of the propagation character-
istics of such waves, it would- neces-
sitate a line of sight working between
transmitter -and receiver.

A possible method of overcoming
this problem lies in the use of a com-
munal aerial which can be elevated to
the necessary height, connected to a
suitable detector and amplifier which
would distribute the signal at video
frequency over a local coaxial cable
network.

An incidental advantage of this
method is that the television receiver
connected to such a system would not
require any signal frequency or inter-
mediate frequency amplification or
detector, with a consequent saving in
cost.

This is a method I would strongly
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Unique Electron Micrographs
The Electron Microscope Discovers the Bacteria of Bacteria

BACTERIOPHAGE ANTI-COLI AND ESCHERICHIA COLI x 30,000
(5 minutes in suspension)

The bacteriophages, or bacterial viruses, of which three strains have been identified under the electron microscope are the smallest knows
living organisms. For some time it was doubtful whether they could be classed as such. The strain here shown, Bacteriophage
PC is the largest of the three. The " head " has a diameter of about 800 A, (0.08 microns), the " tail " has a length of about 1,300 A. One
particle of phage is sufficient to originate the lysisTof a bacterial cell, and during the lysis an average of about a hundred new phage particles

are " liberated." (See next page)

" Great fleas have little fleas upon their
backs to bite 'em,

And little fleas have lesser fleas, and so
ad infinitum ! "

Ever since Pasteur and Koch laid the
foundations of the breeding of pure bacterial
strains, bacteriologists were periodically
driven to despair by epidemics in their
cultures. But little was known of these
epidemics until F. W. Twort in 1915 and
F. d'Herelle in 1918 made them the objects
of serious investigation. It was d'Herelle
who coined the word " bacteriophage " for
the cause of the epidemic, and maintained

that the phage is an ultramicroscopic living
organism, parasitic in bacteria and repro-
ducing itself. Others suspected that the
phage could not properly be classed as

living, but belonged to the borderland of
living matter, like the tobacco mosaic virus,
which manifests lifelike qualities only in the
presence of living matter. In the years
before the war evidence was slowly accumu-
lating to support d'Herelle's brilliant guess,
until finally, in 1940-42 the Electron
Microscope decided the question and
completed what must be called one of the
most thrilling biological discoveries of
modern times.

Pfankuch and Kausche' and Ruska' were
the first to discover in electron micrograms
of bacteria infected with the phage extremely
small particles, remarkably like sperms, but
about a hundred times smaller, or like
tadpoles, but hundred thousand times
smaller. Finally, Luria and Anderson'
identified them with the R.C.A. Electron
Microscope beyond any possibility of
doubt.

Two of their brilliant electron micrograms
are reproduced here, by courtesy of Dr.
V. K. Zworykin, Associate Director of
Research of the R.C.A.

(Contd. overleaf.)

C,
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Cf.

The first photograph is taken in a culture
of Escherichia colt which was dried on to a
thin membrane, five minutes after it was
injected with a drop of a dilute suspension
of the Bacteriophage anti-coli PC. The
drying process has caught the phages
vigorously swimming towards the bacteria.
We do not know whether they are actually
lashing their tails, but if they do the
undulations of their tails are shorter than a
wavelength of light ! A few have already
managed to bury their heads in the bacteria.
The result of their activity is shown in the
second picture, which was taken after the
coli bacillus was exposed for 30 minutes to
the phage. It shows destruction so coin -

Results of an Orgy

BACTERIOPHAGE ANTI-COLI AND ESCHERICHIA COLI x 47,300
The picture shows complete lysis of the bacterial cell after 30 minutes.

" The Identification and Characterization of Bacteriophages with the Electron Microscope," S. E. Luria and T. F. Anderson, Proc. Nat. Acad. Amer., 28,
127,1942.

(By Courtesy of Dr. V. K. Zworykin, R.C.A.)

come true. But the theoretical possibilities
of the discovery are scarcely less interesting
The smallest bacteriophage contains only
about a million atoms ; some investigators
consider it as a single giant protein molecule.
Yet this molecule shows all the attributes of
living organisms. Never before was the
problem of life confined to such a small
compass, and one must feel that science has
made an important step towards its ultimate
solution. D.G.

plete that the phages themselves seem to be
buried under the debris. But there is

ample evidence that they have not com-
mitted suicide, but have rather indulged in
an orgy of procreation. While feeding on
bacteria they can multiply their numbers by
a factor of about a hundred in half an hour,
which shows that a " generation " for them
means about the span of four minutes !
This beats even the record of yeast which
doubles in about 20-30 minutes.

It remains to be seen what benefit
practical medicine will draw from these
discoveries. D'Herelle's prophecy that the
bacteriophage will become the most potent
remedy against infectious diseases may yet

E. Pfankuch & G. A. Kausche, Naturwiss. 28,
46, 1940.

2 E. Ruska, Naturwiss. 29, 367, 194r.
3 S. E. Luria & T. F. Anderson, Proc. Nat. Acad.

Sci. 28, 127, 0942.
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advocate, since, to my mind, no
matter what video and carrier fre-
quencies are ultimately used, it will
be necessary to use local line dis-
tribution in a large number of areas.
Experience in New York with its
high percentage of flat dwellers has
definitely indicated the necessity for
this.

Due to the earth's curvature, it is
not possible to transmit over dis-
tances much in excess of 15 miles with
receiving aerials elevated to the maxi-
mum practical limit, which in sub-
urban areas is of the order of 3o feet.
Due to this short range and the high
aerial gain, it may be possible to dis-
pense with high frequency and inter-
mediate frequency amplification, and
use a simple detector followed by a
suitable video amplifier. One obvious
drawback to such a system is the poor-
ness of selectivity, but this is mini-
mised to some extent by the high
directivity of the aerial system.

Consideration of a third factor-that
of valves and circuits suitable for use
at very high frequencies is rendered
difficult since, due to war conditions,
no full discussion on this subject can
take place. It is reasonable to assume,
however, that ultra high frequency
technique has made considerable ad-
vancement in the past three years,
and it is possible, therefore, to hope
that the use of very high carrier fre-
quencies may be practicable.

It should be noted here that the
power requirements of the transmitter
would be modest if the line of sight
working were used with a -high gain
receiving aerial, and, as I have pre-
viously pointed out, it may be possible
under these conditions to use a simple
detector followed immediately by a
video amplifier. In these circum-
stances, a transmitter power of only a
few hundred watts may suffice.

This brings me to my fourth and
last factor-that of cost. This is pos-
sibly the most important of all since
it is obvious that all the foregoing
factors are influenced by economic
considerations. If we assume for the
moment that we shall be forced to use
the very high carrier frequency for
an improved television system, then
the possibility of increased cost of
transmission and reception must be
considered.

Firstly, the reduced coverage of
high frequency systems would neces-
sitate the use of a large number of
transmitters, but this increased cost
would to some extent be balanced by
the reduced cost per transmitter since
the power requirements are consider-
ably lower.

It is possible that the service area of
the existing television transmitter at
Alexandra Palace can be covered by,
say, six low power transmitters suit-

ably positioned to take advantage of
any increase in elevation due to hills
or high buildings in the area.

An additional cost of such a system
of distribution would be in the pro-
visioning of links between the main
transmitter and the relay transmitters.
This would probably be best accom-
plished by highly directive centi-
metre links, the cost of such links
being comparatively low.

Secondly, due to the higher carrier
frequency, greater video bandwidth,
and possibly a different form of pic-
ture reconstituting device, it is reason-
able to expect an increase in the cost
of the receiver, although- this may not
be as high as one might at first ex-
pect, due to the continual improve-
ments in manufacturing technique.
Mr. Lawson (Pye Radio) :

I have been interested in Mr.
Edwards' reasons in favour of in-
creasing the frequency of television
transmission, particularly in the im-
plications of this with regard to multi -
path interference.

If we consider the programme
radiated from Alexandra Palace we
find that the time between successive
picture elements is 2/5 microseconds
and therefore if the transmission
is reflected from a building so that a
path difference of 40o ft. correspond-
ing to a time delay of 2/5 micro-
seconds is introduced, we shall see a
ghost picture displaced one picture
element to the right of the main pic-
ture. Delays of less than one picture
element, although effectively reduc-
ing the definition of the received pic-
ture, will not cause a ghost picture to
be resolved and will therefore be less
harmful.
Zones of Freedom from Interference

For any given position of the trans-
mitter and receiver, we can construct
a surface on which all reflecting
bodies give a delay of one picture
element. Reflexions from bodies out-
side this zone will be serious, while
reflexions from inside will be less
harmful. The surface will be an
ellipsoid of revolution with the trans-
mitter and receiver at the foci. It may
be shown that the minor axis of this
ellipse is inversely proportional to
the number of lines used in transmis-
sion. The major axis of the ellipse
will be the distance between the trans-
mitter and receiver together with the
distance a radio wave travels in one
picture element. Some idea of the
magnitudes involved may be obtained
from the following figures :-

Distance of Transmitter loom.
metres.

Definition Major Axis Minor Axis
405 lines
810

10,120 M 1,52om
10,060 m 760 m

The aim, therefore, would be to

confine the directivity of the receiv-
ing aerial to the region inside this
ellipsoid. It should be noted that we
cannot do this altogether because we
have to look at the transmitter, and
hence at the region beyond, but fortu-
nately the transmitter aerial is usually
placed high above any reflecting
building and so we are not likely to
be troubled by reflexions from the
transmitter end of the ellipse.

The sceptical person may now say
that this is all very well, but after all
we did get a tolerably good picture at
a frequency of 45 Mc/s and that the
receiving aerial was not particularly
directive. This is true, but it will not
necessarily be true as the carrier fre-
quency is increased. A body may
either reflect or scatter the incident
radiation depending on the size of the
body and the transmitted wavelength.
If the wavelength is long, e.g., cor-
responding to 45 megacycles, normal
sized buildings (< 4o m. square) will
scatter the incident radiation, and the
amplitude of the received scattered
wave will, among other things, be
inversely proportional to Ri2R.2 where
R. and R. are respectively the dis-
tances from the building to the trans-
mitter and receiver. The product
R,R, varies as we move our building
round, the ellipse being small when
the building is behind the receiver
and increasing rapidly as the building
moves to the end of the minor axis.
Thus we can see that on the long
wavelengths the important buildings
lie behind the receiving aerial, and
the directive system is required only
to discriminate against these re -
flexions. The situation is very dif-
ferent on centimetre wavelengths.
Here the buildings are big enough to
cover many Fresnel zones and behave
as perfect reflectors. This means that
the reflected amplitude from the
buildings is inversely proportional to
(R, + 122)' and hence is independent
of the position of the buildings on the
ellipse. It is, therefore, necessary to
restrict the directivity of the receiv-
ing aerial and fortunately, as has
been pointed out, this becomes easier
as the frequency is raised. Another
favourable factor is that since re -
flexions on very high frequencies Will
be specular, the buildings would have
to be correctly orientated before the
reflected signal could be received.
Conclusion

I may summarise the situation in
the following manner. If the wave-
length is long, the bulk of the inter-
ference will come from buildings
situated to the rear of the receiver. At
very high frequencies interference
may come from bodies situated in all
directions with respect to the receiver,
providing they are correctly ,orien-
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tated to give a reflexion. There will
be an ellipsoidal surface within which
reflexions from buildings give delays
in the reflected signal of less than one
picture element, and it would be pre-
ferable to confine the directivity of -the
receiving aerial to this zone.
Mr. 0. S. Puckle (A. C. Cossor) :

Mr. Edwards' opening remarks,
while being, in my opinion, unduly
pessimistic, provide a very fine basis
for discussion of the multiple prob-
lems existing in post war television.

There are two points which I would
like to stress.

The first is that it is of the utmost
importance that no television trans-
mission should take place in this
country after the war which employs
the old transmission standards, unless
it is made perfectly clear that it is
only a temporary service, and unless
the manufacture and sale of further
television receivers employing these
standards are forbidden. This is
necessary in order to avoid creating
a large quantity of receivers in ser-
vice which would render it impossible,
within a reasonable period; to bring
the transmitting system up to date.
Since it is more than likely that the
Alexandra Palace transmitters and
aerials are not now in a fit working
state,and could not easily be made
so, it is probable that it would be
advisable to ban any such transmis-
sion even of a temporary nature. It
should be pointed out that the 2 year
period during which no alteration of
the television standards would be
made had expired at the commence-
ment of the war. There would thus
be no question of breaking faith with
those who have purchased receivers.

My second point is that I would
strongly disagree with Mr. Edwards'
suggestions for the use of communal
aerials and the distribution of the
signal via video frequency local co-
axial cable net -works. This scheme,
while proving excellent for blocks of
flats and for the special conditions
which exist in densely packed areas
having very high buildings, such as
New York, would not prove suitable
in the average London residential
neighbourhood. In any case, Mr.
Edwards is not, I feel, justified in re-
quiring the use of such a short wave
length and it would appear to me that
a maximum frequency of too Mc/s is
quite as far as one need go at the
moment. It is possible, of course, that
in 10-15 years' time, we may reqUire
to go to shorter wave lengths if, by
that time satisfactory colour or stero-
scopic television becomes a feasible
project. At the present moment, there
are transmission limitations which

render it uneconomical to broadcast
scenes in either of these forms.
Mr. L. H. Bedford (A. C. Cossor) :

The proposal that television trans-
mission should be carried out on centi-
metre wavelengths only is one of
great boldness, and has many attrac-
tive features. It seems, however, that
the numerics by which the method is
shown to be a unique solution are not
entirely satisfactory.

To review this, we must refer to
the formula :-

f = iteRn ... (t)
which has been said to relate the re-
quired video band f to the number of

constant, o.66, for the case of inter-
laced scanning. The latter constant
arises from the consideration that
with interlaced scanning one cannot
take full advantage of the close line -
pitch owing to the tendency for eye
movement to result in untying of the
interlacing by stroboscopy. In round
terms, therefore, we may write for
either interlaced or sequential scan-
ning :-

f = YR(IIT) (3)
as relating an assigned frequency
band f and the optimum number of
scanning lines 4. This formula leads
to the following numerics :-

a (gross) a (nett) R T f.
Alexandra Palace ... 405 385 1.25 .0323 sec. 1.9 Mc.

B. J. Edwards ... ... 800 770 1.25 .0323 sec. 7.6 Mc.
525 500 1.25 .0323 sec. 3.2 Mc.

ines a, aspect ratio R aild picture
repetition frequency n.

In interpreting any such formula we
should first of all note an element of
paradox; to express it dramatically we
may say that the equality reads only
one way, namely, right to left. To
the question " What frequency band
is required for number of lines a ?"
there is no answer; the definition con-
tinues to improve progressively with
increase of frequency band. How-
ever, there is an answer to the ques-
tion " Given a frequency band f, what
is the optimum number of lines a?"
Thus to make formula (I) a signifi-
cant statement, we must interpret f
not as the required frequency band,
but as an assigned frequency band for
which the number of lines, a, is
optimum.

Even with this understanding,
formula (I) requires amendment.
First, we must read a as the actual
number of picture lines as distinct
from the gross number including the
lines absorbed in flyback and mask-
ing. Next we must replace n by T
where T is the actual time in which
the nett picture is scanned. Thirdly,
we have to apply an empirical con-
stant k to allow tor the fact that the
expression on the right hand side is
merely the fundamental frequency
corresponding to alternate black and
white squares spaced at line pitch,
which is clearly proportional to the
desired quantity f, but not necessarily
identical with it.

With these modifications, the
formula becomes :-

f = ika2R(11T) ... (2)
Kell, Bedford and '1'rainer (Proc.

I.R.E., November, 1934) gave an
empirical value of k for sequential
scanning at 0.64. The present writer
has determined an almost identical

Now as regards the required num-
ber of lines, it seems that the argu-
ment which leads to the proposal for
Boo lines is a little arbitrary. The pre-
sent writer has made repeated tests
of viewing angle in the cinema and
finds that an acceptable viewing dis-
tance for a good priced cinema seat is
6 times the picture height. Surely
television audiences should not expect
a wider viewing angle at home than
they would get in the cinema. If we
accept that a 405 line interlaced pic-
ture is viewable from 8 times picture
height without line resolution (includ-
ing stroboscope effects), the increased
number of lines required to allow the
viewing distance to be reduced to 6
times picture height is 8/6 x 405 =
540 say, 525 lines on considerations of
factorisation.

This standard is exhibited as the
third line of the table above and it is
seen that a 3.2 megacycle video band
allows us to offer a 525 line picture.
This should be transmissable on the
existing order of carrier frequency and
at the same time offers a picture which
properly interpreted in terms of
brightness, contrast, picture size and
spot size, should be adequate for all
normal domestic requirements.

A further selection from the contri-
butions to the discussion will be given in
the next issue.

In the meantime, readers are invited
to send in their own views, which will
be published in so far as space permits.
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Sibilant Speech Sounds
The Elimination of Relative Spectral Energy Distortion in Electronic

Compressors*
By BURTON F. MILLER

FOLLOWING the installation of
electronic compressor units in all
the recording and re-recording

channels at Warner Bros. studios, it
was consistently noted that sibilant
speech sounds were reproduced with
unusual prominence, occasionally
being exaggerated to the point of
being reproduced as harsh whistling
tones when these sounds were stressed
in the original speech. For a time
this effect was attributed to the
residual high -frequency distortion in
the recording and reproducing chan-
nels, and numerous circuit develop-
ments were studied and employed to
minimise such distortion. Meanwhile,
the process of re-recording was ham-
pered since it was impossible to re-
move the objectionable sibilance
merely by introducing a suitable value
of high -frequency equalisation in the
re-recording channel without, at the
same time, producing a finished sound-
track that was definitely lacking in
high -frequency signal energy content.

It was found necessary, therefore, to
reduce the energy content of the
numerous exaggerated sibilants in
each reel of sound -track prior to re-
recording by manually applying a
layer of semi -opaque ink over each of
the offending sections of the record.
This process, needless to say, was
both time-consuming and costly, since
it was necessary to reproduce each reel
of the master re-recording print
several times to permit locating the
objectionable sibilants with reference
to the sound -start mark, and then to
" paint -out" manually the correspond-
ing sections of the track. On the aver-
age, from thirty to fifty such spots
would appear in each reel of dialogue
track, requiring approximately two
hours of work for the location and
" painting -out " of these sections.

It soon became evident that all at-
tempts to reduce the excessive pro-
minence of recorded sibilants through
reduction of high -frequency channel
distortion were accomplishing almost
nothing, and that the cause of the dif-
ficulty being experienced was likely
due to some factor that had thus far
been completely ignored.

In consequence of the above con-
clusion, attention was directed to the

* Reproduced with slight omissions from
the Journal of the Society of Motion Picture
Engineers, (Nov. 1942).

Fig. I. Average relation
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results of the several statistical studies
of the spectral distribution of speech
energy. Notable among these is the
paper by Dunn and White,' outlining
the results of recent
subject at the Bell Telephone Labora-
tories. The curves and data presented
in the Dunn and White paper indicate
that while no single curve can be
taken as universally representative of
the distribution of speech energy
throughout the audio -frequency band,
it is nevertheless possible to arrive at
statistical averages of speech -energy
distribution that can, in any event, be
employed to determine the probable
energy relationships existing between
different portions of the normal band
of speech frequencies.

The curve in Fig. i represents a
" smoothed -over " relationship be-
tween root -mean -square speech -pres-
sure per cycle, and frequency, which
has been prepared from data taken
from the Dunn and White paper. The
averaging process employed in ob-
taining this curve ignores the normal
differences in energy distribution be-
tween male and female voices, as well
as the departures from a smooth curve
that actual measurements of speech -
energy distribution indicate. In view
of the use that is to be made of the
above curve, however, this averaging
process is believed legitimate.

Assuming this curve to be repre-
sentative of the relative pressure dis-
tribution with frequency for the vari-
ous frequency components of each
spoken work, it may, in general, be
observed that the pressures corres-

ponding to the lower -frequency vowel
sounds of speech are many times
higher than those corresponding to the
higher -frequency sibilant sounds. Cor-
respondingly, the low -frequency com-
ponents of speech signal voltage in
the recording channel will normally
be many times greater in amplitude
than the high -frequency components.
If the total amplification of the re-
cording channel is made an inverse
function of the instantaneous signal
voltage at some point of the recording
circuit, as is done when electronic
compression is employed, the channel
amplification may be expected to be
notably higher when speech sibilants
are being recorded than when vowel
sounds are traversing the recording
system. Such a condition gives rise to
a form of amplitude -selective fre-
quency distortion, which will be in-
capable of correction by any straight-
forward process of signal -frequency
equalisation during reproduction of
the sound record..

This situation may, perhaps, be
clarified somewhat by a simple ana-
lytical treatment of the several factors
involved. In a normal amplifier
system the overall amplification may
be defined as the ratio of the amplifier
output voltage E. to the amplifier in-
put voltage .E1. This ratio may be a
function of signal frequency, but
throughout the working range of
signal input levels, is independent of
signal voltage. Presuming the ampli-
fication to be made independent of
frequency as well, the ratio of ampli-
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fier output to input voltages may be
expressed as

Eo
=

E,
were is constant.

In the case of the electronic com-
pressori however, the amplification ob-
tained is purposely made a function of
a tube electrode control -voltage e..
This control -voltage is normally de-
rived by rectifying a portion of the
compressor output voltage, which is
then so applied to the amplifier tubes
that the expression for amplification
through the compressor generally
takes the form

E. Pc P.
... (2)

Ei (es)" (kiE0)m
where p° and k, are constants, and
where the exponent m varies from
approximately zero at low values of
E. to a positive limiting value ap-
proached as E. assumes progressively
higher values.

Solving Eq. 2 for the ratio EolEi
terms of the input voltage E,,

E.
= Ae(Eon

Ei
where pe is

(i)

(3)

a constant, and n =
-m/(m + i). A curve showing the

where A is a constant for any single
word, and where the function o(f) ex-
presses the relationship between prob-
able speech -pressure per cycle and
frequency as given by the curve of
Fig. r.

Combining Eq. 3 and Eq. 4, the
compressor output voltage is given by

E,,=ige(Ei)'+'="4A°÷1cr(/)]°+1 (5)
In this equation the factor A" +1 indi-
cates that the amplitude of the com-
pressor output signal is a non-linear
function of the input signal ampli-
tude, and is indicative of the fact that
amplitude compression may be ob-
tained. On the other hand, it is also
evident that the normal spectral dis-
tribution function o(f) has been dis-
torted to the new distribution function
Err(f)P-P. It is this latter distortion of
the compressed signal that is, in
general, responsible for the excessive
prominence of speech -signal sibilants
in the recorded signal. A simple ex-
ample may serve to indicate the rela-
tive magnitude of this distortion.

Assume that the word say is to be
recorded. If the predominant fre-
quency' of the sibilant s is assumed
to be approximately 6,000 c/s, while
that of the vowel a is taken as approxi-
mately 50o c/s, reference to Fig.
and Eq. 4 indicates that the probable
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actual relationship between com-
pressor amplification and input signal
level at constant frequency for the
compressors employed at Warner
Bros. studio is shOwn in Fig. 2, the
amplification being expressed in deci-
bels rather than in the arithmetical
ratio employed in Eq. 3. It will be
noted that throughout the greater por-
tion of the compression range of input
signal levels, the exponent n employed
in Eq. 3 would correspond to approxi-
mately - 0.5.

Returning to consideration of the
expression for compressor amplifica-
tion, let it first be noted that the com-
pressor input voltage corresponding
to a speech signal may be written as

Ei = A, (f) (4)

Fig. 2. Relation between
compressor amplification
and comp input
signal level. Ref
level employed is 6 mW

amplitude of the signal delivered to
the compressor input terminals which
corresponds to the s sound will be
approximately 15.5 db lower than that
corresponding to the a sound. Assum-
ing a value n = o.5 for the ex-
ponent in the compressor output -volt-
age equation (Eq. 5), the signal cor-
responding to the s sound at the com-
pressor output terminals will be only
7.75 db lower in amplitude than that
corresponding to the a sound. In
other words, the s sound has been
exaggerated 7.75 db relative to the a
sound.

A clue to the method of correcting
the distortion just described is offered
by the form of Eq. 2. Let it be as-
sumed that before the compressor out-

put voltage is delivered to the com-
pressor control rectifier, the portion of
the output voltage employed for con-
trol purposes is equalised to the form

E.' = p(f)E. ... (6)
where the form of the function P(f) is
as yet unspecified. Substituting Eq. 6
for E. in the right-hand member of
Eq. 2, and solving for the ratio L4E1,
one obtains

-= p.(E1)°[N1)]° (7)
El

Substituting Eq. 4 in Eq. 7,
Eo

A.An[a(f)]°[0(n]n (8)
Ei

If, then we set
k

b(f) = -
a(f)

(9)

k being a constant, the right -hang
member of Eq. 8 is independent of the
normal frequency distribution of
speech energy.

Electrically, the correction implied
by Eq. 9 is obtained by inserting an
equaliser between the compressor out-
put terminals and the control -rectifier
input circuit, the loss -characteristic of
this equaliser being designed to vary
with frequency according tp the in-
verse of the pressure -frequency dis-
tribution curve of Fig. r.

In conclusion, it may be stated that
recordings made with the modified
form of compressor are singularly
free of any tendency toward exag-
gerated sibilance, yet exhibit a normal
brilliance equivalent to that obtained
during reproduction of normal uncom,
pressed recordings.
1 Dunn and White : " Statistical Measurements on

Conversational Speech," J. Acoust. Soc.Am. xi,
(Jan) 194o, p.278.

2 Fletcher, H. : " Speech and Hearing," D. Van
Nostrand Co. (New York) 1929, pp. 56-62.

Cadmium Plating for
Variable Condensers

Washington.
It was brought out at a recent meet-

ing of the industry advisory commit-
tee, conducted by Elmer Crane, chief
of the Components Section of the
W.P.B. Radio Division, that pro-
ducers of variable condensers used in
military radio will request that the
specifications be changed from the
present requirement for silver plating
to cadmium plating.

Under the salt -spray tests of the
armed services, it was contended,
silver turns to silver chloride, whereas
cadmium plating remains intact.

F. N.
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Suggestions from the Past
T. It.

Overcoming the Copper Shortage, or What to Do with our Lab Boys.

T. (I.

Giving a Lady a Light. (Above) Electron Flakes-the Children's Cereal.

-from " Receuil des traites sur l'Electricite," 1748 (Winkler) by courtesy of H.M. Patent Library.
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COSSOR MODEL 339
DOUBLE BEAM
OSCILLOGRAPH

This is the standard instrument pro-
duced to meet the requirements of a
wide field of application. It possesses
the unique advantage of simultaneous
indication of two effects. A 96 -page
technical Instruction Manual is sup-
plied with each instrument.

PRICE £40 NET,

INDUSTRIAL INDICATING & TESTING
THE

Cathode Ray Tube has long been established as indispensable in solving
technical problems of research and production testing in the radio com-

munications industry, where its use is of course obvious. Not so widely recog-
nized is the fact that it can be equally invaluable in other industries, on both
electrical and mechanical tests, when the effect examined is applied to the tube
as a voltage.

The inherent value of the Cathode Ray Tube
lies in its being the only device capable of
providing

VISUAL DELINEATION (as a
stationary trace) of the law of
variation in recurrent effects.

Accurate RELATIVE TIMING OF
EVENTS and other comparative
measurements.

As pioneers in the development and appli-
cation of Cathode Ray technique our out-

standing contribution is the DOUBLE BEAM
tube, which has the advantage of also providing
the important and unique feature of :

SIMULTANEOUS INDICATION of
two variables on a common time
axis.

In considering the above in relation to their
own particular work, Research and Test En-
gineers are invited to consult our Instrument
Department for expert advice.

A C COSSOR Ltd
Instrument Dept., Cossor House, Highbury Grove, London, N.5

G.P.8989
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The Centenary of the Wheatstone Bridge
Graphical Methods for Solving the D.C. Bridge Network

By R. NEUMANN, -Dipl. Ing.
After a brief historical survey, two different graphical methods are given for determining the current

distribution and the partial voltages in a d.c. Wheatstone Bridge network. The second method
is also applicable to non-linear resistors.

0N June 15, 1943, a hundred
years have passed since
Wheatstone presented his

Bakerian lecture " An account of
several new instruments and processes
for determining the constants of a
voltaic circuit ' to the Royal Society.'
It was in this paper that he described
among other things his " Differential
Resistance Measurer " or what is
known to -day as the Wheatstone
bridge network. Wheatstone himself
remarked in a footnote to his paper :

MR. CHRISTIE, in his " Experi-
mental determination of the laws of
magneto -electric induction " . . .

has described a differential arrange-
ment of which the principle is the
same as that on which the instru-
ments described in this section have
been devised. To MR. CHRISTIE
must, therefore, be attributed the
first idea of this useful and accurate
method of measuring resistances.'"
A few biographical remarks on

Christie and on Wheatstone may be
of some interest.'

Samuel Hunter Christie (185-1865)
was the fourth son of James Christie
the elder, the founder of the well-
known firm of auctioneers still exist-
ing. As a boy he was on good terms
with his father's friend, Sir Joshua
Reynolds. His mathematical talents
were manifest in his early school work
and he was second wrangler at
Trinity College, Cambridge, and in-
augurated the Cambridge University
Boat Club. 1806-1838 he was Assistant
and 1838-1854 Professor of Mathe-
matics at the Royal Military
Academy, Woolwich, where his
energy and organising ability were
highly appreciated. His son, Sir
William H. M. Christie, was
Astronomer Royal from 1884-1910.

In his Bakerian Lecture of 1833
mentioned by Wheatstone, one of
Christie's main problems was the de-
termination of hbw the resistance of a
wire depends on its length L and its
diameter D. Some physicists of that
time were of the opinion that the
" conducting power " was propor-
tional to DIL4. While he quotes the
work of Davy, Becquerel, Cumming,
and Barlow, the treatise of Ohm was
not known to him, and he found from
his own experiments the proportion-
ality to be DalL.
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Fig. I. The Wheatstone Bridge Network.

It was some years later that an Eng-
lish translation of Ohm's treatise of
1827 appeared in the 2nd volume of
Richard Taylor's " Scientific
Memoirs,"" and it was Wheatstone
who had participated in the revision
of W. Francis's translation and had
encouraged its publication. He was
among the first scientists in England
to appreciate the importance of Ohm's
law.

Charles Wheatstone was born 1802
in Gloucester as son of a music seller
and educated in a private school
there. 1823 he commenced a business
in London as a musical instrument
maker. He wrote several papers on
his experiments on sound and de-
veloped the " Kaleidophone " for
illustrating the combination of har-
monic motions of different periods.
His studies on Chladni's figures led
him to the principle of " superposi-
tion of small motions " by which
" simple geometrical relations with-
out profound analysis allowed of pre-
dicting the curves produced by given
modes of vibration.",

In optical science he not only was
the first to suggest the possibilities of
the stereoscope, but also as early as
1835-24 years prior than Kirchhoff
and Bunsen-published a paper on
" Prismatic Analysis of Electric
Light " in which he observed that the
electric spark from different metals
presents more or less numerous rays
of different refrangibility producing
lines differing in position and colour.
The presence of a very minute portion
of metal may thus be determined. We
have here a mode of discriminating
metallic bodies more readily than by

chemical examination, and which may
hereafter be employed for useful
purposes."

In 1834 he had been appointed Pro-
fessor of Experimental Physics at
Kings College, London, and two years
later was elected as a Fellow of the
Royal Society. But due to his almost
morbid timidity in the presence of an
audience he seldom lectured after
1840.

Numerous improvements in the
electrical telegraph are due to him,
e.g., the dial telegraph showing
letters, the type printing telegraph,
and submarine telegraphy for which
purposes he carried out experiments
in Swansea Bay in 1844. For his re-
searches on the rate of transmission
of electricity along wires he made use
of a rotating mirror. Independent of,
and about simultaneously with,
Werner Siemens he proposed the self -
excitation of the dynamo. Oxford and
Cambridge conferred honorary
doctor's degrees upon him and he re-
ceived many distinctions from British
and foreign learned societies. In 1868
he was knighted. He died in February,
1875, in Paris, and was buried at
Kensal Green Cemetery.

For about 45 years after the
Bakerian Lecture of 1843 the use of
Wheatstone's " resistance balance "
was mainly confined to d.c. current
systems and to the exact measurement
of electric resistances, although as
early as 1865 Maxwell had shown that
inductances also could be determined
if a ballistic galvanometer with known
calibration was used. Since the early
nineties the field of application of the
bridge network was enormously en-
larged by the introduction of what is
called to -day a.c. bridge methods. B.
Hague's classical treatise on this sub-
ject is evidence of the important work
done in this field within the last half
century'

The inherently much simpler prob-
lems of d.c. bridge networks have of
late not received similar attention, al-
though there exists quite a consider-
able number of applications for this
network too. And not only in the
form of the resistance balance in
which " the Wheatstone bridge is a
null method for the comparison of re-
sistances and . . . capable of con-
siderable sensitiveness and precision,"
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but also in the more general case
where the balance is disturbed and a
current is flowing in the bridge con-
ductor, or, as we might call it, the
bridge network with " loaded bridge."

As examples for applications of this
type of network the following may be E
mentioned :

Resistance thermometer bridges.
Resistance stabilisers.
Electric gas analysers, e.g., for CO,.
Measurement of heats of reaction or

mixture, e.g. CO + H.
Regulation bridges for one or more

variables.
Calculating operators for addition,

subtraction, multiplication and
division.

Bridge networks with electronic
valves (amplifier connexions,
potentiometric measurements).

Current and voltage regulators,
e.g., constant current with vari-
able voltage.

Controlling the state of charge of a
battery.

Measuring the resistance of gal-
vanic elements.

Details of all these applications are
given by J. Krbnert.6

As is well known, there exist quite a
number of methods for solving
analytically the current and voltage
distribution of the bridge network. As
the network consists of four points
interconnected by six conductors, one
of them containing the source of cur-
rent and the other the measuring in-
strument (or generally speaking, the
bridge load), the voltage and current
distribution may be determined if the

ej

Fig. 2. Current.voltage diagram of bridge
network. (Rauschburg).

e.m.f. of the source and the resistances
of the six conductors are given. Apply-
ing Kirchhoff's laws six linear equa-
tions are found for the six currents
and they may be solved by sixth order
determinants.

The method may be considerably
simplified by using Maxwell's method
of cyclic currents which allows of de-
termining the bridge current as
quotient of two third -order deter-
minants." Also Thevenin's theorems
or Kennelly's star -mesh transforma-
tion' have repeatedly been recom-
mended for solving the bridge net-
work.

In the graphical solutions to be
described presently the resistance of
the current source and of the leads
connecting it to the network proper is
neglected. This is admissible in most
cases as this resistance is usually
small in comparison with the resist-
ances in the branch conductors. How

Fig. 3. Construction of the Rauschburg diagram starting from r5.
Fig. 4. (lower right) Rectangular spiral (unsuccessful).
Fig. 5. (top right) Rectangular spiral (co eeeee ing).

the graphical method may also be used
if this neglect is not permissible will
be dealt with later.

The advantage of graphical
methods is that they furnish a lucid
diagram which is also suitable for as-
sessing the influence of changes in the
system, e.g., the changes caused by
varying one or more of the resistances
in the branches or that of the bridge
itself.

Another common feature of these
methods is that they use a rectangular
coordinate system in which the cur-
rents are drawn parallel to the
abscissa and the voltages parallel to
the ordinate. Resistance values there-
fore appear as tangents of angles :

r, = e,/i, = tan a,
r, = = tan a,
r, = es/i, = tan a,
r, = e,/i, = tan a,
r, = e,/i, = tan a,

Applying Kirchhoff's rules, the fol-
lowing relations are found from the
diagram of connexions given in Fig.
r (if with switch S open the potential
of point K. is higher than that of
point K.) :

E = e, + ez = e, + e,
= e, + e,

ez = e, + e,
1 = i, + = iz +

The total resistance of the bridge
network as seen from the current
source is

E = Ell = tan a
The current voltage diagram as pro-
posed by Rauschburg" is shown in
Fig. 2. All the relations given above
may be readily read from this
diagram.

The question now arises how this
diagram may be found if the e.m.f. E
of the current source and the resist-
ances r,, r,, r,, r, and r, are given. The
procedure is as follows : First r, is
represented by a rectangle of optional
size, but with a ratio of height to width
equalling r, = tan ae (Fig. 3). Now
the angles ai . . . a4 are drawn from
the corners of this rectangle as shown
in Fig. 3 to furnish the resistance
lines r, . . . r,. Starting from an op-
tional point M (Fig. 4) a rectangular
spiral is drawn parallel to the sides of
the rectangle. If after the first cir-
culation the spiral gets larger and
larger or meets one of the resistance
lines at such a point N that the spiral
could not be completed without using
the negative parts of the resistance
lines the spiral is drawn in the
opposite sense and will then converge
after a few circulations to form a
closed rectangle ABCD (Fig. 5) which
is the same as that shown in Fig. 2.
The scale of the diagram is now found
by equalling the side DA to the given
value of E and all the other values
required may be taken from the
diagram.
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Ingenious as this method is it has
some disadvantages. If the rectangle
representing the current and voltage
in the bridge wire is chosen too large
the size of the sheet may be too small
for obtaining the closed' rectangle
ABCD. The scale of the diagram is
only found after the diagram has been
completed and may be not very con-
y ient. Besides the method is not ap-
plicable to non-linear resistances,
e.g., barretters.

A method originally devised and
published by the author about 3o years
ago" avoids these drawbacks and
solves the problem in a closed form
without resorting to the geometrical
analogy of a divergent or convergent
series.* The method is the following :

The resistances are drawn with their
characteristics I, II, III, and IV as
shown in Fig. 6. If the bridge switch
S is open the vertical distance of
points P and Q gives the potential
difference between the points
K34 and K,, of Fig. r or what we may
call the " no-load voltage " corres-
ponding to r, = co. Projecting P and
Q on the ordinate axis and connecting
P, with P' and Q, with Q' we find the
" short-circuit current " XX' of the
bridge corresponding to r, = 0. For
finite values of r, we draw tan a. =
from point P' (characteristic V), find
the intersection Y of this resistance
line with the horizontal line Q'Q, con-
nect X and Y and find the current

= VS'. The vertical line WV gives
the value of e, and the diagram may
now be completed by finding U on
characteristic I, S on II, R on III and
T on IV.

All the values derived from
Kirchhoff's rules as given above may
be taken from the diagram. In order
to convert the diagram Fig. 6 into
that given in Fig. 2 it is only necessary
to turn the lines ORTA around the axis
ZZi which is found as the vertical line
bisecting TS,, Si being the vertical
projection of S on TR, so that the cur-
rent I and the total resistance R of the
network may also be found without
further calculation.t The influence of
changes in the resistance values is ex-
haustively dealt with in the original
publication" to which interested
readers are referred. Only a few
words need be said in conclusion on
the influence of the resistance of the
current source.

The influence of changing the volt-
age E is easily found from the dia-
gram as all relations are linear and
for E = 0 all currents and voltages
disappear. It is therefore only neces-

* The question of -convergence of rauschburg's
construction for the general case of n straight lines
and n optional directions was investigated by Mrs.
Hanna Neumann in a paper read before a students'
section at Oxford (not published).

t Private communication K. Roston, Johannes-
burg, (193x).

sary to draw straight lines through 0
to the points V, W, S, 1' and to draw
the corresponding horizontal lines in
order to find corresponding values of
i1, e,, etc. The resistance character-
istics II and IV and the auxiliary lines
P,X. and QPC are moved parallel to
themselves.

Now it is also possible to consider a
voltage drop in the source of current
or in the leads connecting it to the
network proper. The diagram is first
drawn for E = const. Then the volt-
age drop corresponding to the current
value I = i, + i, = i, + i4 is deter-
mined. After repeating the construc-
tion a few times the definite values
are obtained as the approximation
gets more accurate with each repeti-
tion. But for this case the analytic
solution' is certainly more convenient.

Finally, it will be shown that the
diagram is also suitable for solving a
problem hardly accessible to analytical
solution. As is well known resistances
are frequently used in engineering the
temperature coefficient of which is not
negligible, e.g., the so-called variators
or barretters, i.e., iron resistors pos-
sessing a marked positive temperature
coefficient. Their resistance charac-
teristic is a line which rises slowly at
the start, then much quicker and then
slower again.

In Fig. 7 such variators are chosen
for all the five resistors. The charac-
teristics are again called I, II, III, IV
and V. The horizontal distances be-
tween I and II on one hand and be-
tween III and IV on . the other are
drawn from the ordinate axis to the
left and thus the curves a and b are
found. The vertical distances be-
tween a and b are drawn from the line
OL upwards to the respective abscissae
and this furnishes the curve c.

Then the point of intersection is
found between c and V (which latter
has been drawn to the left of the
ordinate axis for the sake of conveni-
ence). Projecting this point of inter-
section on to a and b furnishes the
points V and W and, on the respective
horizontals, the points S', U, S and R',
T, R and thus all the required cur-
rents and voltages of the generalised
diagram.

The latter, of course, gives the rela-
tions for the stable state only, i.e., for
the case that the temperatures have
reached their final values.

Such a variator possessing a high
inertia may be used for example for
reversing the current automatically
after a certain time. Selecting one of
the branch resistances, e.g., r, so

Fig. 6. (above) Diagram of bridge
network with linear resistors.

Fig. 7. (left): Diagram of bridge
network with barretters.

that it is smaller in the cold state
than rir./r., but larger in the heated
state, then the current in r, will be re-
versed during the change of tempera-
ture of r,.
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Measuring Instruments for Radio
By E. H. W. BANNER, M.Sc., M.I.E.E., F.Inst.P.

Instruments for use in radio are described, the high frequency types in some detail, with constructional features. Tables classify instruments
according to range of working frequencies, range of measurement, and consumption, in general terms. Sufficient infor'mation is given to detertfiine

the best type to use for a given radio measurement. Some typical scale shapes are shown to assist identification.

ABRIEF study of the character-
istics of indicating electrical
measuring instruments used for

radio is of considerable aid in making
measurements. Generally one type is
better than another for any given pur-
pose and it is the present plan to give
the various characteristics for con-
sideration. Pointer indicating instru-
ments alone are concerned here; other
measuring instruments such as oscil-
lographs, and testing instruments such
as signal generators are excluded from
the scope.

For radio purposes it is convenient
to group instruments first according to
whether they measure d.c., a.c. of
power, audio or radio frequencies,
although, of course, there are no fixed
dividing lines between the various fre-
quency ranges and some types operate
on all, including d.c. To measure d.c.
the moving coil is the commonest
type, although the polarised moving
iron type would often be satisfactory
where the highest accuracy and mini-
mum consumption (load on the cir-
cuit) is unnecessary. The moving iron
instrument, the commonest for power
frequency work, is also serviceable on
d.c. to a much greater extent than is
generally realised, again where mini-
mum consumption is not essential and
excluding very low ranges. For power
frequencies the moving iron instru-
ment is generally applicable; it has
been much improved in design and
use of better iron in the past ten years
or so and is far. from being the cheap
inaccurate instrument it is still often
considered. Rectifier instruments are
also used for power frequency work,
but in general they are less to be pre-
ferred than are moving iron instru-
ments, mainly on account of their
waveform error which may be serious
unless direct on mains, where the
waveform is good. Their great ad-
vantage for such measurements is on
account of their low consumption,
making multi -range test -sets easily
possible, especially combined for d.c.
use by omitting the rectifier from the
circuit by switching.

The rectifier instrument has
especial application to audio fre-
quency circuits; it shares this fre-,
quency range with the thermal type,
but has the robustness and generally
the low consumption of the moving
coil, whereas thermal instruments
almost always have a low overload
capacity and so cannot be considered

Movement of single -vane high -range electro-
static voltmeter.

By courtesy of Messrs. Ferranti Ltd.

robust. In the audio frequency range
may be considered valve voltmeters,
although their frequency ranges are
extensive and vary with the particu-
lar type of valve and form of circuit
used. Generally only voltmeters are
possible, but indirect current measure-
ment by measurement of voltage drop
across a known resistance-or react-
ance-is frequently possible. Valve
voltmeters are unfortunately not the
simple self-contained instruments as
are all others, but one or two sources
of voltage are necessary, although in
some simple forms a single dry cell
inside the instrument may be all that
is required. Most modern valve volt-
meters are a.c. mains operated, by the
inclusion of a transformer, rectifier,
smoothing circuit and voltage
stabiliser.

For audio frequencies thermal in-
sbruments are almost the only type
applicable. They have no frequency
limits, other than at ultra high fre-
quencies where again design con-
siderations may extend the range to
frequencies as high as are required in
practice. This immediately renders
them of use for d.c. and 1.f., also, of
course, and occasionally their use is
justified here. Their main applica-

tion to frequencies other than high is
in cases of known bad waveforms
where the characteristic of reading
true r.m.s. value independently of
waveform error is used. The electro-
static voltmeter is also a universal
instrument, within limits; it may be
used on d.c., power frequencies and
a.f. On h.f. it is limited mainly by
the excessive current consumption,
which increases directly with the fre-
quency-hut even this current is watt -
less as it is a drop across a condenser
-a nearly pure reactance. For ex-
tremely high frequencies the valve
voltmeter is often the only type that
can be used.

A brief summary shows the elec-
trical effects used and the types of
instrument in each class.

Two other types are used in power
work, the electrodynamic and the in-
duction, but neither has any real radio
application and they can be ignored.
Possible exceptions are precision
laboratory measurements of d.c. and
of power frequencies for the elec-
trodynamic, and as switchboard in-
struments for power frequency
measurements for the induction type.
Table r summarises the leading char-
acteristics as to frequency ranges.
Carrier frequencies are here not dif-
ferentiated from a.f. and h.f.

In addition to tabulation by types it
is also desirable to show the limits of
range, as this is commonly one factor
determining the type to be used, with-
in the initial limits of the frequency
table. Table 2 shows the range limits
and Table 3 the approximate order of
consumption.

Each type will now be briefly con-
sidered. Moving coil instruments are
well known and no detailed descrip-
tion is necessary here. Recent im-
provements have been almost entirely
in the use of better magnet steels lead-
ing to smaller size and weight, and to
lower consumption with a correspond-
ingly high resistance, such as zo,000
ohms per volt. Ranges are wider than

Magnetic effect : With permanent magnet : Moving coil
and polarised moving iron

DC only

Without permanent magnet :
Moving iron and electrodynamic

DC & AC (LF)

Thermal effect : Hot-wire (or thermo-expansion)
Thermo-e.m.f. (or electro-thermal)

DC & AC (& HF)

Electrostatic effect : Electrostatic voltmeter DC & AC
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those of any other type, from milli-
volts (microvolts for suspended types)
to any upper voltage limit and
microamperes to any upper current
limit.

Direct -reading resistance -testers in-
corporate a m.c. voltmeter and bat-
tery, and usually comprise a voltmeter
in series with the test resistance. Thus
a short-circuit across the terminals
causes full scale deflection and is
marked zero ohms. Conversely a high
resistance causes a small deflection. A
typical scale shape is shown in Fig. I.

I h-! polarise(' moving iron instru-
ment is less well-known and used
than it might be; it is often confused
with the moving iron, but it is entirely
different in principle, as it contains a
magnet and so is polarised and reads
on d.c. only. Its chief use at present
is as a charge and discharge am-
meter for vehicle dashboard use ; it
is also used for cheap pocket testing
instruments. In principle it com-
prises a fixed magnet, which may be
a short ,bar or a modified horseshoe,
and a pivoted soft iron armature
which is magnetically constrained to
lie along the magnetic field, no spring
control being used. Around or near
to the magnet is a conductor; a coil
for voltmeter and milliammeters and
a strip, for vehicle ammeters of about
20 amperes range. The conductor is
placed so as to tend to deflect the
armature by its field being at right
angles to that of the magnet. Such
an instrument is commonly centre -
zero, but it need not be, and in the
latter case the pointer is displaced
from its control position at zero, so
that only movement of the armature
in one direction is effective. This is
a cheap instrument, having no ex-
pensive magnet, jewels And control
spring, nor fine clearances. Its mag-
net is a very simple one and instead
of jewels (synthetic sapphires or
glass) indentations in a brass fixing
plate are usual. A well -designed in-
strument of this type, having better
pivoting than the above, has a good
scope for limited ranges of voltage
and current as a cheaper instrument
than the moving coil where a some-
what lower accuracy is sufficient for
the purpose-as is much preliminary
and general testing work. The scale
shape is nearly uniform and is gener
ally iindistinguishable from that of
the moving coil instrument, but as the
damping is not as good as that of the
moving coil type the pointer takes
longer to come to rest, or alternatively
when the instrument is sharply
rotated the rapid or slow settling of
the pointer shows the moving coil or
the polarised moving iron type, respec-
tively. It should be noted also that
the " moving magnet " type of gal-
vanometer is also of the polarised

TABLE /
FREQUENCY RANGES .

TYPE D.C. A.C. CIS.
0 /0 /02 103 /04 /05 /06 /07 /06/06

Moving coil
Polarised moving iron
Moving iron
Rectifier
Valve voltmeter
Thermal ammeter
Electrostatic voltmeter

x
a

.-

TABLE 2
RANGES

TYPE /.., mV V kV Aill mA A kA

Moving coil
Polarised moving iron
Moving iron
Rectifier
Valve voltmeter
Thermal ammeter
Electrostatic voltmeter

...
...

...

TABLE 3
CONSUMPTION

TYPE ,aW mW W
Moving coil
Polarised moving iron
Moving iron
Rectifier
Valve voltmeter
Thermal ammeter
Electrostatic voltmeter

am

a

mg
win

Increases wihtrange
.,

/for voltmeters)

Very small
Increases slightly

-
no with range

No power; current decreases with range

moving iron type, although in this in-
strument part or all of the magnetic
control is due to the earth's field.

The moving iron instrument is
fairly well known; it comprises a
coil to provide a magnetic field and
either a moving iron which is at-
tracted into the coil or a fixed and
a moving iron, mutual repulsion be-
tween which causes movement of the
pointer. Each is in use and likely to
persist. Having no magnet it is not
polarised and so can read d.c. or a.c.
It is robust, and good examples of
this type will stand an instantaneous
or short -time overload of ten times
full-scale current. It reads r.m.s.

,cc
60 40

............. .
4.°°° 4./ OHMS

20

values nearly independent of wave
form, and so has the advantage over
the rectifier type where the waveform
is doubtful-as it often is in radio
circuits, apart from directly on the
mains. Whilst this is a  square -
l w " type the design is always such
as to minimise the. contracted initial
part of the scale and provide a scale
nearly uniform above about the first
to per cent. (Fig. 2).

Rectifier instruments are only about
14 years old, as a type, and comprise
a metal rectifier, usually copper -oxide,
with a moving coil movement. They
read the mean value of the rectified
current, and as the r.m.s: value is

O

6

Fig. I. Typical scale of ohmmeter (voltmeter Fig. 2. Typical scale of modern moving iron
and battery). instrument.
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almost always required they are cali-
brated as for r.m.s. value, but this
introduces a possible error of the
order of so per cent. Four rectifier
elements in a bridge are usual, pro-
viding full -wave rectification. The
great advantage of this type is the
low consumption of the moving coil,
with a wide voltage range, but limi-
ted current range other than by
auxiliary means. The rectifier im-
pedance varies very considerably with
the current passed, therefore a recti-
fier instrument may have such an
effect on a low -power circuit that the
current intended to be measured is
altered appreciably. No common
correction can be employed, as it de-
pends on the circuit and on the cur-
rent being measured. Fortunately
this source of error is low in circuits
other than low power and low volt-
age, but the possible error should be
realised. Except for low voltage
ranges the scale shape is as that of the
moving coil-uniform. For low
voltage ranges the scale shape is
crowded at the beginning-somewhat
as for the thermal type.

Fig. S. Basic circuit of electrostatic peak
voltmeter.

Valve voltmeters are comparatively
recent, but have already reached a de-
finite place in measuring technique
for radio and allied circuits and the
applications are growing. Their main
characteristic is that of negligible
load on the circuit. In the simplest
form a diode or triode valve and a
moving coil instrument are used; in
others a multi -electrode valve with
mains stabilisers and adjustable re-
sistors for multi -range work are em-
ployed. There are three general
types which serve most requirements,
the grid leak type and the anode bend
type, using triodes, and the peak volt-
meter, using a diode. The first, or
grid leak type, uses the grid current/
grid voltage characteristic. The input
is applied to a condenser in series
with the grid of a triode and a grid
leak connects the grid to the filament.
In the anode circuit is a moving coil
microammeter and a battery. De-
pending on the part of the valve char-
acteristic used the resulting current
may be directly proportional to input
voltage or if the latter is large anode
bend rectification will take plaCe as

Fig. 3. Basic circuit of grid -leak
voltmeter.

type valve

well, with reduced sensitivity. The
reading is thus not true r.m.s. for
wave forms other than sinusoidal. The
basic circuit is shown in Fig. 3.
Anode -bend voltmeters are more com-
mon, they use the anode current/grid
voltage characteristic for rectifica-
tion: depending on the actual char-
acteristic the response may be pro-
portional to the square of the input
voltage. In this case the true r.m.s.
value is indicated, independently of
wave form. But if a high resistance
is included in the anode circuit, with
a higher voltage the relationship is
nearly linear and the anode current is
proportional to the square of the volt-
age for low voltages, but to the mean
for higher voltages, and the mean
rectified current through a condenser
is proportional to peak voltage. Con-
sequently there will again be a wave
form error, as the scale is generally
calibrated in r.m.s. units. Multi -
range instruments are obtained by the
use of various resistors in the anode
circuit, with a selector switch. Fig.
4 shows the basic circuit. Diode volt-
meters are based on the peak volt-
meter in which a condenser is charged
through a rectifier and the condenser
voltage read on an electrostatic volt-
meter. Sometimes a moving coil volt-
meter of very high resistance is used
instead, and as no anode battery is
needed a simple dry cell for filament
heating is often all that is needed for
power input. The reading is directly
proportional to peak voltage, but if
r.m.s. calibration is required then a
wave -form error is introduced, The
basic circuit is shown in Fig. 5.

For use at very high frequencies,
the chief field of valve voltmeters
since no other type will serve, the in-
put capacitance must be very small,
in addition to the resistance being

Fig. 4. Basic circuit of anode
voltmeter.

bend valve

very high. This is attained by the
use of special valves, such as electro-
meter triodes, and by mounting the
valve in a metal -cased probe ter-
minal applied directly to the high -
frequency point. Some of these latter
instruments are useful up to 5o Mc./s.,
with an impedance of about a quar-
ter of a megohm and a terminal
capacitance of about 5

Two types of thermal instrument
are commonly used for radio work,
the hot-wire (or thermo-expansion)
and the thermo-e.m.f. type. The
former is the older, but it is less satis-
factory as it usually has a wandering
zero and is less robust. As an aerial
ammeter where a maximum reading is
sought it is still of great use, and it is
cheaper than the thermo-e.m.f. The
thermo-e.m.f. type comprises a mov-
ing coil movement indicating the
millivolts generated by one or more
thermo-couples which are heated by
the circuit current. For low ranges
the thermo-couple is in vacuo, but
above about r ampere open couples
are used. There are two general types
of thermo-couple, insulated and con -

Heater

Fig. 6 (left). Thermo -couple instrument with
two insulated couples. Fig. 7 (right). Thermo-
couple instrument with one couple directly

connected to heater.

tact. In the former the couple is in-
sulated from the heater carrying the
line current by a bead of glass or simi-
lar material; consequently two or
more couples may be used in series.
The speed of response is slightly
lower than in the contact type, where
only one couple is possible, or all but
one would be short-circuited by the
heater. Figs. 6 and 7 show the insu-
lated and the contact types,
respectively.

Another advantage of the insulated
type is that there is no reversal error
on d.c., but with the contact type un-
less the heateT wire is accurately
welded to the centre of the couple
there will be a small d.c. error shown
on reversal of the line current. The
heater wire is generally made of
eureka or a copper nickel alloy and
the couple elements are of iron and
eureka. Thermal instruments are
square -law types and the working
force available is so low that scale im-
provement, which always involves in-
creased, consumption, is not resorted
to : square -law scales thus result, in
which, half -scale deflection is about 70
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per cent. of full scale value, as is seen
in Fig. 8. All thermal instruments
are more or less sluggish in action,
with no tendency to overshoot the final
indication, but the thermo-e.m.f. type
is quicker in indication than is the hot-
wire.

Electrostatic voltmeters are a long-
established type, but now have less
application than formerly due to im-
provements in moving iron instru-
ments for power frequencies and valve
voltmeters for radio circuits, where
the condition of low load on the cir-
cuit applies. They comprise a vari-
able condenser with one set of elec-
trodes fixed and the other pivoted. In
low ranges many vanes and small
gaps are necessary, while in high
ranges few vanes and long gaps are
found.

In each case the low and high range
limits are set by the clearances attain-
able-small clearances by excellence
of workmanship and high clearances
by case size. Present ranges are from
15o volts upwards to almost any
value, and the type is suitable for both
d.c, and a.c. For d.c. the main scope
is to circuits where even the low cur-
rent consumption of a very high re-
sistance moving coil instrument is too
high. An earlier paper on some in-
direct uses of the electrostatic volt-
meter, as well as of some other types,
in radio work may be referred to.*
The instrument being a condenser it
will be seen that its current consump-
tion, at a given voltage, will be pro-
portional to the frequency : this sets
the upper frequency limits, for any
given instrument. Although there is
a current consumption on a.c. and a
charging current on d.c., no power is
absorbed from the circuit as the cur-
rent is go° leading the volts, and the
resistance is that of the insulation,
which should be so high as to be con-

 Some Indirect Laboratory Measurements. Else.
Times, 5150/1933.

Typical Thermo -couples.
(left) Vacuum thermo-
couple, (right) Open
air thermo - couples,
(lower right) Vacuum
thermo-couple mounted

in holder.

By courtesy of
Messrs. Elliott Bros. Ltd.

Fig. 8. Typical scale of thermal instrument.

sidered as infinity in relation to the
reactance of the condenser.

This instrument also obeys a square
law and reads true r.m.s. values and
d.c. The basic scale shape is thus a
square -law one, as for the thermal
types, but it is almost always modi-
fied in design so as to produce a more
nearly linear or uniform scale. A
typical instrument has a scale grad-
ually increasing for about one third of
the distance, then nearly uniform
until near the top, where it again con-
tracts. The peak value instead of the
r.m.s. may be read by incorporating a
valve rectifier and series condenser,
with the voltmeter in parallel with
the condenser, which becomes charged
to the peak value of one half of the
wave; which half depending on the
polarity of connexion of the rectifier.
This has been referred to in connexion
with the valve voltmeter, and the
basic circuit is shown in Fig. 5.

REFERENCES
A.C. Meters for the Experimenter.
Wireless Mag., Mar., 1934.

2 Direct -reading Resistance Testers.
Elec. Times, 25/1/1934.

3 Radio Testing Apparatus (valve tes-
ters, etc.). Elec. Rev., 29/12/1933.

4 Radio Measuring Instruments (types).
Wireless World, 23/4/1930.

5 Radio Measuring Instruments (tests).
Elec. Rev., 27/5/1932.

6 Rectifier Instruments for A.C. Elec.
Rev., 10/5/1929.

7 Rectifier Instruments. Elec. Times,
28/12/1933.

8 Valve Voltmeters. Television and
Short-wave World, Aug., 1937.
Instruments Incorporating Thermionic
Valves, and their Characteristics.
J.I.E.E. Vol. 85, p. 242, 5939.

ELTON

METALLURGICAL

LABORATORIES

IPSWICH ROAD

TRADING ESTATE
SLOUGH, BUCKS. 'Phone : Slough 20992

Agents for Australia :

A. F. HARRISON & CO. PTY. LTD.
85 CLARENCE STREET, SYDNEY

TD-

Silver
& Platinum Solutions

For Metallising
Mica Ceramic

Quartz etc.

Low Melting
Point Solder and
Non - Corrosive
Liquid Flux 4A,,,!;,,De,d)

The
how

little more-
much it is ...

In every Gardner Product the
presence of ' the little more ' is

clearly discernible. And amply
proven in the performance ! In the
Gardner range of Quality Transfor-
mers the plus ' feature is particularly

prominent in the group of Small
Power Transformers up to 4 kVA.
So when next you have a specification

which calls for the little more,'
Gardners will be happy to co-

operate in seeing that you get it.

We regret that at present Small Power Transformers
are available for highest priority orders only.

44,,mos RAN8F0-00
1,11.11Pair

GARDENERS RADIO LIMITED
SOMERFORDCHRISTCHURCHHANTS.



80 Electronic Engineering July, 1943

NOTES FROM THE INDUSTRY

Radio Industries Club
At the Radio Industries Club

luncheon on May 25, Sir R. Watson
Watt gave his personal views on the
problems of post-war broadcast dis-
tribution, and referred to the possibili-
ties of wired wireless, or, a more ex
pressive phrase, " piped radio." He
did not think that the wide use of
piped radio would adversely affect the
development and sale of improved
radio receivers, and the receivers for
wire reception would offer scope for
technical developments.

Sir Louis Sterling spoke in defence
of the existing system and referred to
" pipe -dreamers." He did not want
any restriction on the choice of pro-
grammes such as would be imposed by
wired wireless, and considered that
such a trend would seriously affect our
export market in addition to cramping
the style of home radio receiver
development.

The following officers have been
elected for the ensuing session : Pre-
sident, Sir Noel Ashbridge. Chairman,
H. de A. Donisthorpe. Hon. Secre-
tary, W. E. Miller. Hon. Treasurer,
H. A. Curtis.

Astib
ASLIB (Association of Special

Libraries and Information Bureaux)
will hold its eighteenth annual.confer-
ence by kind permission at the rooms
of the Royal Society, Burlington
House, Piccadilly, W. t, on September
18 and 19, 1943. Further particulars of
the programme will be available later,
but those wishing to attend the confer-
ence are advised to make their ar-
rangements for accommodation as
soon as possible. The report of the last
conference, held in November, 1942, is
now ready at 3s. to members; 6s. to
non-members. Communications should
be addressed to the General Secretary,
Miss E. M. R. Ditmas, ASLIB, 31
Museum Street, London, W.C.i.

Electronic O.B.E.'s
We are pleased to record the award

of the O.B.E. to the following well-
known personalities in the radio and
electronic industry :

L. H. Bedford, Chief Research
Engineer, Messrs. A. C. Cossor.

P. I. Dee, P.S.O., T.R.E.
N. F. Newsome, B.B.C. European

Broadcasts.
Mr. A. B. Stockwell, of Messrs.

A. C. Cossor, has received the B.E.M.
Mr. Bedford is particularly well-

known for his contributions to the
science of electron optics and the
cathode-ray tube, and is a first-class
mathematician in addition to being an
original thinker and research
engineer. He has contributed largely
to the success of many present-day
electronic developments.

H.F. Coil Former
The illustration shows a high qual-

ity ceramic coil former developed by
Messrs. Raymart for aerial coupling
coils or tapped tank coils. The former
is double -grooved for coupling wind-
ings and has i i holes for tappings
down the centre of the core.

Dimensions : 12 in. winding dia-
meter, 2 in. base diameter, 3i in. o/a
height, 46 winding grooves. Price :
4s. 6d. Inquiries to Raymart, Ltd., 48
Holloway Road, Birmingham, 1.

Painton Potentiometers
The photograph shows a 25 w.

potentiometer manufactured by
Painton & Co., Kingsthorpe, North-
ampton. These are made in various
sizes and ratings :-

Resistance
Dissipation Values Diameter Price*

2 watt 25-5,000 0.875" 3f6-3/9
5 watt 100-50,000 11" 6/6-8/6

25 watt 100-100,000 sr 15/ -
*Plus 15%

In addition the type CV.25 shown
canbe supplied totally enclosed in a
dust -proof metal shielding case.

We have had an opportunity of -

testing these components in laboratory
work and can recommend "them.
Workmanship and finish are excellent.

A Practical Lathe Handbook
Messrs. Saunders Roe, Ltd., re-

cently produced a handbook for lathe,

operators which was intended to help
trainees to acquire a knowledge of
lathes and their working.

It is copiously illustrated with draw-
ings, and the appendix includes a
glossary of technical terms in use in
shop work.

In view of its success, it has been
decided to make it available to other
engineering firms, and copies can now
be obtained direct from the printers
and publishers, The Press at Coombe -
lands, Addlestone, near Weybridge,
Surrey.

Messrs. Saunders Roe have agreed
to give all copyright fees to the R.A.F.
Benevolent Fund. The price per
copy, stiff bound in quantities of i,000
is 2s. 3d., and this includes printing
the purchaser's name on the cover.
Orders for less than i,000 bear a slight
extra charge for the purchaser's name.
Limp bound copies are is. 9d. each.

The book is written in a very read-
able and practical style and is
thoroughly recommended to works
managers who want something to aug-
ment the instruction given to trainees
or new labour.
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WILLIAM TIORGAN
DISCOVERED X-RAYS IN 1785

AND NEVER KNEW IT
William Morgan was a scientist who experimented with the passage of electric currents

inside a glass tube. When there was a vacuum in the tube, he found that no discharge could pass;
but when a little air was admitted, the glass glowed with a green colour. Morgan little knew that
he had, in fact, produced X-rays and the first X-ray tube.

Distrene (Regd.) insulating material has proved invaluable for radio and X-ray work. Its
low loss factor at high frequencies is as surprising as its high dielectric strength. The brief data
below can be checked with working samples we would like to send you. Distrene is made in sheets,
rods and tubes, and in powder form for injection moulding.

COMPRESSION STRENGTH 7 tons per sq. in.
SPECIFIC GRAVITY - . 1.06
WATER ABSORPTION Nil
COEFFICIENT OF LINEAR EXPANSION . '0001
SURFACE RESISTIVITY (24 hours in water) 3 X 10' megohms
DIELECTRIC CONSTANT 60-10' CYCLES . . 2.60-2.70
POWER FACTOR UP TO 100 MEGACYCLES . '0002-'0003

BX PLASTICS LTD., LONDON E.4, AND ELSEWHERE

LUND HUMPHRIES BXI78
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July Meetings
Industrial Radiology Group

The next meeting of the Group will
take place on July to at 2.3o p.m. at
the Institution of Electrical Engineers
and will take the form of an open dis-
cussion. Questions, previously sub-
mitted by members will be put before
those present for answer. Visitors are
welcomed, but must be introduced by
a member.

Institute of Physics
The Summer Meeting of the Lon-

don Branch of the Institute of Phy-
sics will be held jointly with the
London Mathematical Society on
Saturday, July 3, 1943, in the rooms of
the Royal Society, Burlington House,
Piccadilly, London, W. 1, commenc-
ing at 2.0 p.m., and will take the form
of a Conference on " The Applica-
tions of Mathematics to Physics."

Papers will be presented as fol-
lows :-
I. " Matrices in Practical Mathema-

tics," by Dr. A. C. Aitken,
F.R.S. (University of Edinburgh).

2. " Computational Methods and
Mathematical Tables," by Dr.
L. J. Comrie.

3. Mathematical Solutions by
Models," by Mr. H. L.
Blackburne (Messrs. Merz &
McLellan, Consulting Engineers).

4. " Applications of Elementary
Mathematical Processes - with
Special Reference to Circuit
Theory," by Dr. S. Whitehead
(The British Electrical and
Allied Industries Research As-
sociation).

Opportunity will be given for dis-
cussion on each paper. A break will
be made for tea. Visitors will be wel-
come without formality.

ELECTRONIC MUSICAL
INSTRUMENTS

It has been suggested that a
Discussion Group be formed of
those interested in the design
and performance of electronic
musical instruments, particu-
larly electronic organs and
pianos.

Will any readers who are
interested in the formation of
such a group please write to the
Editorial Department of this
journal at 43 Shoe Lane, E.C.4.

It is hoped to hold periodical
.meetings in London or else-
where for the interchange of
experiences and discussion of
experimental work.

BOOK REVIEWS
Electrical Technology for Radio

Communications
W. H. Date (Longmans, Green & Co. 5s.)

The author, who is Senior Lecturer
in the Electrical Engineering Dept.
at the Polytechnic, Regent Street, has
been engaged for many years in train-
ing students in Telecommunications
and this book is the outcome of his
experience.

As pointed out in the preface, the
usual approach to the subject through
the well-worn path of electrical tech-
nology brings in the theory of elec-
trical machines, armature windings,
and a number of other subjects which
the student of radio engineering can-
not but think are irrelevant to the
special branch in which he is
interested.

The emphasis in the book is laid on
the a.c. circuit and the associated pro
perties of inductance, resonance,
waveforms-all of which can be easily
appreciated to have a direct bearing
on the theory of radio. The conclud-
ing chapters cover instruments and
measurements, and accumulators, and
the whole book gives just the right
basis for more detailed work in the
third and fourth year.

Only one or two minor omissions
are noted-the word " barretter," for
example, might have been mentioned
under temperature coefficient of resist-
ance and thermo-couples are not re-
ferred to in the section on instru-
ments. But if a textbook covered
everything there would be no ques-
tions asked of the lecturer !

Prism and Lens Making
F. Twyman, F.R.S. (Adam Hilger Ltd. 15s.)

When television returns there will
be an increasing interest in the
optical projection side of receiving
and many manufacturers will be con-
cerned with testing and checking
optical apparatus, if not in its actual
manufacture.

This book, by the managing
director of Messrs. Adam Hilger,
describes the methods in use in their
workshops for making high quality
prisms and lenses and is full of sug-
gestions based on their own experi-
ence and that of other authorities.

The opening chapters deal with
single lens working, tools, materials,
grinding and polishing. The produc-
tion of lenses and prisms in quantity
is illustrated by photographs of
machines in use by Hilgers A sec-
tion of particular interest to the tech-
nician is that on centring and balsam-
ing lenses and prisms, and finally, the
testing of optical work, including
optical glass in the piece.

The appendix quotes Davidson's
method of silvering glass (Proc. Phys.
Soc. 1920, p. 18) as one which is ex-
tensively employed in the Hilger
workshops, and gives short notes on
sputtering and evaporating metal
films and anti -glare films on glass.

It is confidently expected that every
works laboratory dealing with optical
glasswork will want to possess a copy
of this book for reference.

High Vacuum Technique
1. Yarwood (Chapman & Hall, lOs 6d net).

The literature of high vacuum tech-
nique is not extensive. One usually
thinks of Dushman or Dunoyer, both
of whom published books about 1922-
26, but since that date no other book
has appeared in English on the sub-
ject, although it is not too much to
say that vacuum practice has been
revolutionised in the last ten years.

As an instance of this we have only
to recall the advent of the oil diffusion
pump, improved rotary pumps, and
barium and other getters.

The author (late of E.M.I.) has
covered the whole field of vacuum
practice in this book, and, if not in
great detail, in such a manner that
it will be of use to students and tech-
nicians who are introduced to the in-
tricacies of exhausting modern
vacuum devices for the first time. The
production and measurement of high
vacua are described with illustrations
of typical pumps, and a chapter on
the measurement of pumping speed is
followed by one on getters and de-
gassing. Applications of high vacua
in industry include an outline of
photo -cell manufacture and the de-
position of metal films.

There is also a useful chapter on
properties of materials and electronic
data. (It is curious to note that vari-
ous manufacturers have their own
slang terms for the same product-
thus, " copper -clad " is referred to as
" red platinum "). An interesting and
useful monograph to have in the
college or works library. G.P.

A Dictionary of Science
E. B. Uvarov. (Penguin Special -9d.)
This handy little dictionary con-

tains over 190 pages of concise ex-
planations of terms used in physics,
chemistry, and mathematics. The
author disarms criticism in his pre-
face in acknowledging the difficulty
of preparing a general scientific dic-
tionary in a small compass, but has
accomplished the feat remarkably
well. It is particularly suitable for
the layman as he suggests, and also
for students and technicians.
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The glory of the future..

GOODM ANS INDUSTRIES,

. . when the tank gives pride of place to
the " family 'bus " and engines of war to
the instruments of peace, Goodmans will
be able, once more, to give the connoisseur

Loudspeakers that open up new
possibilities in high fidelity re-
production.

GOODMANS
A p,

Priority Orders only can be accepted

LTD., LANCELOT ROAD, WEMBLEY, MIDDLESEX

Makers of

HIGH GRADE LOUDSPEAKERS

SAVE PRECIOUS TIME USE PRECIOUS METALS

ELECTRICAL CONTACTS
IN PRECIOUS METALS

OR PRECIOUS METAL ALLOYS
JMC electrical contacts are in demand for war service in all types
of electrical equipment in all theatres of war, but we endeavour
to maintain our advisory service to customers and give the benefit
of our wide experience in the application of precious metals
and their alloys to all kinds of contact requirements.

Enquiries should be headed " Contact Enquiry "
and addressed to Head Office.

JOHNSON, MATTHEY
& CO., LIMITED.

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

Telephone: HOLborn 6989

71/73, Vittoria Street, Oakes, Turner & Co., Ltd.
Birmingham 75/79, Eyre Street, Sheffield, r

SILVER, PLATINUM

GOLD, GOLD -SILVER

PLATINUMGOLD-SILVER

PALLADIUM -SILVER

PALLADIUM -COPPER
SILVER -COPPER
PLATINUM -IRIDIUM
PLATINUM -RUTHENIUM
AND OTHER ALLOYS



84 Electronic Engineering July, 1943

ABSTRACTS OF
ELECTRONIC LITERATURE

TELEVISION

Contemporary Problems in Television
Sound

(C. L. Townsend)
For a better understanding of tele-

vision requirements the methods
normally employed in motion pictures
and standard radio broadcasting are
compared with those in use in the pre-
sent television studio. Some indica-
tions as to what may be required in the
near future are discussed and possible
developments suitable for such use
are described.

-Proc. I.R.E., Vol. 31, No. i, p. 3.

RADIO
Frequency Modulation Distortion in

Loud Speakers
(G. L. Beers and H. Belar)

As the frequency -response range of
a sound -reproducing system is ex-
tended the necessity for minimising all
forms of distortion is correspondingly
increased. Th,. part that the loud
speaker can contribute to the overall
distortion of a reproducing system has
been frequently considered. A type of
loud speaker distortion that has not
received general consideration is des-
cribed. This distortion is a result of
the Doppler effect and produces fie-
quency-modulation in loud speakers
reproducing complex tones. Equa-
tions for this type of distortion are
-given. Measurements confirming the
calculated distortion in several loud
speakers are shown. An appendix giv-
ing the derivation of the equations is
included.

-Jour. S.M.P.E., Vol. 40, p. 207.

CIRCUITS
Comparison of Voltage and Current

Feedback Amplifiers
(E. H. Schulz)

This paper points out the differences
between an amplifier with voltage
feedback and one with current feed-
back. The effect of variations of
amplifier constants on output voltage
and current is decreased by either type
of negative feedback. Voltage feed-
back decreases the effect of load im-
pedance on output voltage and current
feedback 'decreases the effect of load
impedance on load current. Voltage
feedback increases the damping of a

loudspeaker and improves its
response. A table also is given to
assist in the choice of type and amount
of feedback to be used in a given
application.

-Proe. I.R.E., Vol. 3i, No.
(1943), page 25.

A Frequency Modulated R.C. Oscillator
(C. K. Chang)

A method of producing frequency -
modulated waves is described in which
a resistance element in a resistance -
capacitance tuned oscillator is re-
placed by the output resistance of a
variable mu tube. As the grid poten-
tial of the latter tube is varied, its
output resistance varies and a wide
band frequency modulation .of the
oscillator is obtained. Mathematical
relations between the frequency varia-
tion and the grid -potential change are
derived. Experimental results are
discussed

-Proc. I.R.E., Vol. 31, No. I.
(1943), page 22.

INDUSTRY
The Photography of High -Speed Tran-
sient Phenomena with Sealed -off
Glass -tube Cathode Ray Oscillograph

(W. Nethercot and H. Beattie)
The paper describes the photo-

graphic technique which the authors
have found to give optimum results in
recording single high-speed transients
by external photography of the lumin-
ous trace on the fluorescent screen of
the high -vacuum, sealed off glass -
tube oscillograph. Examples are given
which show that satisfactory records
can be obtained at writing speeds com-
parable to those usually associated
only with the high voltage, continu-
ously evacuated oscillograph and
internal photography.

-Jour. Sci. inst., Vol  20. No. 5

(i943), page 75.

Heatronic MOulding
(V. E. Meharg)

High frequency electrostatic fields,
as now used for heating wood and
resins to form bonded plywood, also
find an application in moulded
plastics. The range of application of
this method is discussed with reference
to voltage, frequency and the loss
factor of the plastic. Details are given
of the heating system as applied to
compression and transfer moulding..
The economics of the process 'are dis-
cussed and it is claimed that the
method leads to direct saving in press
costs and time. The main feature of
the process, however, 'is the uniform
heating that can be obtained over
thick sections, thus overcoming one
of the chief difficulties encountered
to -day.
,-Modern Plastics, March, 1943,

page 87.*

Low Loss Ceramics
(G. H. Gillam)

A brief description of the composi-
tion of low loss ceramics is given and,
some of their advantages are dis-
cussed. The design of a part for manu-
facture is outlined with special refer-
ence to tolerances. Some points for
the special attention of designers are
given, viz., die construction, holes and
walls, angles, draw and flatness. It
is stated that metallic inserts cannot
be moulded into ceramic parts; the de-
signer is also urged not to impose
close tolerances unnecessarily.

-El. Times, May 13, 1943, P. 544.*
* Supplied by courtesy of Metropolitan -Vickers,

Electric Co., Trafford Park -

Safety with X -Rays
(concluded from p. 54.)

area of the film. The author strongly
advises all X-ray operators, whether
medical, industrial, or research to
carry a test film in addition to making
use of the instrument illustrated in
Fig. 7, the film being the best physical
method of collective measurement
over long time periods. It also records
any routine carelessness.

Protection. There can be few hard
and fast rules governing protection as
the equipment used is so varied in its
construction. It is well to filter out
the long wave radiation at the tube
window if the work will so permit,
though it must be remembered that the
filter will give rise to considerable
scatter. Do whatever is possible to
intercept scatter at the source,
particularly the scatter from any
material which is in the primary
beam. Never use the hand to
locate the primary beam-the ap-
paratus shown in Fig. 8 is most use-
ful for this purpose. The adjustable
mirror will be found to give a'picture
of all that is needed without the opera-
tor exposing himself to the beam. It
will also be seen that the line-up strips
help to determine the angle of the
beam in relation to the work. Above
all remember the safety that distance
affords, and remember, too, that if
there are other people in or about the
department their safety is in your
hands.

REFERENCES
Protection in Industrial Radiology, W. }Milks, M.Sc,

F.Inst.,P. The British Journal of Radiology,
February, 1943, p. 49.

Modem Physical Laboratory Practice, 3: Strong,
pp. 217, 258.

Recommendation of the British X -Ray and Radium
Protection Committee. Fifth Revised Report,
January, 1938.

Radiology Physics, J. K. Robertson, F.R.S.C.
Applied X -Rays, G. I,. Clark, Ph.D., D.Sc.



July, 1943 Electronic Engineering 85

communication

industrial

ence

great

INDUSTRIAL
The applications

The

which

measure

DESIGNERS

developments.

development

of radio

to many

will be fully

to an increasing

A subsidiary

6 MANUFACTURERS

Victoria Station

of

frequency

fields

Rediffusion

at the

of

House,

engineering

of industry

service

efficiency

of BROADCAST

RADIO

Victoria

is

within its

of industries

of operation.

COMMUNICATION

Street, London,

ELECTRONICS

writing

own

RELAY

and

field

and

S.W.1

the

a

of the

AT

III
SERVICE

INDUSTRIAL

general

new

provides

future

LIMITED

(Phone

chapter

LIMITED

Victoria

technique

knowledge

and

ELECTRONIC

$1131)

in

will

of

the

and

contribute

EOUIPMENT

electronic

history of

experi-

in

B.I. Tropical Type Paper Condensers in
Moulded Tubes, (U.K. Patent No. 506024 and
application pending) are designed to operate
continuously in extremely arduous conditions
of temperature and humidity.

BRITISH INSULATED CABLES LTD..
Head Office:- PRESCOT - LANCS. Tel. No: PRESCOT 6571
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Recent R.C.A. Cathode Ray Tubes
(Tentative Data)

3BPI
A 3 in. high vacuum cathode-ray tube having electro-

static deflection and focusing, green fluorescence and
medium pergistence. It has a 2 in. diameter bulb neck,
separate leads to all deflecting electrodes and the cathode
and an overall length of approximately to inches. The
tube is fitted with a new .diheptal base which permits wide
separation of the low -voltage pins from the high -voltage
pins.
Rating

Heater Voltage (A.C. or D.C.)
Heater Current (Amps.)

6.3
... o.6

Maximum A, Vo tage ... 2,200
Maximum A, Voltage ... ... ... ... 1, too
Maximum Peak Voltage between A, and

any deflecting electrode ... ... ... 5o0
Maximum Grid Circuit Resistance (megohms) 1.5

3EPI/1906. P.I .
A high vacuum cathode-ray tube similar to the 38P1. It

has the same ratings but with a different bulb with 1/ in.
diameter neck and a magnal base. Separate leads to all
deflecting electrodes are provided, but the cathode is con-
nected to the heater within the tube.
7CPI /1811 -PI.

A short 7 in. high vacuum cathode-ray tube having mag-
netic deflection, electrostatic focusing and medium persist-

ence. It has a ti in. diameter bulb neck and an overall
length of approximately i3 in. Except for Anode No. 2
which is connected to a snap terminal on the side of the
bulb, the other electrodes including the cathode, all have
separate leads terminating in an octal base.
Rating

Heater Voltage (A.C. or D.C.) 6.3
Heater Current (Amps.) o.6
Maximum A, voltage ... 7,700
Maximum A, Voltage ... 2,200
Maximum G, Voltage ... 330
Maximum G, Circuit Resistance (megohms) 1.5

2API
A high vacuum cathode-ray tube similar to the oo2 ex-

cept that it has separate leads to all deflecting electrodes
and the cathode, employs a magnal i i pin base, and can
be operated with higher anode voltages.
Rating

Heater Voltage (A.C. or D.C.) 6.3
Heater Current (Amps.) ... o.6
Maximum A, Voltage ... ... 1,too
Maximum A, Voltage ... ... ... ... Soo
Maximum Peak Voltage between A, and any
deflecting electrode ... ... ... ... 66o
Maximum Grid -Circuit Resistance (megohms) 1.5
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Ttom these, we make HISTORY
Rubber and metal, the yielding and the unyielding, always at sixes and sevens
with one another, never really united.

That is, until Metalastik welded ' them together, and thus made history with a
new science, bringing rubber into wider service as an engineer's material, and
exploiting valuable properties which were hitherto unusable.

Rubber in shear is ideal for many vibration -absorbing duties, and when skilful design is
brought to bear, compression and tension may be utilized to advantage, sometimes to
safeguard movement beyond desired limits, sometimes for location in another plane.
An excellent example is the Metalastik ' cross ' type mounting shown below, made
to support delicate instruments, for various frequencies and loads.

We welcome your vibration problems. Metalastik Ltd., Leicester.

METALASTIk
AN T I VT 3 11 N.
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GALPINS ELECTRICAL
STORES

" Fairview " London Road, Wrotham, Kent.
TERMS : Cash with order. No C.O.D.

(Eire and Northern Ireland orders cannot be
accepted.)

HEADPHONES, 120 ohm, Secondhand, complete
with headband and cords, in perfect working order.
Price 7/6 per pair, post free.
INSTRUMENT METAL RECTIFIERS, by famous
makers, 10 M/A full load working. Price 15/- each,
post free.
TUNGSTEN CONTACTS, 3/16 in. dia., a pair
mounted on spring blades also two high quality pure
silver contacts, 3/16 ins. dia., also on spring blades, fit
for heavy duty, new and unused, there is enough base
to remove for other work. Price the set of four
Contacts, 5/-, post free.
MOVING COIL amprneter, 21 in. dia., panel
mounting, reading 0-20 amp., F.S.D. 15 MIA. Price
30/- post free.
ZENITH Vitreous resistances, size 5 in. ,.; I in.,
5,000 ohms. 100 and 150 M/A (two sizes). Price 4/ -
each, post free.
ELECTRIC LIGHT CHECK METERS, well-known
makers, first-class condition, electrically guaranteed,
for A.C. mains 200/250 volts 50-cy. I phase 5 amp. load
10/- each ; 10 amp. load, 12/6, carriage 1/-.
I.K.W. FIRE ELEMENTS, mounted, size
16 x li x I Ins., for 220 volts A.C. or D.C., as new
6/-, post free.
t WATT WIRE END RESISTANCES, new and
unused, assorted sizes (our assortment), 6/6 per doz.,
post free.
VOLTMETERS, 2i in. dia., panel mounting, moving
coil, range 0-120 volts, F.S.D., very low, modern
meters by famous makers. Price, 32/6 post free.
AMPMETERS, description as above, range 0.1i
amps., Price, 25/- post free.
KLAXON MOTORS, for 220 volts D.C., shunt
wound, ball bearing, fitted reduction gear giving
speed of 700 r.p.m. High-grade job. Condition as
new. Price, 50/- carriage paid.
D.C. MOTORS, shunt wound, ball bearing, it h.p.,
high grade. Condition as new. Can be offered for
110 volts or 220 volts as required. Price either
voltage, 40/- carriage paid.

ELECTRADIX BARGAINS
LIGHT RAY CELLS. Selenium Bridge,
in bakelite case. Raycraft Model, 21/-.
Raycraft Ray Set, with relay, 42/-. Relay
enclosed 10,000 ohm tele-type, 22/6.
For other Relays see special leaflet, 2d.
FOOT SWITCHES. Strong medium
size, heavy current spring -off, ironclad, 10/,

LABORATORY GEAR. We can still supply
Wheatstone Bridges, Sullivan and Tinsley Mirror
Galvos, Scales and Stands ; Siemens high-speed Relays,
Radiogoniometers, Wavemeters, Meggers, A.C. Panel
Voltmeters, Rotaries and Alternators, 10.000 ohm.
Relays, etc.

Note our new address. Visit our Showroom.
ELECTRADIX RADIOS

214, Queenstown Road, Battersea, London, S.W.8
Telephone : Macaulay 2159.

LONDEX for RELAYS
for A.C. and D.0

TWO STEP RELAY LF/FS
(Heavy Sliver Contacts)

First Impulse
" ON " Second
Impulse OFF "

Also Aerial
Change - over

Relays.

Ask for leaflet
88a/EO

LONDEX LTD
MANUFACTURERS OF RELAYS

.ttL-V20/./INERIITROADLONDON51 20 twiLltniew.

Classified Announcements
The charge for miscellaneous advertisements on this
page is 12 words or less 3/-, and 3d. for every
additional word. Single -column inch rate displayed,
El. All advertisements must be accompanied by

remittance. Cheques and Postal Orders should be
made payable to Hulton Press, Ltd., and crossed, and
should reach this office, 43, Shoe Lane, London, E.C.4,
not later than the 15th of the month previous to

date of 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., 238, Euston Road, London, N.W.I.
Ger. 4447.

LITERATURE
7,000 MEMBERS of the Scientific Book Club believe
that Knowledge is Power. Are you a member ?
Particulars from r 2r, Charing Cross Road, London,
W.C.2.

LOUDSPEAKERS
3,000 SPEAKERS P.M. and energised to 14.

including several Epoch r8'. Sinclair Speakers
170 Copenhagen Street, Na.

LOUDSPEAKER repairs, British, American, any
make, 24 -hour service ; moderate prices.-Sinclair
Speakers, 170, Copenhagen Street, N. x.

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., 238, Euston
Road, London, N.W.r. Ger. 4447.
WEBB'S Radio Map of the World enables you to
locate any station heard. Size 40- by 30' 2 colour heavy
Art Paper, 4/6, post 6d. Lin1ited supply on Linen, 10/6,
post 6d.-Webb's Radio, 14, Soho Street, London, W.ir
'Phone : GERrard 2089.
FULL range of Transmitting Keys, practice sets and
other equipment for Morse training.-Webb's Radio,
14. Soho Street, London, W.x. Phone : GERrard 2089.
ENGINEERS with some capacity available for design
and assembly of electronic eqiupment offered contracts.
Small quantities, ample scope for development, to
commence immediately or later. Enquiries with full
details of capacity available to Box 66r, " Electronic
Engineering."
RUBERY OWEN MESSIER LTD. of Warrington,
Lancs, manufacturers of undercarriages and other air-
craft equipment have announced to the Trade that
they will henceforth carry on business in the name
of Messier Aircraft Equipment Ltd. The Board of
Directors and Management remain unchanged.

WANTED
WE OFFER cash for good modern Communication
and all -wave Receivers.-A.C.S. Radio, 44, Widmore
Road, Bromley.
HANK BUSHES and screws to your specifications
(Repetition Work). Quick deliveries. D.T.Co.,
" Electronic Engineering," Box No. 654.
FIRM of Electrical Engineers engaged on essential
work in Earl's Court area require r Time and Motion
Study and Estimating Engineer, r Senior Draughtsman
(Chief) to take charge of Drawing Office and 1 Superin-
tendent for Training School. Write with full details to
Box 66o, " Electronic Engineering."
RADIO VALVE manufacturing facilities wanted by
London Research firm. " Electronic Engineering,"
Box 659.
RADIO ENGINEER, Exp. B.O.A.C. Bristol Aero
and E. K. Cole. Discharged R.A.F. Requires
responsible position. Box No. 663, " Electronic
Engineering."

SITUATIONS VACANT
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 112 -page handbook-FREE.
B.I.E.T., (Dept. 337B), 17 Stratford Place, London,
W. I.
RADIO TECHNICAL WRITERS capable of
preparing handbooks, operating instructions, etc.,
required by scheduled undertaking in North London.
Applicants must be able to follow up new developments
and design and formulate results in a manner readily
understandable to the operators in the field. Write
stating experience, age and salary required to Box 1417,
A.K. Advg., 4, Talbot Mans., Museum St., London,

TECHNICIAN WANTED for research and develop-
ment work in connection with Radio Condenser
manufacture for Government. Also Works Manager
capable of handling labour. Applicants need not have
actual Condenser manufacturing experience but
electrical knowledge essential. Box No. 662, "Electronic
Engineering."

111alael
Quality
Components

I.F. TRANSFORMERS
WIRE WOUND RESISTANCES
L.F. CHOKES & TRANSFORMERS
MAINS TRANSFORMERS
DELAY SWITCHES

Varley (Prop. Oliver Pell Control Ltd.)
Cambridge Row Woolwich, S .E .18

AFTER THE WART!
The advance in Radio Technique after the war
will offer unlimited opportunities of high pay
and secure posts for those Radio Engineers
who have had the foresight to become technically
qualified. How you can do this quickly and
easily in your spare time is fully explained in our
unique handbook.
Full details are given of A.M.I.E.E.,
I.R.E., City and Guilds Exams. and particulars
of up-to-date courses in Wireless Engineering.
Radio Servicing, Short Waves,TELEVISIO N,
Mathematics, etc., etc.
Prepare for to -morrow's opportunities and
post-war competition by sending for your copy
of this very informative I12 -page guide NOW
FREE.

British Institute of Engineering Technology
(Dept. 337a) 17, Stratford Place, London, W.I

RADIO
ENGINEERING

AND TELEVISION
Complete Postal Courses of
Instruction. Recommended
to all who desire to obtain
a thorough technical and
practical knowledge.

Apply :-
BRITISH SCHOOL OF TELEGRAPHY LTD

179, Clapham Road, London, S.W.9.
(End. 1906)

LOUDSPEAKERS'\

WE CARRY ON
SINCLAIR SPEAKERS

170 Copenhagen Street, London, N.1

*BOOKSELLERS TO THE WORLD 4"
New and Second-hand Books on Engineering and

every other subjcet.
Books Bought.

119-125 Charing Cross Road, London, W.C.2
Tele : G d 5660 (16 lines). Open 9-6 Inc. Sat.

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

Westmoreland Road, London. N. W. 9. Colindo's 7131
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ADV NCE

rojtaittrita0e \,

TRANSFORMERS
Line Voltage Variations of

15% reduced to ± 1%
Typical Specification:

Input Voltage 190-260 v. 5o c
Output Voltage 230 V. ± 1%.
Max. load 550 watts.

Input power tactor over go%
Prices on application.

Write for details.

BACK ROAD, SHERNALL ST., WALTHAMSTOW, E.I7. Phone : LARkswood 4366/7

41, 1:401$01:OttlOW*

,c the basic pi-t;qci;ole of

ClAMIK
LOW LOSS

CABLES

/67e9AfaiedNAiyed/k/
There is a 0-4,11Cate/.-ativeigHEPurpase

TRANSRADID LTD. Inc TELEQUIPMENT CO. 16 HIGHWAYBEACONSFIELD

Important Books !

TIME BASES
[SCANNING GENERATORS]

Their Design and Development; with notes on the
Cathode Ray Tube.

By 0. S. PUCKLE, A.M.I.E.E.
Demy 8vo., 216 pages, 124 figures. I6s. net.

THE CATHODE RAY TUBE
AND ITS APPLICATIONS

By G. PARR, Editor of Electronic Engineering.
SECOND EDITION.

Demy 8vo., 180 pages, 78 figures. 13s. 6d. net.

THE CATHODE RAY
OSCILLOGRAPH IN INDUSTRY

By W. WILSON, D.Sc., M.I.E.E., M.A.I.E.E.
Demy 8vo., 164 pages, 156 figures. Its. 6d. net.

CHAPMAN & HALL, Ltd.,
II, Henrietta Street, London, W.C.2.

THE "FLUXITE QUINS"
AT WORK

"We'll soon get this aerial fixed
tight

In two ticks-with the help of
FLU XITE

My word, what a weight !
Come on ! Help us mate !

Or we shan't get this job done
to -night."

For all SOLDERING work-you need FLUXITE-the paste flux-
with which even dirty metals are soldered and " tinned." For
the jointing of lead-without solder ; and the " running " of
white metal bearings- -without " tinning " the bearing.
It is suitable for ALL METALS-excepting ALUMINIUM-and
can be used with safety on ELECTRICAL and other sensitive
apparatus.

With Fluxite joints can be "wiped" success-
fully that are impossible by any other method

Used for over 30 years in Government Works, and
by leading Engineers and Manufacturers. OF ALL
IRONMONGERS-IN TINS -8d., 1/4 and 218. Ask
to see the FLUXITE SMALL SPACE SOLDERING
SET-compact but substantial-complete with
full instructions, 7/6.

ALL MECHANICS WILL
The " FLUXITE
GUN" puts
FLUXITE where
you want it by a
simple pressure.
Price 1/6, or

filled 2/6

FLUXITE
IT SIMPLIFIES ALL SOLDERING

Write for Leaflets on CASE HARDENING STEEL and TEMPERING TOOLS
with FLUXITE also on " WIPED JOINTS." Price I d. each.

FLUXITE LTD, (Dept. T.V.) Bermondsey Street, London, S,E.1
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Built to rigid specifications
to withstand the storms and
buffets of service communi-
cations

Telephone : GERrard 2089

EDDY TON
" 358X"

COMMUNICATION RECEIVER

the mechanical construction of this
receiver ensures a stability like the
famous lighthouse.

SALIENT SPECIFICATION DETAILS

FREQUENCY RANGE
31,000 Kc/s. to 90 Kc,s.

SENSITIVITY
3 microvolts above 1,500 Kc s.
8 for lower frequencies
(30% modulation for 50 milliwatts
output).

CRYSTAL FILTER
Simmonds Band -Pass Filter, giving
bandswidth of 300 cis.

ADJACENT SELECTIVITY
2 Kc,s. at 2.5 db. down
5 Kc,s. at 35 db. down
With crystal -150 c s. at 40 db.

IMAGE RATIOS
At 20 Mc/s.- 33/1

 12 -100/I
9 -210/I

 4.5 -400/1
3 -500/1

Complete technical details available in 30 page Instructional Booklet on
ing all circuit values. Price 2 6 post free.

THE RECEIVER MAY

WEBB'S
14 SOHO STREET

Between 9 a.m. and 4 p.m.

"358X " includ-

BE INSPECTED AT

RADIO
LONDON  WI

(Sats. 10 a.m. to 12 noon).
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