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It describes at length, with full explanations and illustrations,
a superheterodyne receiver. for A.C. Mains, which is sill
unchallenged for faithful reproduction and excluswe selectivity.
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but the design is straightforward, and a simplified method of
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For quality, range and selectivity, the performance is
unsurpassed by any known receiver.
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" STANDARD-SIGNAL GENERATORS

of EXCELLENT PERFORMANCE: A COMPLETE RANGE.

with these Generators.

APPEARANCE.

We introduced the first commercially practicable Standard-Signal Generator to the Radio Industry, early in
1928. Since then, all the leading manufacturers of America and Europe have designed and tested their products

Great improvements have been made from time to time. Present designs are of such accuracy and usefulness
that it is difficult for us to visualise the possibility of still better performance.
perfected within the past six months. They will be found absolutely acceptable for Receiver Testing, Field
Intensity Surveys, and by Power Companies in their measurements of inductive interference, and Co-ordination
Problems, when measuring radio interference quantitatively.
Full details regarding our Signal Generators or any of our other Radio and Electrical Measurement Apparatus
(Bridges, Condensers, Oscillators, Wavemeters, etc., etc.), will gladly be sent by return, on application.

TYPE. PARTICULAR APPLICATIONS.

Our present range have all been

SPECIAL FEATURES.

604

603

Recent developments have in-
dicated that the radio-frequency
transmission band around 356
Megacycles (5-Metres) holds most
interesting possibilities, now being
ceaselessly explored by up-to-
date communications companies.
The 604 Generator is useful in
this work.

Extreme Precision and great
Flexibility. For very accurate
sensitivity, selectivity and ‘‘ fidel-
ity ”’ measurements of ultra-
modern multi-valve receivers.
For very accurate field-strength
measurements.

Range 3 to 100 Metres (100
Megacycles to 3 Megacycles).
Has Capacity Attenuator, built
in modulation with provision for

variable external modulation.
Output impedance .0ooz mF:
modulation input 5,000 Ohms

R.-f. output: (a) Antenna 1 Volt
and (b) at Jack, 5 to 10,000 micro-
volts.

Range 12 to 3,000 Metres=25 MC
to 100 KC. May be used even
at 12 Metres on unshielded
chassis. Output o.5 microvolt
to 1.0 volt. As supplied to the
Air Ministry, «“ U.I.R.,” etc.

601

Sensitivity measurements, etc.,
on batches of receivers on the
production testing line. For air-
plane receiver and airway main-
tenance service. Also useful on
field-intensity work.

Moderate precision combined with
extreme portability and a very
low price. Wide range (50 to
3,000 Metres). Ample Output.
The ideal instrument for the
smaller manufacturers.

600

For extremely rapid check-
ing, where the greatest possible
speed and the highest possible
precision are absolutely essential.
Checks only the lower Broadcast
waveband.

5-Channel selector, giving sen-
sitivity and ° fidelity tests at
600, 800, 1,000, 1,200and 1,400 KC,
and selectivity tests at 6oo,
1,000 and 1,400 KC. Output
0.10 to 316,000 microvolts (=
—26 to 4104 DB). )

PROMPT DELIVERY : REASONABLE PRICES

Head Offices: 76 OLDHALL STREET, LIVERPOOL
London Offices: 40 BUCKINGHAM GATE, SW.1

TR e

“If a man write a belter book, preach a better sermon, or make a better mouse-tra
build his house in the woods, the world will make a beaten path to his door.”’—RALPH WALDO EMERSON,

Does not this explain the outstanding acceptance and approval of our *“G.R." Instruments ?
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T.C.C.

[llustrated on yright, Type 101

ondenser, {or maximum working
voltage of 800 peak value (tested
1,500 V.D.C.). Price 9/-.

With unceasing research work aiways directed to the improve-
ment of the one product—condensers—T.C.C. are specified
and used with confidence wherever a condenser of unquestionable
reliability is demanded.

Radio Technicians, Set designers, Broac!cast‘ statior}s—World's
Cable Companies and many of the leading industrial concerns

pin their faith to T.C.C.

T1.C.C.
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This handy little pocket volume is now in its ninth year
of publication. As a convenient source of information
on many aspects of wireless theory and practice it is
unique. In addition to the usual Diary pages—one
week at an opening—there are 78 pages of facts, figures
and explanations to which wireless amateurs make
frequent reference. These include a series of 16 up-to-date
circuit diagrams of complete receivers and accessories
such as Band Pass Filters, Volume Controls, Eliminators
and Rectifiers, and Methods of applying Reaction.

LIST OF CONTENTS
Regulations Controlling Receiving Licences—Broadcasting
Stations of Europe—Principal Short-Wave Broadcasting
Stations of the World —Useful Formulse—A Series of Abacs—
Copper Wire Tables; Sizes, Weights and Resistance—Con-
version Tables— Symbols in Common Use—Symbols Used in
Wireless Diagrams—Circuit Diagrams and Notes—Tracing
Hum in Mains Receivers—Coil Construction Data—Practical
Hints and Tips—Matching Output Valve and Loud Speaker—
Morse Code—Valve Data.
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PRECISION

LABORATORY APPARATUS

TYPE 11
VARIABLE
AIR
CONDENSER

air condenser is a precision
instrument of particularly
robust construction, capable of
withstanding constant use without
change of calibration.

q The Muirhead Type 11 variable

The Type 11
Variable Air

Condenser is

fully described

Quartz insulation ensures
minimum electrical losses and
maximum mechanical rigidity.

in our Bulletin Worm drive of special design
B-231-A. provides subdivision to 1 part
in 5,000.
MAKERS of PRECISION INSTRUMENTS for OVER 0.  YEARS
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in PRIGE and may be DELIVERED

FROM STOCK

R.1050. . ..50-7000 metres,
019,  accuracy,
reduced from

£75 to £57,

R.1100. . ..50-7000 ‘metres,
0-259, accuracy,
reduced to £35.
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ELECTROSTATIC MICROPHONE FOR MEASURING
PURPOSES.

Practically equal sensitivity from 50 to 12 0ooo cycles. Not subject

to changes in temperature nor mechanical influences. Amber insula-

tion. Sensitivity about 2 millivolts per bar.

HIGHLY SENSITIVE MAINS- OPERATED VALVE-
VOLTMETER

Measuring range from .03 to .6 volts r.m.s. Independent of frequency
trom 50 to 1o million cycles. Input capacity 2o micro-micro-farads.
Enclosed in metal case.

SYNCHRONISABLE STROBOSCOPIC SOURCE OF
LIGHT FOR THE INVESTIGATION OF
OSCILLATING PHENOMENA.

Frequency varjable from 20 to 3000 cycles. Flash duration only
about 2% of one complete cycle, therefore great clarity of outline,
The apparatus is, for instance, suitable for the investigation of
loudspeakers and film transporting mechanisrs.

CATHODE -RAY TUBES FOR MEASURING PURPOSES.

New design. Reduced prices.

ACCESSORY APPARATUS FOR CATHODE - RAY
TUBES.

All-mains apparatus, deflecting potential oscillators, registering
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HIGH FREQUENCY POTENTIAL-DIVIDERS, OSCIL-
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RECORDING TUBES.

Detailed catalogues with illustrations and particulars on application.

Development and manufacture of special measuring instruments for
laboratories and general use.
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Research Laboratory,
Berlin-Lichterfelde-Ost, Jungfernstieg 19.
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Volume controls have had a bad
name for being unreliable—and
many of them have deserved it,
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that you can fit and forget.
The safety factor (dissipation).
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and is dead silent in operation.

NEW
VOLUME
CONTROL

Prices are: Wivewound,
all values to 25,000
okms 3/6, 50,000 ohms
4/-.  Symthetic, 2,000
ohms to 5 meg-ohms 3[6.
Switch models 1[-extra.
Ganging od. a unit extra.

ROTOR ELECTRIC
LIMITED
Spencer House, South Place,

$&0
Telephone . National 5734.

ROTOR OHM (Syraot

CONTROL

Manufactured in the British Commonwealth, produced in England.

PHOTO-ELECTRIC CELLS

ofF ExTReEME SENSITIVITY,

PLUS GREAT STABILITY.

SALIENT DATA :—

" These Cells are the logical result of over eight
years intensive research and specialisation in a
Factory producing nothing else than all types of

oto-Cells. * Our illustration shows our most
popular style-Type 59-A. Thisis a genuine mona-
tomic Caesium, gasfilled Cell having a sensitivity
running as high as 150 Microamps/Lumen. It has”
an extremely long life, is very stable, and has a
very good frequency Seepage is p ted
by paying great attention to sealing. Theinserted
metal plate construction is a great improvement
over those types in which the light-sensitive I

surface is deposited on the inner walls of the glass
envelope.

Complete Data on our entire line on request.
Request Bulletin No. 119-B. Prices are extremely
low and large stocks®are available at all times.
Special terms on contracts, or for Export.

CLAUDE LYONS, LIMITED.

(FOR ADDRESSES SEE ADVERT. PAGE 1)

Kindly mention ** The Wireless Engineer’" when replying to advertisers.



119

WIRELESS
ENGINEER

EXPERIMENTAL WIRELESS

Vor. X.

APRIL, 1933.

No. 115

Editorial

The Principles of Electromagnetism

N our last number we published a letter
from Professor Fortescue dealing with
some of the points which were discussed

in the January Editorial, and in the present
number we publish letters from Mr. C. R.
Cosens and Prof. Cramp dealing with the
same subject. From these and from other
letters which we have received, it isevident
that the subject is one in which many people
are deeply interested, and we therefore feel
justified in returning to it.

We are pleased to note that Prof. Fortescue
agrees with our criticism of the oft-quoted
formula f == mm,/ur? and we must confess
that if the unit pole is not misused in this
way, but is used as a rigorously defined con-
cept in air, we have no objection to it. It
certainly lends itself to a simple treatment
of many magnetic field problems, and we
use it ourselves for this purpose. Our
objection to the meaningless statement that
the above formula applies when the poles are
transferred from one mediuni to another is
emphasised by Mr. Cosens in his letter.

A Unit Pole without Iron

There is a form of unit pole which can be
transferred from one medium to another

without any uncertainty as to its behaviour
and which has other advantages over the
historical unit pole of a permanent magnet.
If a rod of square section—it need not be
square, but this form lends itself to simple
calculation—be wound uniformly with fine
insulated wire
and the rod be
then removed,
we shall have
a coil similar to
that shown in
Fig. 1. We
assume that the
length is great
compared with
the side of the
square section,
and that the
side is small compared with the centimetre.
The leads to and from the coil can be
used as a bifilar suspension. Two such
coils can be made and, the current in
each being the same, this current can be
adjusted until the two like poles repel each
other when the coils are placed 1 cm. apart
in the same straight line with a force of one
dyne. So long then as we keep this current

Fig. 1.
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unchanged our coils have unit pole strength.
It may occur to the reader that this would
be one way of defining unit current. If/ be
the length of the coil, a the side of the square
and T the number of turns, and we make the
number of turns per cm. T// = 1/a? and
then carry out the above adjustment of
current, we may define this current as our
unit of current, but we shall be introducing
no new unit, for it will be the old electro-
magnetic unit of 1o amperes. If the square
rod has I mm. side it must be wound with
100 turns per cm. which sounds somewhat
impracticable, but we will call such a coil
a standard coil.

Now let one of our coils so constructed be
placed at right angles to a magnetic field as
shown in plan in Fig. 2. All the vertical

A A X A A?T

[T

Fig. 2.

wires will experience forces as shown by
the arrows and every force acts at an arm of
a/z about the centre of the coil. If I be the
current in amperes, the force on each wire
will be Bal/1o and the total torque will be
Bal[10 X Ta = Ba*TI|10 where B is the
magnetic induction of the uniform field in
which the coil is placed. If the coil is a
standard coil with a®T ==/, then the torque
= Bll[10. Now let us come into line with
the more familiar fiction and assume that
the torque 1is really due to something
called a quantity of magnetism m situated
at each end of the coil and acted on by a
force mH in the direction of the field. We
can then equate this fictitious torque to the
real torque and thus find m.

BIT
. 2 i i 72
mHl = Ba*TI|to . m I 101"
. . B 1
d tandard coil - —
and in a standard coll m =7 . =p_

We have assumed # to be at the ends of the
coil ; in referring to permanent magnets
the poles are often stated somewhat vaguely
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to be near the ends. If we consider the
magnetic flux produced by the coil itself we
have
a IT
¢ = Ba® = ua’H, = }La2j—6 T
which 1s seen to be g4mm.

If then the current be maintained constant
the torque on such a coil will be proportional
to the magnetic induction B of the field in
which it is placed, but if on transferring
it to another medium of different per-
meability, the value of the current be always
adjusted until on reversal it gives the same
deflection as before on a ballistic galvano-
meter connected to a coil wound around the
middle of the coil, then ¢ is constant, and
therefore also 7, and the torque on the coil
will be proportional to the magnetising force
H of the field in which it is placed. This
appears to be the assumption made for the
unit pole of a permanent magnet, although
in that case the change of medium is only
external to the magnet.

The Nature of H and B

With regard to the vexed question of H and
B Prof. Fortescue’s letter shows that he does
not realise the point of view of those who
prefer to regard them as representing things
of different natures, nor the reasons that
led the International Electrotechnical Com-
mission to give different names to the units
of H and B. We suspect that the member of
the Commission to whom Prof. Fortescue
refers was seeking an excuse for avoiding
further discussion when he gave the humour-
ous reason for the action of the Commission.
To many people the assertion that A and B
are of the same nature savours of a claim
to know more of the secrets of nature than
have been revealed to the rest of us.

By the statement that the relation between
the magnetising force H and the magnetic
induction B can be regarded as in any way
analogous to the relation between stress and
strain, it mwust not be thought that it is
suggested that magnetising force is in any
way of the nature of stress, or magnetic in-
duction of the nature of strain. We do not
know enough of the real nature of either to
warrant any such improbable assumption.
What is suggested is that the mental concepts
to which we give the names of magnetising
force and magnetic induction are related to
one another in a similar way to the mental
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concepts of stress and strain—perhaps it will
make our meaning clearer if we add—or to
the concepts of force and acceleration. It is
a relationship between two related but
different concepts which it is often con-
venient to regard as cause and effect.

A mechanical force F acts upon a test
piece and causes throughout the material a
phenomenon called strain to which a definite
numerical value and direction can be assigned
at every point. Mechanical engineers intro-
duce a concept to which they give the name
“ stress ” and assume it to exist at every point
of amy cross-section such as that shown
dotted in Fig. 3. The actual force F is the
original cause of the whole phenomenon, but
so far as this dotted cross-section is con-
cerned it is replaced by this concept of stress
integrated over the whole area of the cross-
section. (For the sake of simplicity we
neglect the cosines of angles which enter into
the integration.) The stress at each point
is related to, and is often regarded as the
cause of, the strain at that point. The nature
of this comcept of stress is that of a force
divided by an area.

If the mental procedure which we have
just outlined, and which is universally
adopted in the study of mechanics, is
allowable, are we not at liberty to follow
the same mental procedure in considering
the electromagnetic problem? We em-
phasise again that it is not a physical analogy
which we are suggesting but the analogy
of formation of concepts. If the following
wording seems familiar a glance at the fore-
going paragraph will show why.

An electric current [
acts upon a ring of iron
{or wood, or air, or
vacuum) and causes
throughout the material
or space a phenomenon
called magnetic induc-
tion to which a definite
numerical value and
direction can be assigned
at every point. Electrical
engineers iniroduce a con-

Fig. 3.
cept to which they give the name ‘' magne-

tising force” and assume 1t to exist at
every point of any closed curve such as
that shown dotted tn Fig. 4. The actual
current [ is the original cause of the
whole phenomenon but so far as this
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dotted line is concerned it is replaced by
this concept of magnetising force inte-
grated over the whole length of the path.
(For the sake of simplicity we neglect the
cosines of angles which enter into the in-
tegration.)  The
magnetising force
at each point is
related to, and is
often regarded as
the cause of, the
magnetic induc-
tion at that point.
The nature of this
concept  of mag-
netising  force s
that of a current
divided by a length.

Just as the load
F is replaced over
the cross-section by a distributed system of
forces, so the coil carrying the current [ is
replaced over the closed curve by a dis-
tributed system of current-carrying coils.
Just as the stress will not be distributed
uniformly, but the force per unit area at
any point will be related to the strain at that
point in a manner depending on a property of
the medium known as Young’s modulus, so
the magnetising force H will not be distri-
buted uniformly, but the ampere-turns per
centimetre at any point will be related to the
magnetic induction at that point in a manner

‘depending on a property of the medium

known as permeability (the Committee of the
German V.D.E. proposed the name *in-
duction constant ™).

It is open to anyone to refuse to use the
concept of stress in the mechanical case or
the concept of magnetising force in the
electromagnetic case and to maintain that
they can get on quite well without it.
People sometimes boast that they can per-
form some feat with one hand tied behind
them, but cus bono ? It is also open to any-
one to assert that he has been granted a
deeper insight into the secrets of nature and
that it has been revealed to him that the
apparent cause and effect—whether stress
and strain or magnetising force and magnetic
induction—which appear so different to
other people are really of the same nature
and only differ from each other as a foot
differs from a yard.

In his letter Prof. Fortescue says that
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“ stress and strain admit of independent
measurement—the one by the load and the
other by the extension—whereas in the
magnetic case there is only one possible
measurement, z.e., the mechanical force on
an elementary pole.”” We maintain that in
each case there are three quantities capable
of measurement ; in one they are force or
load, area, and strain or total extension, in
the other, current, length, and magnetic
induction or total flux. Not only are these
capable of measurement but they are in
éach case the three magnitudes which are
actually measured, or deduced from the

readings of spring balances, extensometers,

ammeters, flux meters and foot-rules.

What we have outlined here is the justi-
fication for what we are pleased to see Prof.
Fortescue refers to as the more usual point of
view, and although he claims to have been
driven to a contrary point of view by *‘ the
logic of the sitiation,” we would suggest
that logic is like the railway ; it will take
you anywhere depending on the train you
happen to get into.

With regard to his closing remark that the
stress-strain analogy unlike the conception
of the magnetic particle does not stand upon
objective experiment, we will leave our
readers to form their own opinion whether
what we have outlined above—which,
although parallel with, is entirely indepen-
dent of any stress-strain analogy—or Prof.
Fortescue’s magnetic particle stands the
more firmly upon objective experiment.

Mental Concepts and Physical Analogies

We have emphasised that we do not suggest
that H is of the nature of a stress nor B of the
nature of a strain. If one were to attempt to
derive from a comparison of electromagnetic
phenomena such as wave propagation and
the storage of energy in electric and magnetic
fields with the corresponding mechanical
phenomena an analogy between the two sets
of concepts, one would certainly look for the
analogy to the static phenomena of stress
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and strain in the static phenomena of electric
force and electric displacement. This would
suggest that the electromagnetic analogy to
Young’s modulus is in the permittivity of
the medium, or rather its reciprocal and not
in the permeability.

If mechanical force is applied to matter
which can move freely without resistance it
causes a uniform increase in the velocity,
and the relation between the acceleration and
the applied force depends upon the dimen-
sions of the body and a property of the
material known as its density. Similarly, if
electromotive force is applied to a perfectly
conducting circuit, 7.e., to electricity which
is free to move without resistance, it causes
a uniform increase in the current and in the
magnetic induction at every point, and the
relation between the rate of growth of the
current and the applied electromotive force
depends upon the dimensions of the circuit
and a property of the medium known as its
permeability. It is interesting to note that
the rate of increase of B depends only on the
applied electromotive ‘force and is indepen-
dent of the medium, whereas the rate of
increase of the current and therefore of H is
inversely proportional to the permeability of
the medium. This suggests that B would
be more correctly associated with the cause,
and H with the effect which depends on the
nature of the medium. This reversal of the
ordinary conception has been pointed out
by Livens, but we do not think that any
useful purpose would be served by following
up this analogy.

In conclusion we wish to say that, however
possible it may be to do so, we feel sure that
any attempt to merge the various pairs of
concepts which we have considered—whether
it be stress and strain, force and acceleration,
or magnetising force and magnetic induc-
tion—into one, would be a retrograde step in
the evolution of the system of concepts by
means of which we describe and calculate
mechanical and electromagnetic phenomena.

G. W. O. H.
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Iron-Content Cores for High-frequency Coils

By Alfred

HE idea of the employment of magnetic
core materials for high frequency coils
has recently come to the fore again

through the development by Hans Vogt of
the so-called ‘ Ferrocart’ material, so
that in view of the interesting editorial in
the January issue of Wireless Engineer, some
further contribution about the theoretical
considerations which led to this remarkable
new magnetic material may be of interest to
wireless engineers.

Theoretically speaking, the conclusion
given in the editorial, that very thin iron
wire, insulated and wound in the direc-
tion of the magnetic flux, should give
the highest permeability at lowest losses, is.
doubtless correct, but also the doubts of the
editor as to price and possibility of manu-
facturing such very thin wire, are perfectly
justified.

Schneider

them and of making cores of such wire,
proved to be so enormous, however, that
such a material could not be produced at a
marketable price.

Vogt therefore tried to attain the same
effect in another way, and, indeed, by his
method a material was created, of a structure,
which in its effect is almost identical with the
ideal one of insulated magnetic filament,
although for technological reasons he starts
from iron particles and not from filaments.

The structure of the Vogt iron (Ferrocart)
will be clear from Fig. 1. The insulated iron
particles, having a shape similar to an ellipsoid
and being of a very small size, are arranged
in a very thin layer on an insulating paper
strip, small channels are then made so as to
sub-divide the continuous layer into small
strips. These two stages, continuous layer
and sub-division into channels, are shown

ENLARGED VIEW SHOWING
SEPARATION OF IRON
PARTICLES INTO ROWS.

T0 D.C.
SuPPLY

ENLARGED VIEW SHOWING
IRON PARTICLES ALIGNED
AND DRIED IN POSITION AFTER
PASSING THROUGH D.C.COIL

I

LONG!TUDINAL POSITION AFTER
PASSING THROUGH D.C. COIL

D.C.SOLENGID COIL

PARTICLES ALIGNED AND DRIED IN A

COMB SEPARATING.IRCN PARTICLES
INTO ROWS ON INSULATING PAPER STRIP,

INSULATED -IRON PARTICLES

INSULATING PAPER STRIP

e

ENLARGED VIEW SHOWING IRON
PARTICLES ON PAPER STRIP

Fig. 1.—Illustrating the processes in the manufacture of Fervocart

As a matter of fact, the inventor of Ferro-
cart, when starting his researches, thoroughly
examined the problem of making the material
of insulated iron filaments ; the calculations
proved, however, that the diameter of such
wire would have to be less than 5y, i.e., 0.005
mm. The difficulties of drawing filaments
of this diameter out of the special alloys
required for high frequency, of insulating

in magnification. Now, by means of a
D.C. solenoid coil through which the paper
strip passes in its further course, the semi-
liquid iron layer is solidified, the particles
being all aligned in the longitudinal direction
of the paper strip and solidified in this
position. Thus, many continuous chains of
particles, being interrupted by the thin
insulating skin of each particle only, are
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obtained in the longitudinal direction. As
can be seen from Fig. 2, the coil cores are
built up of many layers of such paper strips,
which are jointed by a hot liquid binder. The
paper strips are so arranged in the core, that
their longitudinal axes corresponds to the
direction of the magnetic flux in the coil.

From the
above explana-
tions it will be
clear that in
this case it is
actually  pos-
sible to base the
calculation on
the assumption
that ellipsoid
particles are in
question, having
their longer axes
in the direction
of the magnetic
field. In fact
through the particular arrangement and mag-
netic aligning the effect of insulated magnetic
wire is so to say “‘imitated,” the more so as the
magnetic alignment also causes the particles
to separate transversely due to the repelling
force developed by their identical magnetisa-
tion. In addition, the magnetic alignment
has a further favourable effect in so far as the
objectionable end surfaces of the particles,
which are difficult to insulate and tend to
destroy the insulating skin of the neighbour-
ing particles, are all directed so as to be in
the longitudinal direction, where a metallic
contact not only is without danger with
regard to eddy current (as the eddy current
electromotive forces are induced only in the
transverse direction parallel to the inducing
windings), but even desirable to improve
the magnetic conductivity. Now, the ques-
tion may be raised why, if each particle is
insulated individually and aligned, the
additional sub-division by paper and grooves
is necessary. There are two reasons for
doing this: ‘

First, as a matter of fact, the insulating
skin around each particle is very thin and
must be very thin in order to have a suffic-
ient proportion of iron in the composition
to obtain a reasonable permeability. In-
creasing the insulating skin by only a few
millionths of a millimetre considerably re-
duces the effective permeability, because the

Fig. 2.—Showing how Ferrocart
is built up.
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proportion of iron is decreased, and the air
gaps between the particles are augmented.
Therefore the particles cannot be absolutely
insulated from each other, although the
contact resistance between the particles is
rather high. Accordingly, a composition of
such particles, without additional sub-
division, represents a sort of semi-conductor,
having a conductivity intermediate between
that of good electric conductors and good
electric 1insulators, as has been stated
by one writer.* Accordingly, such com-
positions still represent a certain path for
eddy currents, and, due to the relatively great
electromotive forces, induced by the high
frequency currents, especially with fre-
quencies beyond 500 kilocycles, considerable
eddy current losses are produced. To pre-
vent these losses it has been proposed to
remove the core with increasing frequency,
thus effecting the so-called ‘ permeability
tuning.”* This method, however, has not
found its way into practice for wvarious
reasons. Vogt, on the contrary, as explained
above, has found a definite solution of the
problem of creating a material with low
losses, even at frequencies beyond 500 kilo-
cycles, by preventing the eddy currents from
extending over the whole magnetic core by
additional sub-division in the form of inter-
mediate paper layers and grooves in the
magnetic layers.

The intermediate paper layers and the
grooves, however, have still another function
than forming an interruption for .galvanic
eddy current, and this is the most remarkable
new feature of the Vogt iron. As a matter
of fact, many authors hitherto, when dealing
with the question of magnetic compositions,
have expressed the opinion that the losses
cannot all be ascribed to hystereses and eddy
currents, but that an unknown additional
source of losses exists, the nature of which
could not be determined. Also in the
Editorial in the January issue, these addi-
tional losses are referred to and the hypo-
thesis is mentioned according to which the
losses might be due to mechanical movement
of the particles in the insulating matrix.

From the investigations made in con-
nection with the Vogt iron, it became obvious
that such additional losses actually exist
and represent a considerable share of the

* R. H. Langley, Proceedings of the Radio Club of
America, April, 1932.




EXPERIMENTAL WIRELESS 185

total losses in the magnetic core. Mechanical
movements, however, proved not to be the
cause, and, indeed, it is quite improbable
that there should occur any mechanical
movement of the particles in the matrix in
consideration of the fact that the particles,
which of course could be caused to move only
by the changing magnetic field, would have
to make about a million oscillations per
second in both directions in the case of high
frequency induction coils ; that means, they
would practically remain in their original
position like the pointer of a D.C. measuring
instrument when connected to A.C. Indeed,
the actual source of the additional losses is
to be found from quite a different and new
electro-physical consideration. There are
produced in the core not only galvanic eddy
currents, flowing in each individual particle
and extending over a group of particles being
in contact with one another, but also eddy
currents, due to capacitive coupling, which
were termed ‘‘ capacitive eddy currents.”
Each two magnetic particles, which are
separated from each other by the insulating
skin, form a little condenser, the insulating
skin representing the dielectric and the two
particles representing the two condenser
plates. Thus a capacitive coupling is formed
and the eddy current, which cannot flow in the
usual galvanic way due to the insulating skin,
passes as a dielectric displacement current
from particle to particle. This is, of course,
possible only in the case of high frequency,
where the capacitive effects are very con-
siderable.

Low Losses Explained

This is the fundamental new discovery on
which the Vogt iron is based, and, having
discovered this source of losses, it was pos-
sible to take steps against them ; thus the
additional sub-division was so dimensioned as
to form not only an interruption for galvanic
eddy currents but also to form a high *‘ capaci-
tive resistance ’ between the various groups
of particles. In fact, measurements showed
that although a thin intermediate paper
layer was perfectly sufficient to insulate one
layer of magnetic composition against the
next one, the losses were further reduced by
making the paper thicker (this is identical to
increasing the distance between two con-
denser plates to increase the capacitive
impedance). Also the dielectric conduc-
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tivity of the insulating layer and of the
insulating skin of each particle has a con-
siderable effect.

This phenomenon is the principal reason
for the low losses of the Vogt iron, and this-
also will explain why other inventors,
although using very finely divided and well
insulated iron particles, could not attain a
definite success especially in the short wave
range 200-600 m, but had to make the core
movable, withdrawing it from the coil at
these shorter waves.

Further Observations

In this connection, some other observations
made during the researches in connection
with Ferrocart may be of interest. First,
the conclusions in the January Editorial,
regarding the maximum attainable resulting
permeability and regarding the influence of
the specific permeability of the magnetic
particles are perfectly verified by these
investigations. Considering the fact that
with regard to the above explained capacitive
eddy currents the iron must be finely dis-
tributed, the share of magnetic material must
be rather low, and therefore the specific per-
meability of this material is of quite an
inferior importance due to the influence
of the many small air gaps between the
particles. In fact, the resulting permeability
cannot be increased much beyond 18 without
increasing the losses to an extent far out-
weighing the advantages of the higher per-
meability.

Another question, often raised with regard
to such magnetic compositions, is whether the
permeability is constant over a wide range of
different loads. Indeed this question is of
particular importance in case of tuning coils,
for any change of the permeability would
mean a change of the inductance, in other
words, of the syntonisation. These objec-
tions are doubtless justified and in fact in the
case of transmitter coils due care must be
taken that the saturation current is not
reached. In case of receivers, however, the
magnetic fields are so extremely weak that
the magnetic induction is strictly propor-
tional to the magnetic field intensity, in other
words, the permeability is constant.

I hope to have contributed in some
way to elucidating the actual conditions,
effects and properties of magnetic composi-
tions under high frequency conditions.
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Broadcasting on 7.85 Metres*

Experimental Work in Amsterdam
By P. J. H. A. Nordlohne

(Physical Laboratory, N. V. Philips' Gloeilampenfabricken, Eindhoven, Holland),

ROM November, 1930, till October, 1931,
the Physical Laboratory of N. V.
Philips’ Gloeilampenfabrieken, Eind-

hoven (Holland), carried out experiments on

broadcasting on a wavelength of 7.85 m.,

first in Eindhoven, and then, from April

1931, in Amsterdam.

These experiments were intended as a
test of the usefulness of such a wavelength
for local broadcasting. That this broad-
casting remains local, is due to the fact that :

1. Oscillations of such a high frequency
(of the order of 40,000 kc/s.) are not reflected
back to earth from the Kennelly-Heaviside
layer ;

2. The direct rays cannot follow the
curvature of the earth-surface to any great
extent.

The absence of rays reflected from the
upper atmosphere (the so-called indirect
rays) has the advantage that fading and dis-
tortion, often involved thereby, do not
occur. The reliability of the communica-
tion is the same during the whole of the 24
hours and is only dependent on local sur-
roundings. Experience has taught that the
condition of the lower atmosphere has no
influence on the transmission over a few
kilometres as required for local broadcasting
in cities.

The experiments for testing the usefulness
of such short wavelengths for local broad-
casting involved the study of the emission
as well as the transmission and the reception
which will all be treated separately here.

As far as we know the Philips experiments
are the first of that kind conducted in Hol-
land, but we are aware that much research
has been carried out abroad.

Dunmore and Engel (1) in 1923 reported
on experiments with a wavelength of 10
metres and called .attention to the nearly
complete absence of atmospheric distur-
bances.

* Lecture held before the Nederlandsch Radio
Genootschap at Amsterdam on February 13th,

1932.

Wells (2) in 1925 described experiments of
the Marconi Co. in 1922 and following years
with a wavelength of 4 to 6 metres near
Inchkeith. Also the IFrench experiments
from the Eiffel Tower are well known ; they
were described by Beauvais and Mesny (3)
in19z7. Further, the publication of Jouaust
and Beauvais (4) relating to experiments
between Fort de la Réve near Nice and the
Col de Téghine on Corsica is well known ;
a wavelength of 5 metres was used for this
communication. The last-named authors
claimed a range over sea that was 30 per
cent. more than could be calculated from a
consideration of the curvature of the earth-
surface. They observed a pronounced de-
pendence of the field on the condition of the
lower atmosphere, as a result of an elevation
or sinking of the electrical horizon, due to
scattering.

Very much experimental work has been
done by the Radio Corporation of America
some years ago (5), using frequencies from
30,000 to 60,000 kcfs. These experiments
led to a radiotelephonic communication
among islands of the Hawaian group, cover-
ing distances of 200 miles with a wavelength
of 8 metres, so that this communication
could be connected to the international
radio-telephone network. The transmitting
as well as the receiving aerials were built
on high hills or mountains. Radiotelephony
was used because of the difficulty and cost
of laying cables in the very deep seas separa-
ting the islands. Experiments with aero-
planes were also carried out. A ferry-boat
over the Hudson was equipped with an
installation for wireless navigation in foggy
weather with much success. In connection
with these latter experiments attention was
called to the possibility of local wireless
broadcasting provided the transmitting
aerial has an elevated position.

Interesting experiments also were those
carried out in 1929 by Gerth and Schepp-
mann (6), in aeroplanes and from the
Brocken in the Harz Mountains (Germany).
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Experiments have been carried out by
Dr. Schaeringer, in the neighbourhood of
Salzburg, but not published so far as { know.

Very important are the researches of
Prof. Dr. A. Esau (7), Physical Institute in
Jena (Germany). Prof. Esau perhaps is the
first who systematically tested the usefulness
of wavelengths below 10 metres for broad-
casting in cities, for which purpose already
in 1929 experiments were made in Chemnitz,
repeated in 1930 with the aid of a multi-
stage transmitter built by the C. Lorenz
A.G. in Berlin. Later on this transmitter
was removed to Berlin, in which city the
experiments were continued in co-operation
with the ““ Reichspost.” Esau has also used
ultra-short waves for communicating be-
tween the engine-driver and the guard of a
long goods-train.

Dr. F. Schréter (8) has described experi-
ments carried out in 1930 by the Telefunken
Co. Dr. Schréter explains the possibilities
for local broadcasting, and emphasises the
particular usefulness of ultra-short waves for
television, due both to the possibility of
using a broad frequency-band, and to the
absence of fading, and, as a consequence,
of selective fading.

The experiments in Amsterdam undertaken
by the Philips laboratory have confirmed
that local broadcasting on an ultra-short
wavelength of 7 to 8 metres is possible with
simple receiving apparatus and with a
transmitter of 1 to § kw. aerial-power ; that
this broadcasting is very reliable and that
it has an absolutely silent background due
to the total absence of atmospheric disturb-
ances, even when conditions are such that
these disturbances practically prevent .the
reception of the ordinary broadcast-stations.
Also other local electrical disturbances have
less influence than on the longer waves.

Only motor-cars cause a disturbance due
to a broad spectrum of damped waves
caused by the discharge through the spark-
plugs ; the wires leading to spark-plugs and
interruptor behaving as an aerial for short
waves. These motor-car disturbances are
.commonly discernible up to a distance of
about 20 metres. In the inner-town they
are of course more frequent than in the outer
suburbs, but this fact is counteracted by the
<circumstance that in the inner-town a
receiver need not have critical reaction, so
ithat in many cases these disturbances are
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not heard at all. It was possible to have
good loud-speaker reception free from these
disturbances in a room level with the street
in Damrak, notwithstanding the consider-
able motor-car traffic in that part of the
city. Moreover, the different motor-car
types behave differently in that respect.
For instance, the new Ford motor-car does
not disturb at all, due undoubtedly to the
particularly short strips from the spark-
plugs to the interruptor. In connection
herewith I may make mention of the fact
that disturbances of this kind may be
avoided by simply inserting resistances of
10,000 ohms between the spark-plugs and
spark-plug-cables and near the interruptor.
In some cases one resistance near the in-
terruptor suffices. We have been successful
in avoiding all disturbance from a Ford
motor-car by one resistance as described
above, to such extent that the disturbance
could not be detected in a sensitive super-
heterodyne receiving apparatus placed with
its antenna at a distance of 3 metres from
the car.

Generally speaking, it may be stated that
motor-car disturbances have more effect in
the outer suburbs of the town where the
receiver has to be more sensitive, and where,
of course, the ratio of disturbance to signal
is bigger. In that case a passing motor-car
causes a disturbance of a low pitch for a
short time ; it is much less irritable than an
atmospheric disturbance ; in back rooms the
disturbances as a rule are much less severe.

The Transmitting Apparatus

The first step was to design a transmitter
of high quality, so that receiving-apparatus
could be qualitatively tested. In testing
receiving-apparatus there had to be no doubt
of the quality of the transmitting apparatus.
As it could be predicted that for the bigger
distances critical reaction in the receiving -
sets would be necessary, and on account of
the intention to design adaptor-apparatus
for superheterodyne-reception in combina-
tion with selective broadcast-receiving-sets,
one of the primary objects was to avoid
frequency-modulation, so that from the
beginning the use of a piezo-quartz-crystal
was decided upon.

It was further desirable to keep the trans-
mitter as small as possible and to avoid
machines in view of the small available room
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to be expected. This led to the design of a
transmitter fed with alternating current, the
necessary direct current being taken from
rectifiers. Water-cooled valves, too, had
to be avoided for the same cause, as water-
cooled valves occupy a relatively large space.
For the final stage we decided on the use of
two big air-cooled screen-grid transmitting
valves. '

As our experience. with quartz-crystals
with a frequency in the order of 5,000 to
10,000 ke/s. was not favourable, our starting
point was a crystal of about 2,398 kc/s.
that was in our possession, so that after 4
times frequency-doubling a final frequency
of 38,368 kcfs. could be obtained, equiva-
lent to a wavelength of 7.85 m. The use of
tourmalin-crystals was not yet known to us,
otherwise we should certainly have con-
templated a 10,000 to 20,000 kc/s. tourmalin-
crystal.

Screen-grid transmitting valves were used,
as this type of valve has the advantages that
neutrodyning becomes unnecessary and that
the excitation-power needed is less than that
for an ordinary triode. This is because a
screen-grid valve has a very small anode-
reaction and a big grid space, so that a triode
with a given amplification-factor (a big
amplification-factor is advantageous because
of the small anode-reaction) draws more
grid-current than a tetrode at equal excita-
tion.

The final stage was equipped with two
Philips-tetrodes QB 3/500 and the foregoing
stage with two QB 2/75. These tetrodes
have thoriated tungsten filaments and can
deliver respectively 500 and 75 watts high-
frequency energy at longer wavelengths.
The inter-electrode-capacities are very small.
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Cap. in c.m. QB 3/500 QB 2/75
Cag 0.01 0.022
Caf 8.9 6.3
Cgf 16 9.1

When we designed ' the transmitter we
had no smaller transmitting tetrodes, so
that the first stages are not equipped with
the more modern QC o5/15 but with TC
o4/to and TC o03/5, respectively, small
triodes with oxide-coated filament for 1o
and 5 watts h.f. energy respectively when
used on longer wavelengths. The trans-
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mitter has 7 stages. The first stage contains
a TC o03/5 and the quartz-crystal for
2398 kc/s. The second stage doubles the
frequency and contains two TC 03/5 valves.
The excitation of these two triodes is such
that no grid-current flows, so that the
crystal-stage is not affected by reaction from
later stages due to modulation. Hernce this
stage doubles the frequency and at the same
time acts as a buffer; as a consequence, it
can only deliver a very small amount of
power to the 3rd stage.

In this 3rd stage the frequency is doubled
again. Here also two valves 7C 03/5 are
mounted. The 4th stage is an amplifier
and contains 2 valves TC o03/5. The s5th
stage, containing two valves TC o4/1o0,
doubles the frequency for the third time. In
this stage the plate-tension is modulated
with the aid of a Philips 50 watt Lf. amplifier
with a special output-transformer. Such a
50 watt-amplifier, fed with a.c., is excited
by a microphone-gramophone amplifier, to
the input-terminal of which are connected
a gramophone-pick-up and three or less
microphones. The filament-current and the
microphone-current are drawn from a 6-volt
storage battery, the only d.c. source that is
used in the transmitter ; the plate-tension
is delivered by commercial anode-rectifying
apparatus. The stages 2 to 5 are all
neutralised, this being necessary for fre-
quency doubling stages. Frequency-doub-
ling is performed by strong distortion of the
anode-current and filtering the 2nd har-
monic.

The 6th stage, containing 2 tetrodes QB
2/75 as remarked above, is a linear amplifier
for the modulated energy and excites the
grids of the valves in the final stage. This
7th stage, the final stage, contains two
tetrodes QB 3/500 ; in this stage the power
is raised to the final level and at the same
time the frequency is doubled for the last
time.

Each stage is mounted in a separate
copper enclosure, the measuring-instruments,
filters, etc., being enclosed in separate copper
cases for each stage. A copper-plate sepa-
rates the h.f. part of the transmitter from
the Lf. part underneath, containing trans-
formers, rectifiers, 1.f. filters, etc.

In every stage the anode-direct current,
the grid-direct current, anode-tension and
filament-tension are measured, and in the
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last two stages also the screen-grid-tension.
A thermo-ammeter measures the Lf. current
in the plate oscillating circuit of the 1st stage.
Another thermo-ammeter is coupled to the
feeders between the transmitter and aerial.
The whole transmitter is built in an iron
frame, covered with copper, copper-gauze
and perforated iron. The back consists of
two doors ; all high tension is automatically
cut off by opening these doors. To obtain
access to the first five stages the copper
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screening plates must be removed. The
upper part of the front is of copper: all
measuring instruments, tuning knobs,
switches, etc., are mounted here.

All filaments, including the first stage, are
fed with a.c. and all anode-tensions and
grid-bias-tensions are taken from rectifiers,
making use of small high-vacuum-diodes
with oxide-coated filaments, and in the last
two stages mercury-vapour diodes also with
oxide-coated filaments.

Anancy 908 €@

- _

Front view of the transmitter.
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That there is no trace of a hum, notwith-
standing this general use of a.c. throughout
the transmitter, is due in the first place to
the use of a quartz-crystal; omitting this
a hum is heard due to frequency-modulation.

In the second place, a careful filtering of
all anode- and grid bias-rectifiers isresponsible
for this absence of hum. These excellent
filters for the first five stages are not ex-
pensive as only low tensions and small
currents are dealt with. The filtering of
these stages has to be superior also for the
reason that the modulation-depth of a hum
grows with each frequency-doubling. The
cause of this is the relatively big grid-bias
required for frequency-doubling.

For the same reason, however, the grid
of each foregoing frequency-doubling stage
needs much less than 100 per cent. modula-
tion for a required 100 per cent. modulation
of the final stage. The grid-oscillatory

tension of the 7th stage, a frequency-doubling.

stage, will need, say, x per cent. modulation-
depth for 100 per cent. modulation of the
anode-power. As a consequence, also the
grid of the linearly amplifying 6th stage
needs only to be modulated with x per cent.
The s5th stage is a frequency-doubler as
mentioned above, in which the anode-tension
is modulated. As a frequency-doubler, the
anode-tension of this stage needs only, say,
y per cent. modulation for 100 per cent.
modulation of its anode-energy, and conse-
quently, of the grid-tension of the 6th stage.
As this latter has to be modulated x per
cent., as we have seen, the anode-tension of
the 5th stage has only to-be modulated xy
per cent. for 100 per cent. modulation of the
aerial-power. The product xy is in the
order of 25 to 40 per cent. ; this low modula-
tion-depth of the anode-tension of the 5th
stage is easily obtainable linearly.

As before the 5th stage the frequency is
twice doubled, it will be clear from the
foregoing reasoning that more care has to be
attributed to the 1.f. filters as the first stage
is approached. We have modulated the
transmitter T0o per cent. by modulating the
second stage only a few per cent., but no
good quality could be maintained due to very
small variations in the main-supply tension
necessitating relatively big variations of the
required settings of all succeeding stages,
which is no simple matter, especially when
using rectifiers. To avoid complications,
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we decided on modulating the 5th stage
which could be done comparatively easily
and did not suffer from important adjust-
ment-difficulties when ordinary variations
of the main-supply tension are prevalent.
To modulate two TC o4/10 valves 25 to
40 per cent. a 50 watt amplifier is not
necessary ; a 25 watt amplifier would work
as well.

The oscillating-circuit of the 7th stage
looks somewhat strange, as it appears to be
built up by connecting in series a self-
inductance strip and a comparatively large
variable condenser. The truth is that the
oscillating circuit is built up by a self-
inductance strip and the inter-electrode
valve-capacities ; the variable condenser is
a tuning device in the self-inductance part
of the circuit ; it diminishes the inductive
reactance and as a consequence has to be
taken as large as possible ; on the other hand,
it must be small enough to serve as a smooth
tuning-device. A much higher circuit-im-
pedance is obtained from such a series-
connected condenser than from a parallel-
condenser with its long connecting leads and
big dimensions and unavoidably large zero-
capacity. One of the chief difficulties in
ultra-short wave design consists in obtaining
high impedance of the oscillating circuits.
It should not be forgotten that coupling of
the aerial already diminishes the anode-
circuit-impedance considerably, so that no
means should be neglected of increasing the
impedance of the anode-circuit-impedance
itself. The efficiency of the final stage
remains, however, as low as 20 to 25 per
cent., notwithstanding all precautions taken.

The antenna is a copper rod of half a
wavelength. It is fastened by insulators
to a wooden board which is attached to a
wooden mast kept in position by steel guys
subdivided by insulators. Close to the
current-antinode a thermo-ammeter is
coupled to the antenna. This thermo-
ammeter is needed when searching for the
best coupling of antenna and antenna feeders.
Once this most favourable coupling is found
it is of no further use, since then a second
thermo-ammeter, coupled to the feeders in
the transmitter room, may replace it.

The feeders are galvanically coupled with
the antenna, and:magnetically with the
anode-circuit of the final valve-stage. Since
the mast is located on the highest point of
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the Carlton Hotel (with the exception of the
tower), the mid-point of the vertical dipole
is about 45 m. over the street-pavement.
The transmitter itself is located in a small
room in the upper floor of the hotel, so that
the antenna-feeders have a length of about
20 metres.

At first the reports on the quality of the
transmissions were not unanimously favour-
able, notwithstanding the fact that a control-
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receiving apparatus in the immediate vicinity
of the transmitter gave excellent results and
neither frequency-modulation nor fading-
distortion was to be feared. The cause of
this was the poor construction of the re-
ceiving - apparatus used, the design of
which demanded special care as will be
shown later on. As these receivers were
gradually improved it was recognised more
and more that the quality of the transmitter
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was in no respect inferior to that of the best
broadcasting-transmitters.

The Receiving Apparatus

We shall now treat the receiver-apparatus,
reserving the important link, the trans-
mission, for the last chapter.

In the first place, we have to consider
which types have to be taken into con-
sideration and whether certain types have
special advantages for ultra-short-wave re-
ception. Our attention has been nearly
exclusively limited to the design of adaptor-
apparatus, which, combined with the
ordinary broadcast-receivers, should con-
stitute complete ultra-short-wave receivers.

The most simple adaptor has a reactive
detector-valve, the grid-circuit being tuned
to the ultra-high frequency, and the output
terminals of which have to be connected to
the gramophone-terminals of the broadcast-
receiver, so that only the low-frequency-
amplifying part of that apparatus is made
use of. This simple and cheap adaptor is
quite satisfactory up to a distance from the
transmitter of 1 to 2 km. when using a small
aerial of about 3 m. length in a room at the
street-level.

A more sensitive device is a superhetero-
dyne-adaptor which assures a good reception
up to a distance of 4 to 5 km., other circum-
stances being equal. It is even possible to
get very strong reception at much greater
distances, but the Schrot-effect of the
amplifying valves in that case becomes so
pronounced that the ratio of signal to
parasitic noise is too small.

With super-regenerative reception it is
the Schrot-effect again that limits the range
to the same order as with superheterodyne-
reception. A great advantage, however, is
the simplicity in tuning, the latter being not
critical, and the absence of so-called capacity-
effect. This capacity-effect is one of the
serious difficulties in all ultra-short-wave
reception.

Loose antenna-coupling, screening, and
long insulated axes in tuning and reaction-
devices are indispensable to freedom from
this effect. The aerial-coupling has to be so
loose that it has practically no effect on the
natural frequency and ‘the damping of the
oscillation-circuits in “the apparatus. This
is necessary as usually fairly critical reaction
has to be used and an effect of the nearby
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human body on the natural frequency of the
aerial cannot be avoided. With too tightly
coupled aerials the human body has a marked
effect on the reaction and the tuning, render-
ing it impossible to get satisfactory reception,
unless the electro-magnetic field 1s so strong
(distance 1 to 2z km.) that critical reaction
has not to be applied.

The screening must be good in order that
the hand, when tuning, has no effect on the
natural frequency and damping of the
oscillating circuit in the apparatus; the
same applies to the long tuning-rods. Now
effective screening is not so simple as is
usually the case when dealing with lower
frequencies, due to the absence of a well-
defined earthing point of the screen itself.
The earth-lead, indeed, has a length of some
metres, that is in the order of one or more
quarters of a wavelength. A good earth is
only to be had when the screen is a potential
node of the aerial formed also by the earth-
leads. Even in that case the earth-point is
not defined as the different points on the
screen already have not the same tension.

Since the antenna-coupling must not
exceed a certain relatively low value, and,
since the reaction depends on this coupling,
this, together with the desired range, must
be taken into account when deciding on the
power of the transmitter.

In superheterodyne-reception capacity-
effect is still more troublesome, since the
natural frequency of the generator-valve-
circuit is directly influenced by the approach
of the human body, so that the intermediate
frequency is also dependent on it. It is, of
course, possible, after roughly tuning the
adaptor-apparatus, to adjust the broadcast
receiver ultimately when capacity-effect is
troublesome, but this procedure is not casy
unless the broadcast-receiver has one-knob
tuning. Furthermore, care has to be taken
that no ultra-high frequency energy pene-
trates in the broadcast-receiver, since in that
case capacity-effect, when tuning the broad-
cast-receiver, is still present to some degree.
There is still the danger that, after adjusting
the broadcast-receiver, this appears acci-
dentally to be tuned to a strong broadcast-
transmitter in the ordinary broadcast-
wave range, so that this transmitter interferes
with the ultra-short wave-transmitter unless.
a very effective screening is provided of the
adaptor-apparatus as well as of the leads
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connecting this with the aerial and earth-
terminals of the broadcast-receiver. Then
it is still possible to be troubled by an inter-
ference-note from a broadcast-transmitter
with the transposed frequency. For these
reasons it is better to construct the adaptor
in such a way that it may not be necessary to
adjust the broadcast-receiver.

As soon as the superheterodyne-adaptor
is provided with a separate loose-coupled
generator-valve all difficulties disappear
when the other precautions mentioned above
are not neglected.

In that case the aerial may be tightly
coupled to the tuning circuit in the adaptor-
apparatus, as this circuit, when very loosely
coupled to the generator-valve, does not
affect the natural frequency of the generator-
circuit in an appreciable degree. The de-
tection, too, is improved, since it appears
difficult to get fair detection from an oscilla-
ting valve, especially when the oscillation-
frequency is so high, as in this case the
amplitude of the oscillations is not so easily
controlled. It is, of course, necessary to
decouple common leads to generator- and
detector-valve (filament- and anode-leads)
effectively for the ultra-high frequency by
means of small filter-coils and air condensers.

In conclusion, I must call attention to the
disagreeable property of the superhetero-
dyne-adaptor that during the first quarter
of an hour or so the frequency drifts, due
chiefly to the gradual heating up of the
generator valve, and, in much less degree, by
the heating up of the circuit-components.
We proved this by placing the valve outside
the apparatus and cooling this valve, or, as
an alternative, the circuit, by liquid air
which immediately affected the frequency.
After a quarter of an hour or so the {frequency
becomes constant. When using indirectly-
heated cathodes the frequency-drift is much
bigger than when using directly-heated
filaments, since the temperature of valves
with indirectly-heated cathodes becomes
much higher: The above-mentioned value
of a quarter of an hour is valid for indirectly-
heated cathodes. Within that time the
frequency may drift as much as 200 ke/s.,
that is about } per cent. Still it remains
indispensable to use valves with indirectly-
heated filaments in an adaptor fed from the
mains ; otherwise a powerful hum due to
frequency-modulation cannot be avoided,

193 April,

1933

so that it seems impossible to avoid this
quarter of an hour.

For a superheterodyne-adaptor it is still
more important than for a reaction-apparatus
that variable condensers have to meet
special requirements ; the spindles must be
absolutely free from torsion and tolerance ;
the condenser must be very finely variable
and must be so designed that there is no
friction of metal on metal when adjusting
the moving plates, so that the application
of a condenser with two fixed plates and one
variable plate moving in the vicinity of the
fixed plates seems almost unavoidable.
The other assembly-parts, too, must be of
robust and rigid construction. With reac-
tion-apparatus special attention must be
paid to designs having the least dielectric
and ohmic losses.

From the foregoing it may be seen that
the reception of ultra-short waves in the
order of 7 to 8 metres calls for special pre-
cautions, which are the more necessary as
the field strength diminishes. This need
not, however, lead to expensive apparatus ;
special attention must be paid to certain
difficulties which do not arise in the reception
of ordinary broadcast-waves, even down to
15 metres or so, and which are due to non-
stationary potential distribution over the
apparatus and to the small reactances of
small stray-capacities.

The Transmission

As was remarked above, ultra-short waves
such as are dealt with in this paper,
are not reflected by the Kennelly-Heaviside
layer. Observations have shown, however,
that this does not apply to waves of more
than 8 metres length. It appears, however,
that waves of 5 to 6 metres are sometimes
reflected as a freak-phenomenon, as may be
seen from the description of the R.C.A.
experiments. These reflections, however,
rarely occurred and were always of very
short duration (one minute or so). Reflec-
tions were observed of higher harmonics from
Rocky Point at a distance of 8oo miles ;
the receiver was tuned to 5-6 metres. On
shorter distances these reflections were never
observed.

Practically speaking, however, one may
say that nothing comes back from the
Heaviside layer when the wavelength is lower

‘than 8 metres, and only the direct rays need
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be taken into account, so that the range is
limited and fading cannot occur. This
range remains relatively restricted due to:

(1) Considerable absorption ;

(2) the fact that such rays cannot follow
the curvature of the earth-surface to any
great extent, so that there is a horizon
beyond which they cannot be received, how-
ever great the transmitting power.

This horizon, of course, depends on the
height of transmitting and receiving aerial.
The French experiments between the Riviera
and Corsica have taught, moreover, that
this horizon is subject to variations, depen-
dent on conditions of the lower atmosphere.

Assuming the rays not to follow at all the
curvature of the earth-surface, the signal-
range is (sufficient transmitting power and
receiver-sensitivity being assumed) :

D =356 (Vh,+ V)
wherein
D = signal-range in km.
A, = height of transmitting aerial in .
4, = height of receiving aerial in m.

Assuming the height of the mid-point of the
dipole of the Philips-transmitter on the
Carlton Hotel to be 45 m. above street-level,
and assuming a receiving-aerial at a height
of To metres, the signal-range would come
to 35 km. (absorption disregarded), so that
Utrecht and Leiden would lie at the limit
of signal-range.

Only from Haarlem and Heemstede (at
18 km. distance) were reports received from
listeners not living in Amsterdam.

As for the absorption in the city, this is
soon perceived when driving throughout
the city in an autocar (as we did) fitted with
a receiving-apparatus. The diminishing of
field strength is very evident on passing
from a broad street into a narrow by-street.
We have carried out several measurements,
some results of which we shall now discuss.

Volts Output

Position. of the Receiver.
Heerengracht .. =% .. 37.5
Kalfje, street-level .. .. 2.5
id., 1st floor .. 4

id., 1st floor at the end of a
long room K 2
id., outside the Kalf]e close

to the Amstel. 12 to 14
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Particular attention is called to a measure-
ment taken in the Philips showrooms
(Heerengracht) at a distance of about goo
metres from the transmitter (in the Carlton
Hotel) in a locality level with the street, and
to a measurement in and near the restaurant
“ Het Kalfje ” at the Amstel, at a distance
of 6 km. from the transmitter.

The considerable increase of the field-
strength when moving the receiving-appa-
ratus from the interior of the restaurant to
the side of the river Amstel, separated from
the restaurant only by a road, is very re-
markable.

Schroter made a rough estimate of the
absorption in Berlin by comparing what may
be .expected when absorption is not taken
into account and what actually is measured.
He arrives at an absorption of 1 neper for
each 500 metres that the waves travel
through the houses, which corresponds to a
reduction of the field-strength to 1/10 after
travelling through 1 km. of buildings. This
absorption can be diminished by choosing a
very high position for the transmitting
aerial ; a high receiving aerial of course adds
to the same improvement. The receiving-
aerial must not be allowed to come too near
the gable of the house and the lead-in
insulator should be of good quality and of
small capacity. The effective length of the
aerial is very important, this being adjusted
in the receiving-room or in the receiver-
apparatus itself by an extra length of wire
or by a small aerial-loading coil, so that a
favourable current- and potential-distribu-
tion is arrived at, suitable for a convenient
coupling with the receiver-circuit.

In connection with the transmission of
these short waves, I may call attention to
the following. ¥rom different sides (g9, o)
it is proposed to avoid difficulties with super-
heterodyne-receiving-apparatus by omitting
the generator-valve in each individual appa-
ratus and replacing it by one common
transmitter, having a frequency-difference
from that of the modulated transmitter of
200 to 1,500 kc/s. As an alternative, it is
proposed to modulate the broadcast-trans-
mitters constantly with 200 to 1,500 kc/s.
which modulation in its turn is modulated
by the broadcast-programme.

Both procedures seem very attractive,
but are quantitatively defective, as may be
shown by the following reasoning. Our
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starting-point is the reception we observed
repeatedly in “ Het Kalfje ”” with the trans-
mitter in the Carlton Hotel. We made use
there of a two-valve superheterodyne-adaptor
apparatus in combination with a Philips-
broadcast-receiving apparatus, type 2511 (2
stages ~ high-frequency ampl.,, linear de-
tection, one stage low-frequency ampl. with
a pentode). With this receiving assembly
the Philips-transmitter was received and the
gridswing of the 1st detector (in the adaptor)
was about 0.1 mv., the heterodyning gene-
rator giving about 1 volt gridswing on the
detector. The value of 0.1'mv. is calculated
from the accurately known properties of
the receiver 2511. One volt induced aux-
iliary grid-voltage-swing has been taken as
this is a suitable value for the type of valve
used ; increase of this value does not im-
prove the receiving properties, whereas
decrease causes the output voltage of the
receiver to decrease in the same proportion.

If it is desired to produce this one volt
by an auxiliary transmitter placed beside
the main Philips-transmitter, the former
would have to produce a field-strength 10*
times that produced by the Philips-trans-
mitter itself. The power of this auxiliary
transmitter then would have to be 108 times
that of the Philips-transmitter. The aux-
iliary transmitter would have to have a
power of 25.70% kw. to produce the same
receiving-conditions in ‘‘ Het Kalfje” as
obtained with a local oscillator in the
receiving-apparatus itself, as used by us.
Instead of a broadcast-transmitter of } kw.
and an auxiliary transmitter of 25.10% kw.,
one might as well design two transmitters
of each 2,500 kw., for, roughly speaking,
the output of the broadcast-receiver is pro-
portional to the product of the voltages
induced on the grid of the 1st detector, due
to signal and to auxiliary generator. The
product of the powers of broadcast-trans-
mitter and auxiliary transmitter therefore
has to be kept constant. If only one trans-
mitter is used, modulated at a high fre-
quency which in its turn is modulated by
the broadcast-programme, as mentioned
above, then one may reckon on 50 per cent.
high-frequency modulation at the most, as

the high-frequency modulating voltage is to.

be modulated 100 per cent. by the trans-
mitted signal. In this case it is easily
calculated that the transmitter needs a power
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of about 10,000 kw. In the case of a broad-
cast-transmitter with an auxiliary trans-
mitter of the same power, we have

a sin wt + a sin (w -+ dw)i,
and in the case of one low- and high-fre-
quency modulated transmitter, we have
b sin wt(1 + 0.5 cos dwt) = b sin w?

+ 0.25 b sin (w + dw)t
so that a? = 0.25 &2 for equal receiving-
conditions.

a® and % determine the power of the
transmitters considered.

One may raise the question how much
these values change with the distance.
From the measurements in our possession
it is easily calculated that for T and 2 km.
distance of the receiver from the trans-
mitter, the 2 equal transmitters have each
to be designed for 11 kw. and 115 kw.
respectively. These calculations are based
on measurements on the spot ;" they do not
claim to be rigorously exact, but they are
certainly of the right order. They show
why the idea of a so-called superheterodyne
transmitter was ruled out by us from the
beginning. The required power, necessary
for this procedure, could not be realised,
quite apart from the economic side of the
matter. Moreover, with the calculated
transmitting powers we get receiving-con-
ditions equivalent to those we obtained in
“ Het Kalfje” using the most sensitive
apparatus we could attain to, and with a
local oscillator ; this reception was somewhat
too weak for general use, since sufficient
loud-speaker strength was accompanied by
a prohibitive Schrot-effect. All powers,
therefore, would have still to be multiplied
by a factor of about 5 for real good receiving-
conditions.

Conclusion

In conclusion, we may state that with an
ultra-short-wave transmitter of about § kw.
aerial-telephony-power, transmitting on a
wavelength of %7 to 8 metres, reliable local
broadcasting of high quality is possible in a
big city, provided a suitable receiving
adaptor apparatus in combination with a
sensitive broadcast receiving apparatus and
a good aerial is used. The reception is charac-
terised by a particularly silent background,
even at times when ordinary broadcast-
reception is totally spoiled by atmospheric
disturbances. The frequency-range at our
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disposal is very broad ; for equal frequency-
difference of transmitting stations, as many
stations as can be located within the wave-
range of 200 to 2,000 m. may find a place
within a wave-range of 7.5 to 7.8 m. ; by this
means, all important European broadcast-
stations could be located within this
wave-range. However, this wave-range is
not needed since the signal-range of ultra-
short-wave transmitters is limited, so that
eventually all bigger cities might use the
same wavelength without the possibility of
interference. Principally these waves are
particularly adapted for television, that
means for development of the home-cinema,
in which case synchronisation is easily
obtained by making use of the local elec-
tricity-mains.  Installations as described
here are of much importance for communica-
tion between islands or between islands and
the continent, where cables are too expensive,
e.g., for the communication between Java
and Bali, two islands separated by a very
deep sea. Furthermore, for communication
over shorter distances, when this communica-
tion cannot readily be established in another
way, ordinary radio being impossible because
of interference with other services (police,
fireguard, army and navy, long trains, ferry-
boats in foggy weather, etc.).

196

THE WIRELESS ENGINEER &

REFERENCES

1. Dunmore and Engel: * Scientific Papers.”
No. 469, t. 10, April, 1923.

N. Wells: “ The Marconi Wireless-Beam Reflector of Inch-
keith.” Engineering. No. 119, 309, 1925 I.

3. G. A. Beauvais: “ Résultats expérimentaux de Télécom-
munications avec les ondes trés courtes.”” Onde Electr.,
1930, pag. 484.

R. Mesny : *“ Les ondes courtes.”
R. Mesny : ** Les ondes €lectriques courtes.”

4. R. Jouaust: *Some details relating to the

very short waves.” Proc. I.LR.E., 19, 3, 193

G. A. Beauvais: * Expériences de communication radio-

téléphonique sur ondes trés courtes entre la Corse et le
Continent.” Annales des P.T.T., 1930, pag. 293.

5. Beverage, Peterson and Hansell : " Application of frequencies
above 30,000 kilocycles to communication problems.”
Proc. I.RE., 19, 8, Aug., 1931.
F. Gerth und W. Scheppmann: * Untersuchungen iiber die
Ausbreitungs vorginge ultrakurzer Wellen.” jairb. der
drahtl. Tu.T., 33, 1, Jan., 29.

Biur. Stand.,

o

Onde Electr., 3 janv., 1924.
Ed. 1927.

fropagation of

‘6. F. Gerth: ‘Der derzeitige Stand der Entwickelung der
ultrakurzen Wellen unter Berticksichtigung ihrer Ver-
wendungsméglichkeiten fiir Rundfunkzwecke.” E.N.T.,
8,1, 1931.

7. A. Esau: “ Die Entwicklung der Ultrakurzwellen fiir den

Rundfunk.”  Funkbastler, 11 Sept., 1931.
8. F. Schroter: ‘ Erwiderung auf die vorstehenden Ausfithrun-

gen.” Funkbastier, 11 Sept., 1931.

F. Schroter: * Ultrakurzwellen-Rundfunk.”
Zeitung, 57, April, 1931.

F. Schroter: “ Aussichten
Die Norag., 18, Mai, 1931.

F. Schroter: ‘' Ultrakurzwellen-Fernsehen.”
Zeitung, 58, Juli, 1931.

9, Manfred von Ardenne: ‘‘Zur Technik des Sendens und
Empfangens von Ultrakurzwellen, die mit mehreren modu-

Telefunken-
des Ultrakurz-Rundfunks.”

Telefunken-

lierten Hochfrequenzen moduliert sind.” Jahrb. der
draht. 1 Twu.T., 37, 1, Januar, 1931.
10. F. Schroter : ' Ultrakurzwellen-Rundfunk.” Telefunken-

Zeitung, 57, April, 1931.

New
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By W. Oliver.

A short book of elementary instruction and
advice to amateurs wishing to construct and operate
short-wave receivers, giving a brief description
of typical sets and hints on tuning, learning the
Morse code, tracing and repairing faults, etc.,
and including lists of the distinctive International
Call letters, Amateur Nationality Prefixes and the
Abbreviations used in Morse Transmission. Pp. 101
with 14 diagrams. Published by W. Foulsham
and Co., London. Price 1s.
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and diagrams. Published by W. Foulsham and
Co., 1.td., London. Price 1s.
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A brief summary of faults prevalent in receivers,

Books
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tabulated form and followed, in the concluding
pages of the booklet, with a few hints and tips

regarding aerials, earths, batteries, valves and
loud speakers. Pp. 25. Published by J. W.
Arrowsmith, I.td., Bristol. Price 6d.

Physics in Meteorology

By G. C. Simpson, C.B,, C.B.E, D.Sc, LL.D,,
F.Inst. P.,, F.R.S,, Director of the Meteorological
Office, London.
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of Physics in November, 1932, showing the applica-
tion of sound, light, heat, magnetism and elec-
tricity to the solution of problems of meteorology.
Pp. 22 with 5 diagrams. Issued by the Institute
of Physics.

Rundfunk Jahrbuch, 1933

Giving a general résumé of the progress of broad-
casting in Germany, and the principal events of
interest during the past year. Pp. 167, with many
illustrations. Published by the Reichs-Rundfunk,
Gesellschaft, Berlin. Price Rm. 1.50.
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A Magnetron Oscillator for Ultra-short

Wavelengths*
By E. C. S. Megaw, B.Sc., D.1C.

(Research Laboratories of The General Electric Co., Ltd., Wembley, England)

SUMMARY.—The paper describes the characteristics and performance of a magnetron oscil-

lator of improved design.

The oscillator is primarily intended for operation on wavelengths

between 1 metre and o metres, but it can be used on both shorter and longer wavelengths.
At wavelengths down to about 3 metres an output of 40—50 watts is obtainable with a con-

version efficiency of the order of 50 per cent.
In the range mentioned, the performance compares

reaching about 10 watts at 1 metre.

At shorter wavelengths the output falls off,

favourably with that of the normal triode oscillator, particularly at the shorter wavelengths.

Introduction

HE limitations of the conventional

triode oscillator at very short wave-

lengths have led to an investigation
of the practical possibilities of other circuits.
Of these the magnetron circuit has been
found particularly satisfactory and an
account is given here of a medium power
oscillator of this type for wavelengths of a
few metres.

There are several possible ways in which
magnetrons, that is valves operating in a
magnetic field, can be used to produce short
wave oscillations. An account of these
different methods will be given in another
paper.t It is only necessary

is small compared with the power obtainable
from the longer wavelength dynatron oscilla-
tions. Only the latter are dealt with here.

The Valve and its Characteristics

The valve used consists of a cylindrical
diode system with the anode divided into
two equal segments and operates with a
magnetic field in the direction of the elec-
trode axis. The oscillatory circuit is con-
nected between the anode segments. This
arrangement has been called a *“ split anode ”’
magnetron. Fig. 1 shows the valve used.
The anode and filament leads are brought
out at opposite ends of the bulb and the

to state here that the opera-
tion of the oscillator to be
described on wavelengths of
about 1 metre and longer
depends on a ‘‘ dynatron”
(negative resistance) effect
arising from the motion, of
electrons in combined electric
and magnetic fields. The
existence of such an effect
was first demonstrated theo-
retically and experimentally |
by Habann! and a practical |
oscillator employing it has

been briefly described recently
by McArthur and Spitzer.2 It
has also been shown? that
under certain conditions electronic oscilla-
tions (analogous to the triode oscillations of
Barkhausen and Kurz) can be produced in
magnetron circuits and by this means wave-
lengths down to a few centimetres have been
reached. Such oscillations can be produced
by the circuit to be described, but the output

* Received by the Editor, August, 1932.
t To appear shortly in Journ. I.E.E.

Fig. 1.—50 watt split-anode magnelron.

electrode system is arranged so as to intro-
duce the least possible capacity, inductance
and resistance into the oscillatory circuit.
The bulb is made of low-loss hard glass.

The pure tungsten filament takes a current
of 2.5 A. at 4.0 v. for about 80 mA. emission
current.

Without the magnetic field the anode
voltage-current characteristics are those of
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an ordinary diode. The valve ordinarily
operates under conditions which give emission
saturation when the magnetic fieldis removed.

If the relation between total anode current
and magnetic field strength is plotted with
constant (common)} anode voltage and con-
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Fig. 2.—Cut-off characteristic for E, = 1,000 0.,
I, = s50mA., and d, = 1.0 cm.

stant filament emission a curve of the type:

shown in Fig. 2 is obtained. This is the
“cut-off ” characteristic of Hull® The
critical field strength is independent of
emission and is given approximately by

H, = 4/(180 E,)jd, (C.G.S. units)
where E, = anode-cathode p.d. (volts)
d, = anode diameter (cm.)
To produce dynatron oscillations the
field strength must be greater than the
critical value H, Under these conditions

none, or, in practice, only a small proportion
of the electrons leaving the cathode reach

the anode so long as the two anode segments:

are maintained at the same potential E,.
The emitted electrons form a rotating
cylinder of space charge whose diameter
is smaller than that of the anode. If an
em.f. is applied between the anode seg-
ments so that the potential of one segment
is raised to £, 4+ AE, and that of the other
segment depressed to E, — AE, the rotary
motion is disturbed and electrons start
reaching the anode. Tor a certain range of
values of A E, more electrons reach the low
potential segment than the high potential
one. If the electron current reaching the
high potential anode segment is I, and that
reaching the low potential segment is I,
there will be a resultant power output to
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the circuit connecting the anode segments

of
AE,. I,— ANE,. I,
o AEa(Iz—Il)
a=gl, [

where ¢ is the inter-segment voltage (2AE,)
and ¢ is therefore equal to 3 (I, — I,).
That is to say, the net output to the circuit
is the same as that which would be produced
by a current & (7, — [,) flowing in opposi-
tion to the inter-segment voltage ¢. If the
circuit connecting the anode segments has
suitable constants oscillations will be main-
tained in it in a manner somewhat similar
to the operation of a triode push-pull
oscillator.

The relation between ¢ and 7 is the operat-
ing characteristic of the valve. This rela-
tion can be obtained from static measure-
ments of AE,, I, and I, and is of the form
shown in Fig. 3 (full line). With increasing

.¢ (positive or negative) ¢ increases. in the

negative direction up to a point and then
decreases, passes through zero and for large
values of ¢ (of the order of twice E,) becomes
positive. In Fig. 3 negative 7 is to be inter-
preted as current flowing in opposition to the
applied e.m.f.

AND INPUT CURRENT (la)
| o +

EFFECTIVE OUTPUT CURRENT (i)

INTER-SEGMENT VOLTAGE

Fig. 3.—" Dynatron '’ operating charactevistics

showing variation of effective output curvent

i = 3y — I,) and tmput curvent I, = (I,+1,)
with intey-segment voltage e.

The second curve (dotted line) in Fig. 3
shows the form of the relation between e and
I, = (I, + I,), the current taken from the
H.T. supply. From the two curves the
output from the valve to the circuit and the
input to the valve from the H.T. supply can
be calculated, respectively, for various
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operating conditions. . Such calculations have
shown very close agreement with measure-
ments made at frequencies sufficiently low

l“A‘
j;;l': FIELD MAGNET
il

E—H.T.+

Fig. 4.-—Magnetvon oscillator circuit.

for circuit impedances and radio frequency
voltages to be determined with accuracy.

When the operating frequency is so high
as to approach the rotation frequency of the
electrons in the magnetron the static char-
acteristic is no longer followed and the
dynatron effect begins to disappear. How-
ever, this limit occurs at a considerably
higher frequency than the corresponding
effect in the triode reaction oscillator. The
effect of the valve constants on the oscilla-
tory circuit impedance is also less in the
magnetron than in
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in the tuned circuit owing to the low
capacity of the valve itself. For shorter
wavelengths a Lecher wire tuning system is
preferable.

Apart from wavelength adjustment the
behaviour of the circuit can be entirely
controlled by means of the filament and field
current rheostats. In the sense that it
controls the oscillation strength and the
efficiency of the oscillator the field control is
analogous to the reaction control in an
ordinary triode oscillator. The fact that
this control is outside the radio frequency
part of the circuit is an appreciable advantage
at very short wavelengths.

The maximum output depends on the
filament emission. As the space charge satu-
ration current is much greater than the maxi-
mum permissible anode current the output
increases continuously with filament emission
in the working range.

The magnetic field is supplied by a field
magnet described in the next section. The
valve is mounted between the poles of this
magnet with the electrode axis in the direc-
tion of the magnetic lines of force.

Fig. 5 shows a photograph of a complete
oscillator. in which the various parts of the
circuit will be easily identified.

the triode case. The
effective  inter-anode
capacity of the mag-
netrondescribedisonly
about 2.0 pypF when
mounted between the
magnet poles.

The Circuit

Fig. 4 shows the
circuit diagram of the
oscillator. The wave-
length is determined
by the constants of
the circuit between the
two anode segments.
The H.T. is supplied
via the electrical centre
of this- circuit. No
H.T. choke is required.
For wavelengths above
2 or 3 metres it is

quite practicable to
use ‘‘lumped ” in-
ductance and capacity

Fig. 5.—Magnetron oscillator.
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The Field Magnet

The magnetron described has been de-
signed to operate between the poles of an
iron cored field magnet instead of inside a
solenoid as was the case in previous short
wave magnetron oscillators. Two important
advantages result from this. The power
required to produce the necessary field
strength is greatly reduced and the air-blast
cooling required by a comparable solenoid
system can be dis-
pensed with.  Less :
important advantages
are a reduced capacity
between the anode b
segments and the field
magnet and the fact —
that the electrodes are
easily visible during
operation.

A typical field mag-
net is shown in Fig. 6.

N,
"

Vo

L

(@ |

il

P !

H
[Pl

The dimensions of the ® g G
iron circuit, which is ~

constructed of mild 3
steel, are shown in the 1Y,

figure. The coils are
each wound with 2,000
turns of No. 22 s.w.g.,
d.c.c. wire. With a current of 1 ampere
this magnet gives a field strength at the
centre of the gap approaching 1,000 c.gs.

units. This involves a power of 35 to 40
watts. Saturation occurs at about 1,700
c.g.s. units, With a 40 mm. airgap the field

is sensibly uniform in the space occupied by
the electrodes.

Operation

The following figures give typical opera-
ting data for a magnetron of the type
described.

Normal anode voltage = 500 to 1,000

Maximum anode voltage = 1,200.
Maximum anode current = 80 mA.
Maximum anode loss = 50 watts.

Maximum magnetic field
strength required — about 1,000
c.g.s. units.
Maximum power output :
50 watts at 10 m. wavelength.
40 watts at 3 m.
10 watts at 1 m.

Optimum load impedance at 1,000 anode
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volts (estimated from experimental results
at 3 m. wavelength) = 3,000~5,000 ohms.

Example of operating conditions :—

E, = 1,000 H = goo c.g.s. units.

I, = 8o mA. A = 3.0m.

Output = 40 w,  Conversion efficiency
= 50 per cent.

Total efficiency, including field and fila-
ment power = 30 per cent.

"
- |
(=]

CHANGEABLE
PIECES

Fig. 6.—Field magnet.

The power output figures quoted above
have been obtained by means of a load lamp
connected to the oscillatory circuit. By
adjusting an identical lamp, connected to
supply mains, to the same brilliancy as the
load lamp a fairly accurate estimate of the
power output can be made.

The relation between oscillation wave-
length and the length of a Lecher wire
oscillatory circuit (wire diameter = 0.5 cm.,
spacing = 2.5 cm.) is shown in: Fig. 7 for
wavelengths up to 4 metres. The circuit
length is measured from the anode centre
to the Lecher wire bridge.

The filament emission and anode voltage
have no critical optimum values and the
possible output increases with both these
quantities provided the field strength is
increased with the anode voltage. The
practical limits are set by filament evapora-
tion and anode temperature.

Below about 1 metre the energy of the
dynatron oscillation falls off rapidly. Pro-
vided the operating wavelength is not too
near the limit the greatest output is ob-
tained with a field strength of the order of
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twice the cut-off value. The optimum field
strength decreases as the wavelength limit
is approached.

If the operating wavelength is near the
short wave limit, the efficiency decreases
appreciably with decreasing anode voltage
(and magnetic field strength) since the limit
depends on the rotation frequency of the
electrons in the valve. Experimental re-
sults indicate that the efficiency falls rapidly
at a frequency which is about 4 times the
electron rotation frequency for the anode
voltage used and the corresponding cut-off
field strength. The electron frequency is
given approximately by )

3.3.10"VE,
fO w o d .
a

The relation between output and anode
voltage with fixed magnetic field strength is
important since the output is most easily
modulated by anode voltage variation. The
form of this relation is shown in Fig. 8,
which also shows the relation between mean
anode current and anode voltage (dotted
curve). The output reaches a maximum at
an anode voltage of about 0.7 of the cut-off
voltage. On the high voltage side of the
maximum the oscillation amplitude decreases
continuously reaching zero at approximately

the cut-off value of anode voltage. On the

60
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<
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3 ¢ [ [T}
2 4
WAVELENGTH IN METRES

Fig. 7.—Relation between oscillation wave-

length and length of Lecher wive oscillatory
civcuit.

low voltage side, however, the oscillations
cease suddenly at a point which depends on
the operating conditions and in particular
on the circuit loading. As the anode current
increases continuously with anode voltage
up to the cut-off value this means that for
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linear modulation there is a choice between
large percentage modulation with low effi-
ciency, and restricted modulation range with
much higher efficiency, according to whether

OSCILLATORY CURRENT (Ioso) AND ANODE CURRENT (IA)

Ho7E, 'E.
anoDE VOLTAGE (Ea)
Fig. 8.—Variation of (1) oscillatory curvent and

(2) mean anode curvent with anode voltage
(magnetic field strength constant).

the mean anode voltage is above or below
the value for maximum output. By loading
the circuit heavily it is possible to avoid the
discontinuity but only at the cost of reduced
maximum output and efficiency.

Conclusion

Developments in radio communication
during the past year or two have indicated
an increasing need for a reliable medium
power generator of continuous waves of a
few metres length. Short distance direc-
tional communication, television, and radio
beacons come under this heading. In
several departments of physical and en-
gineering research, such as the study of
dielectrics and of wave propagation, similar
requirements have arisen. It is hoped
that the magnetron oscillator described
here will suggest a means of meeting
some of these requirements more satisfac-
torily than is possible with the conventional
triode oscillator. The chief advantages of
the former are (1) greater output and effi-
ciency at wavelengths under about 5 metres,
(2) lower effective inter-electrode capacity,
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and (3) greater simplicity of adjustment and
greater reliability of operation at high load-
ing. The chief disadvantage of the mag-
netron oscillator is the necessity of an
auxiliary supply for the field magnet. This
disadvantage has been reduced to such an
extent in the present design that a total
efficiency of about 30 per cent. including the
field and filament power is possible at 3
metres wavelength (which compares favour-
ably with the anode conversion efficiency
of most triode oscillators at this wavelength).
It is also quite practicable to operate a
mobile transmitter, with an output of the
order of 20 watts at a few metres wavelength,
from a 12 volt car battery.

The problem of high percentage modula-
tion with good efficiency in the magnetron
oscillator is at present under investigation
and is not likely to prove insoluble. Mag-
netron designs for considerably larger output
are also being investigated.
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While the chief field of usefulness for the
magnetron is undoubtedly for very short
wavelengths, it is likely to find applications
at longer wavelengths in circuits where a
very low internal capacity is of importance.
Also as a symmetrical negative resistance,
available at any frequency at which measure-
ments are possible, it may prove a valuable
addition to the radio laboratory.

In conclusion, I have much pleasure in
thanking Mr. B. S. Gossling for valuable
advice and suggestions during the develop-
ment of the oscillator described in this

paper.
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Letters of techmical inlevest ave always welcome.

In publishing such communications the

Editors do not necessarily endorse any technical ov geneval statements which they may contain.

'The Principles of Electro-Magnetism
To the Editor, The Wireless Engineer.

Sir,—Your February editorial, *“ The Principles
of Electro-Magnetism,” calls attention to the con-
fusion of thought which often arises between B
and H (not to mention B,). As you point out
“ both views are correct,’”’ so long as one does not
mix them up, but I would suggest that the * Heavi-
side view,’’ as you term it, is made more confusing
than it need be because we are in the habit of
defining H in one way, from ‘‘ unit pole” con-
siderations, and then treating it as if we had
defined it electrically [4#IT[10l].

The difficulty can only be illustrated by starting
at the beginning; if my argument seems to lack
rigidity, this must be put down to the need of cutting
it as short as possible.

We begin by defining that ‘“ purely mathematical
abstraction,” a “ unit pole,” from the equation
mqym, /vt = f, the force in dynes between poles; we
do not consider the values which might arise in a
magnetic medium, and do not therefore need to
introduce p. Having thus provided a ““ unit pole,”
we attach it to a spring-balance {of brass or non-
magnetic material), which is graduated in dynes,
and send an observer to walk about with this
instrument in the neighbourhood of “ permanent
magnets >’ and wires carrying ‘‘ electric currents ”’ ;
the observer finds that he gets a force on his ‘‘ unit
pole,”” measured by his spring-balance, in these

cases, and we will call this force F or ‘* Field-
strength '’ [it is, of course, usually called H, but
as will be seen later, it is at present desirable to
call it by some other name, avoiding the use of
H, and F for " field "’ seems suitable].

Now let us build a large anchor-ring, big enough
for our observer to get inside ; to fix ideas, let us
suppose a fireclay tube, 2 metres in diameter and a
kilometre long, the ends being bent round to meet.
Our observer in the inside of the ring measures the
cross-sectional area, which he calls 4 cm?, and the
distance he has to walk round to return to his
starting-point (we have suggested a kilometre),
which he calls / cm. While he is doing this, we wind
round the ring a winding of 7T turns, which we
connect in series with a reversing switch, carbon
rheostat, and a ‘‘ blank’ moving-coil ammeter,
to a battery. (The ammeter is of necessity blank,
since we have not yet defined a unit of current.)
On closing the switch and screwing up the rheostat,
the observer in the inside of the ring, who has with
him his “ unit pole,” reports from time to time
the force on it, and we note that equal increments
of force correspond to equal increments of angular
movement of the ammeter needle. When the
observer finds the force F on his unit pole is equal
to 477 [10l we mark the scale of our ammeter “ 1,”
when F has twice this value, we mark the scale
‘“2," etc., and we have thereby defined the Ampere,
ten of which form the absolute CGS Electromagnetic
Unit of Current; and we use for current the
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symbol I. Having done this, we can calculate
the .force F the observer will find is acting on his
unit pole, by the equation

F =g4nITltodl .. .. .. (a)

from the reading of the ammeter which we have
now calibrated. To save circumlocution, we must
now mention something not yet defined, namely
the Volt, using the symbol E for ‘‘ number of
volts,” and we want an instrument which will read
the time-integral of volts, fEdf. Being practical
electricians, we can imagine something that would
do this, such as, for example, a commercial ampere-
hour meter in series with a large constant resistance
(only it would have to be vastly more sensitive),
or we have, in fact, the very instrument ready
made and called a “ fluxmeter” (only please
remember we have not yet heard of ** flux,” still
less defined it).

We now wind a * secondary coil - of T, turns
round our anchor-ring, and join the ends of it to
our meter measuring fEdt, or as we may call it,
our ““ Volt-second meter.”” We then find that any
change in the force F on our observer’s unit pole
is accompanied by a proportional change in the
deflection of our volt-second meter.

When the change of F, say A4F, amounts to
108/AT,, we mark the scale of our new meter
“1,” a further change of the same amount and
we mark the scale “2,”” etc. We have thus
defined the ‘* volt-second,” and thereby, since we
possess a clock, we define the volt. Note that up
to now we have not had any magnetic material
present, no need for any pu.

If our observer is not available, we can still
calculate the force F on his unit pole from the
reading of our new meter, by the equation

SEdt X 10%
4F = AT, 5 ~e (B)

Suppose, having rescued our observer from the
interior, we fill the anchor-ring with molten cast
iron, and let it solidify ; after it has cooled, our
observer propounds the conundrum, ‘‘ what is now
the force F on my unit pole, which I forgot to
rescue and which is now somewhere inside the cast
iron ? * We cannot measure it directly, and we
are not inclined to agree .with the suggestion that
we should bore a ‘“small”’ hole in the iron, intro-
duce another unit pole, and see; for we should
not then be measuring F actually inside the iron,
but only in air in a hole in the iron, which we
suspect may be quite different. The argument
that as a ‘‘ unit pole ’ is a * purely mathematical
abstraction ”’ we can suppose it small enough to
pass between the constituent atoms of the cast
iron does not, to the writer at any rate, make it
any easier to imagine. I even venture to suggest
that the value of F is quite unknowable. ‘‘ Oh no,
calculate it from your ammeter reading, using
equation [a],”’ Says someone; another suggests
confirming the result by the reading of the Volt-
second meter, but behold this instrument has
buzzed right round the scale an incredible number
of times, and gives a value for F (calculated by
equation [f], a thousand or more times (actually
u times) as big as the result calculated by our
ammeter reading and equation [e]. Which is
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“right ”” ? I suggest that we cannot possibly tell ;
quite possibly neither! . But the two numerical
values calculated from [a] and {f] must have names,
and we christen them H and B respectively.
H is now (and for the first time) defined by the
equation :
H = 4nIT[10l .. RN (%)

and similarly B is defined by :
Edt X 108
B :/—_A:rz )

Note the sequence of the definitions, the ‘‘ unit
pole ” enables us to define F, the ' field-strength
or ‘“ Magnetic Force ”” From F we define current I
and volts or volt-seconds /Edt. From I we define
H, and from /Edt we define B. pu is then a ratio
of two physically different quantities (as E =
stress/strain).

Now the confusion arises in the usual practice,
for we next proceed to confuse F (magnetic force)
with H (magnetising force) and proceed to cover
up our confusion by using the symbol H to stand
not only for that defined. by [y], but for what I
have hitherto called . They are certainly different
conceptions, for F is used via I, in order to define H.

It is true that we have so chosen or “ cooked ”’
our units of measurement, that in air, F, H, and B
are all represented numerically by the same
number, but they are really distinct and different
concepts.

In Ivon (or magnetic material) F is inconceivable,
as even with the assistance of mathematical abstrac-
tions we cannot conceive of a way of measuring it
(this is unimportant, for F and the * unit pole ”
have served their turn, and as soon as we can
define I and E by their means, they can be dis-
carded). It would be no conceivable use to know F,
the force on a non-existent ‘‘ unit pole,”” in any
practical case.

If anyone be found to maintain that in iron F
must of necessity be equal to H, I will asseverate
that F must be equal to B, or to V' BH, or to some

other function* of B and H, and every argument
used in favour of one equality will be equally valid
for the other.

The truth is that we are enquiring, when we ask
the value of F in iron, ‘* What happens to a purely
mathematical abstraction when it is transferred
to another medium,” as you put it in your
editorial. I submit that the .answer was given to
Alice by Humpty-dumpty, ‘‘ It means just what I
choose it to mean, neither more nor less.”

C. R. CosENSs.

To the Editor, The Wireless Engineer.

Sir,—In his letter to you of February 1oth,
Professor Fortescue makes two bold statements,
upon each of which, with your permission, I should
like to ask him a question.

The first statement is that by no possible experi-
ment can H and B be distinguished. Now I have
always believed that, in the case of a long air-cored
solenoid, the value of H was 4mf10 times the

* Any function of B and H that reduces to B (or H) when
B = H will do!
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ampere-turns per cm ; measurable, therefore, by
counting the turns and reading an ammeter. The
value of B, however, cannot be derived from these
measurements, but it can be obtained by measuring
the area of the core and reading the throw of a
ballistic galvanometer attached to a search coil when
the current is interrupted. These measurements
in turn give no idea of H. Does Professor Fortescue
mean to deny the existence or reliability of such
tests ?

The second statement is that it is absurd to
adopt different dimensions for H and B when each
is referred to a crevasse measurement. Now, in
his daily work, Professor Fortesque must surely
often use the Electrostatic Units. Does he realise
that, in this system, which is just as logical as the
E.M. system, the dimensions of H and B are
different ? Would he say that, on the E.S. system,
H and B are analogous to stress and strain, but not
on the E.M. system; or would he say that the
crevasse theory is applicable to the E.M system,
but that in the E.S. system it is *“ absurd »* ?

The University, WiLLiaM CRAMP.

Birmingham.

Vibrations of a Coil-driven Paper Cone
To the Editor, The Wireless Engineer.

Sir,—To solve Mr. F. R. W, Strafford’s problem
(see p. 141, March, 1933, issue) we have to prove the
existence of a force on the coil the frequency of which
is half that applied to the power valve. Assuming
the beat oscillator to be above suspicion, and that
no negative resistance effects involving relaxation
oscillations are present in the valve circuits (W.E.,
P- I34, March, 1932), the precedure is given below.
Neglecting radiation and losses the force equation
is Accelerational + Axial Constraint = Driving
Force

or m Dz-f + s¢ = F cos wt (1)

3 o o
where m = effective mass, s = axial constraint
¢ — axial displacement from equilibrium posi-
tion. From the given data one concludes that the
speaker magnet 1s small. The axial distribution,
assumed symmetrical, will probably resemble an
inverted parabola. The flux density at any point
distant ¢ from the central plane of the gap is
B, = B.— ¢ where B = density at centre
and ¢ is a constant depending upon the flux dis-
tribution. The force on the coil per unit current
is C Blat

formly spaced on coil, and b is the axial width of
the gap. The limits of integration when the coil
centre is distant ¢ from the central plane are
— (bj2 — ¢) and (b/2 + £). Using the preceding
value of B,, performing the integration and inserting
limits, we obtain C = C, — i¢? where C, = BI
— ib2[12. The driving force F = CI, so (1)
becomes

where / is total length of wire uni-

2

m%t—f + s¢ ="(C, — PlEAT cos wt . (2)
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utting wf = 2z we get 9t = —— and ¥? — -
w w
which on substitution in (2) yields
bj—{—(agz—b)coszz—{—cf-:o (3)
32t AR
where
2
5 4¢;Il; b = 4E2‘” and ¢ — (—‘3"), w,
w?m w®m w*m w

corresponding to the fundamental frequency of the
diaphragm on the axial constraint. The solution
to (3) is on somewhat similar lines to that given
by the writer in W_.E. October, 1932. It contains
an infinite number of terms (alien frequencies) the
frequency of the one being half that of the funda-
mental. The physical explanation is that owing
to variation of the field within the magnet, the coil
in moving to one side of its central position tends
to move further, i.e., the rectification effect. Its
progress in this direction, however, is foiled by the
axial constraint, so the coil dallies at each end of its
excursion. The net result is that a motion of
half frequency, together with a myriad of others, is
superposed on the fundamental. Owing to the
radial mode resonances its presence is revealed,
otherwise it would be of minor account at frequencies
of 1,000 ~, especially with a large diaphragm
or a gap of greater width giving a more uniform
field distribution axially.

This probably diagnoses Mr. Strafford’s trouble,
but I should be glad if he would confirm the diag-
nosis by using a long coil protruding 4 to 6 mm.
from each side of the gap. The flux interlinkages
will then be substantially constant throughout the
travel of the coil, even though the driving current
distorts the field. The constancy of interlinkage
is, of course, the criterion for absence of alien
frequencies. At the same time, he might test the
influence of varying a and b by halving the current
and of reducing ¢ by removing fairly large pieces
from the annular surround and centering device.

London. N. W. McLacHLAN.

The Dynatron
To the Editor, The Wireless Engineer.

S1r,—I was interested to see the paper by F. M.
Colebrook on the use of the ‘“ Dynatron ’’ arrange-
ment for amplification, as I had tried the scheme
qualitatively a year or two ago. From the academic
point of view one is always pleased to see theoretical
analysis confirmed by experiment ; but the use of
audio-frequencies for measurements obscures the
practical difficulties which would be experienced in
applying such a circuit to selective radio-frequency
amplification.

In the first place the use of a low anode voltage
tends to increase cross-modulation; admittedly
variable-mu valves were not available at the time
of my experiments, but in the absence of definite
information I am inclined to doubt whether these
valves would remain free from this trouble when
used in a dynatron circuit. The absence of a
definite reaction coupling associated with the tuned
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circuit has its disadvantages; for example, if a
H.F. choke is employed at any point in the anode
circuit, oscillation may occur at its resonant
frequency before the desired degree of selectivity
of the tuned circuit has been attained. This
precludes the use of the tuned grid type of inter-
valve coupling. Then again the chief advantage
suggested is the absence of special components
to provide reaction, but reaction is most commonly
required in ‘“ straight” sets where the tuned circuits
will have to cover a wide range of frequencies.
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Whereas a reaction circuit can be designed
to give fairly constant results, using a reaction
condenser ganged to the tuning if necessary (cf.
Wiveless World ‘' Autotone ” receiver), the dynatron
circuit requires readjustment of one of the valve
potentials at each frequency to compensate for the
change in decrement of the tuned circuit. "Finally,
it would be impossible to use the valve in question:
for volume control by variation of grid bias.
D. A. BeLL.
Magdalen College, Oxford.

The Researches of the late Dr. D. W. Dye

on the Vibrations of Quartz

HE meeting of the I.LE.E. Wireless Section

on Wednesday, 1st February, was devoted

to a lecture on the above subject by Dr. E. H.
Rayner of the National Physical Laboratory.

Referring first to the work of ILangevin in the
submarine application of the quartz crystal as a
supersonic source (for depth sounding), the lecturer
discussed the work of Prof. Cady in the application
to radio-frequency measurements and the associa-
tion of the late Dr. D. W. Dye in this connection.
He then showed various models of quartz crystals,
including a large-size model illustrative of the
hexagonal shape. From this he explained the
various axes, optical and electrical, stating that
the resistance across the electrical axes was of the
order of 1075 of that across the optical.
atomic models were also exhibited, showing the
disposition of the atoms within the quartz structure
and their effect upon the optical and electrical
axes.

The lecturer then turned to Dr. Dye’s own work,
referring particularly to the.need for knowledge
of the mechanical processes involved in the vibra-
tion of quartz. The equivalent circuit of the quartz
crystal was illustrated as shown in Fig. 1, and the
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Fig. 1.—Quartz vesonator and ils equivalent
electvical civeuit.

lecturer showed the application of the crystal as a
resonator, illustrating the crevasses and the different
frequencies of response. He then discussed the
effect of air gaps between the crystal and electrodes,
the increase of frequency shown (in a slide) being
due to increase of the air-gap having the effect of

Various.

decreasing the equivalent series condenser. Re-
ferring briefly to other well-known piezo-electric
crystal materials, the lecturer quoted rochelle salt,
which was objectionable because of the tendency
to liquefy, but suggested that tourmaline might
have application-to the higher frequencies.

Dr. Ravner then proceeded to describe in detail
Dye’s classical work on the modes of vibration

of the quartz crystal.
First he illustrated the
principle of stationary

patterns by interference
fringes, on which Dye’s
method was based, and
described Dye’s arrange-
ments for examining the
crystal under conditions
of vibration, including his
method of examining the
crystal under short light
flashes.  Thereafter he
showed an extensive series
of Dye’s pictorial results,
illustrating flexural stresses and compressional
vibrations. Dye’s methods of examining both
sides of the crystal while under vibration were
also discussed, and the various designs illustrated
were explained. From this the lecturer described
Dye’s reconstruction of a three-dimensional vibrat-
ing crystal system from the two-dimengional
pictures, a model again being illustrated.

Lastly, the speaker described Dye’s type of ring
oscillator, developed just before his death and its
performance being confirmed posthumously. The
ring and the disposition of the electrodes is shown
in Fig. 2, while the lecturer showed the method of
cutting the oscillator from the piece of quartz
and of predetermining the frequency. The per-
formance of this oscillator as a frequency-standard
was then shown, the 2o kc. oscillator being stepped
down to 1 kc. for control of a phonic motor, and
compared both with a known 1,000~ fork and
a standard clock. The performance of such an
oscillator brought it definitely into the class of a
standard-frequency source.

Fig. 2.—Dye’s ving oscil-
lator and electvode system.

G
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PROPAGATION OF WAVES

BEEINFLUSSUNG ELEKTROMAGNETISCHER
WELLEN DURCH HOCHSPANNUNGSFREI-
LEITUNGEN (The Effect of High-Tension
Overhead Lines on the
Electromagnetic’  Waves). — H. Zuhrt.
(E.N.T., Jan., 1933, Vol. 10, pp. 25-38.)

When electromagnetic waves strike such a line,
they produce in the pylon high-frequency currents
which flow through the earth wire to earth on both
sides, with the result that a current distribution
typical of a T-aerial takes place. If the waves
have a frequency in the neighbourhood of the
sharply marked natural frequency of such a
T-aerial, reflection and screening effects occur.
The magnitudes of these effects are theoretically
determined in this paper. For the sake of simpli-
fication an infinitely long series of pylons is
considered, equally spaced at such a distance that
they do not mutually affect their natural fre-
quencies ; the transmitter is so far away that the
wave front is considered as plane, and the waves
are in resonance with the fundamental wave of
the system.

Section I deals with the calculation of the
fundamental wave {equations 5 and 5a) ; section II
with the secondary radiation field (made up from
the pylon radiation and the earth-wire radiation) ;
section 111 with the radiation resistance and the
current induced in the pylon system ; and section IV
with the resultant field. Section V gives a
numerical example, for a line with 20-metre pylons
spaced 200 m (such as is often used for a 110-kv
supply) ; it is found that at a distance of 200 metres
past the line a decrease in amplitude of about
109% Ooccurs.

DI

ELECTROMAGNETIC SHIELDING AT Rapio FRrE-
gueNncies.—L. V. King. (Phil. Mag., Feb.,

1933, Series 7, Vol. 15, No. 97, pp. 201-223.}

This theoretical paper starts from the Maxwell-
Faraday laws and finds formulae for the alternating
field inside (a) a closed conducting spherical shell
of uniform thickness, and (b) a cylindrical shell of
uniform thickness, produced by plane electro-
magnetic waves of length large compared with the
linear dimensions of the shell in question. Formulae
suitable for numerical calculation are found in the
case of thin shells and a method of calculating the
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shielding ratio for thin shells is developed, which
also takes into account the effect of magnetic
permeability.  “ Numerical calculations indicate
marked advantages in the use of shielding con-
tainers of iron.” An approximate formulae is
given for the shielding ratio at radio frequencies.

MESSUNGEN DER REFLEXION AN DER HEAVISIDE-
ScHICHT (Measurements of the Reflection at
the Heaviside Layer).—G. J. Elias and
C. G. A. von Lindern. (E.N.T., Jan., 1933,
Vol. 10, pp. 1-8))

Apart from a few slight changes in the numerical
deductions, this paper corresponds to the Dutch

paper dealt with in 1932 Abstracts, p. 396.

CoMPARATIVE FIELD STRENGTHS GIVEN BY LoONG
AND SHORT BRroaDCAST WAVES [550—
1450 kcfs].—Byrne. (See abstract under
‘* Stations, Design and Operation.”’)

SoME CHARACTERISTICS OF SHORT-WAVE Pro-
PAGATION.-—].  Hollingworth. (Wireless
Engineer, Feb., 1933, Vol. 10, No. 113,

pp- 89—90.)
Abstract of the I.E.E. paper, a short summary of
which was dealt with in February Abstracts, p. 91.
Some of the subsequent discussion is included.

A NoOTE ON AN AUTOMATIC FIELD STRENGTH AND
STAaTIC RECORDER.—Mutch. (See under
‘“ Measurements and Standards.”)

PorRTABLE LoNG WAVE TESTING APPARATUS
[Field-Strength Measuring Set].—de
Coutouly. (Ibid.)

NORTH ATLANTIC SHIP-SHORE RADIOTELEPHONE
TRANSMISSION DURING 1930 AND 1Q3I
[Analysis of Short-Wave Data: Field
Strength Contour Diagrams, etc.]—C. N.
Anderson. (Proc. Inst. Rad. Eng., Jan,,
1933, Vol. 21, pp. 81-101.)

SHORT-WAVE TRANSMISSION TO SOUTH AMERICA
[Survey of Transmission Conditions : Absence
of Seasonal Effect: Characteristics of
Atmospheric Noise, etc.].—C. R. Burrows
and E. J. Howard. (Proc. Inst. Rad. Eng.,
Jan., 1933, Vol. 21, pp. 102—-113.}

For a summarised comparison with transatlantic
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transmission, and reasons for the differences, see
pp. 109 and 112-113.

TRANSOCEANIC RECEPTION OF HIGH-FREQUENCY
TeLEPHONE SiGNALs [and the Correlation
of Magnetic Activity and Signal Strength].—
Morris and Brown. (See under ‘‘ Stations,
Design and Operation.”)

THEORIE PHOTOMETRIQUE DES KCLIPSES DE LUNE
(Photometric Theory of Lunar Eclipses
[Leading to the Deduction of an Absorbing
Layer at about 150 Kilometres]).—F. Link.
(Comptes Rendus, 23rd Jan., 1933, Vol. 196,
No. 4, pp- 251-253.)

THE IoNISING EFFECT OF METEORS IN RELATION
T0 Rapio ProrpagaTioN.—A. M. Skellett.
(Proc. Inst. Rad. Eng., Dec., 1932, Vol. 20,
Pp- 1933-1940.)

See February Abstracts, p. 92: also below.
Author’s summary :—* From a study-of available
meteor data it is concluded : (1) that meteors
expend the larger part of their energy inthe Kennelly-
Heaviside regions, that is, in the regions of the
upper atmosphere which control the propagation
of all long-distance radio waves; (2) that the
major portion of a meteor’s energy goes into
ionisation of the gases around its path; (3) that
this ionisation extends to a considerable distance
from the actual path-—in some cases several
kilometres or more—and lasts for some minutes
after the meteor has passed ; (4) meteor trains are
produced only in the lower Kennelly-Heaviside
layer.

‘“ A table of the various sources of ionisation
of the upper atmosphere is given with values for
each in ergs cm~? sec™®.. These include sunlight,
moonlight, starlight, cosmic rays, and meteors.
During meteoric showers the ionising effect does
not appear to be negligible compared with that
due to other ionising agencies occurring at night.
A meteor of one-gram mass or greater will produce,
on the above assumptions, sufficient ionisation
to affect propagation. One explanation of the
general turbulent condition of the ionised layers
may be provided by the continuous bombardment
of meteors.”

OBSERVATIONS OF KENNELLY-HEAVISIDE LAYER
HEIGHTS DURING THE LEoNID METEOR
SHOWER OF NOVEMBER, 1931.—]. P.
Schafer and W. M. Goodall. (Ibid., pp. 1941—
1945)

See preceding abstract and back reference.
‘“ While the results are not conclusive, due to the
fact that a moderate magnetic disturbance occurred
during this same period, there is some reason to
believe that the presence of meteors in un-
usual numbers caused increased .ionisation of an
intermittent nature in the region of the lower
layer.”

THE THEORETICAL FREQUENCY DISTRIBUTION OF
PHOTOGRAPHIC METEORS.—P. M. Millman.
(Proc. Nat. Acad. Sci., Jan., 1933, Vol. 19,
PP- 34-39)
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THE INTERFERENCE PATTERN OF THREE CARRIER
WaVEs [Investigation of Three Transmitters
each radiating the Same Speech Message with
a Frequency Separation of about 7 Kilo-
cycles/Second].—A. W. Ladner and H. ].
H. Wassell. (Marconi Review, Nov.-Dec.,
1932, No. 39, pp. 19-29.)

SUPERPOSITION OF Two MODULATED Rabpio FrE-
QUENCIES [and the Distortions in the
Resulting Envelope : Treatment applicable
to All Cases where the Signal consists of a
Direct and a Reflected Beam].—Roder.
(See under * Properties of Circuits.”)

Rapio COMMUNICATION BY MEANS -OF VERY
SHoRT ELECTRIC WAVEsS.-—G. Marconi.
(Marconi Review, Nov.-Dec., 1932, No. 39,

. Pp. 1-6)
First part of the R.I.lecture dealt within February

and March Abstracts, pp. 91 and 153.

FIELD STRENGTH MEASUREMENTS OF VULTRA-
SHORT WAVES FROM EMPIRE STATE BUILD-
ING. (See abstract under ‘‘ Miscellaneous ”’

-* Looking Ahead as 1933 Opens.”)

THE  ULTRA-SHORT-WAVE SERVICE BETWEEN
CoRsicA AND THE CONTINENT.—de Cléjoulx.
(Seeunder ** Stations, Design and Operation.”)

DErR FARADAYEFFEKT IN IONISIERTEN GASEN

BEI WELLEN VON 4 cM LANGE (The Faraday
Effect in Ionised Gases for Waves of Length
4 cm.).—P. Keck. (Ann. der Physik, 1932,
Series 5, Vol. 15, No. 8, pp. 903-925.)
This paper gives a full description of work
already referred to in February Abstracts, p. 92.

DISPERSIONSUNTERSUCHUNGEN MIT UNGEDAMPFTEN
ULTRAKURZWELLEN (Investigations of Dis-
persion [in Liquids] with Undamped Ultra-
Short Waves).—M. Seeberger. (Aun. der
Physik, Jan., 1933, Series 5, Vol. 16, No. 1,

. PP- 77-99.)

This paper describes measurements of the re-
fractive index and absorption of various liquids
(water, propyl alcohol, glycerine, solutions of
various salts) at wavelengths of 12.6, 13.6, 14,
19 and 24 cm. Three methods were investigated
(1) Lecher wire system including the liquid
container, (2) reaction on the emitter of the waves
reflected from the end of a trough filled with liquid
and containing the emitter, (3) Lecher system with
the liquid container at the end. The last method
was found to be the best. The numerical results
of the measurements are given. The emitter
used was that described by Collenbusch (1932
Abstracts, pp. 403—404). )

UBER DIEVERWENDBARKEIT DER RESONANZMETHODE
ZUR MESSUNG VON DIELEKTRIZITATSKON-
STANTEN WASSERIGER ELEKTROLYTLOSUNGEN
(The Applicability of the Resonance Method
to the Measurement of Dielectric Constants
of Aqueous Solutions).-—M. JeZewski.
(Physik. Zeitschy., 15th Jan., 1933, Vol. 34,
No. 2, pp. 88-94.)

) Cc 2
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VARIATIONS DE PHASE PAR REFLEXION SUR COUCHES
METALLIQUES TRES MINCES (Phase Changes at
Reflection by Very Thin Metallic Layers).—
P. Rouard. (Comptes Rendus, 30th Jan.
1933, Vol. 196, No. 5, pp. 339-341.)

Some workers have found that such reflection
produces an advancement of phase, others a
retardation, while Wernicke found sometimes
one and sometimes the other, according to the
state of the metal. The writer describes his own
experiments, with silver films of gradually varying
thickness, which show that the phase variation
for reflection at a silver-on-glass surface is first a
lag which, for any wavelength, passes through a
maximum, diminishes, and vanishes as the thickness
increases ; it then changes to a lead which grows
very rapidly, passes through a maximum,diminishes,
and becomes constant around 0.30 A. The thickness
of metal which annuls the phase difference increases
with the wavelength. Silver-on-mica surfaces
give similar results.

THE REFLECTION OF LIGHT AT A SURFACE COVERED
BY A MoNoMOLEcULAR FiLm [Theoretical
Investigation).—C. Strachan. (Proc. Camb.
Phil. Soc., Jan., 1933, Vol. 29, No. 1, pp.
116-130).

This paper investigates the effect of a two-
dimensional assembly of scattering centres at a
plane boundary between two optically different,
homogeneous media. Allowance is made for the
possibility of molecular orientation.

LICHTSTRAHLEN UND WELLENFLACHEN IN ALLGE-
MEINANISOTROPEN KORPERN (Light Rays and
Wave Surfaces in General Anisotropic
Bodies).—P. Frank. (Zeitschr. f. Physik,
1933, Vol. 8o, No. 1/2, pp. 4-18.)

SuLLA PRESSIONE DI RADIAZIONE PER RIFRAZIONE
(On the Pressure of Radiation at Refraction).
—C. Bellia. {Nuovo Cim., Dec., 1932, Vol. 9,
No. 10, pp. 328-334.)

THE CHARACTERISTICS OF A DEEP Focus EARTH-
QUAKE : A STUDY OF THE DISTURBANCE OF
FEBRUARY 20, 1931.—F. J. Scrase. (Phil.
Trans. Roy. Soc. London, 13th January,
1933, Vol. 231, No. A 699, pp. 207-234.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

SONNENROTATION UND LUFTSTORUNGEN ({Solar
Rotation and Atmospherics).—F. Schindel-
hdauer. (Natwrwiss., 13th Jan., 1933, Vol
21, No. 2, p. 25.)

This letter is a second preliminary communication
(for the first see 1932 Abstracts, p. 633) on the
correlation between the 27-day period of solar
rotation and the frequency of atmospherics. From
the primary impulse described in the first com-
munication, 1, 2 and 3 solar rotation periods are
counted before and afterwards, and pulses are
obtained which show a gradual doubling of the
maximum given by the primary impulse. The
writer deduces from this the existence of two
electrically active layers on the sun of which one
rotates in 27 days and the other slightly more
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slowly. Thé existence of this second layer has
already been considered by other geophysical
writers.

DIRECTIONAL STUDIES OF ATMOSPHERICS AT HIGH
FRreQUENCIES.—K. G. Jansky. (Proc. Inst.
Rad. Eng., Dec., 1932, Vol. 20, pp. 1920-
1932.)

Author’s summary :—A system for recording the
direction of airival and intensity of static on short
waves is described. The system consists of a rotat-
ing directional antenna array, a double detection
receiver and an energy-operated automatic recorder.
The operation of the system is such that the output
of the receiver is kept constant regardless of the
intensity of the static. Data obtained with this
system show the presence of three separate groups
of static : Group 1, static from local thunderstorms;
Group 2, static from distant thunderstorms, and
Group 3, a steady hiss-type static of unknown
origin.

Curves are given showing the direction of arrival
and intensity of static of the first group plotted
against time of day and for several different thunder-
storms. Static of the second group was found to
correspond to that on long waves in the direction of
arrival and is heard only when the long-wave static
is very strong. The static of this group comes most
of the time from directions lying between south-
east and south-west, as does the long-wave static.

Curves are given showing the direction of arrival
of static of group 3 plotted against time of
day. The direction varies gradually throughout
the day going almost completely around the compass
in 24 hours. The evidence indicates that the source
of this static is somehow associated with the sun.

A NOTE ON AN AUTOMATIC FIELD STRENGTH AND

Static RECORDER.—Mutch. (See under

*“ Measurements and Standards.””)

RELATION ENTRE LES VARIATIONS DIURNES DU
COURANT TELLURIQUE ET DU CHAMP MAG-
NETIQUE TERRESTRE (Relation between the
Diurnal Variations of the Earth Current
and of the Terrestrial Magnetic . Field).—
D. Stenquist. (Comptes Rendus, 16th
Jan., 1933, Vol. 196, No. 3, pp. 205207.)

ON THE RELATIONS OF STELLAR ELECTRICITY AND
MAGNETISM TO THE PHENOMENA OF THE
SuN’S ATMOSPHERE.—R. Gunn. (Science,
23rd Dec., 1933, Vol. 76, No. 1982, pp. 577—
583.)

ON THE PROPAGATION OF A LIGHTNING DISCHARGE
THROUGH THE ATMOSPHERE.—E. C. Halliday.
(Phil. Mag., Feb., 1933, Supp. No., Series 7,
Vol. 15, No. 98, pp. 409—420.)

From the author’s summary :—Experiments
have been described in which a camera with rotating
lenses has been successfully used to obtain some
indication of the manner of propagation of three
lightning flashes. It has been shown that it is
possible for a lightning discharge to be propagated
from the ground towards the cloud, and that a
flash starting at the ground may join up with a
flash starting in the cloud, as was earlier shown
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by Boys. Two instances have been described
in which discharges started at a point above the
ground and were propagated both upwards and
downwards. The photographs have demonstrated
that two flashes may, for part of the distance
between cloud and ground, traverse the same path.
A flash has been photographed showing forking
towards the cloud at the top and towards the
ground at the bottom. In this case at least, the
direction of the forking cannot be a criterion of the
direction of propagation of the flash.

SPARK-GAP BREAKDOWN ! CHARACTERISTIC
PROPERTIES OF THE GLOW DISCHARGE.—
R. Hellman : Rogowski. (Electrician, 13th
Jan., 1933, Vol. 110, No. 2850, pp. 31-32.)
See also Rogowski, 1932 Abstracts, p. 635.

DiIE KORPUSKULARE NATUR DER ULTRASTRAHLUNG
UND IHR ERDMAGNETISCHER EFFEKT (The
Corpuscular Nature of Cosmic Radiation
and the Effect of Terrestrial Magnetism).- -
J. Clay. (Naturwiss., 2zoth Jan., 1933, Vol.
21, No. 3, pp. 43-44.) ) .

A short account of work already published in

Proc. Roy. Acad. Awmsterdam, 17th Dec., 1932.
The writer has confirmed and extended results
already obtained (Jan. Abstracts, p. 34) on the
variation of cosmic ray intensity with magnetic
latitude (for which he gives a graph) which indicated
that cosmic radiation was corpuscular by nature.
He determines the minimal value of the energy
which the rays must have to penetrate the earth’s
atmosphere and gives a curve for the distribution
of corpuscles as regards energy and the variation
of the primary rays with the earth’s magnetic
field. He reaches the conclusion that the primary
cosmic radidtion observed at the earth’s surface
is the part possessing most energy of a corpuscular
radiation of almost exponential distribution and
mean energy 3 x 10l electron volts. This radiation
is cut off at 3.6 X 10° electron volts, and this
explains the observed constancy of the radiation
between 50° magnetic latitude and the magnetic
poles. He also finds that the radiation must
become harder as the equator is approached.

BEMERKUNG zUM  INTENSITATSVERLAUF DER
ULTRASTRAHLUNG 1IN GROSSEN HOHEN
(Remark on the Variations of Cosmic Ray
Intensity at Great Altitudes).—H. Kulen-
kampff. (Naturwiss., 13th Jan., 1033,
Vol. 21, No: 2, pp. 25-26.) )

Recent measurements of Regener (Jan. Abstracts,

P. 33,and below), appear to contradict the presence
of a maximum in the altitudefintensity curve of
cosmic rays, which was hitherto expected to be
produced by the gradual saturation of primary
by secondary radiation. The writer of this letter
shows that consideration of the effects of the earth’s
magnetic field in producing curvature of the paths
of the secondary electrons gives no theoretical
maximum, but a gradual tendency to a limiting
value, as found experimentally by Regener.

ExEerGY oF Cosmic Ravs.—E. Regener.
_ 28th Jan,, 1933, Vol. 131, p. 130.)
This preliminary letter corrects the value of the

(Natuve,
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intensity I, of cosmic radiation at its entrance
to the atmosphere, given recently by the writer
(Abstracts, 1932, p. 634 ; also Jan., p. 33), toavalue
corresponding to the production of 333 pairs of
ions per cc per sec. in air at N-T.P. r1.02 X 108
pairs of ions are found to be produced altogether
by total absorption of cosmic rays by a column of
air of 1 sq.cm section. ‘“ The flux S of energy
coming to the earth from the cosmic rays is found
to be 5.2 X 107% erg per sq.cm per sec.” The
temperature of space corresponding to the flux of
cosmic rays is also considered.

CosMIC RAYS MAY BE BORN OF NEUTRAL RAYS FROM
Stars.—R. Gunn. (Sci. News Letter, 21st
Jan., 1933, Vol, 23, No. 615, p. 41.)

A note on a new theory suggested by Gunn.
““Out in the stars that are still young there are
born in great ‘ star-spots,’ like sun spots on our
sun, negatively charged ions or electrons which are
given great energies. These pass through the outer
layers of the star and each picks up a positive ion,
and the two together form an energetic neutral
pair of some 10 to 100 thousand million electron
volts. When such particles hit the earth they
become separated in the upper atmosphere by
electromagnetic forces or collisions and become
cosmic rays."”

MirLikaAN AND ComproN DEBATE Cosmic Ray
Facts aND THEORIES.—Millikan : Compton.
(Sci. News Lefter, yth Jan., 1933, Vol. 23,
No. 613, pp. 6-7.)

On Cowmpron’s LATITUDE EFrEcT oF CosMic
RapiatioNn.—G. Lemaitre and M. S. Val-
larta.  (Phys. Review, 15th Jan., 1933,
Series 2, Vol. 43, No. 2, pp. 87-91.)
The full paper, an abstract of which was dealt
with in March Abstracts, p. 152.

EinsTEIN Backs LeMAITRE IDEa THAT CosmMmiC
Ravs ARE BirTH CRrIEs.—Lemaitre. (Sci.
News Letter, 21st Jan., 1933, Vol. 23, No.
615, p. 37.) See Feb. Abstracts, p. 95.

How Far Do Cosmic Ravs TRaVEL ?—F. Zwicky.
(Phys. Review, 15th Jan., 1933, Series 2,
Vol. 43, No. 2, pp. 147-148.)

This preliminary letter examines the two proposed
suggestions as to the nature of cosmic rays, (1) that
they are of local origin, and (2) that they have been
produced throughout interstellar or intergalactic
spaces, and establishes ‘‘ a relation between them
and the red shift of extragalactic nebulae.”

UBER DIE DRUCK- UND TEMPERATURABHANGIGKEIT
DER IoNisaTiON BE1I ULTRASTRAHLUNG (The
Dependence of Cosmic Ray Ionisation on
Pressure and Temperature).—B. Gross.
(Zestschr. f. Physik, 1933, Vol. 8o, No. 1/z2,
pp- 125-133.)

X-Rays MADE As CosMIC RAYS PLOUGH THROUGH
Gas [and cause Part of the Charge in an
Ionisation Chamber used for Ray Measure-
ments].—G. L. Locher. (Sci. News. Letter,
218t Jan., 1933, Vol. 23, No. 615, p. 37.)
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SoME COMMENTS ON: THE RELATION BETWEEN
IoNISATION AND IoNI1sATION CURRENT IN
GasEs AT HiGH PRESSURES.—W. R. Harper.
(Proc. Camb. Phil. Soc., Jan., 1933, Vol. 29,
No. 1, pp. 149-155.)

“The phenomena which limit saturation in.a
high-pressure ionisation chamber are examined with
particular reference to the role played by preferen-
tial recombination.”

STUDIE UBER DIE METHODIK DER IONENZAHLUNG
(Study of the Methods of Ion Counting [in
Air]).—H. T. Graziadei. (Physik. Zeitschr.,
1sth Jan., 1933, Vol. 34, No. 2, pp. 82-88)

PROPERTIES OF CIRCUITS

TransMissioN CURVES oF HIGH-FREQUENCY NET-
woRrkKSs.—S. J. Model. (Proc. Inst. Rad. Eng.,
Jan., 1933, Vol. 21, pp. 114-143.)

From the Radio Transmitter Research Institute,
Leningrad. Author’s summary :—The aim of this
article is to deduce the design data on frequency
transmission, which are necessary in designing the
networks for high-frequency modulated waves. In
the first section the generallaws of current variations
in circuits tuned to carrier frequency with and
without tube generator are derived; the inter-
dependence of current curves of various circuits
forming a given network is also clarified.

The second section gives the derivation of the
transmission curve equation for a two-circuit system,
analyses the curve shape as dependent upon the
parameters of the circuits and the coupling factor
between them, and also explains the part the tube
generator plays in restricting the field of application
of formulas derived. Moreover, the equation of the
current curve for inaccurately tuned circuits is
given, which shows that inaccurate tuning results
in asymmetrical curves and for that reason is not
to be recommended. The third section contains the
derivation of the transmission curve equation for
a three-circuit system and the analysis of the curve
shape as dependent on parameters of circuits and
coupling factors between them.

EQUIVALENT CIRCUITS OF AN ACTIVE NETWORK.—
J. G. Brainerd. (Proc. Inst. Rad. Eng., Jan.,
1933, Vol. 21, pp. 144-153.)

Author’s summary :—The problem considered in
this paper is that of setting up an exactly equivalent
circuit for a four-terminal network containing one
e.m.f. and any number of impedances connected in
any manner. Several relatively simple circuits
which can be used to represent any such active net-
work, and some others which can be used in special
cases, are completely specified.

UBER DIE THEORIE DES FREISCHWINGENDEN
KRrErses (On the Theory of the Freely Oscil-
lating Circuit).—M. Rousseau: Osnos.
(Hochf:tech. w. Elek:akus., Jan., 1933, Vol.
41, pp. 27-28.)

After referring to Osnos’ papers (1932 Abstracts,
PP. 457 and 635-636) the writer gives some more
transformations of the wusual formulae and a
number of deductions to be made from them. Thus
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“ half the ohmic resistance must equal the geo-
metric mean of the inductive resistance and the
absolute value of the whole (necessarily negative)
inductive-capacitive resistance.” Again, the con-
dition for oscillatory discharge is shown to be that
the time constant of the L, R system must be
greater than a quarter of the relaxation time of the
C, R system. The writer uses one section to show
that the use of the ideas of *‘ impedance’ and
‘ non-ohmic resistance "’ is only logical in the theory
of forced oscillations.

NoTEs oN DEMoDULATION.—Roder. (See
under ‘‘ Reception.”’)

SoME

SupERPOSITION OF Two MoDULATED Rapio FRE--
QUENCIES [and the Distortions in the Re-
sulting Envelope].—H. Roder. (Proc. Inst.
Rad. Eng., Dec., 1932, Vol. 20, pp. 1962
1970) .

Author’s summary :—If two modulated radio
frequencies are added, the envelope of the resulting
signal can be found by means of a vector diagram.

A number of envelopes corresponding to various

conditions are shown. The distortions in the re-

sulting envelopes are mainly due to phase shifts of
audio frequency. Low percentage modulation helps
to keep distortions small. The treatment applies
to common-frequency broadcasting and to all cases
in which the received signal consists of a direct and
a reflected beam.

FREQUENCY DOUBLING IN A TRIODE Vacuum TUBE
Circuit.—C. E. Smith. (Proc. Inst. Rad.
Eng., Jan., 1933, Vol. 21, pp. 37-50.)
Author’'s summary :— This paper gives a
quantitative analysis of operating performance of
a triode vacuum tube as a frequency doubler. With
slight changes this analysis can be applied to
tripling, quadrupling, etc. Three methods of attack
have been outlined : theoretical analysis, graphical
solution, and experimental results. The theoretical
analysis furnishes a general solution to the problem,
from which general conclusions as to the best
operating conditions can be drawn. The graphical
solution furnishes a simple method by which rapid
calculations can be made for a particular case. The
experimental results are valuable for comparison
because they give the actual results of operation.
«The primary object of this work has been to
investigate the conditions that will give maximum
plate efficiency and consequently the most de-
sirable operating conditions, also keeping in mind
that power output and power amplification are
important factors to comsider in the practical
application of the frequency doubler.” The
writer refers to the work of Marique, Mesny, and
Bunimowitch (Abstracts, 1929, p. 325; 1930, P-
332 ; and 1931, p. 209).

VOLTAGE AMPLIFICATION WITH HIGH SELECTIVITY
BY MEANS OF THE DYNATRON CIRCUIT.-
Colebrook. (See under ‘‘ Reception.”’)

GRID CURRENT COMPENSATION IN POWER AMPLI-
FIERS.—Baggally. (See under * Acoustics
and Audio-frequencies.”)
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TR ANSMISSION
BERECHNUNG DES ANFACHMECHANISMUS VON
SCHWINGUNGEN BEI EINER ELEKTRONEN-

ROHRE IN BARKHAUSEN-KURZ-SCHALTUNG
(Calculation of the Mechanism of Oscillation
Onset with a Valve in the Barkhausen-Kurz
Circuit).—H. Edler. (Awvchiv f. Elektrot.,
oth Dec., 1932, Vol. 26, No. 12, pp. 841-849.)
The writer adopts energy considerations as his
starting-point and finds a differential equation
governing the motion of electrons in the valve,
under the assumption that an external alternating
e.m.f. from the connected Lecher system acts
between anode and cathode of the valve ; lhe neglects
internal friction and interaction between the
electrons themselves. Solving the equation, he
finds an expression for the amplitude of oscillation
of the electrons which itself varies with time. The
fluctuations of the amplitude give the boundaries
of the oscillation regions; the amplitudes of the
oscillation voltages can also be calculated and the
influence exerted by the dimensions of the valve and
the voltages on its electrons can be estimated.
The maximum developable power is determined,
with the conditions under which it is attained.
Good agreement is obtained with the experimental
results of Wundt (1931 Abstracts, pp. 94-95).

SHORT- AND ULTRA-SHORT-WAVE TRANSMITTING
CIRcUIT WITH SEVERAL LECHER PAIRs oOF
Mica-INsULATED CoPPER StrIP.—H. Rothe
and H. O. Roosenstein. (Summary of
German Patent in Hochf:tech. u. Elek:akus.,
Nov., 1932, Vol. 40, No. 5, p. 184.) See
Fig. 17.

Points oF CoNNEcTION OF FEEDERS TO LECHER
SysTEM IN ULTRA-SHORT-WAVE TRANS-
MITTER.-—B.D.H. Tellegen : Philips’ Com-
pany. (Ibid., p. 184.)

To prevent the leakage of r.f. energy to the
cathode, the feeders are not connected to the
potential nodes but are symmetrically displaced
with respect to these, the points 14 and 15 (Fig.
18) being so chosen that no a.c. potential difference
exists between them and the cathode. The choke 13
can then be dispensed with.

DiscussioN oN “ A New CIRCUIT FOR THE PRo-
DUCTION OF ULTRA-SHORT-WAVE OsCIL-
LATIONS.”—N. Carrara : Kozanowski. (Proc.
Inst. Rad. Eng., Dec., 1932, Vol. 20, p.
1975.)

Pointing out the similarity between the Kozan-

owksi circuit and Carrara’s own circuit—cf. Febru-
ary Abstracts, p. 114, Carrara.

AN OSCILLATOR HAVING A LINEAR OPERATING
CuaracTERISTIC [and High Frequency Sta-
bility].—L. B. Arguimbau. (Proc. Inst. Rad.
Eng., Jan., 1933, Vol. 21, pp. 14-28.)

_ Author’s summary :— A review of conventional

linear equilibrium conditions is given. It is shown

that these conditions are not usually at all applic-
able to practical oscillators because the operating
region is not to be so simply described. The relation
of non-linear effects to frequency modulation is
pointed out. A modified type of oscillator which
conforms to the elementary linear conditions is
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described and its properties are discussed. The
results are applied to a conventional grid-leak and
condenser oscillator to explain its modulating
characteristics. The simplicity of the new circuit
permits a discussion of amplitude inertia effects.’”

In conclusion, the author sums up :—'‘ It has
been seen that an oscillator, where the change in
plate resistance is brought about by an auto-
matically shifted bias, conforms closely to linear
theory. Computations show that such an oscillator
has high frequency stability and linear modulating
characteristics. It has been shown that dynamic
effects can be minimised by a proper choice of the
constant % [equation 10]. In the practical design
of an oscillator, a compromise is usually necessary
between freedom from frequency modulation and
freedom from dynamic hysteresis. A desirable
solution to both of these troubles can usually be
obtained by choosing a sufficiently high proportion-
ality factor between the rectifier output and the
amplitude of swing. This sharper control of equi-
librium conditions is the essential advantage of the
linear oscillator which has been described.”

CARRIER NOISE IN SHORT-WAVE TRANSMITTERS.—
A. J. A. Gracie and E. J. C. Dixon. (P.O.
Elec. Eng. Journ., Jan., 1933, Vol. 25, Part
4, Pp- 300-303.) )

The writers sum up as follows :-—Carrier hum is
increased by doubler circuits adjusted to operate at
good efficiency, and may limit the commercial
effectiveness of the transmitter. In telephone
transmitters, where the carrier hum must be at a
very low level, it is best to eliminate the ripple at
the source by adequate smoothing arrangements
and the use of d.c. supplies wherever possible. In
telegraph transmitters a.c. hum may be saturated
out at the doubler stages, and the required modu-
lation applied at their output. The saturation point
in bright-emitting cathodes of high efficiency is
fairly critical, and the effect of using valves of higher
gain with dull-emitting filaments is being investi-
gated.

LEs EMETTEURS A ONDES ENTRETENUES MODULEES
DES STATIONS COTIERES FRANGAISES (The
Modulated C.W. Transmitters of the French

Coast Stations).--M. Bruniaux. (A#nn. des
P.T.T., Jan., 1933, Vol. 22, No. 1, pp.
59-78.)

B.B.C. HiGE-POoWER TRANSMITTER TO RE-
PLACE DAVENTRY LONG-WAVE SET [using

NEw

‘“ Series Modulation *’].—(Marconi Revisw,
Nov.-Dec., 1932, No. 39, p. 30.)
Paragraph mentioning that the new trans-

mitter will employ ‘“ a new system of modulation,
known as ‘ series modulation.”” up to 90%. The
frequency characteristic will be straight between
30 and 10000 C/s.

RECEPTION

FILTER .FUR ZWISCHENFREQUENZVERSTARKER (A
Filter for the Intermediate-Frequency Ampli-
fier [of a Superheterodyne Receiver]).—H.
Piesch. (Hochf:tech. u. Elek:akus., Jan.,
1933, Vol. 41, pp. 23—26.)

Description and analysis of ** a new type of filter
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circuit ”’ specially suitable for the purpose named.
A single stage is found to be considerably superior
in sharpness of tuning and in shape of characteristic
to a single-stage i.f. amplifier with two resonance
transformers. Within the band-pass zone the no-
load output voltage is higher than the input voltage.
This property and the fact thatits point of maximum
effect can be adjusted within the pass band, enables
the filter to be adjusted if desired to correct any
frequency distortion in the r.f. or a.f. part of the
superheterodyne receiver.

Each series element of the filter consists of a
resonance circuit with a capacity in series; each
parallel element consists of a similar combination.
The calculated damping characteristic for a loss-
free filter for a band of 10 kc/s is shown in Fig. 3,
left-hand curve: the measured characteristic is
given by the right-hand curve. Fig. 4 refers to a
single-stage filter with a middle frequency of 77
kc/s and a band-breadth of only 5kc/s. The left-
hand curve shows the frequency characteristic of
the output voltage, the right-hand curve that of the
ratio output voltage/inputvoltage. Thelattercurve,
with its dip near the middle frequency, represents a
filter which could well be used with a superhetero-
dyne receiver having a sharply tuned r.f. part;
the dip would compensate the r.f. resonance curve
and give the combination the desired rectangular
characteristic. On the other hand if compensation
is required in the a.f. part of the receiver, this
correction can be accomplished by detuning the
parallel element of the filter.

For the broadcast and short-wave receivers at
present on the market, a single-stage filter is selec-
tive enough, but there is no difficulty in extending
the principle to two stages (Fig. 6).

FiDELITY COMPENSATION BY REGENERATION [by
Feeding-back Part of Output in Phase to
Screen-Grid Circuit of Tetrode].—A. C.
Matthews. (Electronics, Jan., 1933, p. 18.)

The compensation applied to the s.g. circuit
does not affect the otherwise normal frequency
characteristic. The impedance of the s.g. circuit
decreases with frequency, so that the voltage fed
back through the tetrode is greater for the lower
frequencies. If compensation at the higher fre-
quencies is also required, a double-humped curve is
obtained by a series resonant circuit shunted across
one of the s.g. circuit resistors.

EIN NEUARTIGER NIEDERFREQUENZVERSTARKER (A
New Type of L.F. Amplifier [Glow-Discharge
Tube Coupling : for Frequencies from o to
10 000 ¢[s]}.—O. Schafer : H. Peek. (Radio,
B., F. f. Alle, Feb., 1933, PP- 49-55.)

An almost rhapsodic appreciation of Peek’s new
amplifier for direct and alternating currents, dealt
with in 1932 Abstracts, p. 535. Apart from its use
for photoelectric cell researches (for which it is
‘“ outstandingly suitable ”’) it is admirably adapted
to the broadcast reception of the local station, in
combination with a very good loud speaker: the
perfection with which the lowest notes are repro-
duced “ spoils” the listener for the ordinary
receiver. On long-distance reception its advan-
tages are wasted: even the local station trans-
missions are not worthy of it if too long a cable is
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involved. The new amplifier can be simply and
cheaply constructed from ordinary commercial
components.

The writer discusses at length the development
of the new circuit from the ordinary direct-coupled
amplifier circuit with a compensating battery in
the grid lead, and from the Loftin-White direct-
coupled circuit which, unlike the latter, is suitable
for mains operation. The advantages of the new
circuit over these, and over the resistance-coupled
amplifier, are described: as regards the latter
amplifier, the fundamental advantage presented
by the new system is that the glow-discharge tube
has, for a.c.,, a resistance practically independent
of frequency and ranging from about 10 to 100
ohms according to the design of the tube. Finally,
he gives the design data and diagram of a two-valve
amplifier for use with an a.c. mains unit, giving at
about 1c/s an amplification factor of half the
normal value (the latter, with an output valve of
factor 10, being about 270), while between 50 and
8 ooo c¢fs the amplification is constant, “ which can be
said of hardly any other circuit!” A worn-out
triode is used, in conjunction with a bell trans-
former in parallel with the heating circuits, as a
rectifier to provide the necessary grid voltage. A
milliammeter in the anode circuit of the output
valve is necessary for the adjustment of the
amplifier.

VOLTAGE AMPLIFICATION WITH HIGH SELECTIVITY
BY MEANS OF THE DYNATRON CIRCUIT.—
F. M. Colebrook. (Wireless Engineer, Feb.,
1933, Vol. 10, No. 113, pp. 69-73.)

Author’s summary :—In an ordinary tuned-
circuit triode or tetrode amplifying stage without
retroaction, the selectivity is less than that of the
tuned circuit alone. If, however, a tetrode valve is
used in a dynatron or negative resistance condition,
the selectivity of the amplifying stage is con-
siderably greater than that of the tuned circuit
alone, and the voltage amplification comparable
with that given by the valve used in the normal
manner. With a given tuned circuit at a given
frequency the normal and the dynatron tetrode
amplifying circuits can only be made comparable
in selectivity by using a high degree of retroaction
with the former. In this condition the voltage
amplification given by the normal circuit will exceed
that of the dynatron circuit, but the dynatron cir-
cuit has the advantage of simplicity, since no
additional winding or other auxiliary apparatus is
required.

The above distinction between the two types of
circuit is deduced analytically and confirmed by
experiments with a tuned audio-frequency ampli-
fier,

SomeE NotTeEs on~N DemopurLaTioN.—H. Roder.
(Proc. Inst. Rad. Eng., Dec., 1932, Vol. 20,
PP- 1046-1961.)

Author’s summary :—'* The audio output of a
detector depends upon two magnitudes which are
independent each from the other. These magni-
tudes are the radio-frequency envelope of the input
and the rectification characteristic of the detector.
In problems dealing with the distortions caused by
selective circuits or by the superposition of several
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modulated signals it becomes necessary to treat
both magnitudes separately.

‘A new method to find graphically the radio-
frequency envelope for the ‘general modulated
signal,’ is given. An analysis is made showing how
to find the detector output if the input.radio-
frequency envelope and the rectification char-
acteristic of the detector are known.”

The author feels justified in dealing with the
subject in some detail because ‘‘ numerous pub-
lications on these problems do not consider that
distortions in the audio output are due to two
independent sources, one of which is arbitrarily
adjustable to a much higher extent than the other.”

DiscussioN oN ““ SoME NoTeEs oN GRrRID CIrculr
AND Diobpe REcTIFICATION.'—F. E. Ter-
man : Nelson. (Proc. Inst. Rad. Eng., Dec.,
1932, Vol. 20, pp. 1971-1974.)

Terman, referring to Nelson’s paper (1932
Abstracts, p. 583), points out that the expression
there given for the input resistance, R/2cos®d,
yields a value always higher than that actually
obtained ; it is derived by assuming that the
losses in the input resistance equal the energy
consumed by the grid leak, so that the energy lost
in the rectifying device at the input electrode is
neglected. He also considers Nelson’s relation
for distortionless grid rectification, xR = m, to be
less strictly correct than the Terman-Morgan

relation X/R > m/V'1 — m?, though unless the
degree of modulation is high the difference is too
small to be very important.

Nelson replies : Fig. 3 of his paper shows that
R/[2cos? gives results which are too high, while the
Terman-Morgan R/zcosf gives (as the authors
showed) results which are too low. His expression
X/R = m picks the point where the rate of change of
the envelope is greatest, i.e. when either a sine or
a cosine wave is passing through zero. ‘‘ This holds
for all percentages of modulation and this theory
explains why it is possible to obtain good quality
with 100% modulation and X/R = 1.” He adds
that ‘ some might object to the theory developed
by saying that the distortion is caused by a low
ratio of a.c. to d.c. impedance. There is some
truth in this, particularly when the X/R ratio is
very low. The writer hopes to cover this subject
in the near future, as a few preliminary checks show
that the effect of too low a ratio of a.c. to d.c.
impedance may be separated from the effect dis-
cussed here.”

INTER-CARRIER NOISE SUPPRESSION: A NEwW
SysTEM [using the Wunderlich B Valve and
Automatic Volume Control].—N. E. Wunder-
lich. (Electronics, Jan., 1933, p. 13.)

‘“ A simplified system which requires no additional
tubes and hence is much less expensive than more
complicated systems, although performing the
same functions. These results are attained by
taking advantage of circuit arrangements made
possible by the strategic electrode construction of
the Wunderlich B tube; which has a longer cathode
and a small additional anode placed at the top of
the structure and shielded from the other elements.
By this extra anode, the AVC potentials are
amplified before being applied.

‘“ Performance curves show the ‘threshold
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level of the receiver may be set to any desired
value while retaining the AVC action. The sus-
taining action of the AVC may be caused to release
at any desired lower signal level. The point of
release may be adjusted by means of the sensitivity
control.”” This action is very sharply defined
because of the above-mentioned amplification of
the AVC potentials.

AutoMaTIiC VoLUME CoNTRoL [with Double-Diode
Triode, giving Quiet, Amplified and De-
layed AVC].——C. N. Smyth. (Wireless
World, 17th Feb., 1933, Vol. 32, pp. 134-136.)

CIRCUITS FOR AMPLIFIED AUTOMATIC VOLUME CoN-
TROL [using the Duplex Diode Triode].—
L. E. Barton: C. Travis. (Electronics,
Jan., 1933, pp. 16-17.)

For references to these valves see Abstracts,
Jan. and Feb., pp. 41 and 102, l-hcols.; 1932, p.
587, r-h col. In the circuit here described the
steady d.c. voltage generated by the diode detector
is amplified in the triode unit of the valve together
with the detected a.f. signal, and is used as an
AVC bias after this amplification. ‘‘ There results
a very sensitive and level AVC system.” The
advantages of the circuit are analysed.

ADDING AvuToMATIC VOLUME CONTROL TO. AN
EXISTING RECEIVER WITH A VARIABLE-MU
H.F. Stace.—(World Radio, 10th Feb., 1933,
Vol. 16, No. 394, p. 200.)

AvuTtomaTic Bias ScHEME.—E. G. Bowen.
(Wireless World, 24th February, 1933, Vol.
32, p- 157.)

There is a definite tendency among con-
structors of battery sets to follow mains practice and
provide automatic bias for both r.f. and a.f. valves.
A new bias scheme is described in this article which
overcomes the difficulties hitherto associated with
battery variable-mu valves.

NeEw

NEwW APPARATUS AND APPLIANCES [Special Trans-
former and Output Choke for ‘‘ Quiescent
Push-Pull.”’].-—(Electrician, 10th Feb., 1933,
Vol. 110, No. 2854, pp. 200—201.)

Q.P.P. witH TrioDES.-—W. I. G. Page. (Wireless
World, 24th February, 1933, Vol. 32, pp.
152-153.) o ]

Up to the present the principles of quiescent
push-pull have been applied to pentode valves.
Where, however, the major consideration is valve
cost rather than power output, triodes in quiescent
push-pull will probably find wide application,
especially as matching is not essential and moving-
iron speakers can be used satisfactorily.

AN OBscURE CAUSE oF PoorR RECEPTION [Faulty
Combination of Parallel-Feed Transformer
and Autorhatic Grid Bias Resistor].-—M. G.
Scroggie. (World Radio, 1oth Feb., 1933,
Vol. 16, No. 394, p. 202.)

THE ALL-WAVE MoNoDIAL SUPER.-——W. T. Cocking.
(Wireless World, 27th January and 1oth
February, 1933, Vol. 32, pp. 60-63 and
109-112.)

A seven-valve battery-operated receiver for the
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amateur constructor. The principal feature is that
the receiver covers a waveband of 12 to 100 metres
in addition to the customary medium and long
broadcast wavebands.

AuTo-RADIO AN EXPANDING MARKET IN 1933 :
PoLice Rapio INCREASES.—(Electronics, Jan.

1933, pp. 8-9.)

DIE FUNKINDUSTRIE IN DER SAISON 1932/1933
(The Radio Industry in the Season 1932/1933
[Analysis of Types, Prices and Sales]).—H.
Menzl. (E.T.Z., 12th Jan., 1933, Vol. 54,
No. 2, pp. 25-26.)

CoUNTERACTING FADING By PERIODIC DETUNING
oF RECEIVER.—Deutsche Tel:werke u. Kabel-
ind. A.G. (Summary of German Patent in
Hochf:tech. uw. Elek:akus., Nov., 1932, Vol.
40, No. 35, p. 184.)

The receiver is detuned by 500 to I oooc/s.at

a frequency of from 5 to 50 per second, by means

of a rotating condenser or a valve device.

AIRPLANE RaDpIo FREED FROM IGNITION INTER-
FERENCE.—Jenkins. (See under ‘‘ Aerials
and Aerial Systems.”)

AERIALS AND AERIAL SYSTEMS

ANPASSUNG VON SPEISELEITUNGEN AN Kurz-
WELLEN-SENDEANTENNEN (Matching Feeders
with Short- [and Ultra-Short-] Wave Trans-
mitting Aerials).-—S. Issakowitsch-Kosta.
(E.N.T., Jan., 1933, Vol. 10, pp. 9-19.)

Of the four components into which the over-all
efficiency of a transmitting system can be divided,
namely the partial efficiencies of generator, feeder-
coupling circuit, feeder, and dipole aerial, the
writer deals with the middle two. The matching
conditions are derived for the single-wire feeder
with return through the dipole capacity to earth
and the earth itself, and for the parallel-wire feeder.
With the former, a transmission of energy is only
possible when the matching is perfect: with the
latter and with the mechanically difficult con-
centric feeder (which is not dealt with in this
paper, except that a reference is given to Moser’s
work-—Abstracts, 1929, p. 105), the conditions are
not so critical. The efficiencies and over-all damp-
ing are found in terms of Roosenstein’s “ wave
ratio” (the ratio of the potentials at node and
antinode—1931, p. 36 : see also p. 441), and the
choice of the point or points of connection on the
aerial is investigated. Finally, the theoretical
results are confirmed by tests on a 9-m wave.

RECHNERISCHE ERMITTLUNG DER IMPEDANZ VON
ANTENNEN (The Calculation of the Impe-
dance of Aerials [with Mid-Point Feed : for
Various Values of //A\}].—]. Labus. (Hochf:
tech. w. Elek:akus., Jan., 1933, Vol. 41, pp.

17-23.)
The usual practical formula for the reactance of an
aerial is X = — VLJC . cot (w/VLC), which is

derived under the assumption that the aerial can be
treated as a homogeneous line with uniformly
distributed inductance and capacity. This formula
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is strictly applicable only when the aerial length is
negligible compared with the wavelength. Other
workers have calculated the reactance of centre-fed
aerials (e.g., Carter, 1932 Abstracts, p. 585) but
only for the special case where the aerial length is a
whole number of half wavelengths (dipole aerial).

The writer therefore starts from the Maxwell
equations and calculates, with the help of the line
integral (1), the required impedance, which is made
up of two components, one real (the radiation re-
sistance) and the other imaginary (the reactance).
To do this he first determines the scalar and vector
potentials at the surface of the conductor. He
arrives at equation (18) for the reactance at the
feeding point: if the aerial length is small com-
pared with the wavelength this simplifies down to
equation (19), in which the only determining
values are the length and radius of the wire. The
important difference between this latter formula and
the usual one quoted at the beginning of this
abstract is that by the former the reactance is
independent of the wire spacing 4 of the feeder (Fig.
1b), whereas by the latter the reactance involves
this factor. The discrepancy between the two
formulae is shown in Fig. 6, where the reactance is
plotted against different values of I/A.

THE RADIATION CHARACTERISTICS OF A VERTICAL
HALF-WAVE ANTENNA.—]. A. Stratton and
H. A. Chinn. (Proc. Inst. Rad. Eng., Dec.,
1932, Vol. 2o, pp. 1892—-1913.)

Authors’ summary :—Extensive measurements
have been made of the field distribution about a
vertical antenna operating at 29 megacycles over
sea water. With the help of a small, non-rigid
airship observations were made at various altitudes
which permitted the plotting of the space char-
acteristic and the determination of the attenuation
as dependent on altitude. The experimental
results are compared with field intensities computed
for the given physical conditions from the theo-
retical expressions of Sommerfeld and Strutt. Of
interest is the manner in which the field is attenu-
ated in the immediate vicinity of the ground plane,
and the marked effect on the general intensity
distribution of the effective height of the antenna
above ground.

Details are given of the design of the apparatus
required for carrying out the measurements.

MuTuUAL IMPEDANCE oF Two SKEW ANTENNA
Wires.—F. H. Murray. (Proc. Inst. Rad.
Eng., Jan., 1933, Vol. 21, pp. 154-158.)
Author’s summary :—1In a recent communication
P. S. Carter derived a formula for the mutual
impedance of two antenna wires intersecting at an
angle 9, as a sum of two definite integrals [1932
Abstracts, p. 585]. It has been shown that related
double integrals can be reduced to sums of logar-
ithmic integrals and their limits; in the present
paper this reduction will be generalised. The
mutual impedance of two antenna wires in space
which do not intersect may be calculated in terms of
the integrals discussed, but these integrals can be
evaluated by known tables only if the wires are in
thé same plane. The integrals of Carter result from
a suitable limiting operation; a direct evaluation
is also possible and is given.
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ON THE NUMERICAL CALCULATION OF THE CURRENT
IN AN ANTENNA [and the Reduction of
Related Double Integrals].—F. H. Murray.
(Amevican Journ. of Mathematics, 1931, Vol.

53, pp- 889-8go.) See also preceding
abstract.
THE NEw HIGH-POWER BROADCASTING STATION

AT VIENNA, WITH REFLECTOR TOWER FOR
DIRECTIVE WORKING.—Telefunken Com-
pany. (E.T.Z., oth Feb., 1933, Vol. 54,
No. 6, pp. 137-138.)

Rapid progress is being made with Bisamberg
station, on a mountaih ridge to the north of Vienna.
Since it lies near the north-eastern boundary of
Austria, radiation is required to be chiefly in the
west and south-west directions, and therefore a
reflector tower (13-metre iron lattice), exactly
similar to the aerial tower, is being erected 110
metres to the east of the latter (¢f. Wilmotte, March
Abstracts, p. 158). Both towers oscillate at a quarter
wavelength. A capacity earth (a network of 12
kilometres of copper wire) is supported on 36 small
masts. The modulated aerial circuit power is
150 kw.

AIRPLANE Rapio FREED FROM IGNITION INTER-
FERENCE.—C. F. Jenkins. (Sci. News
Letter, 21st Jan., 1933, Vol. 23, No. 615,

. P-40)

Brief summary of recent U.S. Patent. The
inventor found that radiation from the -engine
ignition system spread spherically, but a cone-
shaped zone free of radiation existed behind the
plane, having its apex at a point directly behind the
engine. The effect is probably due to absorption by
‘the metal parts of the fuselage. The antenna is
flown from the tail structure axially in this zone
and thus avoids ignition interference.

DIE. ELEKTRISCHE RAUHREIF-ABHEIZUNG VON

FrREILEITUNGEN (The Electrical Heating

of Overhead Lines against Hoar Frost).

K. Halbach. (E.T.Z., x2th Jan., 1933, Vol.

54, No. 2, pp. 33-36.)

SCHWINGHEBELDAMPFER FUR FREILEITUNGEN (A
Vibration-Damping Lever for Attachment
to Overhead Lines near Point of Sus-
pension).—H. Schmitt. (Zeitschr. V.D.I.,
14th Jan., 1933, Vol. 77, No. 2, pp. 52-53.)

VALVES AND THERMIONICS

OUTPUT STAGES: THE CHOICE OF VALVES FOR USE
IN  Low-FREQUENCY AMPLIFIERS [Rapid
Test Method].—C. C. Whitehead : Brain.
(Wiveless Engineer, Feb., 1933, Vol. 10, No.
113, pp- 78-82.)

After giving a résumé of Brain’s paper on deter-
mining the operating conditions for a given valve for
maximum undistorted output (1929 Abstracts,
p- 388), the writer describes an extension of the
method to a rapid test on commercial power valves
to determine their suitability or otherwise for use in
the output stage of any given amplifier, the anode
voltage of which is limited to a definite figure.
‘“ Incidentally, it also led to the solution of the
following problems :—(1) the minimum anode vol-
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tage required to obtain a given output and efficiency,
and (2) whether a reasonable efficiency [taken as
25%] is obtainable without exceeding the maximum
anode voltage recommended by the makers. . .
It is surprising how ‘many alleged ‘ power’ valves
.. . fail to pass this test.”

TuBes wITH CoLp CaTHODES [Glow Discharge as
Electron Source].--A. Hund. (Electronics,
Jan., 1933, pp. 6 and 22.)

Summary of a recent I.R.E. paper on the work
referred to in Abstracts, 1932, pp. 38 and 349 : ¢f.
also p. 168, Guntherschulze and Keller. The only
illustration shows one of Seibt’s gas-discharge
valves (1932, p. 286), but Hund implies that his
own valves eliminate the * Seibt region’ where
the increase of current with voltage is very slow
and uniform, and also the second region where the
curve is very steep, and work in the third region,
giving a plate characteristic very similar to that
of an ordinary valve. Demonstrations were given.

A “Low-Hum” Vacuum TuBe [No. 262a High-
Gain A.F. Amplifier for A.C. Mains].-
J. O. McNally : Western Electric Company.
(Bell Lab. Record, Feb., 1933, Vol. 11. No.
6, pp. 158—-162.) )

For public address systems, sound picture pro-
jection, speech input equipment for broadcasting,
etc. ‘ Disturbance currents in the 262a tube due
to the alternating current supply of the heater are
somewhat greater than the shot effect and slightly
less than the thermal noise.”” See also 1932 Ab-
stracts, pp. 639-640.

INTER-CARRIER NOISE SUPPRESSION: A NEW
SysTEM [using the Wunderlich B Valve with
Additional Anode for Amplifying the AVC
Potentials]. —Wunderlich. (See under *“ Re-
ception.”)

VacuuMm TuBEs [Survey for 1932].—L. J. Davies.
(Electrician, 277th Jan., 1933, Vol. 110, No.

2852, p. 103.)

Rapio TuBE MANU-
(Electvonics, Jan.,

THE PrLACE oOF NICKEL IN
FACTURE.—A. J. Marino.

1933, PP. 4-5-)

I.LE.E. WIRELESs SECTION : CHAIRMAN’S ADDRESS.
Part I: THERMIONIC VALVEs. ParT II:
SPONTANEOUs FLUCTUATIONS IN VALVE
AMPLIFIERS.—L. B. Turner. (Jowrn. I.E.E.,
Jan., 1933, Vol. 72, No. 433, pp. 10-30.)

In the section on improvements in receiving
triodes the writer compares -the 1918 Army “ R "

valve with a modern directly heated type: ‘I

have tabulated u?/p because this, I think, measures,

as well as any single quantity can, the practical
gain obtainable from an amplifying valve in terms
of power or square of voltage. Despite a filament
power divided by 13, in its operation the new valve
may be said to be 10 decibels better than the old.”

A further advance is given by the development of

indirectly heated cathodes (in England, out of every

three receiving valves sold only one is of the in-
directly heated type: but on the other hand

‘“ while the sale of receiving valves is still increasing,
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the sale of the directly heated type appears to have
reached its maximum *’).

The 500 kw demountable valve referred to by
Angwin a year before (Abstracts, 1932, p. 112)
has undergone alterations, and the new design is
described and illustrated, as is also a 40 kw valve
of the same general type.

The penultimate section of Part 2 quotes some
estimates and experimental determinations of the
limits of smallness of amplifiable signal voltage, and
gives some results obtained with a sensitive wide-
band amplifier (P.O. Research Department) for
cross-talk and other telephonic measurements.
The special low-noise valves of Metcalfe and
Dickinson (1932, p. 587) are referred to.

NoN-LINEAR VALVE CHARACTERISTICS : A BRIEF
Discussion oN THEIR Use—C. S. Bull
(Wiveless Engineer, Feb., 1933, Vol. 10, No.
113, pp. 83-88.) !

Author’s summary :—In this article a method is
given for showing how the frequencies in an input
signal are added and subtracted by a curved valve
characteristic. The resultant frequencies are not all
able to give an output voltage across the anode
load, since the load is generally reactive or resistive
10 a limited range of frequencies only. Simple rules
are .given for determining the effective combination
of frequencies, and modulation rise, cross modula-
tion, detection, modulation, and high-frequency
mixing are considered in detail.

DiE BESTIMMUNG DER AUSTRITTSARBEIT AN OXYD-
KATHODEN (Determination of the Work
Function of [Barium] Oxide Cathodes).—
W. Heinze. (Ann. der Physik, Jan., 1933,
Series 5, Vol. 16, No. 1, pp. 41-76.)

Author’s summary :—Reasons are given for
considering it more correct to determine the work
function by means of the cooling caused by emis-
sion rather than by using Richardson’s equation.
The errors of previous measurements by the cooling
method are indicated. The experimental arrange-
ment is improved and designed in such a way that
errors, in particular those due to the internal re-
sistance of the valve, are avoided. The heating
effect of the emission current is either kept as small
as possible by suitable leads, or else calculated,
using its relation with the heating current; the
effect of re-radiation of heat from the anode is
eliminated.

An empirical relation is found between the emission
current in the saturation region and the anode
voltage ; in the case of oxide cathodes this takes
the place of the effect of the electrostatic image
rule and enables the work function found experi-
mentally to be converted to that corresponding to
zero external field. The work functions for [barium
oxide] cathodes made by the metallic vapour and
paste methods have mean values of 2.05 and 1.87
volts respectively ; in this it appears probable that
the work function increases with the temperature.

UBER DIE RAUMLICHE VERTEILUNG DER EMISSiON
voN GLUHKATHODEN [The Spatial Dis-
tribution of the Emission from Incandescent
Cathodes).—F. Hamacher. (Archiv f. Elek-
trot., 7th Jan., 1933, Vol. 27, No. 1, pp. 47-56.)

The distribution of emission from linear and non-
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linear incandescent cathodes is investigated by
observing the fluorescent images they produce on a
screen which also serves as the anode. The effect
of a Wehnelt cylinder is also considered, and
measurements are made of the distribution behind a
slit cylindrical anode, to explain the leakage round
stops raised to a high potential.

DIRECTIONAL WIRELESS

LEs RADIoCOMPAS
STROBOSCOPIQUES (Direction Finding and
Stroboscopic Direction Finders).—R. Hardy.
(Rev. Gén. de I'Elec., 215t Jan., 1933, Vol. 33,
No. 3, pp. 85-94.) ,

Theory and practical development of the direct-
reading direction finder dealt with in 1932 Ab-

stracts, p. 642.

ACOUSTICS AND AUDIO-FREQUENCIES

Sur LA ProraGAaTION DES ONDES SONORES
D’AMPLITUDE FINIE (The Propagation of
Sound Waves of Finite Amplitude [Mathe-
matical Analysis with Results applicable
to High-Power Horn Loud Speakers]).-
Y. Rocard. (Comptes Rendus, 16th Jan.,
1933, Vol. 196, No. 3, pp. 161-164.)

Equation 3 applies to a large exponential horn.

If y = a sin w! represents the motion imposed on the

air at the horn entrance, certain harmonics,super-

posed on this, are found at the mouth : the ampli-
tude of the p** harmonic is proportional to ar.

If R is the ratio of the air velocities for the second

harmonic and the fundamental, at the horn mouth,

the value of R is given by equation 4. If it is
considered necessary, for the sake of quality, to
limit the value of R for a given frequency (say

R = 1 at 3 000 ¢/s), equation 4 gives a limit for a,

which corresponds to a limit for the acoustic power

W supplied (per square centimetre) at the entrance

to the horn. This limiting value is given by

W = R*pc*m?[8n%(y + 1)*n2;

this, for a horn with a low cut-off at 70c¢/s and
for R =1 at 3000c¢fs, works out at W = 0.82
watt/cm?, corresponding to pressures of 25000
baryes at the entrance. ‘‘Such pressures are
easily obtained in powerful modern loud speakers,
and this example (where the energy in free space of
the second harmonic is equal to that of the funda-
mental) shows that the consideration of waves of
finite amplitude, and the equations governing them,
may become very necessary in many cases.’’

ACCESSION To INERTIA OF, AND PowER RADIATED

BY, A SPHERE VIBRATING IN VARIOUS WAYS ;

WITH APPLICATIONS TO HoORNLESs LouUD

SPEAKERs [Theoretical Investigation].-—-N.

W. McLachlan. (Phil. Mag., Feb., 1033,

Supp. No., Series 7, Vol. 15, No. ¢8, pp.
443-472.) , "

The writer finds ‘‘ that, under certain conditions,

a radially vibrating sphere gives perfect repro-

duction of acoustic pressures.”” He calculates the

increase of low-frequency output of discs and spheres

due to a large baffle. ‘* When two diaphragms

vibrate in opposition along a common axis, it is

indicated that a baffle is unessential provided the

useful radiation is confined to the external surfaces
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of the vibrators.” In the case of a sphere having
nodal circles, the low-frequency radiation is found
to decay rapidly with increase in the number of
nodal circles. ‘“ This arises from interference due
to oppositely vibrating segments. It follows that
the 1. interference concomitant with free-edge discs
or conical diaphragms executing diametral modes
is extremely large, provided the system is sub-
stantially symmetrical. By aid of formulae given
in the analysis, the mechanical impedance of various
types of spherical vibrator can be found.”

SouND DISTRIBUTION FROM A HornN [Theoretical
Determination of Conditions for Validity of
‘“ Rigid Disc’ Substitution for Mouth of
Horn].—N. W. McLachlan. (Wireless En-
gineey, Jan., 1933, Vol. 10, No. 112, pp.
26-27.)

MESURE DE LA PHASE ET DE L’AMPLITUDE DE HAUT-
PARLEURS ELECTRODYNAMIQUES (Measure-
ment of the Phase and Amplitude of Moving-
Coil Loud Speakers).—W. Binder. (Aun.
des P.T.T., Jan., 1933, Vol. 22, No. 1, pp.
86—91.)

French version of the German paper referred to

in 1932 Abstracts, p. 229.

LLAUTSPRECHER-ANPASSUNG (Matching the Loud
Speaker with the Output Stage).—H.
Keller. (Radio, B., F. f. Alle, Feb., 1933,
pp. 67-69.)

The writer discusses the effects of under- and
over-matching : the former (internal resistance of
valve too large) causes a loss of the lower notes ; the
latter (internal resistance too high) a loss of the
high notes. He concludes that in practice the best
compromise between fidelity and amount of output
is obtained when ‘‘ the internal resistance is about
2 000 times the loud speaker inductance.”

I’ EVOLUTION ET L' ETAT ACTUEL DE LA TECHNIQUE
MICROPHONIQUE (The Evolution and Present
Condition of Microphone Technique).—P.

Chavasse. (Awnn. des P.T.T., Jan., 1933,
Vol. 22, No. 1, pp. 9-58.)
VELociTy [RiBBON] MICROPHONES: PRACTICAL

CoNSTRUCTION OF Two TyPEs THAT ARE
Easy To MAKE—C. W. Melotte: G. A.
Elliot. (QST, Feb., 1933, Vol. 17, pp.
23-25.)

EiN KOMPENSATIONSMIKROPHON SEHR KLEINER
DIMENSIONIERUNG (A Compensation Micro-
phone of Very Small Dimensions [for Sound
Field Measurements]).—W.Geffcken. (E.N.T .,
Jan., 1933, Vol. 10, pp. 39—40.)

The *“ compensation ’ method of measuring sound
intensities without distorting the sound field de-
pends on the readings being taken when the
measuring microphone has its diaphragm at rest.
But though this device prevents distortion by a
secondary field, it does not get over the distortion
due to the obstacle presented to the sound waves
by the microphone ; it is therefore very desirable
that the dimensions of the latter should be very
small. The compensation microphone here described

ZI’]‘

April, 1933

was made from a Siemens-Reiniger-Veifa ‘‘ Ohr-
sprecher ” for the deaf, using the magnetic system
of this as the compensation device and adding a
second diaphragm to form a capacity microphone.
The latter is connected in Riegger’s *‘ half resonance
curve ’’ circuit, the output of which leads to an
amplifier and telephones : silence in the telephones
indicates that the diaphragm is at rest. The com-
pensating voltage is led to the magnet system
through a Briicke ‘ compensator "’ which allows the
phase to be adjusted. The arrangement is very free
from all kinds of external disturbance and is con-
siderably more sensitive than a capacity microphone
of the usual size.

RETARDING RELAY FOR SYNCHRONISING DIRECT
RECEPTION AND LOUD SPEAKER RECEPTION
¥ PuBLIC ADDRESS SYSTEMS [using Magnetic
Repetition from Revolving Steel Ring].—
L. Gaumont. (Summary of French Patent
in Rev. Gén. de I'Elec., 28th Jan., 1933,
Vol. 33, No. 4, p. 32 D.)

THE MoDERN A.C. QUALITY AMPLIFIER [Self-
contained  Gramophone  Equipment].-—
W. I. G. Page. (Wireless World, 17th
February, 1933, Vol. 32, pp. 128-131.)
A two-stage a.c. mains-driven amplifier for the
amateur constructor. The speech output is six
watts.

CONTROL OF SOUND QUALITY IN PICTURE PRoO-
pucTioN.—C. Dreher. (Electronics, Jan.,
1933, Pp- 10-12 and 22.)

Das LARMPROBLEM VOM STANDPUNKT DES INGEN-
1EURS (The Noise Problem from the Stand-
point of the Engineer.)—K. W. Wagner.
(Zeitschv. V.D.I., 7th Jan., 1933, Vol. 77,
No. 1, pp. 1-9.)

GESELLSCHAFT FUR ELEKTRISCHE Musik (The
Society for Electrical Music).—(E.T.Z.,
oth Feb., 1933, Vol. 54, No. 6, p. 139.)
Note on the recent formation of this Society
by Schiinemann, Director of the State High School
of Music, Berlin, and Leithiuser, of the Heinrich-
Hertz Institute.

KEYBOARD AND LoUD SPEAKER.—R. Raven-Hart.
(Wiveless Wovld, 27th January, 1933, Vol. 32,
. 67)
A short technical description of the *‘ Neo-
Bechstein ”’ electrical piano.

SYNTHETIC SoUND.—Herbert Rosen. (Wireless

World, 3rd February, 1933, Vol. 32, p. 101.)

The author describes a method developed by

Rudolph Pfenniger of producing ‘‘sound films”

by making pencilled outlines—using the variable
area system-—on paper strips.

GRID CURRENT COMPENSATION IN POWER AMPLI-
FIERS.—W. Baggally. (Wiveless Engineer,

Feb., 1933, Vol. 10, No. 113, pp. 65