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NEW STANDARD -SIGNAL GENERATOR, TYPE 605-A.
ON JUNE 13th, 1928, now over eight years

ago, history was made in the Radio Engineering field.
It was on that date that Dr. Lewis M. Hull, then Chief
Engineer of the General Radio Company of America,
gave a lecture before the Radio Club of America,
entitled " OVERALL MEASUREMENTS ON
BROADCAST RECEIVERS." This was the first
public exposition of the immense utility in the Radio
designs laboratory of that instrument which is now
known, all over the civilised world, as the Standard -
Signal Generator.

The Standard -Signal Generator used by
Dr. Hull during his lecture to show for the first time
how, in a comparatively easy and rapid manner, radio
receivers could be definitely evaluated in terms of all-
round efficiency, was the GENERAL RADIO Type
403. This was the first commercial Signal Generator,
and was developed entirely in the research laboratories
of the General Radio Company during the year pre-
vious to Dr. Hull's epoch-making lecture.

Now, after the lapse of nearly ten years,
during which we have sold many hundreds of
GENERAL RADIO Standard -Signal Generators, there
emerges from the same laboratories, after these many
years of painstaking experience in the manufacture
of such equipment, a new Generator which is definitely
many years ahead of all existing competition and which,
moreover, will be sold by us at an astonishingly low
price, namely :

£137 . 10 . 0 Net, delivered any U.K. StatiOn.

new
SOME INTERESTING FEATURES of the

Type 605-A Standard -Signal Generator are:
1. Complete AC Mains Operation-voltage

regulated-any voltage-any periodicity-
or battery -operated if preferred.

2. Range io kilocycles to 3o megacycles.
3. Direct -Reading Dial with 7 -band wave -

change switch.
4. All Inductors self-contained.
5. No Frequency Modulation.
6. No Reaction from Attenuator Setting.
7. Vacuum -Tube Voltmeters of new design,

employing the new microwave tubes, indicate
both percentage modulation and carrier
input to the attenuator.

8. Internal or External Modulation.
9. New and improved 6 -tube circuit of the most

advanced design employing master -oscillator -
and -amplifier, etc.

10. Extreme accuracy of output -voltage.
r. Modulation frequency flat within r db.

12. Stray Fields entirely negligible.
Neither great men nor great products require

a long story about their virtues. The above announce-
ment will be sufficient to attract your interest and
custom : but if further particulars are required we will
gladly mail Engineering Bulletin No. G -422A by return.

There is no longer any need to buy a com-
petitive Generator just because it is cheap. Mere
price is not everything. The 605-A Generator at
E,I37 . 10 . o is the best bargain in Generators to -day.

CLAUDE LYONS LTD
Head Offices: 76, OLDHALL ST., LIVERPOOL, 3.

('Grams: " MINMETKEM. LIVERPOOL." Tel.: 4641 CENTRAL -3 lines.)

London: 40, BUCKINGHAM GATE, WESTMINSTER, S.W.1.
('Grams: " MINMETKEM, SOWEST, LONDON." Tel.: VICTORIA 3068 9- 2 lines.:

Kindly mention " The Wireless Engineer " when replying to advertisers.
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NEW

HETERODYNE

OSCILLATORS
Mains and Battery Operated.

TYPE LO/150A TYPE LO/200A
Battery Operated Battery

CONTINUOUSLY

TYPE LO/250A
Mains

VARIABLE FREQUENCY 0-15,000 c.p.s.
Excellent waveform down to 5 c.p.s. by means
of new alternative resistance capacity output.

Low Consumption
Model.

Output 300 Milliwatts.

Operated.
Output

1000 Milliwatts.

Operated.
Output

2 Dynatron Oscillators.
2 Frequency Scales -0/15000 and 0/450 c.p.s.

Supply- Supply- 2000 Milliwatts. Each Scale individually calibrated in c.p.s. Frequencies
HT 150v. 25 m.a. HT 200v. 40 m.a. Input 100-250 engraved on scales. Zero Adjuster, set by the Zero Beat
LT 2v. 0'76 amp. LT 4v. 1'5 amp. volts 50 cycles. method.

METERS --Main Voltmeter, Plate Milliammeter on Output
and Milliammeter with Jacks forValve, checking Oscillator,Designed and produced under the personal supervision of Detector and L.F. Valves.

D. McDoxALD, B.Sc. (Hons.) PRICES FROM £37- 10-0
BIRMINGHAM SOUND REPRODUCERS LTD., Claremont Works, OLD HILL, STAFFS. Grams

Coedcl LyonHecatc1:1:211.i2,1

The new

RCA
REVIEW

A Quarterly Journal of Radio Progress

Combines in one publication
articles on the most signifi-
cant technical developments
in all branches of radio and
its allied arts contributed by
RCA and associated engineers.

First Appearance with July issue
Subscription : One year (4 issues) 7s. 6d.

(Or $1.85, New York funds)

Published by

RCA INSTITUTES
TECHNICAL PRESS
A Department of RCA Institutes, Inc.

75 Varick Street New York, U.S.A.

Second Edition- Completely Revised

RADIO DATA
CHARTS

A SERIES OF ABACS
providing most of the essential
Data required in Receiver Design

By R. T. BEATTY, M.A., B.E., D.Sc.
RADIO DATA CHARTS --now completely
revised - provide designers of wireless appar-
atus with a ready, convenient means of solving
all the more familiar problems connected with
the design of modern radio apparatus without
having recourse to complicated formula? and
mathematics. Such abstruse problems as the
design of tuning coils are solved almost as easily
as the simple applications of Ohm's Law.

Obsolete abacs have been omitted in this
second edition and important fresh material
added. The book is now completely up to date.

(37 CHARTS and more than 46 Diagrams)

Price 4/6 net By post 4/10
From all leading booksellers or direct from the Offices of

" THE WIRELESS WORLD," W.E.II.
Dorset House, Stamford St., London, S.E.1

Kindly mention The Wireless Engineer " when replying to advertisers.
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All the benefits brought to radio
reception by the Screened Pentode
Radio Frequency Amplifier now
have their counterpart in Trans-

mitting practice as a result of the
introduction of

Mallard

Pentode
TRANSMITTING

VALVES
Neutralising unnecessary.

No secondary emission.
Very small H.F. excitation power required.
Low power modulation via third grid.
High output and good efficiency without
critical adjustments.

Type PZ1-35
The first of the series is a low power
transmitting pentode for wavelengths
down to 14 metres. Max. continuous
anode dissipation 35 watts; max. anode
voltage 1,000V.

Full data obtainable from

Mallard
TRANSMITTING DIVISION

A3

THE MULLARD WIRELESS SERVICE CO. LTD., 111, CHARING CROSS ROAD, W.C.2.
Kindly mention " The Wireless Engineer " when replying to advertisers. A 2
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The great advantage of the

logarithmic law to which these

condensers have been designed is

illustrated in the photograph of the

220 mm dia. scale in which it will

be seen that 3µµF occupies 65 mm

of scale length without closing the

scale at higher capacitances.
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A NEW GENERAL PURPOSE

VARIABLE AIR CONDENSER
A STANDARD EQUALLY ACCURATE

FOR THE MEASUREMENT OF
LOW, MEDIUM AND HIGH

VALUES OF CAPACITANCE
Sullivan -Griffiths Patent No. 425329

0 to 600 utiF.
Constant Scale Reading
Accuracy of 0.3%
throughout range.
Range may be extended
to 1100 µµF or 5000 µµF.

Scale engraved in

H. W. SULLIVAN LIMITED
TELEPHONES : LONDON, S. E.15NEW CROSS 2911 13 LINES) STANDELECT, PECK, LONDON
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WHATEVER the circuits
of your new season's

receivers you can rely upon
Dubilier Condensers to give
complete satisfaction under
the most exacting conditions;
yet they cost no more than
others. That is why in-
creasing numbers of radio
manufacturers and designers
each year specify Dubilier
Condensers and Resistances.

N.S. Gen. Con.'
DUCON WORKS, VICTORIA ROAD, NORTH ACTON, LONDON,. W.3.
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DUBILIER
CONDENSERS FOR

RADIO MANUFACTURERS

The name Dubilier on a Condenser stands for
dependability, thereby guaranfeeing your service
costs will be reduced to the absolute minimum.
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Editorial
The Magnetron

THE technical journals of the last
few months bear witness to the great
amount of research work, both theo-

retical and experimental, which is being
devoted to the magnetron. To the mathe-
matical physicist the split -anode magnetron
offers problems enough in the calculation
of electron paths and of the mechanism of
oscillation and energy conversion. The
experimenter will find an ample field in
the development of magnetrons capable of
producing on a commercial scale several
hundred watts at a wave -length of a few
centimetres, that is, at frequencies of I,000
to 2,000 megacycles per second.

In the earliest magnetron oscillators (Hull
and Elder 1924) the magnetic field was used
in lieu of a grid, a varying field producing a
varying anode current. The first to pro-
duce oscillations with a constant magnetic
field was probably Zakek, but nearly all the
subsequent development has followed the
introduction by Habann in 1924 of the
split -anode magnetron and its connection in
a push-pull circuit by Manns in 1927. In a
recent number of Nature 1, however, F. B.
Pidduck gives a preliminary outline of a
theoretical investigation of the single anode
magnetron.

Much of the earlier lack of agreement as to
the characteristics of the magnetron has

I Nature, June 6th, 1936, p. 943.

now been cleared up by the discovery that
it can function in at least two very different
ways, one mode of operation occurring with
longer waves and the other with shorter
waves, with an intermediate region in which
the action is probably a combination of
both. The first type of oscillation is usually
referred to as dynatron or circuit -frequency
oscillations because the frequency depends on
the constants of the oscillatory circuit, and
the oscillation is maintained by the negative
resistance characteristic of the magnetron.
The second type, in which the frequency
depends on the orbital periods of the electrons
within the valve, is referred to as electron or
transit -time oscillations.

A paper describing the general theory
and the results of a number of experiments
made at Oxford University was recently
published by E. W. B. Gill and K. G. Britton2.
An interesting account of the development
of water-cooled split -anode magnetrons at
the University of Jena has just been published
by Pfetscher and Puhlmann 3. Attempts to
obtain greater outputs are generally limited
by the temperature rise of the anode. The
heating is often very local and the edges of
the slits suffer severely, sometimes being
melted although the anodes are made of

2 Jour. I.E.E., Vol. 78, p. 461, April, 1936.
3 Hochfrequenztechnik and Elektroakustic 47, p. 105,

April, 1936.
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tantalum or molybdenum. To avoid this,
cooling wings may be fitted to the edges, and
in this way an output of 130 watts at a
wavelength of 8o cm. has been obtained.
These wings can also serve as the plates of
air condensers to provide capacitive coupling
between the split anode and the external
circuit. For still higher powers water cooling

R E G L
a

Fig. I. Electrodes of water-cooled magnetrons.

must be employed, and the difficulty of doing
this without introducing large losses of the
high frequency energy can be overcome by
making the oscillatory circuit serve as the
cooling system. Instead of using sheet
metal for the anode, massive copper blocks
are employed, the cylindrical space being
drilled out as shown in the Figures. For
wavelengths of ioo metres or more two
entirely separate copper blocks are employed
(Fig. ia), each sealed to the glass G by the
thin foil E. The water passes up the inner
tubes and away through the surrounding
outer tubes. These copper tubes constitute

SS ENGINEER July, 1936

the circuit, the length of which can be
adjusted by an external bridge piece (Fig. 2a).
For shorter wave lengths the whole oscillatory
circuit must be contained within the valve
which must be constructed for a fixed wave
length. Such a valve is shown in Fig. Ib.
The copper piece S constitutes the oscillatory
circuit fed at its centre point by means of
the outer water cooling pipe K. Fig. 2b shows
two such valves for wavelengths of 19 and
46 cm. respectively.

The coupling with the external load is
made capacitively by means of plates near
the split -anode ; these plates can be plainly
seen in the photographs, and the connections
to the load are those at the top of the photo-
graphs. The filaments are arranged as
cylindrical spirals in order to get the necessary
emission. The following table gives the
data of these three valves.

A troublesome phenomenon referred to by
several authors is the heating of the filament
due to electronic bombardment which may
be sufficient to enable the valve to con-
tinue to function without any other supply
of power to the filament. Megaw (see later)
protects the filament from bombardment
by means of a grid. The effect of filament
bombardment may act cumulatively and
produce an unstable rise of filament tempera-
ture to a destructive value. It necessitates
not only careful design but careful operation.

In the same number of Hochfrequenz-
technik4 H. G. Moller, the author of one of
the leading German text books on electron
valves, has a mathematical paper on the cal-
culation of the electron paths in magnetrons.
As he rightly remarks, one cannot obtain a
clear idea of the mechanism of the magnetron
until one knows the paths followed by the
electrons under the varying conditions.

The same subject was recently investigated
Vol. 47, p. 115, April, 1936.

Anode Efficiency
Valve. Filament Va Ia Output.

diam. length watts. CM. WAS. mA. watts.
mm. mm. 711 '12

A I0 17 14° 100 3,600 430 1,400 850 55 50
B 6 20 100 46 3,700 300 .2,050 450 40 37
C 4 15 50 19 2,200 180 3,200 80 20 18

Note.-nl is excluding and n2 including filament watts. The field excitation losses are not included.
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very thoroughly by F. Muller of Leningrad5,
in two papers, the first dealing with the
longer -wave or circuit oscillations, i.e., those
whose frequency is dependent upon the
circuit constants, and the second with the
short-wave or electron oscillations. In
both these papers the author seeks to calcu-
late the paths of the electrons under various
conditions, including the inclination of the
magnetic field to the axis of the magnetron.

In the current number
of the Telefunken Zeitung6,
K. Fritz discusses the re-
sults obtained by Willer
and gives a general ex-
planation of the way in
which the electrons are
enabled to abstract energy
from the field and give it out
in the form of oscillations.

A paper by Groszkowski
and Ryzko7 describes a
type of magnetron in which
an ordinary spiral grid sur-
rounds the filament. This
is used for modulating the
oscillator in the manner

Fig. 2.-Water-cooled mag-
netrons. (a) A = 1 to 4 metres;
(b) left, A = 19 cm, right,

A = 46 cm.

commonly employed with triode oscillators,
and experiments show a linear relation-
ship between the grid voltage and the
oscillatory current, thus permitting a deep
and distortionless modulation. Attempts
to modulate the magnetron by varying the
anode voltage whilst keeping the magnetic
field constant, or vice versa, have not proved
very satisfactory on account of the critical
relation between the two and the anode
diameter upon which the oscillation of the
magnetron depends. The authors even
tried a conical anode in the hope that the
oscillation would occur at the optimum
value of the diameter for the momentary
values of the anode voltage and magnetic
field, but it was a vain hope. It would
appear from their'experiments that good
linear modulation would be possible by

6 Elek. Nachrichten Technik, pp. 131, 183, May,
June, 1935.

6 Telefunken Zeitung. March, 1936, p. 35.
7 Proc. I.R.E., May, 1936, p. 771.

(a)

349

simultaneously varying both anode voltage
and magnetic field so that their ratio was
always of the optimum value for the given.
valve, but this would be a very complicated
method if indeed it could be accomplished.
The authors therefore tried the grid magnet-
ron and found that it gave excellent results.
The grid voltages were varied between o and
-zoo, and gave a linear decrease of the
oscillatory current over a wide range, due,

(b)

of course, to the decreased emission. The
grid currents varied between o and 1.5
milliamperes. The experiments were made
at a wavelength of 1.8 metres (1 = 167 X 106).

The modulating problem is also discussed
by E. C. S. Megaw8, in a very interesting
review of the development of the magnetron.

He also advocates the use of a grid, but
the type of grid employed consists of two
wires running parallel with the filament,
one on each side of it. When not employed
for modulating, this grid is connected to the
filament and serves to protect it from
electronic bombardment.

Megaw discusses a matter on which the
Russian authors admit they have not
made any observations, viz., the effect of
the modulation on the frequency. Megaw
says that the variation may be as much as
2 per cent., but that it can be reduced by
using an oscillatory circuit of high capaci-
tance, or by simultaneous modulation of the

G.E.C. Journal, VII, p. 94, May, 1936.
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Valve. Anode
diam.

Filament. A metres. Va H Output
watts.

E465 2 cm. 5.5 V, 6.5 A 2-8 2,000 400-10oo 150
CW11 I cm. 3.7 V, 3.8 A 1-5 1,200 500-1,500 50
E639 I cm. 3.7 V, 3.8 A 0.5-5 1,000-1,500 500-1,500 20-50

grid and anode voltages as already men-
tioned. This refers to wavelengths between

and 3 metres ; for shorter waves employing
electronic oscillations, Megaw says that
good linearity up to 5o per cent. can be
obtained by anode voltage modulation with
0.5 per cent. frequency variation ; he also
suggests employing frequency modulation
with a constant amplitude as the possible
best solution.

The General Electric Co. now produces
commercially several types of magnetron
valves suitable for different frequencies and
outputs. They also have standardised
suitable electromagnetic and permanent mag-
net systems for use with the valves.

The table above gives particulars of
three types of magnetron manufactured by
the General Electric Co. and described by
Megaw.

"Feelers" for Ships
New Micro -Wave Equipment
THE accompanying photographs indicate the

nature of a micro -wave beam equipment which
has been installed by the Societe Francaise

Radioelectrique on the s.s. Normandie as an aid to
navigation.

A beam transmitter operating on a wavelength of
i6 centimetres transmits a modulated signal which,
if it encounters an object in its path, is reflected at an
angle and can be picked up by a similarly tuned
receiver located at a short distance from the trans-
mitter. The angle of the transmitter in relation to
the receiver when tuned to maximum signals enables
the distance and direction of the obstacle to be collected.
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The Diode as Half -Wave, Full -Wave and
Voltage -Doubling Rectifier *

With Special Reference to the Voltage
Output and Current Input

By N. H. Roberts
(Lecturer at the University of Capetown)

INTRODUCTION.-Recently, in the course of the design of a Cathode Ray Tube equip-
ment, the author discovered the lack of practical data relating to the construction of a diode
rectifier which is to supply a low current to a high resistance load. Figures of the voltage
output, the current input and the requisite reservoir capacity would have been of great use.

Before tests were conducted, the problem was investigated theoretically. The theory
of the diode rectifier has been extended to the case of the voltage -doubling rectifier, and,
while some of the expressions for the half- and full -wave rectifiers have previously been
published in one form or another by various authors, they are here repeated for the sake of
completeness. It is assumed that the rectifying diode characteristic is linear during the
passage of current, and usually that the curve passes through the origin. If there exists
in the diode what we may call a " back voltage " (analogous to a contact E.M.F.), the portion
of the curve which is operative during the passage of current does not pass through the origin,
even if produced. Formulae have been developed for the half- and full -wave cases, when
this condition is applied. The capacity is taken to be of any value.

The experimental tests were carried out as described later, the main quantities deter-
mined being the R.M.S. current drawn from the source of E.M.F., the rectified output voltage
across the load, and the ripple in the output voltage. The variables were the capacity, the
load resistance and the rectifier resistance.

(1) Main Symbols Used
THE circuits considered are represented

in Figs. 1, 2 and 4 for the half -wave,
full -wave and voltage -doubler cases,

respectively.
E sin pt = E.M.F. of source, = E sin a,

where a = pt.
p = resistance of diode together with the

source, e.g. transformer, including
primary resistance transferred to the
secondary. In the full -wave case,
the resistance of only one-half of
the secondary is effective.

R = load resistance.
n = pIR.
C = capacity of the reservoir condenser.

In the voltage -doubler, C is the
capacity of each condenser.

m = pCR = p x time constant of the
load resistance -reservoir condenser
circuit.

i = instantaneous current in the rectifier.
* MS. accepted by the Editor, October, 1935.

it = instantaneous current in the load
resistance.

v = instantaneous P.D. across the con-
denser.

I = R.M.S. current drawn from the
source (H.T. side). In the full -wave
case, the current in either half of the

/
H.T. winding is .

1/2
/0 = mean rectified load current.

.fe= Ill. 0.
vm = mean rectified voltage across R.
V = " back -voltage " of diode (see Fig.

3) = KE.
= magnitude of ripple (" trough to

crest " value) in vm.

(2) Half -Wave and Full -Wave Rectifiers

(a). Voltage Equations.
The treatment is given here in brief, as

the expressions have been derived in various
forms by several authors. (References I, 2,
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3 and 4). The " back -voltage " is not
considered at this stage.

During the pulse of current through the
rectifier, we have :-

E sin pt pi v

and
CD(i - il) v = Rii

Hence we obtain the differential equation :
[x+pCRD v= mDl n(r )1 v

= E sin pt.
Applying the initial condition that at

the start of the pulse, v = E sin pt, = E

iti

Fig. 1.

Fig. 2.
Circuits for half- and full -wave rectifiers.

sin a1 where a = pt and t1 marks the start
of the pulse, we may put the solution of this
equation in the form :-
v cos 0

[sin (a - (k)+n
n .

sin - sin (al -ck
- (a - 0(1)(1 ±

)le
1

cos cb

. . . . (1)

where tan 0 = pcR
± Rip - mn

+ n.
During the discharge of the condenser, we

have v =
CD

.

il) =Ril and, as i = o,
CRD)v = o.

Applying the condition that, at the com-
mencement of the discharge v = E sin pt,

E sin a2, we obtain the solution :-
4- (a -

e Sin a2  . .. (2)

where a2 marks the end of the pulse.
These equations are valid whether the

steady state has been reached or not.

(b) . Steady State Conditions.
Under steady state conditions, a new

where tan P = I ± 2n - COS 2
The second relation is

.2

sin al . e "` = sin a2 . e (4)

The form of the above equations is practically
that used by Marique, (Reference 4), apart
from a small change in notation and the
simplification of relation (3).

The relations (3) and (4) must be satisfied
simultaneously, if we are to find the values
of a1 and a2 corresponding to any particular
conditions. Although the approximate
evaluation is greatly facilitated by the use
of a graphical method such as that developed
by Marique, the equations giving the effec-
tive current (derived later) demand a more
accurate knowledge of a1 and a2, and one
has to resort to a trial and error method.
The labour involved in a sufficiently accurate
calculation is so great that, when one takes
into consideration the facts that the resist-
ance of the diode is not exactly known, and
that a strictly sinusoidal E.M.F. is the
exception rather than the rule, one decides
that the results of the arithmetic are too
hardly won. In consequence, experimental
results are to be preferred.

(c). Mean Rectified Voltage.
The mean rectified voltage v, is obtained

by integrating expression (r) between the
limits pt1 = a1 and pt2 = a2, and expression
(2) between the limits a2 and a1 + kir. The

SS ENGINEER July, 1936

pulse commences at a3, where a3 = a1 +
k being equal to 2 for a half -wave rectifier,
and to r for a full -wave rectifier.

Applying the conditions (I) that the vol-
tage at the end of the pulse must be equal
to the voltage at the beginning of the dis-
charge, and (2) that the voltage at the be-
ginning of the second pulse must be equal
to the voltage at the end of the discharge,
we obtain the relations (3) and (4) given
below :

F1 n
L cos 0

sin a, sin (a, -- E

n

ai(i+n)
mn

sin
a2(1 -Fn )

cos
a2 - sin (a2 - ck)le mn

ck

This may be reduced to
al(r+n)

sin (al+ 13) . e " -= sin (a2± f3) . e
sin 20

a2(t+n)

-(3)mn
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sum of these integrals is then divided by

kT, where T is the periodic time -27T .
fi

For the first integral we obtain :

Intl - cos
p n

cos (al - ck) - cos (a2- 56)-
mn fid-n .- I + t cos

sm ai

E mn - I(al -4(1+n)

(a1- a2)(1± n) sin (a2+ /3)
From (3), E mn

sin (al +13) 
this expression, and substituting
we obtain eventually :

/nil - (cos al- cos a2) 4-mn (sin al-sin a2)

- sin (a/ - ch).}

Using

for 95,

p(1 n) (5)

Fcr the second integral, we have
(a2 -.1-k.)

Int2= sin a2[1 - c

Substituting the value of the exponential
term from (4), we obtain :

Intl =7 (sin a2 - sin al) . . (6)

voltage vm = E . 2
Intl + Int2

kTThe mean

Thei efore

v. -E
(cos al - cos a2) m(sin a2 - sin al)

k7r(i n)
(7)

The expression for v. in Reference (4)
equation (15) is erroneous, as it is derived
only from an expression equivalent to (6)
above, that is, on the 'assumption that the
true mean voltage is the same as the mean
over the discharge period. Although this
is approximately true in most cases, it is
not always so. To illustrate the point, let
us consider the case of a half -wave rectifier
devoid of reservoir condenser, i.e. in = o.
There being no storage, the pulse will last
from al = o to a2 = 7r. If we substitute
these values in (6) above or in equation (15)
Ref. (4), we are led to believe that v. = o.
Actually, vm would be the mean value of
one half -cycle averaged over one cycle,
multiplied by the ratio of R to (p R),
for the arrangement would act as a potential
divider.
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That is,
R 2 I Evm=ip+Rc=-1±nv.

Substitution of the values of al and a2 in
(7) gives this same value of vin.

(d). R.M.S. Current drawn from Source.
From the first unnumbered equation,

we have i = E sin pt -v
. From this and

from (1) we have :

pi v cos .

-E-= sin a - sin a
n

sm (a - rk) -

[sin-(a-a4)(x+n)al
cos

sin (al - 0) le mn ..(8)
+n

which may be reduced to the form :
pi _sin 0
E

+ m2 [sin (a+11) - sin (aid -A E mn

(9)

The square of the R.H.S. is integrated
between the limits al and a2. The expres-
sion then found may be simplified by the
substitution of the values of the exponential
terms (from 3 and 4) as before. This final
expression when divided by kir will give

(4)2 where I is the R.M.S. current required.

In the full -wave case, if k is put equal to 1,
the value of I obtained will be that measured
by an ammeter inserted between the centre -
tap of the transformer secondary, and the
negative pole of the reservoir condenser.
To obtain the current in either portion of
the secondary, one must put k equal to 2,
as the pulse of current in any one portion
occurs only once per cycle. This is equiva-
lent to dividing the value of I first obtained
by Ar2. No such difficulty arises in the
case of the half -wave rectifier.
The expression derived is :-

cos (al a2 216+3 ok)sin (a2 - ai)[a2- al
cos

sin29* + m2)
2m2 kw

. . (1 o)
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(e) Rectified Current, Output Power and
Efficiency.

If vm be determined from (g), the rectified
current /0 is obtainable from the expression

vm/ =- R ..o (II)

V 2The output power P0 = = 102R .. (12)

The losses in the rectifier and source
PL= PP .. (13)
where I is measured in the line between the
centre -tap and the negative pole of the
condenser.

The input power Pi= I ,212[1-+ 12P (i4)
Io2R

The efficiency is n -
I2

. . (i5)
pI +I

02R

The form factor of the current wave -form

= I
-T. is obtainable from (I o) and (II).
J o

(Is), (i4) and (15) may then be expressed by
PL = lo2Rie1/4

131=Po (1 111 02)

Iand n = I ± nfe2

(13a)
(14a)

(15a)

Expressions giving the efficiency, output
power, etc. directly in terms of a1, a2, m, n
and cb may be found from (7), (io), (if), etc.,
but as the designer of an equipment is
concerned less with the efficiency than with
v. and I, such expressions are not derived
here.

(3) Half- and Full -wave Rectifiers with
" Back Voltage considered.

McDonald (Ref. 5) has considered this
case largely from an experimental standpoint,
but it will be of interest to investigate the
effect of introducing the
back voltage into our
treatment.

We must now con-
sider the ideal diode
current voltage charac-
teristic shown in Fig. 3.
The back voltage V will
be of the order of 5
volts for most thermionic rectifiers.
instantaneous current in the valve were
low, V might fall to I volt or less, but

-A

Fig. 3.-Ideal diode
characteristic.

If the
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as the resistance would then be definitely
non -ohmic, our treatment would hardly be
applicable. Our previous tacit assumption
that V is zero, is more and more nearly
justified as E becomes larger and larger in
comparison with V.

(a) Voltage Equations.
If we put V = KE, the first unnumbered

equation becomes :
E(sin pt - K) = pi + v, leading to the

following expression which replaces (1) :

v cos 95

E r +n
n

cos 0
+

cos
sin al

-sin (al - 0) nK 1
J..-(.-01)(I±.)

cos 0 1

This gives the condenser voltage during the
current pulse. For the voltage during the
discharge, we obtain, in place of (2) :

V = (sin a2- K) e

(b). Steady State Conditions.
We find the relations which must exist

between al and a2 in the same way as before.
The first relation is :

[sin (a - 0)

where a - cos 01/I m

(r+n)al

[sin (al + P) - aK]e Mn

mn
= [sin (a2 + /3) -al<]e ..

I

The second is :-
al+ kw .2

(2b)

(sin a1 -K)E = (sin a2 - K)E m
(4b)

From these relations we may determine
the appropriate values of a1 and a2.

(c). Mean Rectified Voltage.
We proceed, as before, and eventually

obtain the expression :
v. = E
cos a1-cos a2 + m (sin a2- sin ai) -K(a2- a1)

len(' n)

. . (7b)
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(d). R.M.S. Current drawn from the Source.
The expression, derived as before, is :

(I2) a2K2) (a2_ a1)-
\

cos(ai+ a2+213 + 30) X sin (a2 - al)
cos 0

- 4aK sinl(a2 - ai){2 cos 0 sin (al
a2 2P)

+ tan 0 cos 20 cos i(a, + a2 + 2,8)}
[sin 20 (I + m2)

. (lob2m2k71- .
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value for I, and (corresponding absurdity !)
to 1.2E. This illustrates the need
for a more exact knowledge of al and a2
than can be obtained by the graphical
methods used to derive the curves of Fig. 6,
Ref. 4.

On the assumption that E = 230v 2- --
325.3 volts, p =1,000 ohms and R= 100,000
ohms, calculations by trial and error give
the values tabulated below (Table I).

The experimental results were actually
taken for m = 126 (C = 4 microfarads),
but as the curves are flat in this region, the
difference will be small.

TABLE I.

Case V
volts

K al a2
v,
E

I
mA

1,
mA

III 0
= f,

1

2

3

o
5.00

5
(approx.)

o
0.016
0.016

62° 17.3'
61° 32.62'

Experimental

112° 14.3'
112° 5.35'

0.9007
0.8838
0.89

8.56
8.20
8.18

2.92
2.88
2.89

2.92
2.85
2.84

From the form of the above expressions
(7b) and (Iob), we might say that it is
obvious that the presence of a back voltage
V will reduce both vm, and I, as one would
expect. Nevertheless, on account of the
fact that the presence of V alters both a/ and
a2, it is safer to defer our conclusions until
we have considered some actual examples
(worked out in (4) a and b).

(4) Examples on Half- and Full -Wave
Rectifier Expressions.

Taking m = 100, n = 1/100 throughout,
we find ¢ = 44° 42.90' and P = 44° 42.73'.

(a). Half -Wave. (Table I.)
Using the curves of Fig. 6, Ref. 4, for

_R = 100, and 0 = = 15.9 we find al =112

2ir
60° and a2 = III°. Substitution of these
values in (7) and (10) leads to an imaginary

(b). Full -Wave (Table 2.)
Here the necessity for exactness in the

calculation is demonstrated. In Case
the L.H. sides of relations (3) and (4) differed
from the respective R.H. sides by less than
I part in 2,000, i.e., 0.05 per cent., while in
Case 2, the difference was less than 1 part
in 100,000. The 0.05 per cent. difference
gives rise to a 1.2 per cent. error in I, and
to a 1.5 per cent. error in I. In Case 3,
the difference was I in 250,000. Here
E = 128.6-V2 = 181.9 volts, p = 500 ohms
and R = 50,000 ohms.

The agreement between experimental and
theoretical values is perhaps better than
might have been anticipated.

(5) Voltage -Doubling Rectifier
The treatment is given practically in full,

as it is believed to be original. The effect
of back voltage is not considered, as it

TABLE 2.

Case V
volts

K al a2 a,
E

I
mA

I,
mA

III,
= f,

I o 0 67° 36.25' 108° 36.25' 0.9509 7.944 3.458 2.297
2 0 0 67° 43.70' 108° 31.70' 0.9372 7.848 3.408 2.304
3 4.00 0.022 67° 54.09' 108° 24.09' 0.9169 7.314 3.334 2.194
4 4 0.022 Experimental 0.916 7.43 3.33 2.23

(approx.)
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would introduce considerable additional com-
plication, and we are justified in supposing
that its general influence would be the same
as in the previous cases, i.e. it would reduce
both vn, and I.

The circuit considered is shown in Fig. 4,
and Fig. 5 serves to
illustrate the process
of rectification. The
output voltage is the
sum of v' and v" (see
Fig. 5). v1' and v2
occur at the begin-
ning and end, re-
spectively, of the
first current pulse,

the beginning of the
v1", etc., have similar

t,

Fig. 4.-Circuit for
voltage doubler.

while v3' occurs at
second pulse. a1, a2,
meanings.

(a) Voltage Equations.
During that pulse of current which passes

through the upper diode, we have the
following equations :

E sin pt = pi ± V'

I . .

2V1=
C-D

( - ti)
v' = Ri, - v"

vn =and

From these we obtain :
[1 + C(R + 2p)D pRC2D9v" -E sin pt
or

[I + (1 2n)D + n1-142-
2

D2]v" = -E sin pt
. . (i6)

and

v' - (I+ CRD)v" = -(i+ D)v".. (17)

The solutions of (i6) and (17) may be put
in the form :-
v' 7(a-a1) 8(a -al)

± Be - mF cos (a ± 0)

-F sin (a + 0) . . . . (i8)
and
v" ^/(a -al) 8(a -al)

XA yBe F sin (a + 0)

. . (i9)
where A and B are arbitrary constants,
which will be evaluated later, when the
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voltage equations which apply during the
" gaps " between the pulses have been found.

- I - 2n + 4n2
Y== 2mn

8
- - 2n - -I- 4n2

2mn
IF=

v(m212 1)2 + 1122(i + 2n)2

M(I ± 2n)tan - m2n - I
2nx=

(I pCRy) I - 4n2

2n
Y - (I + pCR8)-I + 4n2

During gap (1), if the condensers, which
are assumed to be equal, carry charges
q' and q", respectively, we have :-

--= - Dq' = - Dq", v'

and v" = -
CD

i1 whence

r
Ler) ± + R] =

I .

CD11

The solution of these equations gives

v' -2 (6, .2)

E = G e 'n + H and

V"
2(a- a2)

E= G le +H1
As, during the discharge, both condensers
carry the same current, the rates of change

Fig. 5.-Cycle of operation (doubler)

of v' and v" must be the same, for all values
of a in the gap period. Accordingly, G = G1.
Also, if the discharge were allowed to con-
tinue indefinitely, the potential difference
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across R would eventually vanish. That
is, as a tends to an infinite value, the sum
of v' and v" tends to zero. Hence H1 = - H.

v'
-2(a-a2)

Accordingly = Ge + H (2o)

, v"and= Ge m-H (2I)

where G and H are arbitrary constants, to
be determined from the initial conditions.

v' - v"
We may note that = 2H, i.e. the

discharge curves are a constant vertical
distance apart, during any one gap. This
distance will, however, not be the same for
different gaps unless a steady state has been
reached. That is, the value of H will vary
from cycle to cycle until the attainment of
a steady state.

If the values of H during the gaps imme-
diately previous to pulse (I) and immediately
following pulse (I) are Ho and H respec-
tively, then we have :-

v" - v'for a = a1, E-= 2Ho

v' - v"and for a = a2, E - 2H (22) and (23)

We may now proceed with the evaluation
of the A.C.s A and B, G and H.

AAta= ai, we have sin al =Ev- + B -mF

x cos (ai + 0) -F sin (al + 0) from (i8).
Therefore, A + B = M, (24

where M, is the value of sin a + mF x cos
+ 0) + F x sin (a 0) = M at a = al.
M may be transformed into

mnF,v4 ,n2 sin (a + tit)

ni

2+2
where tan 0 =

m(m2n + 4n + I)

Also, at the same moment, we have, from
, v"

(22), = sin a1 + 2H0. Putting a = a2 in

(19), we have v -E, --=xA±yBd-F x sin (a, + 0).

Whence xA yB = 2H0 + N, .. (25)

where N = sin a -F x sin (a + 0)

-2 (a-.2)

= vm1/42 + Fv4 + no sin (a- v)

F x sin 0
and tan v = -F x cos 0.
Solving (24) and (25) we obtain :-

2H,±N1-yM1
orx -y

2H0=A(x-y)-N1-FyM1

and B =xM1-21-10-N,x -y
For the sake of convenience in writing, these
values of A and B are not substituted in
(i8) and (is).

The attaching of numerical values to A
and B involves the assumption of values not
only of a1 (as was 'sufficient in the case of
the half- and full -wave rectifiers) but also
of Ho, as we might have expected, for (16)
is of the second order. Except in the steady
state the value of Ho is not determinable in
terms of a1, unless we go back to the real
beginning, i.e. to the moment when the
equipment is first switched in.

We now evaluate G.
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.. (26)

At a = a2, sin a2 =T, = G H

from (2o),or G = sin a2 - H. (2o) and (21)
may now be rewritten :-

-2 (a-.2)
v' = (sin a, -H)e m H 
v"and = (sin a2 - H)e m -H 

(b) Steady State Conditions.
When a steady state is reached, a new

pulse commences at a3 = a1 + or. During
this pulse, the form of v' is identical with the
form which v" had during the previous pulse
and vice versa. Now, moreover, H is the
same for all gaps. Accordingly Ho = H.

In order to obtain the values of a1 and a2
which apply to any particular values of
m and n, we require, in addition to (26),
expressions involving the magnitudes of
v' and v" at the end of pulse (I) and also
at the end of gap (i).

Putting a = a2 in (18) and (19), and
v' - v'remembering that, at a = a2, E =2 H,

(27)

(28)

we get :-
sin a, = Ac Bd - mF cos (ao 0)

-F Sin(ao + 0) or Ac Bd = M2 . . (29)
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and sin a2 - 2H = xAc - yBd Fsin (a2 + 0)

or xAc yBd = N2 - 2H . . . . (30)
if we put e v(a2-a1) = c and E s(a2-a1) = d.

On eliminating A and B from (24), (25)
and (29), we get

Ho = M,(yc - xd) M 2(y - x) N1
(3I)2(C - d) 2

and from (24), (29) and (30) we get
N2 cdMi(y- x) M 2(xc - yd)
2 2(C - d)

Under steady state conditions, Ho = H,
and thus from (3I) and (32), we obtain the
first relation which must be satisfied if a
pair of values of a1 and a2 is to correspond
to particular values of m and n. It is :-
(N1 Lk N2) (c - d) = Miftyc -xd)± cd(y x)]

M 2[Y -x xc - yd] . .
'

v"At a = a3, E
= sin a1 (see Fig. 5).

From (28), at a3 = al + ir we have
v"

-- =- (sin a2 - H) c

Hence we obtain the second relation :
2(a, -Fir) 2a2

(sin ai H) e m = (sin a2- H) e -in . (34)

where the value of H may be got from (32).
We obtain, by trial and error, values of

ai and a2, which satisfy relation (33) above.
These values are then consistent with each
other during the charging period. Sub-
stitution in (34) will reveal whether they are
consistent with each other during the dis-
charge, or not. If not, further trial is
necessary, until a pair of values is obtained
which satisfies both (33) and (34).

Actually, the relations in the form shown
above are not very suitable for purposes of
computation. The following is a better
procedure. Those values of a1 and a2 which
lead to the same value of H when sub-
stituted in (3I) or (32) are found by trial.
From (34), we have :

2(a1+a-a2) 2(al.+a-a2)
E m 1-= sin a2-e m . sin ai

(35)

The same values of a are substituted in (35),

(33)
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and, if they are the correct values, the value
of H then found will agree with the value
derived from (3I) or (32). Otherwise,
further trial is necessary.

Once al and a2 are known, A and B may
be found from (26).
(c) Mean Rectified Voltage.

v' v"We integrate during the pulse,
between the limits a1 and a2, treating a as

v' v"
(32) the variable. We then integrate

during the gap, between the limits a2 and
a3 = a1 + 7T. The sum of these integrals,
when divided by 7T, gives the value of 2--nvE 

From (i8) and (19)
a2 a-

Int -fv' v" da -f'2[A ( x)Ey( )

s(c,-.1)B y) - mF cos (a+ 0)] da
* A(1 + x)(c - 1) + B(i y)(d -

8

- mF[sin (a2 + 0) - sin (al + 0)]

Now x =
I x = - mx. ± my y

Similarly
 + y

8
- my.

Intl = m[xA (1 - c) y B(r - d)
-F sin (a2 + 0) - sin (a, + 0)]

Subtracting (25) from (30), xA(c - 1)
yB(d - 1) = N - - 4H as H = H0.
Int, = m[4H + N - - Ffsin (a2 + 0)

- sin (a, + 0)}] = m[4H + sin al - sin a]
as N = sin a - F sin (a + 0).-2(a

--",,2)al,+
v -F-v ai-Hr

da= f 2 (sin a2 -H)c "' da
a2

a2

from (27) and (28).
-2(ai+n -a2)

- m(sin a2 - H) [e -
Substituting for the exponential term from
(34), we get :-

/nt2 = m(sin a2 - sin a1 - 2H)
. Int,+ Intl = 2mH

and vm = Intl ± Int2 2mH
. . (36)

ir 7r
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As H has previously been determined, in the
course of the evaluation of a1 and a2, we can

immediately find v-nl.

Regarding it from the general point of
view, (36) is not as simple as it seems, for
we should really substitute for H from (3i)
or (32).

(d) R.M.S. Current drawn from the Source.
From paragraph (5a), we have

PiE= sin a - E

and, using (i8), we get

Pi - -AE - B E7('-"1 a(a-'4.) sin a ± mF-
X cos (a + 0) F x sin (a ± 0)

A E7(c1- al) - Be 8(''.-41) M sin (a+ ib).

Y.V.25
Fig. 6.-Actual diode characteristic.

r We integrate the square of this expression
between the limits a1 and a2, and obtain :-

A412

k=8) = c I) ±B2(d2-I)
27 28

)2 A 2( 2 -\ 2

a1

2AB(cd - i) Moe+ (a2- al)

Mo2- {sin 2(a2 - sin 2(al + 0))
4

IB±d 88
+fp) cos(aj.±#)}

+A cy2+IB:82){sin

(37)

The R.M.S. current I which may be calcu-
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lated from this expression, is that supplied
by the source. The current in any part of
the supply side of the circuit not shared by
the two diodes will be 0.707 X I.

Although it is
possible to sub-
stitute for A, B,
c, etc., from (24),
(25), etc., in a way
similar to that
used to find the
mean rectified
voltage, the ex-
pressions thus de-
rived by the
author are no im-
provement on
(37), and are
therefore not given. Similarly, equations
(31) and (32) have not been reduced to
simpler forms. It is not implied that
simplification of (37) or earlier expressions
is impossible, but merely that a suitable
inspiration has been lacking !

(e) Rectified Current, Output Power and
Efficiency.

The equations (n), (i2), (13a), (14a), and
(15a) of paragraph 2(e), are still applicable,
if /0 and I are obtained from (36) and (37)
respectively. I is measured in the line
between the source and the common pole
of the condensers.

-001
Si COIL lt

Fig. 7.-Evaluation of
mean V and p.

(6) Experimental Results
The tests were carried out in so obvious a

way that only a brief description is necessary.
For the diodes, two Clarion UF4 full -wave

rectifiers, being on hand, were used, the two
anodes of each valve being strapped in
order to give a low value of p. For one
valve, Fig. 6 shows the current -voltage
characteristic and the curves of p and the
back -voltage V derived from the char-
acteristic. p and V are plotted against the
current. V was taken as the intercept on
the voltage axis, of the tangent, the slope
of which gives p. For the other valve, p,
for currents above about iomA, is about
ioo ohms less, and V about the same. An
external resistance of about Ioo ohms was
accordingly connected in series with the
second valve, in order to equalise the re-
sistances. :The effectiveness of this adjust-
ment was tested by examining oscillograms

B 2
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of the currents passed by the two valves,
when the effect of a io ohm change in the
added resistance was readily observed. For
low currents, about 150 ohms were necessary
in order to equalise the currents.

As both p and V vary during the pulse,
oscillograms were taken, and examined to
see whether mean arithmetical values could
reasonably be attached to p and V. Fig. 7

FULL WAVE

=

01 002 420 1 ZS 5 0 25 So

Fig. 8.
Curves of f, for the three types of rectifier.

100 250 500

2.5

2.0

1s

10
1000

fe

shows a tracing of such an oscillogram of a
current pulse, for R = 100,000 ohms, p =

,000 ohms, C = 8.38 microfarad (i.e. m =
263 and n = o.00i), using a half -wave
arrangement. Curves of I/p and V are also
plotted. The mean value of i/p was 2,000
micro -ohm, that is, p = 500 ohms, and the
mean value of V was 4.16 volts. The curves
for the second valve were similar in shape,
the mean values of p and V being 395 ohms,
and 4.35 volts, respectively. With the ioo
ohm external resistance in series with the
second valve, the two in parallel gave a
resistance of 250 ohms, to which was added
a further 75o ohms. The not too extrava-
gant variation of p and V during the pulse
would be practically swamped by the addi-
tional 75o ohms in this case. We may
therefore take it that our assumption of
constant valve resistance during the pulse
is not unjustified, except perhaps in those
cases when no extra resistance is used, i.e.
those corresponding to the lowest values of
n. On the whole, however, the regular
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spacing of the curves, with the exception of

that for n == 800 (half -wave), seems to indi-

cate that even, then our assumption is
sensibly correct.

The power supply was obtained from a
5 kva transformer, so that the impedance
of the source was negligible.

HALF WAVE 11.=

/

-- 6

Tgs

A

to

01 o 25 0.30 25 5 10 2.5

m.

Fig. 9.

so 100 250 500
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fe
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2.0

1 . 5
1000
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-----

is

= i
11E
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1 2.5 5 10 25 SO 100 250 500 1000 22420 5000 10

Fig. so.

$

fe
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3

000

A thermo-milliammeter was placed in the
circuit at the point marked X in Figs. 1,
2 and 4, and a d.c. milliammeter placed in
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series with R. Obvious switching arrange-
ments were made, by which C, R and p could
be varied between the limits given in the
Table 3.
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Figs. 12, 13 and 14 show the values of --E
for the three cases. The effect of the back
voltage V has been eliminated as far as

TABLE 3.

C R ohms. p ohms.

Half -wave o.or to 81/F 200,000 to 10,000 4,000 to 250
Full -wave o.or to 8p.F 100,000 to 25,000 25,000 to 500
Doubler o.or to 4/LF r meg. to 25,000 25,000 to 500

Values of f, =
I- for the half -wave, full -

0

wave and voltage -doubler cases are shown
in Figs. 8, 9 and
io, respectively,
plotted against m
for various values
of n. The hump
just beyond the
knee of each curve
corresponds to a
change in the 0 Seconds a

wave -form of the
pulse from an
approach to a sine
wave, to a peaky wave, and then to a flatter
wave. This change is illustrated by the
oscillograms shown in Fig. II, which were
taken for a half -wave rectifier for which
R = 200,000 ohms, p = 250 ohms (n = -).
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n -L_
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Fig. ii.-Oscillograms of
current pulses.
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possible, by taking readings at different
supply voltages, but with the same V, i.e.
with different values of K. Hence the effect
of K on the output voltage was determined
and eliminated. The fractional decrease in
vm is about equal to the numerical value
of K.

It is to be noted that the curves for the
voltage -doubler fall more steeply than those
for the other cases, and moreover they fall
to very low values. This difference in
behaviour is due to the fact that, in the half -
or full -wave case, there will be some rectified

E 2
voltage\

k(r n)
X even if the reservoir

condenser be removed, whereas if the
voltage be removed,
all connections between supply and load is
broken, resulting in the disappearance of the
output. For low values of m, the rectified
voltage v7, may be estimated from the follow-
ing considerations.

HALF WAVE
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Figs. 12 and 13.-Curves of Ei VERSUS M for full and half -wave types.
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If m is low, i.e. C very small, then there
is no appreciable gap between the current
pulses, and no appreciable initial charge on
that condenser which is in series with the
load during any one pulse. The voltage vL
across the load will accordingly be

E (sin pt) x
p R

for p, C and R are in series across the
supply, and transient terms will die out
very rapidly. Multiplying top and bottom
of jpC, we get :-

imvL = E (sin pt) I + jm(i n)

and the value of vm will be
2V = E

M 7r VI + m2(i n)2

If m = 1, n = o.2, then

v. = 2 E I =0.406E.
77 1'I+ I.44

From Fig. 14, v. = 0.416E. For m = 1,
n very small v. = 0.45 E from the
calculation, and o.465E from Fig. 14.
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DOUBLER
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Fig. r4.-Curves of vi VERSUS M for voltage -

doubler.

As m is decreased, vm for a voltage -doubler
circuit tends to zero, whereas in the half- and
full -wave cases, vm tends to the limits

E
n I +and 2 E

n
respectively.

w rr

(To be concluded.)

Mutual Inductance *
By J. Greig, M.Sc., A.M.I.E.E.

IN the study of elementary A.C. circuit
theory it is the common experience that,
while the fundamental character of mutual

inductance is essentially simple, it is often a
matter of some difficulty to write down with
certainty the mesh equations for networks
having a number of meshes with mutual
inductance between several of the elements.
This difficulty seems to arise largely from the
somewhat inadequate definitions of mutual
inductance frequently given in elementary
text -books.

The present note represents an attempt to
set out the fundamental theory using the
so-called " double suffix " notation which
appears to offer some advantages in the
matter of clarity.

The mutual inductance between two coils
* MS. accepted by the Editor, December, 1935.

may, without attempting complete definition,
be said to be the e.m.f. induced in one of
them by unit rate of change of current in
the other. To specify the effect completely,
the direction of the e.m.f. corresponding to
unit positive rate of change of current must
be stated, also, it is not obvious without
demonstration that the e.m.f. induced in the
secondary by unit rate of change of current
in the primary is equal to the e.m.f. induced
in the primary by unit rate of change of
current in the secondary. These points are
cleared up by the following simple theorem.

Consider two coils A and B as in Fig.
having self -inductances LA and LB.

Using the double suffix notation /12 repre-
sents a current in coil A flowing from I to 2,
while e12 represents a real e.m.f. acting from
I to 2 and v12 represents the fall in potential
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across the coil terminals from i to 2. Thus
121 represents a current i flowing from 2 to I
and 224 = i12. A similar interchange of
suffixes reverses the signs of the other
quantities. Now let the coupling be such
that unit positive rate of change of current
in coil A from z to 2-i.e., d212

dt
induces an e.m.f. MAR acting from 4 to 3 in
coil B and suppose, for the time being, that

dt
= + i produces an e.m.f. M acting

from 2 to i in coil A. Let a steady current
/12 be established in coil A with coil B open
circuited. Then establish a steady current
I, in coil B meanwhile maintaining /12
constant. This, of course, necessitates in-
jecting into the circuit of coil A an e.m.f. at
every instant equal and opposite to that
induced by the rate of change of current in
coil B. The work done by this e.m.f. will be
positive as it acts with the current.

CI)

0

A

(a)

A

A

'600

(b)

4

(c)
Fig. 1.

The total work done in establishing the
two currents will be

t co

4/212 LB/234 +I /42 ddir Mdt
t-0

= LA.1212 + LB/23-4 M BAI 121.34

Now let the two currents be established in
the reverse order. The work done this
time will be

LB/234 +I LA/212 + MA. --1341.12

The total work done in establishing the two
currents is obviously independent of the
order in which they are started, therefore

MAB = MBA =

If it had been assumed that MBA repre-
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sented an e.m.f. acting from z to 2,
MAB MBA would have been obtained.

Thus it is seen that, if unit positive rate
of change of current in the direction 1.2 in
coil A produces an e.m.f. of magnitude + M
in the direction 4.3 in coil B, then unit
positive rate of change of current in the
direction 3.4 in coil B will produce an e.m.f.
of + M in the direction 2.1 in coil A or if
the directions I to 2 and 3 to 4 are called
the positive directions in each coil then unit
positive rate of change of current in either
coil will produce an e.m.f. of -M in the

diother, i.e., e = -M
d

Now consider the case in which the two
coils are connected in series as Fig. ib.

212 i34 = i14
The e.m.f. induced in coil A by any change
in i14 is given by

TA ddt12 Mddt' -'--34
and in coil B by

e43= L., - aradi34 7i5 di12
dt adt2

e43+= -dil4 (L A+ LB+ 2M)

Therefore the applied voltage or total fall
of potential from i to 4 is

di
V14 = dtl4 (LA + Ls+ 2M)

If the two coils are connected as in Fig. is
the fall in potential becomes

di,.vls=(LA + LB- 2M)
dt

Thus if the numerical value of M is positive,
the effective self-inductance of the two coils
is greater than LA + LB in the 1.2, 3.4.
connection, which would be termed the
" series aiding " connection and less in the
1.2, 4.3 connection, which would be termed
the " series opposing " connection. If the
two coils in the 1.2, 3.4 connection carry a
sinusoidal alternating current /14 of fre-
quency f, the fall in potential from i to 4
is given by V14 it0/14(LA + LB + 2M)
where co = 2irf. It is evident that for M
to be completely specified it must be related
to definite conventional positive directions of



364 THE WIRELE

current flow in each of the elements between
which the coupling exists. Practically, it is
convenient to take M as the e.m.f. induced
in the negative direction in either element
by unit rate of change of current in the
positive direction in the other.

Consider an A.C. bridge circuit (Fig. 2a)
in which, as in the Heaviside unequal ratio
bridge, mutual inductance exists between
the detector arm and one of the main bridge
arms. Let M be the e.m.f. induced in the
direction 4.3 in z b by unit rate of change of
current in the direction 9.10 in zg.

,T
e43 ="" IV1 dt10 :/tthvl 910

e10.9 =
Mau

dt = 7tuMr34

Then

and

(a)
Fig. 2.

The mesh equations using the
double suffix notation then
are :-

I12Za 110'94 I78Zd
e109=i"I 34

I a b I5.6Z0 + I- 9.10'4
= e9.19

= - itoM(1.9.10 134)

Alternatively, if the elements of the network
are each labelled with a conventional
positive direction as in Fig. 2b

eb - joilllIg and eg = - jcoMI,
the mesh equations become :-

.1,Za IgZ, IaZd = eg
IbZ, - I,Z0 IgZg = e, eg

- ja,M(Ig Ib)
It will be noted that, with the conventional

positive directions chosen for lb and .1,,
M represents the e.m.f. induced in the
negative direction in either element by unit
rate of change of current in the positive
direction in the other. This means that,
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if the two elements considered are imagined
to be disconnected from the bridge and
connected in series as in Fig. 2C, the effective
self-inductance of the combination will be
Lg Lb + 2M. This gives a convenient
practical way of stating M for a four -
terminal mutual inductance. Let the pri-
mary terminals be numbered i and 2 and
the secondary terminals 3 and 4. Suppose
the self-inductance of the two coils in series,
with terminals 2 and 3 connected, to be,
say, 12 mHy, while the self-inductance of
each coil by itself is 5 mHy. Then the value
of the mutual inductance is i mHy and the
conventional positive directions in the two
windings, to which this numerically positive
value of M corresponds, may be indicated
by writing M12,34 = mHy.

Correspondence
Distribution of A.C. in Some Circuits
To the Editor, The Wireless Engineer

SIR,-I beg to advise you that a mistake has
occurred in my letter in the May issue, where, at
the end, the proportion It : I2 : I = -2 : 3 : I
should appear in place of It : I8 : I = 2 : 3 : I.

Moscow. E. LIVSHITZ.

The Industry
THE Instrument Department of Ferranti, Ltd.,

Hollinwood, Lancs, has sent us details of a
series of shunt boxes and multipliers for

increasing the range of standard Ferranti instru-
ments.

A contract for the supply of 74 tons of non-
corrosive cored solder has been awarded by the
General Post Office to Ormiston's Alumina, Ltd.,
Great West Road, Brentford, Middlesex.

A direct -reading valve voltmeter of the high -
impedance input type has been added to the range of
apparatus produced by the Instrument Department
of E. K. Cole, Ltd., Southend-on-Sea. Type TF314,
as it is called, is operated from a 50 -cycle supply,
special precautions being taken to render the
calibration independent of the mains voltage.

Half -wave Westectors, Types W4, W6 and WX6
have been reduced in price from 7/6 to 5/-.

Barnham & Adolph, 35, New Cavendish Street,
London, W.i , issue leaflets describing selenium and
electronic light-sensitive cells of various types.
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Noise -Suppression in the Receiver *
A New American Development

By William N. Weeden

TO the radio enthusiast in America, as
in Great Britain, atmospherics and
local interference have long been

troublesome. Although many schemes have
been put forward for reducing them, only
two have been in any way effective in
remedying the latter-to suppress the inter-
ference at its source or to prevent it from
reaching the receiver by erecting the aerial
outside the field of interference. Neither
course is always possible, however, and the
claims of a new system operating in the
receiver itself are consequently well worth
examination.

This new silencer very effectively eliminates
many types of " man-made " interference,
much natural static, and what it cannot
eliminate it greatly reduces. Of the many
sceptical engineers and advanced amateurs
who witnessed its performance, the writer
has not heard of one who did not consider
its action highly interesting. All this in
spite of the very modest claims made by its
inventor, James J. Lamb.

The development of the silencer was
preceded by a lengthy examination of the
wave form, peak and effective voltages,
duration and other characteristics of many
common forms of interference. Oscillo-
graphic examination showed that the sharp
cracks heard in the loud speaker as the
result of the spark occurring when an
electric light or power circuit is closed, are
really due to a series of damped wave trains
having a duration of less than iii000th of a
second. If the crack resulting from the
spark were to be audible for no more than
the duration of the electrical discharge, little
harm would be done, but much of the trouble
is caused by the fact that our loud speaker
diaphragm will oscillate at its natural period
-if shock -excited byan impulse of sufficiently
great amplitude. Once the diaphragm has
been set into vibration, its inertia causes the

* MS. accepted by the Editor, May, 1936.

persistence of oscillation for an appreciable
fraction of a second, thereby masking out a
signal which may be present and of fair
amplitude.

In addition to mechanical inertia in the
loud speaker, the I.F. and H.F. tuned
circuits, if of high -Q, possess such low
decrement that they will oscillate for some
time after the shock has ceased. Also, L.F.
circuits may oscillate if their design is such
as to exhibit resonance. While discussing
the effect of shock -excitation, the quartz
crystal filter, which is very popular in the
United States for its remarkable selectivity
and is employed in most high-grade com-
munication and amateur receivers, owing to
its remarkably low decrement, will prolong
at least ten times the inoperative period of
the receiver after the shock.

The next result was to discover that
reception was hindered but little, if the
amplitude of the interfering impulse did not
greatly exceed that of the signal. Even when
the amplitude of the noise was twice that
of the signal, the communication value or
intelligibility of the signal was affected but
little. However, the amplitude of the
annoying impulses was usually ten to twenty
times that of the signal.

For the initial discussion of interference,
only the single or isolated spark has been
discussed. If this were the only form of
noise with which we have to contend, the
Lamb silencer would solve the problem
completely. Unfortunately, there are many
devices which create an entirely different
form of noise, and the noise suppressor may
not be able to deal with these as effectively.

Lamb's analysis further showed that in
addition to the various effects of shock -
excitation discussed above, those of valve
overloading could also be very serious.
Noise impulses of ten times the signal
amplitude can easily cause one or more
valves to draw grid current, and when it is
realised that most of the grid circuits in
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modern receivers include decoupling resistors
and associated by-pass condensers which
have a time constant of at least oth
second, it is easy to see that the receiver will
only recover slowly if it is overloaded. The
blocking and cross -modulation effects caused
by the flow of rectified grid current frequently
continue from one impulse to the next,
thereby putting the receiver out of action
until the interference ceases. Lamb therefore

0

2

0'001 SEC. TIME

(a)

(b)

INTERRUPTIONS AS
HOLES OF SILENCE

ril\r
-41

0'001 SEC.

SIGNAL LEVEL
MAINTAINED

BY A.V.O.

(C)

Fig. I.-The relationship between signal and
noise in a typical case at the input of a receiver is
shown at (a), and the form in which they appear
from the loudspeaker at (b). The effect of the
noise suppressor is indicated at (c) and it can

be seen to remove the worst noise peaks.

realised that if he were able to prevent this
overloading, as well as preventing the speaker
shock excitation previously mentioned, the
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problem of " noise " interference would be
largely solved.

Schemes for limiting the receiver output
have long been known, but none operated
early enough in the receiver to prevent valve
overloading. Therefore, Lamb proceeded to
work on the idea of paralysing the receiver
for the duration of each noise impulse-
r/r 000th second only. He determined that
such periods of silence would not be notice-
able to the ear, and that as many as 200
impulses per second could be handled if the
time required to silence and subsequently
restore the receiver operation were reduced
to a few microseconds, the idea being as
illustrated diagrammatically in Fig. i. After
several failures, the idea of using a supplemen-
tary A.V.C. circuit, delayed sufficiently to
prevent it from operating on signal peaks, and
so arranged that its time constant was nearly
zero, was arrived at. While there were many
obstacles to be overcome, it showed promise
from the start, and after a year or more spent
in refinement of design, the " Silencer " at
last reached the form which is to be described
in the remainder of this paper.

As shown in Fig. 2, the silencer consists of
an auxiliary I.F. amplifier stage feeding a
full -wave diode rectifier which rectifies the
noise impulses, furnishing sufficient D.C.
voltage across its load resistance to cut-off
the plate current of the second I.F. valve,
and reduce its gain to zero, for the duration
of the noise impulse.

The auxiliary I.F. stage consists of a
sharp cut-off H.F. pentode fed from the
secondary of the I.F. transformer, with its
grid connected in parallel with the grid of
the second I.F. valve in the receiver. It is
connected to the second stage, as the gain
preceding the noise rectifier must be
sufficient to insure the presence across the
diode of sufficient voltage, on noise impulses,
to furnish the necessary control voltage to
reduce the gain of the controlled valve to
zero on impulses of moderate value.

The noise rectifier is coupled to the
auxiliary amplifier by means of transformer
T3, which is flatly tuned and has a centre -
tapped secondary for feeding the full -wave
rectifier. This method of rectification was
found necessary because of the almost
complete balancing out of the fundamental
frequency in the output circuit. As the time
constant of the load resistance, filter and



July, 1936 THE WIRELE

by-pass condensers must be kept down to a
low value, it is difficult to obtain good
filtering ; and to prevent instability, the
unrectified I.F. present in the diode output
must be kept very small,-lower in value
than can be achieved with a half -wave
rectifier.
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respect to signal variations, and yet per-
mitting the silencing to take place on noise
impulses which just reach objectionable
amplitudes.

While the diagram shows a 6L7 valve in
the second I.F. stage, this valve was not
available during the early work on the

+H.T. 250 V.

TO "I ofI.F.
ANODE

IsT1
GI

R3

C

6J7

H.F CHOKE

6H6

tt

04=

N.F. & I.F. A.V.O.
CATHODES SWITCH

T

a pa

8H

R

04

Rs

TO L.F.
AMPLIFIER

H.T.

TO C.W. OSCILLATOR
TO H.F. & IJe

Fig. 2.-The circuit of the noise suppressor applied to a superheterodyne. The 6L7 valve is the second
I.F. stage of the receiver and its output feeds a diode detector in the usual way. The 6J7 valve and
the second diode form the noise suppressor. R1- Too,000,0, 4 Watt ; R2 - 35o to i,000Q, 4 Watt;
R3 - 100,00012, Watt ; R4- 5,ocio .S2 I.F. Gain Control; R,-L000,000l? L.F. Vol. Control ;
R6-50,00012, 4 Watt; R2- zo,00052, i Watt; R8-5,0009, 1Voise.Threshold Control; R0-loo,00012,

Watt ; R10- i,000,000Q, 4 Watt ; C 2- o.oT ILF 200 v.; C3 -0.1 tiF zoo v. ; C4 - 0.1 µF 400 V. ;
C5-50 0.11F (mica) ; C6-0 to 25o µµF (mica) ; T1- Double Tuned I.F.T.; T2-Either centre -
tapped or normal single or double tuned I.F.T. ; T3- Tuned Plate, very tight coupling, broad

tuned ; H.F.C. 20 mH. Choke.

The anodes of the noise rectifier are made
negative with respect to the cathode to
prevent the rectification of desired signals.
This negative bias, or delay, can be adjusted
,by the potentiometer R8, and is normally set
at about twice the peak value of the signal
applied to each anode of the 6H6,-thus
allowing a reasonable margin of safety with

silencer-so several other valves were tried
with little success. The only other valve
which can be used with any degree of success
is the 6A7 (heptode), although when the
number i grid was biased to cut-off by the
noise rectifier, the gain was not reduced to a
sufficiently low value to cause satisfactory
silencing because of coupling between the
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number r and number 5 (to which the signal
was applied) grids. At present, therefore,
the success of the silencer is largely dependent
on the use of the 6L7 as the controlled
second stage I.F. valve, and no substitute can
be recommended.

When checking the operation of the
receiver with silencer, the voltages on the
tube elements should first be measured.
With a total plate supply voltage of 225, the
6L7 and 6J7 screens should be approximately
90 volts above earth; the cathode of the
6L7 should be 3 volts positive, while that of
the 6H6 should normally be 6 volts positive.
The rectified D.C. developed across R9 and
applied to the number 3 grid of the 6L7 should
be ro volts for total silencing. These voltages
are correct for a signal voltage (peak) of
3 to 4 applied to each plate of the noise
rectifier. The H.F. and I.F. valves should
have their minimum bias and A.V.C. voltages
adjusted so that the signal will be held at
the proper level, for if a strong signal is not
reduced sufficiently by the A.V.C. action,
the signal peaks will be mutilated, while if
the gain with weak signals is allowed to fall
off, the detector input will be too low for
optimum silencing, and the signal -noise ratio
will not be as great as with the proper signal
level.

The foregoing refers to the reception of
telephony for which A.V.C. will normally be
employed. For the greatest freedom from
noise, therefore, a form of A.V.C. capable of
keeping the detector input at a nearly
constant level should be used. While the
simpler forms may be employed, or in fact
the receiver may be operated with manual
gain control as is usually done for C.W.
reception, it will be necessary to readjust
the threshold or delay voltage more fre-
quently, particularly when receiving signals
which are but little above the noise level.
However, this adjustment soon becomes
automatic, so that with a little use, the
listener will hardly be conscious of shifting
the threshold for varying signal levels.
While discussing the importance of A.V.C., it
might be well to mention that in some cases
better results are secured when the noise -
amplifier valve is not controlled by the
A.V.C. system.

This noise amplifier should be of the sharp
cut-off H.F. pentode type, as the threshold
(point at which the silencer goes into action)
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is much more sharply defined than would be
the case were a valve of the variable -mu
type used.

At this point, the receiver should operate
just as efficiently as it did before adding
the silencer-if the slider on R8 is set well
toward the positive end. It should be possible
to reduce the voltage between R8 and ground
to 5 or 6 volts without affecting the receiver
operation. However, if this voltage be
reduced still further, and if a station of fair
strength is received, a point will be reached
at which the signal peaks will be silenced.
The delay voltage to the noise rectifier,
controlled by the slider on R8, should now
be increased to the point at which normal
signals are not silenced.

A series of measurements on a receiver
equipped with silencer showed that an
improvement in signal to noise ratio of 20 to
3o db should be realised-varying with the
signal strength, which was very weak to
medium. Noise was furnished by an auto-
mobile spark coil, operated near the receiver.
With the spark coil operating and the
receiver tuned to the strongest local signals,
nothing could be distinguished through the
noise, until the silencer was put into opera-
tion. Oscillographic examination showed
that the silencer prevented any noise impulse
from exceeding the peak voltage of the
signal, so that the requirements for
" silencing " were more than fulfilled.

The silencing was equally successful from
3o megacycles down to 0.5 megacycle. The
14 and 28 megacycle bands were completely
blanketed, at the time of the tests, by
automobile ignition interference-which was
so bad that no signal could be heard. When
the silencer was put into operation, it was
so effective that several hundred signals
could be heard plainly, and could have been
copied without difficulty. Also, European
broadcasts were heard very well through the
interference which but a moment before had
been so devastating.

For the experimenter who would be
interested in further improving the action
of the silencer, )it would seem that, if the
delay voltage were to be maintained auto-
matically at a constant difference from the
signal voltage, the silencing action would be
more nearly perfect over a wide range of
signal strengths. In view of the range over
which the cathode to ground voltage of the
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6H6 and 6J7 must be varied, it would
probably be necessary to employ some farm
of amplified A.V.C. to accomplish this.

For communication purposes the silencer
should prove a very useful improvement, but
the listener interested in high quality
reproduction of musical programmes should
use every means at his disposal (aerial
location, shielded lead-in with appropriate
impedance -matching transformers, overall
receiver shield, and mains filters) before
calling on the silencer. However, if lifts,
trams or other similar apparatus are re -

Television
Research

Work at G.E.C.
Laboratories

In preparation for
the high -definition
television transmis-
sions by the British
Broadcasting Cor-
poration, which are
expected to start this
month, the Wembley
laboratories of the
General Electric
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sponsible for the noise, the silencer may be
the means for converting chaos into enter-
tainment.

In closing, the writer would like to voice
his personal views regarding the importance
of the silencer, and since he had no part in
its development, his opinion may be taken
as unbiased. To him it would seem the most
important step since the introduction of the
superheterodyne or, perhaps, the screen grid
valve, and would seem likely to be part of all
future high-grade communication receivers,
and also many of the best all -wave receivers.

Company are engaged in
development work, princi-
pally connected with the
receiving side, but problems
of transmission have, natur-
ally, to be studied con-
currently. The photographs
show a high -definition scan-
ning apparatus and, below,
work in progress on large
cathode-ray tubes. One tube
is seen being exhausted,
whilst on the right a new
tube is being tested. Four
of the large tubes can be
seen in the foreground.
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Automatic Tuning*
Some Applications of the Principle

to Test Apparatus
By Frank L. Hill, B.Sc.

HAVING had some trouble with, beat
frequency oscillators employing a
motor driven condenser to give a

continuously varying output frequency, the
author was led to examine the possibility
of replacing this somewhat unwieldy com-
ponent by something more flexible and more
under the control of the operator.

The first step in the search for an alterna-
tive method of frequency variation is shown
in Fig. r (a).

(a)

(b) (c)

Fig. 1.

The oscillator shown is one of two which
feed through buffer -amplifiers into a common
detector, producing a beat tone. The oscil-
lator shown in Fig. r is the variable oscillator,
the other operating at a fixed frequency.
Across the valve and therefore virtually in
parallel with the tuned circuit of the variable
oscillator are connected in series a small
condenser and a variable -mu pentode valve,

* MS. accepted by the Editor, February, 1936.
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connected as a triode. The anode of this
valve is fed through a high inductance choke
from the H.T. supply.

Fig. i (b) shows the equivalent circuit, C1
being the capacity of the condenser C, in
Fig. r (a) and R1 the anode impedance of the
valve V1. This is equivalent to the circuit
of Fig. r (c) where

R =R and C2 = 1
2 1 2C 2R

W 1 1 I ± CO'Ci2R12

The capacity C, is shunted across the
tuned circuit, and it will readily be seen that
if R1 is varied from infinity to zero, C2 will
vary from zero to C1. R1 may be con-
veniently varied by varying the bias on
V1. At the same time R.2 varies from
infinity when R1 is infinite through a mini-

mum value of 2R1 when R1 =
COCI

to infinity

when R1 is zero.
This shows one of the disadvantages of

this circuit ; the damping on the tuned
circuit varies as the frequency is varied.
From the above it is shown that the shunt
resistance is a minimum and hence the
damping a maximum when R1 = andwc

the shunt resistance never falls below 2

coC,
Hence if the condenser is small, the maxi-
mum damping may be made small compared
with the damping already existing in the
circuit. For example, if the working fre-
quency is roo kc/s., and C1 is 64 µILE the
minimum value of R2 is 50,000 ohms. If
the initial damping is fairly high this amount
of extra damping will not vary the output
of the oscillator to an appreciable extent.
With the above values of capacity, in order
to obtain, a range of beat frequency from
zero to ro,000 cycles per sec. (a ro per cent.
frequency change), 64 µµF. must represent
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20 per cent. of the total capacity if R1 is to
vary from infinity to a small value. Hence
Co is 320 HIE. and L, is about 8mH.

A second and more serious trouble with
this circuit is due to rectification in the
control valve V1, which results in waveform
distortion in the output. To overcome this
the circuit of Fig. 2 was used. Here the
control valve is shunted across the tuned
circuit as before, but is now connected as a

Fig. 2.

pentode and owing to its high impedance
has only a small shunting effect on the tuned
circuit.

The principle of action of the circuit is as
follows : the condenser C1 is such that its
reactance at the working frequency is high
compared with R1 so that the current round
the circuit C1R1 C3 due to the oscillatory
voltage across the tuned circuit is very nearly
90° out of phase with this voltage, and since
the voltage across a resistance is in phase
with the current through it, the voltage
applied to the grid of V1 is 90° out of
phase with the voltage across the tuned
circuit. (C3 is very large compared with
C1.) The alternating component of the
anode current of V1 is in phase with the grid
voltage since the external circuit impedance
is low compared with the internal valve
impedance. Hence the current through
V1 is 90° out of phase with the voltage across
the valve and the valve functions as a
reactance, and is equivalent to a condenser
shunted across the tuned circuit.'

Suppose the voltage across the tuned
circuit is E volts R.M.S. The voltage applied

to the grid of V, is RiE ± or,2C 12

since WC is large compared with R1 the
1

voltage is approximately R1wC1E. The
alternating anode current is gR1wC1E where
g is the mutual conductance of V1. Now
since the voltage across V1 is E and the
current through it is gRipClE the impedance

is gRi and since the current is 90° out

of phase with the voltage this impedance
is a reactance and is equivalent to a con-
denser of capacity gC,R1 across CO.

It is evident that by
using this circuit it is
possible to vary the
capacity and hence the
frequency by varying
the grid bias, without
altering the damping and
without introducing dis-
tortion.

Having obtained an
arrangement whereby the
frequency is controlled
by voltage, it remains
to provide a means of
varying the voltage with

time. The circuit used is shown in Fig. 2,
and it will be seen that it is essentially
the same as the familiar cathode ray
time base circuit. The condenser C3 is
charged through the high resistance R2 from
the high tension supply, until the voltage
across C3 reaches the flash voltage of the
thryatron V2, when C3 is discharged and the
process repeated. The high tension voltage
is high compared with the flash voltage of
172 so that the voltage across C3 increases
in an almost linear manner with time, and
this voltage is applied to the grid of the
control valve V1.

In an actual oscillator the cathode of
V1 is kept at + 5o volts by a potentio-
meter arrangement, and the grid bias is
varied from - 5o to -3 volts by the
arrangement described above. Over this
range the mutual conductance increases
approximately exponentially and since the
change in capacity is proportionate to the
mutual conductance, the beat frequency -
time curve is nearly logarithmic, that is the
beat frequency passes through equal numbers
of octaves in equal times.

The controls are (1) a trimmer C4 across
Co to control the initial frequency, (2) grid
bias on the thyratron to control the fre-
quency at the end of the sweep and (3)

H.T.
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the charging resistance to regulate the rate
of sweep. Various settings of C4 give three
conditions, as shown in Fig. 3, in which the
frequency scale is logarithmic from io,000
cycles to ioo cycles and linear below ioo
cycles. In curve (a) the frequency of the
variable oscillator is initially lower than the

10,000

2
S

o 1,000

wa
aw

100u0

TIME

Fig. 3.

fixed oscillator so that the beat frequency
increases from ioo cycles to io,000 cycles/
sec. In curve (b) the two oscillators are
initially at the same frequency and the beat
changes from zero to 'the upper limit. In
curve (c) the variable oscillator is set to a
higher frequency and the beat tone starts
at say ioo cycles per sec. and decreases to
zero and then increases to the higher fre-
quencies. This is very useful for loud
speaker testing as the lower frequencies,
where rattles and buzzes are likely to occur
are traversed twice. Also the gliding tone
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The time of sweep for loud speaker testing
is adjusted to between io and 15 seconds.

In setting up the apparatus the " time
of sweep " control is set at about one second
to facilitate the adjustment of the upper and
lower limits. C4 is adjusted first to give a
curve similar to that of Fig. 3 (c). Bias
on V2 is then adjusted to give the required
highest frequency which may be anything
up to io,000 cycles per second.

Another application of this circuit is for
observing resonance curves of receivers,
band pass filters, and similar apparatus, and
for alignment of receivers by cathode ray
oscillograph. A typical circuit is shown in
Fig. 4. Here there is only one oscillator
and this is arranged to sweep over a limited
range of frequencies on each side of the
resonant frequency by means of a circuit
similar to that described above. The output
is fed into the receiver, the H.F. output
from which is rectified by a diode and passed
through a low pass filter, the resulting D.C.
being applied to the vertical deflecting plates
of the oscillograph ; the deflection being
proportional to the gain at any particular
frequency.

The frequency change in the oscillator is
proportional, over a small range, to the
capacity change, which is in turn pro-
portional to the mutual conductance of V1.
If the voltage change across C3 is fairly small
the change of mutual conductance with grid

Fig. 4.

goes through the low frequencies slowly and
the high frequencies more rapidly. Unlike
the motor driven condenser, this arrangement
returns instantaneously to the initial con-
ditions at the end of the sweep.

+H.T

CATHODE RAY
OSCILL °GRAPH

L
LOW PASS DIODE

FILTER
RECEIVER

bias may be made almost linear. If now
the voltage across C3 is applied to the hori-
zontal deflecting plates of the oscillograph,
the spot will move across the screen so that
the deflection is approximately proportional
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to the change of frequency, so that the curve
traced out on the screen will be a frequency-.
response curve on a linear frequency -base.

For use with the oscillograph the period
of the time base is made very short, say 25
to 5o periods per second in order to give a
continuous curve. To obtain sufficient
change of frequency with only a small change
of bias it is necessary to increase C1 or R1 so
that a greater A.C. voltage is applied to the
grid of V1, but a limit is imposed by the fact
that unless R1 is small compared with the
reactance of C1 the grid voltage will not be
go° out of phase with the anode voltage, so
that the valve will function as a capacity
and resistance in series, and the damping
and hence the output will vary with bias,
giving a distorted curve, A small inductance
L2 (Fig. 4) may be used to correct the phase
angle and so increase the frequency range.

The use of a set-up such as this is very
much more convenient than the rotating
condenser ganged to a potentiometer for
frequency shift and time base respectively
of the usual factory gear for cathode ray
ganging, from the point of view of both the
operator and the maintenance man.

The instances given are but two uses to
which the change of frequency by valve
circuits has been applied to test equipment,
but the possibilities are by no means ex-
hausted, and other uses will doubtless be
found, particularly with the growing tend-
ency to use cathode ray tubes for test gear.

Book Review
Wireless Servicing Manual.

By W. T. COCKING. 213 pages, 90 photographs
and diagrams. Iliffe and Sons Ltd., Dorset House,
Stamford Street, London, S.E.I. Price 5s. net.

The outstanding feature of this book is the very
wide ground that it covers. The title might suggest
that it was built up on the lines of some of the
Service Manuals issued with commercial sets, and
that it prescribed a series of routine tests with a view
to the mechanical discovery of a fault. But the
book is intended to provide guidance for fault-find-
ing in sets of every type and class ; such a method
of approach would lead to impossibly complicated
tables of tests, so that the writer has very wisely
tackled his subject from quite a different angle.

Beginning with a description of the apparatus
required for checking and adjusting a set-meters
for currents and voltages and a test -oscillator are
the chief-the book briefly but very sufficiently
covers the checking of voltages and anode currents,
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and points out very completely the deductions
that can be made from these readings. The next
chapter, on faults in valves, is the only one in the
book that the reviewer feels in the least inclined to
criticise ; it is very brief, and suggests as the sole
test the measurement of mutual conductance.
But probably this is accounted for by the large
amount of elaborate apparatus needed for a really
complete series of tests on a valve, so that the ser-
viceman would in any case have to fall back on the
old and very effective trick of trying a new valve
in the set.

All this is barely one -fifth of the book ; the
rest of it deals with the symptoms, cause and cure
of every kind of fault. It is particularly to be
noticed that the treatment does riot limit itself to
finding the cause of breakdown in a set that has
previously been satisfactory ; the discussion is
always broad enough to cover the localisation of a
fault in a newly built set and to provide information
as to the way in which the trouble can be overcome
by a suitable modification in design. The book
should, therefore, be every whit as valuable to the
home -constructor and the amateur set -designer who
tries to put his own ideas into practice as to the
serviceman who knows the design to be sound and
has only to find which component has broken down.
Even the professional designer will find within its
covers a ready solution of many of his perplexities.

The treatment of the causes and cure of the
various whistles likely to appear in a superhetero-
dyne is particularly valuable, being both clear and
comprehensive. The two tables which show the
frequencies upon which each of the English stations
can produce whistles should be extremely helpful
in tracking down the mechanism by which such
interference arises. Considerable attention is paid
to the ill-effects of feed -back of I.F. harmonics
from the second detector-a very important point
that seldom gets the emphasis it deserves.

The difficult subject of ganging is dealt with in a
particularly lucid and helpful way, every stage
in the process of aligning a set, whether a " straight"
set or a superheterodyne, being made clear in
principle and explicit in practical detail. Though
the serviceman is completely catered for here, the
designer should note that little emphasis is laid
on the possibility of incorrect coil -inductance,
especially in connection with the superheterodyne.

Such obscure faults as modulation hum, oscillation
at a frequency controlled by a reaction winding
instead of the tuned circuit, and the upsetting of
ganging by wrong choice of value for a by-pass
condenser are all discussed, together with their cures.
There is, indeed, hardly any misbehaviour of a set,
whether inherent in the original design or arising
through the breakdown or deterioration of a
component, the cause and cure for which cannot be
found somewhere in the two hundred pages of this
book.

The book winds up with three extremely useful
appendices-a dozen pages of potted facts and
figures-and an adequate index. Finally, it is
to be hoped that the strictly professional implica.
tion of the title will not discourage the purchase of
the book by the wide circle of amateur enthusiasts
who would find it both interesting and useful.

A. L. M. S.
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PROPAGATION OF WAVES
2502. HYPER -FREQUENCY WAVE GUIDES-GENERAL

CONSIDERATIONS AND EXPERIMENTAL RE-
SULTS [Propagation of Micro -Waves of
15 cm and Under along " Guides " (without
Return -Current Path) consisting of Insulator
alone or Insulator (e.g. Air) surrounded by
Conductor].-G. C. Southworth. (Bell S.
Tech. Journ., April, 1936, Vol. 15, No. 2,
pp. 284-309.)

" For short -distance transmission or for use as
antennas or projectors of radio waves or for selective
elements analogous in nature to the tuning elements
so commonly used in radio, there are not the same
economic conditions [discussed earlier] limiting the
size of structure. For such uses, then, structures of
this type deserve serious consideration." One
interesting type of wave (out of the four, at least,
existing) is seen by theory to have progressively
less attenuation as its frequency is increased :
but this type requires a higher range of frequencies,
for a given " guide," than the other three, and is
therefore even more difficult to deal with as regards
economic and practical problems. See also 2503 and
2504, and Wireless Engineer, June, 1936 (Editorial).

2503. ELECTRIC WAVE GUIDES [and the Holmdel
Experiments].-G. C. Southworth. (Bell
Lab. Record, May, 1936, Vol. 14, No. 9,
pp. 281-287.)

See also above. " The open end of a guide may
be made to radiate wave power much the same as
sound waves issue from a pipe. To enhance this
effect the pipe may be expanded into a cone, thus
producing an electrical horn. Tests show that it
may be used as an efficient radiating load for the
generator to which it is connected."

2504. HYPER -FREQUENCY WAVE GUIDES-MATHE-
MATICAL THEORY.-J. R. Carson, S. P.
Mead and S. A. Schelkunoff. (Bell S.
Tech. Journ., April, 1936, Vol. 15, No. 2,
PP. 310-333.)

History and mathematical analysis of the wave

transmission dealt with above (2502 and 2503).
Out of this research there emerged the remarkable

fact that with hollow conducting guides there
exists one and only one type of wave the attenua-
tion of which decreases with increasing frequency ;
a unique characteristic which does not attach to
dielectric wires nor, so far as the writers are aware,
to any other type of guided wave."
2505. SELECTIVE FADING ON ULTRA -SHORT WAVES

[Slow Fading, Rapid " Scintillation " :
Winter Fall of Signal Intensity : Multiple
Path Transmission demonstrated by Fre-
quency Sweep Method : Explanation by
Atmospheric Stratification, supported by Di-
electric Constant Measurements at Different
Heights].-C. R. Englund, A. B. Crawford,
and W. W. Mumford. (Nature, 2nd May,
1936, Vol. 137, pp. 743-744.) For previous
work see 3314 of 1935.

2506. THE DIFFRACTIVE PROPAGATION OF RADIO
WAVES.-Wwedensky. (Journ. of Tech.
Phys. [in Russian], No. 1, Vol. 6, 1936,
pp. 163-176.) See 1703 of May.

2507. AN URBAN FIELD -STRENGTH SURVEY AT
THIRTY AND ONE HUNDRED MEGACYCLES
[Apparatus and Results : Attenuation Values
for I-1 o Miles' Range : Effect of Elevation
Profiles : Transmitter Power for ioo µV
Input in Typical Houses : etc.].-R. S.
Holmes and A. H. Turner. (Proc. Inst.
Rad. Eng., May, 1936, Vol. 24, No. 5, pp.
755-770.)

2508. THE D REGION OF THE IONOSPHERE [Re-
ecting Region at Heights 5-5o km].-

R. C. Colwell and A. W. Friend. (Nature,
9th May, 1936, Vol. 137, p. 782.)

The writers have used 6o -per second pulses
each lasting Io µsec., and received them at zoo m
distance with a special receiver with a wide band-
pass and short lag characteristics. Frequencies
used were I 614 and 3 492.5 kc/s. Visual observa-
tion upon a cathode-ray oscilloscope with a rapid



July, 1936 THE WIRELE

sweep showed the " ground " wave to be resolved
into " two or three parts, one or two of which are
waves reflected from a low-lying [D] region in the
ionosphere. These layers are about 20 km and
45 km above the ground on the average and are
strongly reflecting for waves in the broadcast
band. The lower one rises and falls with changes
in the barometric pressure," and causes fading on
nearby broadcasting stations. When the intensity
of D reflections increases, that of E and F regions
decreases. See also 2509 and 2510.
2509. RETURN OF RADIO WAVES FROM THE MIDDLE

ATMOSPHERE [Very Complex Echo Systems
due to Return from Heights between 6 and
6o km : Apparent Existence of Three
Regions, approx. 6-ro km, 15-5o km, and
6o km : Middle (and probably Lowest)
Region replenished by Local Thunder-
storms].-Watson Watt, Bainbridge -Bell,
Wilkins and Bowen. (Nature, 23rd May,
1936, Vol. 137, p. 866.)

Reporting results in England confirming and
amplifying the American indications dealt with
in 2508. The observations were mainly in the
frequency range 6-12 Mc/s, but " in some isolated
trials on notably higher frequencies-including
those proposed for television services-we have
not yet attained a frequency so high that its return
from the middle atmosphere can be regarded as
unusual." See also 251o.

2510. RETURN OF RADIO WAVES FROM THE MIDDLE
ATMOSPHERE [Reference to Indian Observa-
tions of Reflection at and much below 55 km :
" C " Region suggested as Name].-S. K.
Mitra. (Nature, 23rd May, 1936, Vol. 137,
p. 867.)

Referring to the American results dealt with in
2508, attention is called to the Indian work dealt
with in 2539 of 1935 and 2078 of June. Since the
new region is quite distinct from the absorbing,
non -deviating " D " region in the E layer (see 375o
of 1935), the writer suggests that it should be
called the C region. If echoes have actually come
from well within the troposphere, it is doubtful
if they were due to the Eccles-Larmor mechanism,
for the necessary high degree of ionisation, if it
existed, could scarcely have been missed in aero-
plane and balloon observations.
2511. THE DIVISION OF THE APPLETON (F) REGION

OF THE IONOSPHERE INTO TWO PARTS.-
J. Fuchs. (Naturwiss., Loth April, 1936,
Vol. 24, No. 15, pp. 236-237.)

The writer refers to a previous paper (1705 of
May : see also 2084 of June) in which he estimated
the temperature of F, region as 400° K and that of
F2 region as Ivo* K. He here attributes the
formation of F2 region to the thermal expansion
and rise of photoelectrically excited particles ;
the non -excited particles are found to remain at
their original height as Fl region. After sunset F2
region contracts again and unites with F, region.
2512. IONOSPHERIC ELECTRON TEMPERATURES AND

THE HALS-SToRMER ECHOES.-J. Fuchs.
(Gerlands Beitr4ge z. Geophysik, No. 1/2,
Vol. 47, 1936, pp. 1-14.)

Author's summary :-" In a former investiga-
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tion [1705 of May : see also 2511, above] the author
was able to show that the gas temperatures of
the ionosphere are very high and can reach values
from 400° K to more than r000° K. This fact
makes it necessary to examine also the influence of
the temperature of the free electrons in those
regions. It is found that at times of high solar
activity the electron temperature may reach
values of the order of 40 000 and thus, by the
resulting action on the rate of recombination of the
electrons, may fundamentally alter their distribu-
tion in the ionosphere. On the basis of this con-
ception the Hals-StOrmer echoes present themselves
as phenomena of extreme conditions which occur
mainly at times of very strong ultra -violet radiation
from the sun (sunspot maxima)." At such times
the increased electron temperatures produce a
vertical gradient of the recombination coefficient,
and a consequent displacement of the zone of
maximum electron density upwards, i.e. to regions
of smaller air pressure. At these higher levels
the damping of the radio signals is so reduced,
owing to the smaller collision frequency, that the
long -delay echoes can occur.

2513. THE ORIGIN OF THE LONG -DELAY ECHOES
(HALS ECHOES).- J . Fuchs. (Ann. des Postes
T. et T., April, 1936, Vol. 25, No. 4, pp.
346-355.) French version of the German
paper dealt with in 356 of 1935 : for later
papers see 2166 of 1935 and 1705 of May;
also 2512, above.

2514. THE ACCURATE DETERMINATION OF IONO-
SPHERIC EQUIVALENT HEIGHTS [and Detailed
Investigation of E Region].-E. C. Halliday.
(Proc. Phys. Soc., 1st May, 1936, Vol. 48,
Part 3, No. 266, pp. 421-432.)

Improved accuracy (±0.5 km) of equivalent
height measurement was attained by using an open -
scale time base, of which the circuit is given.
Frequent snap photographs of the echo pattern
were taken " in order to obtain a faithful record of
quick variations of equivalent height." No sudden
changes of height of E, or F2 region were found ;
a secondary maximum of ionisation, a few kilo-
metres below the maximum of E, region, was
discovered. The height of E, region was shown
to be less in winter than in summer, which may be
due to " a general increase in molecular density in
the atmosphere caused by the lower temperature
of winter time " ; the diurnal variation of height
showed a height minimum several hours after
midday. Data of the " abnormal E " region are
also given.

2515. IONOSPHERE STUDIES DURING PARTIAL SOLAR
ECLIPSE OF FEBRUARY 3, 1935.-Kirby,
Gilliland and Judson. ( Journ. of Res. of
Nat. Bur. of Stds., March, 1936, Vol. 16,
No. 3, pp. 213-225.)

For a previous reference see 2161 of 1935. " The
decrease of equivalent electron density in each
region during the eclipse was compared with the
decrease in the exposed area of the sun's disc, and
found to indicate that the ionisation of the normal
E region was diminished when the ionising agency
was decreased, by recombination of and -
charges, while the ionisation of the F, region and a

2C
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high stratum of the E was diminished, by a process
of attachment of electrons to neutral particles."
2516. MEASUREMENTS OF THE INCIDENT ANGLE OF

DOWNCOMING RADIO WAVES [Apparatus
used and Results obtained].-Y. Kusunose
and S. Namba. (R'ep. of Rad. Res. in Japan,
December, 1935, Vol. 5, No. 3, pp. 115-127.)

2517. ANALYSIS OF SIGNAL FADING OBSERVATIONS
[of Calcutta 370.4 m Night Signals over
24o km : Partly (at least) due to Inter-
ference between Ground and Downcoming
Waves with Constant Amplitudes and
Random Phase Difference (Phase Fading) :
Ratio of Vertical Electrical Forces produced
by Downcoming and Ground Waves esti-
mated as between 3 and 41.-Sen Gupta and
S. R. Khastgir. (Indian Journ. of Phys.,
March, 1936, Vol. 10, Part z, pp. 133-139.)
In the authors' summary the ratio is
erroneously reversed.

2518. THE AUTOMATIC RECORDING OF FADING
PHENOMENA [with Constructional Details'
for Amateurs].-R. ' Theile. (Funktech.
Monatshefte, April, 1936, No. 4, pp. 121-130.)

2519. THE DIELECTRIC CONSTANT OF A SPACE
CONTAINING ELECTRONS [Variation With
Electron Concentration and Frequency].-
S. P. Prasad and M. N. Verma. (Zeitschr.
f. Physik, No. 7/8, Vol. 99, 1936, pp. 552-
561.)

The usual experimental method was followed of
measuring the capacity between two plates with
and without electrons in the intervening space.
Two electrodes of a screen -grid valve were used
for the plates, so that no gas was present to pro-
duce positive -ion films on the plates. The circuit
used is described and shown in Fig. I. The small
changes of capacity were measured by comparison
with a variable air condenser with parallel plates
(Fig. 2). The dielectric constant was found to
decrease both with increasing concentration and
with decreasing frequency. A dielectric constant
greater than unity was never observed. These
results are found to agree with theory at high but
not at low frequencies (Fig. 5).
2520. ELECTRON MOTION IN A PLASMA [Equation

including Effect of Electron Pressure :
Possible Frequencies of Free Vibration].-
E. G. Linder. (Phys. Review, 15th April,
1936, Series 2, Vol. 4g, No. 8, pp. 645-646:
abstract only.)

2521. INTERACTION OF RADIO WAVES, THE " LUX-
EMBOURG EFFECT " [Survey Of Data (in-
cluding Swiss) and Theories].-V. Hardung.
(Bull. Assoc. suisse des Elec., No. io, Vol. 27,
1936, pp. 268-272 : in German.)

2522. COMMUNICATION re THE RADIO EXPERIMENTS
° ON THE DANUBE BETWEEN VIENNA AND

PASSAU [Traffic between Ships on a Wave-
length of 15 m].-V. Fritsch. (Hochttech.
u. Elek:akus., March, 1936, Vol. 47, No. 3,
pp- 89-91.)

For previous work see 1933 Abstracts, p. 319.
The present note describes the network of stations
and communications set up along the Danube
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between Vienna and Passau for the use of ships.
The plan of the stations is seen in Fig. r ; Figs.
3, 4 show in greater detail two stretches of the
river on which experiments with signals on a wave-
length of 15 m were made. These are described ;
communication on this wavelength was reliable
along certain stretches, but in others, which seemed
geographically equivalent, various absorption and
shadow phenomena were observed. However,
satisfactory traffic could be maintained along the
river on this wavelength.
2523. PHASE CHANGES IN OPEN OSCILLATING

CIRCUITS AS A POSSIBLE METHOD OF ALTI-
TUDE DETERMINATION FOR AIRCRAFT, and
PHASE DIFFERENCES, AT DISTANT RECEIVER,
OF TWO FREQUENCIES EMITTED AS COPHASAL
MODULATIONS.-Bamer : Honore. (See
2653 and 2652.)

2524. HELIUM CONTENT OF THE STRATOSPHERE
AND OF THE AIR AT THE EARTH'S SURFACE
[Probable Slight Increase of Sum of Helium
and Neon in Stratosphere above that at
Ground Level : Greater Constancy at Ground
Level than in Stratosphere].-A. Lepape and
G. Colange. (Nature, 14th March, 1936,
Vol. 137, p. 459.) See also 3788 of 1935 ;
and Paneth & Gliickauf, 3o of January.

2525. THE ULTRA -VIOLET SPECTRUM OF THE NIGHT
SKY [Intensity Curve : No Lines or Bands
of Wavelength shorter than 3o3o A].-
A. Arnulf. (Comptes Rendus, 27th April;
1936, Vol. 202, No. 17, pp. 1412-1414.)

2526. INFLUENCE OF TEMPERATURE ON THE
ABSORPTION SPECTRUM OF OZONE [NO Effect
of Pressure on Measurements of Atmospheric
Ozone : Data of Absorption Coefficients].-
E. Vassy. (Comptes Rendus, 27th April,
1936, Vol. 202, No. 17, pp. 1426-1428.)

2527. MEASUREMENTS OF THE OZONE CONTENT OF
THE LOWER ATMOSPHERIC LAYERS DURING
THE WINTER AT ABISKO (SWEDISH LAPLAND)
[Data : No Correlation discovered with
Other Meteorological Data].-D. Barbier,
D. Chalonge and E. Vassy. (Comptes
Rendus, 4th May, 1936, Vol. zoz, No. 18,
pp. 1525-1527.)

2528. THE EVALUATION OF ULTRA -VIOLET SOLAR
RADIATION OF SHORT WAVELENGTHS [and
the Stability and Homogeneity of Atmo-
spheric Ozone].-W. W. Coblentz and R.
Stair. (Proc. Nat. Acad. Sci., April, 1936,
Vol. 22, No. 4, pp. 229-233.)

2529. RING AND DISK SOURCES [of Wave -Trains :
Solutions of Wave Equation for Various
Types of Source].-G. Green. (Phil. Mag.,
May, 1936, Series 7, Vol. 21, No. 143,
pp. 922-934.) See also 31 of 1935.

2530. ON A FUNDAMENTAL PROBLEM IN DIFFRAC-
TION [Plane Waves incident normally on
Plane Screen pierced by Small Circular
Aperture : Theoretical Solution as a Problem
in Heat Conduction : Applicability to Other
Wave Problems, in particular Acoustics].-
G. Green. (Phil. Mag., May, 1936, Series 7,

934-947.)Vol. 21, No. 143, pp.
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2531. PHOTOGRAPHIC PENETRATION OF HAZE ,[Hul-
burt's Results on Attenuation of Light in
Lower Atmosphere extended to Eye Visi-
bility of 20 Miles].-Nora Mohler. (Journ.
Opt. Soc. Am., May, 1936, Vol. 26, No. 5,
pp. 219-220.) See 2547 of 1935.
TRANSPARENCY AND REFLECTING POWER OF
THIN SILVER FILMS FROM INFRA -RED TO
ULTRA -VIOLET [Optical Constants of Silver :
Film Structure].-F. Goos. (Zeitschr. f.
Physik, No. 1/2, Vol. 100, 1936, pp. 95-112.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

2533. LIGHTNING AND LIGHTNING CONDUCTORS.-
P. Grenier. (Bull. de la Soc. franc. des Elec.,
May, 1936, Vol. 6, No. 65, pp. 512-534
Discussion pp. 535-546.) Survey, including
the work of Dauzere and of Viel & Gibrat.
Lightning conductors, including the " radio-
active " types, are discussed, together with
the results obtained.

2534. DETERMINATION OF THE ZONES EXPOSED TO
LIGHTNING STROKES, BY MEASUREMENTS OF
THE ELECTRICAL CONDUCTIVITY OF THE AIR.
-G. Viel. (Ann. des Postes T. et T., April,
1936, Vol. 25, No. 4, pp. 356-380.) See also
895 of March.

2535. BREAKDOWN AND GAS DISCHARGE [Theory
including Effect of Space Charge : Ionisation
Effects].-W. Rogowski. (Zeitschr. f.
Physik, No. 1/2, Vol. I00, 1936, pp. 1-49.)

2536. CLOUD -CHAMBER INVESTIGATIONS OF ELEC-
TRICAL BREAKDOWN IN GASES [Confirm-
ation, for Larger Electrode Distances, of
Previous Conclusions].-E. Flegler and
H. Raether. (Zeitschr. f. Physik, No. 9/1o,
Vol. 99, 1936, pp. 635-642.) See 3783 of
1935 and 1198 of March.

ATMOSPHERIC ELECTRICAL DATA [for the
Lower Atmosphere] IN THE NORTH GERMAN
PLAIN.-K. KS.hler. (Naturwiss., 17th April,
1936, Vol. 24, No. 16, pp. 246-251.)

2538. AIR MASS ANALYSIS DEMANDS NEW WEATHER
MAP [marked on Pile of Eight Glass Plates
slightly Separated, each representing 200o ft.
of Height].-(Sci. News Letter, 4th April,
1936, Vol. 29, pp. 211-212.)

2539. A NEW RADIO SOUNDER [Radiometeorograph
for Exploring Balloons] .-V. Vaisala. (Societas
Scientiarum Fennica, Cornmentationes Phy-
sico-Mathentaticae, Vol. 8 [Nos. 13-24], 1936,
No. 14, pp. 1-12 : in German.)

Further development of the work referred to in
1933 Abstracts, p. 151. The new transmitter, which
is light and cheap, gives a continuous record of
several elements ; each of these controls its own
condenser, which is thrown in its turn into the
oscillating circuit by means of a commutator. An
important refinement is the inclusion of two fixed
condensers, giving two " comparison " wavelengths :
this plan eliminates, as it were, the transmitter and
the unwanted variations to which it is subject, and
reduces the measurements to a comparison of

2532-

2537.

capacity values. A hot-wire thermometer is
employed ; the use of a condenser with a
temperature -sensitive dielectric was tried but not
adopted, owing to its greater inertia. The barometer
is of aneroid type, specially designed.
2540. THE RADIO SOUNDERS FOR THE EXPLORATION

OF THE STRATOSPHERE [Duckert Exploring -
Balloon Transmitters].-A. Ehrismann :
Telefunken. (Funktech. Monatshefte, April,
1936, No. 4, pp. 133-135.)

PROPERTIES OF CIRCUITS
2541. SOME RELATIONS BETWEEN TRANSIENT

PHENOMENA IN SYSTEMS WITH SIMILAR
FREQUENCY CHARACTERISTICS [Calculations
of Relations between Limitations of Fre-
quency Characteristic and Associated
Transient Errors].-H. G. Baerwald. (Phil.
Mag., May, 1936, Series 7, Vol. 21, No. 143,
pp. 833-869.)

In these calculations " upper limits are obtained
for the errors of transient responses to prescribed
excitations when upper limits are given for the
errors of the characteristic in limited frequency
ranges, and when some relatively inferior informa-
tion is supplied about the rest."

2542. THEORETICAL ANALYSIS OF AMPLIFICATION
OF PULSES FROM AN IONISATION CHAMBER
[Calculation of Shape of Output Pulse :
Signal -to -Noise Ratio, &c].-E. A. Johnson.
(Phys. Review, 15th April, 1936, Series 2,
Vol. 49, No. 8, p. 638: abstract only.)

2543. A FURTHER STUDY OF OSCILLATORY CIRCUITS
HAVING PERIODICALLY VARYING PARA-
METERS. PART II.-W. L. Barrow, D. B.
Smith and F. W. Baumann. (Journ.
Franklin Inst., April, 1936, Vol. 221, No. 4,
PP 509-529)

For I see 2106 of June. The present section gives
experimental results on the spontaneous oscillation
of resonant electrical circuits containing a varying
inductance, and a theoretical and experimental
treatment of forced oscillations with a sinusoidal
motive force.
2544. DISTRIBUTION OF A.C. IN SOME CIRCUITS

[Harmonics in Valve Oscillator : faller's
Error due to Neglect of Phase Differences
between Currents in the Circuit Branches :
Rayleigh's Special Case].-E. Livshitz.
(Wireless Engineer, May, 1936, Vol. 13,
No. 152, pp. 257-258.)

2545. A NOTE ON THE GRAPHICAL ANALYSIS OF
ALTERNATING -CURRENT NETWORKS [and the
Use of Circle Diagrams].-K. Spangenberg.
(Proc. Inst. Rad. Eng., April, 1936, Vol. 24,
No. 4, pp. 657-662.)

Recent graphical analyses (e.g. Roder, 1933
Abstracts, p. 327) depend on the property, here
proved, that : " In a network consisting of any
number of linear bilateral impedances, connected
in any manner whatsoever, and any number of
generators of the same frequency, the locus of
any voltage or current in the system will be a circle
as any one self -impedance is varied so that its locus
is a straight line in the complex plane."
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2546.

2547

2548.
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THE CRITICAL CONDITIONS FOR COUPLED
OSCILLATING CIRCUITS (BAND FILTERS OF
VARIABLE BAND WIDTH) [Remarks 011 Paper
by Friihauf : Reply to Backhaus's Criticism].
-H. Backhaus : H. Friihauf. (Hochf:tech.
u. Elek:akus., March, 1936, Vol. 47, No. 3,
pp. 94-95.) See 488 of February.

SYMMETRICAL F -FILTERS [Corrections to
Footnote and Diagrams].-E. Selach and
M. Zimbalisty. (E.N.T., February, 1936,
Vol. 13, No. 2, p. 73.) See 3816 of 1935.

CASCADE PUSH-PULL AMPLIFIER IN CLASS B
CONNECTION.-F. Schierl: Telefunken.
(Hochf:tech. u. Elek:akus., March, 1936,
Vol. 47, No. 3, p. 104: German Patent
621463 of 1.9.1933.)

The distortion produced by transformers is
lessened by connecting the cascade (Fig. 8) " so
that the positive grid current of stages 3, 4 occurring
during the transmission of one half -wave flows in a
closed circuit with and in the same direction as the
anode current of stages r, 2 occurring during the
same half -wave."

2549. ELECTRO-MECHANICAL ANALOGIES [and the
Solution of Problems in Oscillatory Mechanics
by Use of Equivalent Networks].-War-
shaysky and Fedorovich. (Izvestiya Elektro-
prom. Slab. Toka, No. 3, 1936, pp. 51-63.)

TRANSMISSION
255o. A METHOD OF REDUCING DISTURBANCES IN

RADIO SIGNALLING BY A SYSTEM OF FRE-
QUENCY MODULATION [Theory and Practical
Realisation : New York/Haddonfield De-
monstrations : Simultaneous High -Quality
Broadcast Programme and Facsimile
Service : etc.].-E. H. Armstrong. (Proc.
Inst. Rad. Eng., May, 1936, Vol. 24, No. 5,
pp. 689-740.) For previous references to the
work see 941 of March.

2551. FREQUENCY CONTROL [of Short and Ultra -
Short Waves] BY LOW POWER FACTOR LINE
CIRCUITS.-C. W. Hansell and P. S. Carter.
(Proc. Inst. Rad. Eng., April, 1936, Vol. 24,
No. 4, pp. 597-619.) The full paper, a
summary of which was dealt with in 2968
of 1935 : see also 3846 of 1935.

2552. ULTRA - HIGH - FREQUENCY HIGH -POWER
TRANSMITTER USING SHORT TRANSMISSION
LINES [for Frequency Stabilisation within
o.00i % : 4o -6o Mc/s : Final Amplifier using
AW-200 Valves, having Useful Output
around 4o kW for Class B Operation].-
J. Evans. (Proc. Inst. Rad. Eng., May, 1936,
Vol. 24, No. 5, pp. 682-683: summary only.)
See also Electronics, May, 1936, pp. 11-12.

2553. A MULTI -TUBE ULTRA -HIGH -FREQUENCY
OSCILLATOR [Independent Oscillators pulled
into Step by Concentric -Line Circuit :
54 Watts at zo% Efficiency on 120 cm
Waves].-P. D. Zottu. (Proc. Inst. Rad.
Eng., May, 1936, Vol. 24, No. 5, p. 687:
summary only.) See also Electronics, May,
1936, pp. 12 and 13.
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2554. DESCRIPTION AND CHARACTERISTICS OF THE
END -PLATE MAGNETRON.-Linder. (See
2611.)

2555. A NEW METHOD OF MODULATING THE
MAGNETRON OSCILLATOR [by Varying the
Potential of Auxiliary Electrode : the
" Grid Magnetron "].-J. Groszkowski and
S. Ryiko. (Proc. Inst. Rad. Eng., May,
1936, Vol. 24, No. 5, pp. 771-777.)

Experiments with an anode in the form of a
truncated cone, in the hope of obtaining a uniform
increase of oscillating current with rise of anode
voltage, were unsuccessful-probably owing to
space -charge effects. The auxiliary electrode
scheme was tried next, with success.

2556. MICRO -WAVE MODULATION BY SPEECH
VOLTAGES ON GRID AND PLATE SEPARATELY,
CAUSING NO FREQUENCY CHANGE.-Morita.
(See 2866.)

2557. THE DUAL NATURE OF MODULATION.-E. Z.
Stowell and A. F. Deming. (Phil. Mag.,
May, 1936, Series 7, Vol. 21, No. 143,
PP. 947-958)

" The paper endeavours to establish the equival-
ence of the two points of view brought forth in the
[side -band] controversy, namely, that a [amplitude-]
modulated wave may consist either of a carrier of
constant amplitude accompanied by side -bands or
of a wave of a single frequency but with varying
amplitude. The response of a resonant circuit is
computed for both types of excitation and is found
to be the same for each. . . . Practical examples of
both points of view are given and the conditions
under which it is advantageous to adopt one point
of view in preference to the other are discussed."
For references to the controversy see, for example,
97o of 1935.

2558. MODULATION DISTORTION [and an Analysis
of Double- and Single-Sideband Transmis-
sions, and Their Behaviour as regards
Detection, Fading, AVC, etc.].-P. J. Wuite.
(Tijdschr. Nederlandsch Radiogenoot., April,
1936, Vol. 7, No. 4, pp. 99-114: in Dutch.)

2559. THE EFFECT OF CARRIER CONTROL [e.g.
" Floating Carrier " Modulation] oN THE
QUALITY OF RECEPTION.-W. Lampe.
(E.T.Z., 7th May, 1936, Vol. 57, No. 19,
p. 533 : summary only.) Tests with many
different kinds of receiver. A satisfactory
compromise between economy and quality
is obtained by a suitable choice of " carrier
ratio." The work of Briickmann (26,0 of
1935) is not mentioned.

2560. DISTORTION IN H.F. CLASS B AMPLIFIERS :
PART I [Linear Distortion in the Lower and
Upper Parts of the Musical Spectrum,
Causes and Prevention : Non -Linear Dis-
tortion and the Curvature of the Dynamic
Characteristics].-L. Rubin. (L'Onde Elec.,
May, 1936, Vol. 15, No. 173, pp. 299-315.)
To be continued : practical results at the
Lyon-Tramoyes station will be included.
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2561. AUTOMATIC COMPENSATION FOR CLASS B
BIAS AND PLATE VOLTAGE REGULATION.-
R. J. Rockwell and G. F. Platts. (Proc.
Inst. Rad. Eng., April, 1936, Vol. 24, No. 4,
PP. 553-558.)

The system described provides a bias source
requiring a much smaller amount of power, and a
bias system with essentially perfect regulation ; it
also provides over -compensation by which the
plate -voltage regulation can be corrected, thus
preventing distortion during heavy modulation.

2562. CALCULATION AND DESIGN OF CLASS C
AMPLIFIERS.-F. E. Terman and W. C.
Roake. (Proc. Inst. Rad. Eng., April, 1936,
Vol. 24, No. 4, pp. 62o-632.)

Extension of the method dealt with in 1934
Abstracts, p. 325. It is assumed that the total space
current I, + I is proportional to (E± EItL)6,
where the constant a is usually close to three
halves. The accuracy of the method is seen to
be satisfactory for all ordinary design requirements.

2563. SUPPLEMENTARY NOTES ON " ANALYSIS OF
THE OPERATION OF VACUUM TUBES AS
CLASS C AMPLIFIERS " [Exact Location of
Dynamic Characteristic satisfying " Double
Equilibrium " Condition].-I. E. Mouromt-
seff and H. N. Kozanowski. (Proc. Inst. Rad.
Eng., April, 1936, Vol. 24, No. 4, pp. 654-656.)
See 3389 of 1935.

2564. THE FREQUENCY CONSTANCY OF A QUARTZ -
CONTROLLED BROADCASTING TRANSMITTER
[Leipzig Stabilising Equipment and Re-
sults].-H. Jacobs. (E.T.Z., 3oth April,
1936, Vol. 57, No. 18, p. 500 : summary
only.)

2565. THE NEW PORTABLE TRANSMITTING EQUIP-
MENT OF THE GERMAN STATE BROADCASTING
COMPANY [for Outside Broadcasts : as used
at Olympic Winter Games].-Hoffmann and
Tuchel. (E.T.Z., 7th May, 1936, Vol. 57,
No. 19, pp. 514-517.)

RECEPTION
2566. AMPLIFICATION ON ULTRA -SHORT WAVE-

LENGTHS [Performance of USW Super-
heterodyne greatly Improved by Single
Stage of Signal -Frequency Amplification].-
W. T. Cocking. (Wireless World, 17th April,
1936, Vol. 38, pp. 384-385.)

2567. A NOVEL LOW-COST ULTRA -HIGH -FREQUENCY
RECEIVER [Super -Regenerative Circuit using
Pentagrid Converter, Oscillator Section on
Quench Frequency and Pentode Section as
H.F. Detector].-R. 0. Williams. (QST,
May, 1936, Vol. 20, No. 5, pp. 22-23 and 84.)

2568. GERMAN REFLEX RECEIVER FOR I0 METRES
[with One H.F. Pentode as Untuned Pre -
Detector Stage and L.F. Output Valve : for
Headphones].-(World-Radio, 24th April,
1936, Vol. 22, p. z2.)
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2569. THE HRO RECEIVER OF THE SOCIETA
FRANgAISE " NATIONAL " [American Type,
with Crystal -Controlled I.F. Stage].-P,
Besson. (L'Onde Elec., May, 1936, Vol. 15.
No. 173, pp. 316-331.) For telegraphy, the
crystal gives very sharp selectivity : for
telephony, it is used to cut out a particular
interfering station without harming the
quality of reception.

2570. CRYSTAL FILTER DESIGN [for High -Fidelity
Superheterodyne Receivers].-W. W. Waltz.
(Rad. Engineering, Jan., Feb., March and
April, 1936, Vol. 16, Nos. 1/4, pp. 7-10,
14-17,16-17, and 12-14.)

2571. REGENERATION AND QUALITY [and the Future
Application of Principles of the Stabilised
Feedback Amplifier to Broadcast Receivers].
-Black. (Rad. Engineering, April, 1936,
Vol. 16, No. 4, p. 2 : Editorial note.)

2572. IMPROVING DIODE DETECTOR PERFORMANCE
[Effect of A.C.-Load/D.C.-Load Ratio on
" Modulation Capability "].-(Rad. Engineer-
ing, March, 1936, Vol. 16, No. 3, pp. 18-19.)

ADVANCED DESIGN OF CLASS AB AMPLIFIERS
[Avoidance of Distortion due to Coupling
Transformer, by replacing by Non -Inductive
Coupling, Network : Use of High -Power -
Sensitivity Metal Valves Type 6F6 : etc.].-
M. Apstein. (Rad. Engineering, January,
1936, Vol. 16, No. 1, pp. 22-14.) " By an
unfortunate coincidence in the design of
conventional test equipment, this type of
distortion is usually least serious in the
region of frequencies [around 40o c/s1 at
which most amplifier and tube ratings are
made."

2573.

2574. VALVES FOR TONE CORRECTION [Severe
Harmonic Distortion, due to Low Anode -
Circuit Load at Certain Frequencies, avoided
by Combination of Suitable Valve and
Correct Circuit Constants].-W. Winder.
(Wireless World, 8th May, 1936, Vol. 38,
pp. 465-466.)

2575. THE 1936 BATTERY -OPERATED RECEIVER.-
E. E. Horne. (Rad. Engineering, February,
1936, Vol. 16, No. 2, pp. 8-13.) The
battery -operated receiver ' has finally come
into its own."

2576. THE BATTERY VARIABLE -SELECTIVITY IV.-
W. T. Cocking. (Wireless World, 8th and
15th May, 1936, Vol. 38, pp. 458-461 and
480-483.)

2577. GERMAN RECEIVER DEVELOPMENT FOR THE
EUROPEAN MARKET.-(Funktech. Monats-
hefte, April, 1936, No. 4, pp. 141-143.)

2578. TESTED CIRCUITS FOR 2 -VOLT SCREEN -GRID
VALVES [" K " Series] OF SPECIAL SUITA-
BILITY FOR SMALL PORTABLE RECEIVERS.-
E. W. Stockhusen. (Funktech. Monatshefte,
April, 1936, No. 4, pp. 148-151.)
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2579. THE VALVES IN BROADCAST RECEIVERS :
PART III-MULTIPLE AMBIGUITY IN THE
MIXING VALVE [Image Signals and Harmonic
Whistles, and Their Avoidance : Choice of
Intermediate Frequency or Frequencies :
Pre -Selection : High I.F. Amplification :
Volume Control in front of the Mixing Valve :
etc.].-K. Wilhelm. (Telefunken-Rnhre,
March, 1936, No. 6, pp. 58-70.) For previous
parts see 3447 of 1935 and 152 of January.

2580. VARIABLE SELECTIVITY AND THE I.F.
AMPLIFIER. PART III-THE AMPLIFIER AS
A WHOLE.-Cocking. (Wireless Engineer,
May, 1936, Vol. 13, No. 152, pp. 237-247.)
See 2147 of June.

' 2581. DUAL -DIVERSITY 'PHONE RECEPTION WITH
SINGLE -CONTROL TUNING : AN ADVANCED
TYPE RECEIVER MINIMISING FADING
EFFECTS AND FURTHER IMPROVING SIGNAL/
NOISE RATIO.-J. L. A. McLaughlin and
J. J. Lamb. (QST, May, 1936, VOL 20,
No. 5, pp. 39-43 and 102, 106.)

2582. DELAYED DETECTOR OPERATION [for Inter -
Station Noise Suppression : Chief Methods
and Their Characteristics].-J. H. Reyner.
(Wireless World, loth April, 1936, Vol. 38,
pp. 364-366.)

2583. A. STUIPY OF NOISE CHARACTERISTICS [Peak
Value of Hiss, as well as R.M.S. Output,
proportional to Square Root of Frequency -
Band Width].-V. D. Landon. (Proc. Inst.
Rad. Eng., May, 1936, Vol. 24, No. 5, p. 684 :
summary only.) Crest factor is found to be
3.4, independent of band width. Noise due
to impulse excitation behaves differently as
regards peak values : these are directly
proportional to the first power of frequency
band width.

2584. " METHODS OF MEASURING RADIO NOISE "
[Report of Joint Co-ordination Committee of
E.E.I., N.E.M.A. and R.M.A.].-(Electronics,
April, 1936, Vol. 9, No. 4, p. 34 : review of
pamphlet.)

2585. SIMPLIFIED VOLUME EXPANSION, and IN-
EXPENSIVE VOLUME EXPANSION.-W. N.
Weeden : R. H. Tanner and V. T. Dickens.
(Wireless World, 24th. April, 1936, Vol. 38,
pp. 407-408: 22nd May, Vol. 38, p. 507.)
Using the increase in resistance of the metal
filaments of ordinary lamps when heated.
Cf. 2153 of June.

2586. Is AUTOMATIC VOLUME CONTROL WORTH
WHILE ? [Advantages not always So Great
as Commonly Supposed].-W. T. Cocking.
(Wireless World, 22nd May, 1936, Vol. 38,
pp. 502-504.)

2587. " WIRELESS SERVICING MANUAL " [Book
Review].-W. T. Cocking. (Electrician,
15th May, 1936, Vol. 116, p. 636.)

2588. " PERPETUAL TROUBLE SHOOTER'S MANUAL
-VOLUME VI " [Radio Receiver Servicing :
Book Review].-J. F. Rider. (Proc. Inst.
Rad. Eng., May, 1936, Vol. 24, No. 5, p. 812.)

July, 1936

2589. RADIO PANEL LAMPS AND THEIR CHARAC-
TERISTICS.-J. H. Kurlander. (Proc. Inst.
Rad. Eng., April, 1936, Vol. 24, No. 4,
pp. 584-590.) Finally, the need for an
accessible position is stressed.

2590. BALLAST TUBES: SOLVING PILOT -LAMP
PROBLEMS IN A -C, D -C RECEIVERS.-(Rad.
Engineering, March, 1936, Vol. 16, No. 3,
p. ro.)

259t. COIL MANUFACTURING COSTS : A COMPLETE
ANALYSIS OF ONE OF THE MOST IMPORTANT
PHASES OF SET MANUFACTURE.-M. E.
Fagan. (Rad. Engineering, April, 1936,
Vol. 16, No. 4, pp.

2592. PRODUCTION -LINE VENTILATION [Removal of
Resin Dust and Lead Fumes from Assembly
Plant].-W. A. Murdoch. (Rad. Engineering,
April, 1936, Vol. 16, No. 4, p. 15.)

2593. EUROPE'S ONE HUNDRED MILLION LISTENERS
[with Table up to End of 1935].-(World-
Radio, loth April, 1936, Vol. 22, p. 4.)

AERIALS AND AERIAL SYSTEMS
HYPER -FREQUENCY WAVE GUIDES.-South-
worth : Carson, Mead and Schelkunoff. (See
2502/2504.)

2595. THE " TURNSTILE " ANTENNA, A NEW ULTRA-
HIGH -FREQUENCY RADIATING SYSTEM WHICH
ECONOMISES ENERGY BY CONCENTRATING
IT IN A HORIZONTAL PLANE EQUALLY IN
ALL DIRECTIONS.-G. H. Brown. (Elec-
tronics, April, 1936, Vol. 9, No. 4, pp. 14-17
and 48.) See also 1617 of April.

2596. THE RADIATION RESISTANCE OF AERIALS
WHOSE LENGTH IS COMPARABLE WITH THE
WAVELENGTH.-E. B. Moullin. (Journ.
I.E.E., May, 1936, Vol. 78, No. 473, pp.
540-563: Discussion pp. 563-566.) The
full paper, notes on which were dealt with
in 997 of March and 1438, 1439 of April.

2597. PARABOLIC REFLECTORS (WITH AUXILIARY
REFLECTOR RODS) FOR 68 -CM WAVES.-
Morita. (See 2866.)

2598. EFFECTIVE RESISTANCE OF CLOSED ANTENNAS
[Radio -Beacon Loops : Analysis of Total
Resistance : Greatest Losses are Dielectric
Losses in Earth and Near -By Objects :
Formulae for These, and Means of Reducing
Them : Further Applications of Closed
Aerials].-V. I. Bashenoff and N. A.
Mjasoedoff. (Proc. Inst. Rad. Eng., May,
1936, Vol. 24, No. 5, pp. 778-801.)

Conclusion of the work dealt with in 1931
Abstracts, p. 500. The efficiency factor can be
increased by a tuned or untuned screen between the
loop and the ground. " The possibility of reception
using a closed antenna with a mast height ranging
around and efficiency factor ranging from
40 to 5o% is of some interest, independently of its
use as a radio beacon. In some cases the closed
antenna with a relatively high efficiency factor
(particularly in co-operation with an open antenna
for radiation with a cardioid diagram) might serve
as a very simple but sufficiently effective radiating

2594.
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antenna, operating at medium and medium high
-frequencies. Intensive radiation of a closed
antenna upwards could be used at night-time.
Especially great possibilities could be derived from
a closed antenna in radio transmitters with a
combined wave range if, for the short-wave range,
it is excited by high harmonics " [USSR Pat. 28 551].
2599. THE " SHUNT EXCITED " ANTENNA [Vertical -

Radiator Type Broadcasting Aerial operating
with Base earthed : eliminating Base In-
sulator, Protective Devices, etc.].-J. F.
Morrison and P. H. Smith. (Proc. Inst. Rad.
Eng., May, 1936, Vol. 24, No. 5, p. 685:
summary only.)

PROPAGATION OF THE WAVES EMPLOYED IN
BROADCASTING, AND " ANTIFADING " AERIAL
SYSTEMS [Survey, including Tower Aerials
and the Triangular " Aerial].-J. Loeb.
(Ann. des Posies T. et T., April, 1936, Vol. 25,
No. 4, PP 313-334.)

2601. A STUDY OF THE ELECTROMAGNETIC FIELD
IN THE VICINITY OF A RADIATOR [by Summa-
tion of Effects of Infinitesimal Elements
composing Finite Radiator : Integration by
Mathematical or Graphical Method : Tables
for shortening Latter Process] .-F. R.
Stansel. (Proc. Inst. Rad. Eng., May, 1936,
Vol. 24, No. 5, pp. 802-81o.)

2602. DIRECTIVE AERIALS WITH IDENTICAL
DIRECTIONAL DIAGRAMS BUT DISSIMILAR
CURRENT DISTRIBUTIONS : " EQUIVALENT
AERIALS " [and Their Calculation from the
Constants of the Given Aerial].-K.
Posthumus. (Tijdschr. Nederlandsch Radio-
genoot., April, 1936, Vol. 7, No. 4, pp. i15-139 :
page sequence " scrambled " in some copies :
in Dutch.)

2603. DIRECTIONAL ANTENNA DESIGN [Practical
Design and Application of Two -Element
Arrays in Broadcast and Communication
Service], and DIRECTIONAL RADIATION
PATTERNS.-E. A. Laport : A. J. Ebel.
(Electronics, April, 1936, Vol. 9, No. 4,
pp. 22-25 and 48 : pp. 3o and 29.)

2604. ARRANGEMENT FOR THE DIRECTIVE SENDING
AND RECEIVING OF OSCILLATING ENERGY
[Occurrence of Secondary Maxima in Antenna
Array diminishing by spacing Elements more
than a Half -Wavelength Apart and decreas-
ing Amplitudes from the Middle to the
End].-A. Esau and W. Berndt. (Hochf:tech.
u. Elek:akus., February, 1936, Vol. 47, No. 2,
p. 68 : German Patent 618 777 of 24.2.33.)

2605. THE PROPORTIONING OF SHIELDED CIRCUITS
FOR MINIMUM HIGH -FREQUENCY ATTENUA-
TION [Coaxial and Balanced Shielded
Circuits].-E. I. Green, F. A. Leibe and
H. E. Curtis. (Bell S. Tech. Journ., April,
1936, Vol. 15, No. 2, pp. 248-283.)

The treatment of balanced shielded circuits
includes not only the usual shielded pair but also
the shielded stranded pair, pair with shield return,
double coaxial circuit, pair with round conductors
and oval shield, pair with quasi -elliptical con-
ductors and circular shield, and shielded quad.

2600.
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2606. TWO -WIRE SHIELDED TRANSMISSION LINE
FOR USE WITH SHORT-WAVE RECEIVING
AERIALS.-L. Sh. Natadze. (Izvestiya
Elektroprom. Slab. Toka, No. 2, 1936,
PP. 15-24.)

A theoretical discussion is presented on a trans-
mission line consisting of two parallel wires inside
a shielding tube. The advantage of such a line is
that being symmetrical it can be connected to a
symmetrical aerial, of the rhombic type for instance,
without the interposition of a matching network.
Formulae are derived for the various constants of
the line, such as the attenuation factor, characteristic
impedance, capacity and resistance per unit length
and the ratio of the velocities of propagation of the
waves in air and along the line. The leakage
current and the optimum ratio of the spacing
between the wires to the internal diameter of the
shielding tube are also determined. In conclusion
an account is given of experiments carried out to
verify the theoretical results obtained.
2607. THE PRE -SELECTOR ANTENNA : A NEW USE

FOR THE RESONANCE WAVE COIL IN AMA-
TEUR RECEPTION [Aerial compressed into
Vertical Helix on 33" Rod in Diameter,
with Sliding Secondary (Coupling) Coil].-
I. Creaser. (QST, May, 1936, Vol. zo, No.
5. pp. 44-46.) Can be used with or without
extension rod capacitively coupled to
winding, giving increased pick-up as well as
impedance -matching adjustment.

2608. DETERMINATION OF THE NATURAL WAVE-
LENGTH OF AN ANTENNA BY THE REACTANCE
METHOD [Coil and Variable Condenser in
Series with Aerial: Capacity Values ob-
served which Tune the Circuit to Various
Wavelengths]. - G. Sinclair. (Canadian
Journ. of Res., April, 1936, Vol. 14, No. 4,
Sec. A, pp. 87-92.)

Direct measurement and the " intercept "
method (added inductances) having given in-
consistent results, the present method was evolved.
When the entire circuit of coil, condenser, and aerial
is in resonance at the natural wavelength of the
aerial, the coil reactance equals the condenser
reactance. Therefore if the curves of the coil
reactance and of the condenser reactance are
plotted, with wavelengths as abscissae, these curves
will intersect at the natural wavelength of the
aerial. Values of natural wavelength thus found
agree well with direct measurement. The data
obtained in this method can be used to provide
points on the " intercept " method graph for
relatively small values of inserted inductance.
These points do not fall on a straight line, probably
owing to variations occurring in the aerial input
inductance and capacity near the natural wave-
length.
2609. UNIVERSAL ABAC, INDEPENDENT OF THE

CONSTANTS OF THE METAL, FOR THE MECH-
ANICAL CALCULATION OF OVERHEAD LINES.
-S. Alber : Blondel. (Rev. Gen. de l'Elec.,
2nd May, 1936, Vol. 39, No. 18, pp. 643-647.)

2610. SPECIAL SAND AND GRAVEL AGGREGATE FOR
CONCRETE FOUNDATIONS SUBJECTED TO
H.F. CURRENTS.-(Electronics, May, 1936,
Vol. 9, p. 9.) Also ibid., p. 66.
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VALVES AND THERMIONICS
2611. DESCRIPTION AND CHARACTERISTICS OF THE

END -PLATE MAGNETRON [2.5 Watts at 3000
Mc/s with Efficiency 12% with respect to
Plate Dissipation : Greater Stability against
Supply Fluctuations, and Other Advantages :
Analysis of Effect of Space Charge on Elec-
tron Motion and Valve Performance :
Output Limitation by Instability traced to
Bombardment of Filament : etc.]-E. G.
Linder. (Proc. Inst. Rad. Eng., April, 1936,
Vol. 24, No. 4, pp. 633-653.) See also 1934
Abstracts, p. 437 ; and 986 of 1935.

2612. ON THE CALCULATION AND GEOMETRICAL
CONSTRUCTION OF THE STATIC CHARACTER-
ISTICS OF A SPLIT -ANODE MAGNETRON.-I. V.
Brenev. ( Journ. of Tech. Phys. [in Russian],
No. 2, Vol. 6,1936, pp. 302-318.)

A detailed theoretical investigation of the flow of
electrons in the space between the two semi -
cylindrical anodes of a magnetron. The effects of the
following factors on the electron current are isolated
and studied separately : (a) radial and transverse
electric fields, i.e. the fields due to the potential
differences between the anode and the filament and
between the two anodes respectively ; (b) radial
electric field and magnetic field, and (c) transverse
electric field and magnetic field. This is followed by
a study of the combined effect of the three fields,
as a result of which data are obtained for calculating
and plotting the static characteristic of a magnetron
from its geometrical configuration and operating con-
ditions. A numerical example is given and a com-
parison between the calculated and experimental
curves shows very close agreement.

2613. ON A NEW TYPE OF ELECTRONIC [Micro -
Wave] OSCILLATOR TUBE WITH PARALLEL
PLANE GRIDS.-W. A. Leyshon. (Proc.
Phys. Soc., 1st May, 1936, Vol. 48, Part 3,
No. 266, pp. 469-475 : Discussion pp.
475-476-)

The electrode system of the tube " consisted of
two parallel plane grids with two symmetrically
arranged cathodes external to them." With
Lecher wires (which determined the wavelengths of
the oscillations generated) attached to the two
grids, B -K oscillations were obtainable with the
tube used as a triode ; another mode of oscillation
was with both cathodes emitting and the grids at
the same positive potential. Experimental results
are given.

2614. NEW VALVES FOR SHORT AND ULTRA -SHORT
WAVES [Types ESW 501 and 204 for Full
Rated Dissipation (6o and 25o Watts re-
spectively) down to 5 Metres].-Edison Swan
Company. (Journ. Scient. Instr.,May, 1936,
Vol. 13, No. 5, pp. 166-167.)

2615. THE DIELECTRIC CONSTANT OF A SPACE
CONTAINING ELECTRONS, and ELECTRON
MOTION IN A PLASMA [Equation including
Effect of Electron Pressure : Possible Fre-
quencies of Free Vibration].-Prasad &
Verma : Linder. (See 2519 and 252o.)
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2616. THE AMPLIFICATION OF A PLANE -ELECTRODE
TRIODE AT ULTRA -HIGH [Mi.CTO-Wave] FRE-
QUENCIES. PART I [Approximate Theory] :
PART II [Full Solution].-H. Zuhrt. (Hochf:
tech. u. Elek: akus., February, 1936, Vol. 47,
No. 2. pp. 58-64 : March, No. 3, pp. 79-88.)

The behaviour of a triode with negative grid, on
wavelengths below one metre, is calculated with
special application to the behaviour of the valve as
an amplifier. In Part I a physical explanation of
the phenomena is given and an approximate for-
mula is deduced for the steepness of the character-
istics (equivalent circuit Fig. 1). Fig. 6 shows
graphically the magnitude and phase of the various
approximate solutions and Fig. 7 the steepness as a
function of electron transit time or frequency.
In Part II the full theoretical solution is given ; in
§ I it is shown that the triode can be theoretically
replaced by two diodes, connected by the boundary
conditions at the control grid (Fig. 8). The wave-
length must however be large compared with the
dimensions of the valve. § II gives general cal-
culations of the transit of an electron between plane
electrodes ; § III applies the results to a negative -
grid triode. Formulae are obtained which enable
all stationary and alternating quantities in the
valve to be worked out. In § iv the amplification
factor is calculated ; the resulting formula (eqn. 93)
is tested by evaluating the limiting case of zero
transit time. This reduces to the form (eqn. 102)
obtainable by elementary methods from the
equivalent circuit of the triode (Fig. ro). Figs.
14 a, b give curves of the amplification factor as a
function of frequency. Its low values at high
frequencies are due to the influence of the grid/anode
capacity, rather than to the electron transit time.
§ v discusses the effect of compensation of the
grid/anode impedance (Fig. II) on the amplification
factor (results Figs. 13 a, b). In § vI the results are
generally discussed in the light of a numerical
example. Figs. 12 a, b, c illustrate the relative slope
of the characteristics as a function of 'frequency
for various transit -time ratios. For amplification
at micro -wave frequencies it is advisable to make
the anode transit time small in comparison with that
to the grid. By suitable adjustment the ampli-
fication may be made greater than normal ; it
may give rise to self -excitation.
2617. NEW ELECTRON MULTIPLIERS L" Multi-

pactors "].-Farnsworth. (See 2723.)
2618. SHOT EFFECT OF SECONDARY EMISSION.

II [Application of Theory developed in I].-
M. Ziegler. (Physica, May, 1936, Vol. 3,
No. 5, pp. 307-316: in English.)

See 2190 of June. Among the results now
obtained, it is shown that a certain fraction of
the primary electrons should each cause the emis-
sion of at least nx secondary electrons, nx being
the smallest whole number greater than the " co-
efficient of secondary current fluctuation " (depend-
ing on the primary voltage and the constitution of
the emitter, and determinable by experiment).
2619. SECONDARY ELECTRON EMISSION FROM A

HOT NICKEL TARGET DUE TO BOMBARDMENT
BY HYDROGEN IONS.-MO/liCa Healea and
E. L. Chaffee. (Phys. Review, 15th April,
1936, Series 2, Vol. 49, No. 8, p. 646.)
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2620. A METHOD OF MEASURING SECONDARY -
ELECTRON EMISSION FROM FILAMENTS
[Special Electrode Arrangement : Data for
Tungsten and Tantalum].-L. R. G. Treloar.
(Proc. Phys. Soc., 1st May, 1936, Vol. 48,
Part 3, No. 266, pp. 488-496: Discussion
P. 497.)

2621. APPROXIMATE METHOD FOR THE CALCULA-
TION OF THE WORK FUNCTION OF ELEC-
TRONS FROM METALS.-E. H. B. Bartelink.
(Physica, April, 1936, Vol. 3, No. 4, pp.
193-204: in German.)

Author's summary :-After defining the terms
" true " and " effective " work function, it is
shown that an exact calculation cannot be carried
out [owing to mathematical difficulties]. Previous
approximate methods are briefly discussed. A
method is then described in which the charge to
be extracted is divided up [into arbitrarily small
" charge elements "], extracted in parts and re-
assembled at a distance from the metal. Owing to
the polarisation, there are at first no electrons
immediately near the emerging charge, while at a
greater distance they are distributed according
to the Fermi equation. A solution of this equation
is therefore required : this is obtained by an
approximation method.

The result is a semi -convergent series develop-
ment for the work function in powers of pv6,
where p is the reciprocal of the atomic volume
[W = 17.6 film + 15.6 /32/3 ] . Numerical
calculation here gives values departing from the
measured values by amounts up to about 40%.
For exact quantitative calculation, therefore, the
method is not serviceable " [it is, on the whole,
less accurate than the method of Tamm & Blochinzev
-1933 Abstracts, p. 395 : its advantage lies
rather in its simplicity and the clearness of its
fundamental assumptions].
2622. STATISTICAL FLUCTUATIONS IN MULTIPLE

SPACE CHARGE [Fluctuations other than
Cathode Shot Effect operate within Electron
Stream].-E. W. Thatcher and H. S. Howe.
(Phys. Review, 15th April, 1936, Series 2,
Vol. 49, No. 8, p. 646: abstract only.)
See also 1878 of 1935, and Llewellyn, 193o
Abstracts, p. 279.

2623. MEASUREMENTS OF EMISSION CURRENT BY
THE METHOD OF SHORT -PERIOD LOADING.-
J. and S. Ryiko. (Zeitschr. f.
tech. Phys., No. 5, Vol. 17, 1936, pp. 155-159.)

The short -pulse method has been developed by
various workers, some using oscillographs (Chaffee,
in 1922), others peak voltmeters or bridge methods
(Gueritot, in 1923). Recent work is by Patai .and
Frank (3908 of 1935). The present writers find that
the method is liable to lead to errors which may
amount to some hundreds per cent., owing to the fact
that when an anode voltage is first switched on the
cathode emission starts at a high initial value and
only gradually sinks to its stationary condition.
This phenomenon is traced to that " latent heat of
electron evaporation " which has been utilised by
Gribanov to measure the Richardson work function
(see 2191 of June). The electron emission produces
a drop in cathode temperature : the length of time
required for the cathode to arrive at a steady
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temperature, giving the " stationary " value of
emission, depends both on the thermal inertia of the
cathode and on the size of the emission current.
The writers, working with a tungsten cathode of
0.1 mm diameter, found that a stationary value
of 150 ma was reached in 6/5oths second from an
initial current of 26o ma, while a 200 MA emission
was reached in 7/5oths second from an initial
value of 400 A. A cathode of 0.2 mm diameter
gave similar results but after about twice the
delay.

When tested by the " short -pulse " method,
the cathode temperature is thus unable to reach
equilibrium and the emission current measured is
too large. To obtain correct results the emission
needs to be observed over a suitable time, as can
be done by an oscillograph. Unluckily this suitable
time may in many cases be long enough to damage
the valve.
2624. THERMIONIC EMISSION FROM BARIUM -COATED

TUNGSTEN [Electron and Positive -Ion
Emission from Tungsten in Stream of
Barium Vapour : Evaporation of Barium
from Tungsten].-L. N. Dobretzov and
G. A. Morozov. (Physik. Zeitschr. der
Sowjetunion, No. 4, Vol. 9, 1936, pp. 352-
361 : in English.)

2625. ADSORPTION OF NITROGEN ON TUNGSTEN
[Behaviour similar to Hydrogen].-J. K.
Roberts. (Nature, 18th April, 1936, Vol. 137,
pp. 659-660.) See 170 of January : also
1810 of May.

2626. " THERMIONIC EMISSION " [Book Review].-
T. J. Jones. (Wireless Engineer, May, 1936,
Vol. 13, No. 152, p. 258)

2627. RECORDING FIELD -CURRENT ELECTRONS
WITH A GEIGER-MULLER COUNTER.-R. T. K.
Murray. (Phys. Review, 15th Jan. 1936,
Series 2, Vol. 49, No. 2, p. 19$ : abstract
only.)

2628. THE PREPARATION AND INVESTIGATION OF
OXIDE CATHODES OF COLLOIDAL STRUCTURE
[Electrophoretic Method].-E. Patai and
Z. Tomaschek. (Kolloid-Zeitschr., March,
1936, Vol. 74, No. 3, pp. 253-265.)

Authors' summary :-" For the precision pre-
paration of alkaline -earth oxide cathodes a new,
electrophoretic method is given. As starting
material a colloidal aqueous solution of an alkaline -
earth carbonate is used : the carrier is immersed
in this solution and the carbonate layer deposited
by an electric current. Exhaustive investigations
on the influence of the composition and concentra-
tion, the current density, the temperature, and the
cathode material are described. The mechanical
properties of the colloidal cathode layers are very
favourable : firm adhesion, smooth surface, and
uniform fine structure. A new method for an exact
temperature determination is given [depending on
measurements first in vacuo and then in one or more
neutral gases]. The determination of the Richard-
son constants and the discussion of practical
applications [e.g. wherever local over -heating, with
its consequences, is to be avoided ; or where it is
desired to bring the control grid very close to the
cathode surface] are supplemented by microphoto-



384 THE WIRELE

graphs." Curves for a Philips short-wave trans-
mitting valve are given, for cathodes made by the
colloidal and paste processes respectively.

2629. DETERMINATION OF THE TEMPERATURE MAXI-
MUM IN THE NEIGHBOURHOOD OF A DECREASE
IN CROSS-SECTION OF AN INCANDESCENT
WIRE IN AN INERT GAS [Calculations].-L.
Prasnik. (Zeitschr. f. Physik, No. 9/1o,
Vol. 99, 1936, pp. 710-713.) See also 1934
Abstracts, p. 95.

2630. CURRENT DISTRIBUTION : THEORY OF MULTI -
GRID VALVES.-H. Rothe and W. Kleen.
(Telefunken-Rohre, March, 1936, No. 6, pp.
1-23.)

For previous papers see 3907 of 1935 and 147 of
January. The present work is divided into two
parts. Authors' summaries : Part I-The cur-
rent distribution between two positive electrodes
(grid I with anode 2 behind it) is, apart from
geometrical relations, dependent only on the ratio
of the two voltages. The curve of current " take-
over " from one electrode to the other is divided
into two separate parts, in which two different
effects are predominant. In the Below region,
where the anode potential is small compared with
that of the grid, the current distribution is deter-
mined by the reversal of electrons in the grid/anode
space. For this region the equation is i2/42, =
.C2V u2/u2 [where i is the total current and C, a
constant depending on the geometry of the valve].
The current component taken direct from the grid
can be assumed to be constant.

In the Tank region, on the other hand, where
the potential u2 is comparable with u1, all electrons
which pass once through the grid plane arrive at the
anode. The ratio of voltages then affects only the
current component taken direct from the grid.
In this region the equation is i2/i2 = C21/u2/u2.
These two laws can be applied to the current
distribution in multi -grid valves, pentodes working
predominantly in the Tank region and hexodes
in the Below region.

Part II-The anode-current/anode-voltage char-
acteristic of pentodes is calculated with the help
of the current -distribution law. In the normal
working zone it can be represented, with very close
approximation, by a parabola of high order. From
the characteristic curve the internal resistance R,
is calculated. It is found to be inversely pro-
portional to the anode current, directly proportional
to the anode voltage, and independent of the s.g.
voltage. Consequently the product R, i4/u4 is
a constant for each valve, dependent only on
constructional data : it may be called the in-
ternal -resistance constant b." Since the anode -
current slope can also be calculated from the known
equations for the cathode -current slope, inde-
pendently of R,, the valve constant (bu1ibu4)21,44

const., generally known as " durchgriff " D, is
seen to be a pure mathematical quantity with no
.relation to the electrostatic anode " durchgriff."
It is therefore suggested that for multi -grid valves
the term " durchgriff " should no longer be applied
to this quantity, but that the quantity (bu4ibu1)22,
should be employed, with the title " amplifica-
tion factor es,' the term " durchgriff " being con -
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fined to purely electrostatically defined quantities.
The calculations are experimentally checked and
well confirmed.

2631. THEORETICAL INVESTIGATIONS ON THE
KUNGEN " [Microphonic Effect] OF AMPLI-

FIER VALVES [Analysis of the Effect of
Electrode Movements on Anode Current,
Slope and Amplification Factor : Deduc-
tions affecting Design and Circuits : H.F.
as well as A.F. Effects : Method of Localising
the Defective Electrode : Test -Bench Appa-
ratus for Measurement of Microphonicity].-
W. Graffunder and H. Rothe. (Telefunken-
ROhre, March, 1936, No. 6, pp. 36-57.)

2632. ON THE LINEARISING OF THE CHARACTER-
ISTIC CURVES OF AMPLIFIER VALVES.-
W. A. Schneider. (Berlin Thesis, 1935 : at
Patent Office Library, London : Cat. No.
76 075: in German.)

2633. ON THE MATHEMATICAL EXPRESSION OF THE
CHARACTERISTIC OF A THERMIONIC VALVE-
I. E. Srednii. (Journ. of Tech. Phys. [in
Russian], No. 2, Vol. 6, 1936, pp. 344-351.)

When a triode circuit is regarded as a non-
linear system, as, for instance, in the case of a self-
excited oscillator, the conception of a straight-line
characteristic cannot be used. Methods have
therefore been suggested for representing the valve
characteristic by power series. These methods are,
however, rather cumbersome, and in the present
paper the author derives a number of equations
which determine the characteristic of a valve with
a sufficient degree of accuracy for practical purposes.
This is confirmed by a numerical example in which
the calculated and experimental results are com-
pared. The method proposed is further illustrated
by an investigation of the operating conditions of
a self-excited oscillator.

2634. THE LIMIT OF CHARGE SENSITIVITY IN THE
VALVE ELECTROMETER. II [More Accurate
Calculations].-H. Alfven. (Zeitschr. f.
Physik, No. 9/10, Vol. 99, 1936, pp. 714-
716.) For I see 1791 of May.

2635. PAPERS ON CLASS B AND CLASS C AMPLI-
FIERS.-(See under " Transmission.")

2636. THE BEAM POWER -OUTPUT TUBE [6L6 All -
Metal Tetrode, using Potential Barrier in
place of Suppressor Grid : 34 Watts Push -
Pull Output without Grid -Driving Power,
6o Watts with 40o Milliwatt Input].-J. F.
Dreyer, Jr.: Schade. (Electronics, April,
1936, Vol: 9, No. 4, pp. 18-21 and 35
Editorial p. 5.) With low 3rd harmonic
and practically negligible higher order dis-
tortion : specially useful in reversed feed-
back amplification. See also Rad. Engineer-
ing, April, 1936, Vol. 16, No. 4, pp. 6-7 and
18-19 ; also 2637, below.

2637. A NEW AUDIO POWER TUBE [6L6 " Beam "
Type].-RCA Radiotron. (QST, May, 1936,
Vol. 20, No. 5, p. 5o.) See also 2636.
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2638. NEW DEVELOPMENTS IN APPLIED ELECTRON
Orrics [including the Reduction of Grid-
Current/Anode-Current Ratio from 1:5 to
1:5oo by Specially, Profiled Cathodes yield-
ing Electron Rays opposite Grid Openings :
" K " Valve Series].-P. Hatschek. (Funk -
tech. Monatshefte, April, 1936, No. 4, Supp.
pp 28-3o.)

2639. NEW TUBES : THE 6R7 DIODE -TRIODE :
6G5 TUNING INDICATOR : a CHANGE IN 5Z4
SIZE : NEW 2 -VOLT R.F. TUBES.-(Rad.
Engineering, March, 1936, Vol. 16, No. 3,
p. 13.)

2640. OPERATION or 6A8 [All -Metal Pentagrid
Converter] AS MIXER-OSCILLATOR.-(Rad.
Engineering, March, 1936, Vol. 16, No. 3,
pp. 8-9 and 12.)

2641. PENTODE TRANSMITTING VALVES [Advan-
tages of These Recently Introduced Valves].
-(Wireless World, 17th April, 1936, Vol. 38,
pp 394-395-)

2642. OPERATING NOTES ON THE 35T [at 14 and
28 Mc/s].-(QST, May, 1936, VOL 20, No. 5,
pp 53 and 88, 9o.)

2643. THE VALVES IN BROADCAST RECEIVERS :
PART M.-Wilhelm. (See 2579.)

2644. CATHODE-RAY VALVE TESTER.-J. H. Rey-
ner. (Wireless World, 8th May, 1936, Vol.
38, pp 462-463)

2645. A NEW WATER - COOLED HIGH - POWER
VACUUM TUBE [400 kW Output : Type
UV -171].-Y. Imaoka. (Rep. of Rad. Res.
in Japan, December, 1935, 5, No. 3,
pp. 129-136.)

2646. POWER -TUBE MANUFACTURING PROBLEMS :
DISCUSSING WAYS AND MEANS TO PRODUCE
MORE EFFICIENT TRANSMITTER AND RECTI-
FIER TUBES AT LOWER COST [Use of Svea
Metal].-L. L. McMaster, Jr. (Rad. Engi-
neering, March, 1936, Vol. 16, No. 3, 'pp.
11-12.) See also 1895 of 1935

2647. ADVANCES IN METAL/GLASS SEALS [by the
Use of Kovar].-(Rad. Engineering, March,
1936, Vol. 16, No. 3, pp. 14-15.) See, also
1004 of March; also 2781, below.

2648. BRAZED SEALS FOR ALL -METAL TUBES.-
RCA Radiotron. (Rad. Engineering, Jan-
uary, 1936, Vol. 16, No. I, p. 17.)

2649. HYDROGEN FURNACES FOR TUBE PARTS.-
(Red. Engineering, March, 1936, Vol. 16,
No. 3, pp. 6-7.)

DIRECTIONAL WIRELESS
265o. A NEW SYSTEM FOR BLIND LANDING OF

AIRPLANES [Ultra -Short -Wave Note -Modu-
lated Signals from Aeroplane, received on
Crossed Loops on Ground, govern Depth of
Modulation of Short and Long Long -Wave
Signals from Ground : Aeroplane follows
" Equi-Signal " Course thus given : Similar
Principle for Vertical Glide Path].-K. Bau-
mann and A. Ettinger. (Proc. Inst. Rad.
Eng.,May, 1936, Vol. 24, No.5, pp. 751-754)
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2651. THE S.F.R. OBSTACLE -DETECTOR TYPE D.16,
WORKING ON MICRO -WAVE REFLECTION.-
(Bull. de la S.F.R., Aug./Sept./Oct. 1935,
9th year, No. 4, pp. rro-118.)

Capable of detecting obstacles at distances up
to 7-10 krn, giving their direction within less than
5°. The positive grid of the transmitter is modu-
lated by a 30 kc/s frequency, on which is super-
posed a note of 800 c/s. The quarter -wave aerial,
4 cm long, is inside the bulb, which lies in a para-
bolic reflector. The exploring mechanism, alterna-
tively hand- or motor -controlled, covers a zone of
8o°. " The reception of the 3o kc/s frequency,
and its comparison with the same frequency on its
emission, allows, with the help of a cathode-ray
oscillograph, an idea to be formed of the distance
of the obstacle." Cf. 1468 of April ; also 2652,
below.

2652. DISTANCE DETERMINATION BY. ELECTRO-
MAGNETIC WAVES [Measurement of Phase
Difference, at Receiver, of Low -Frequency
Currents emitted as Cophasal Modulations
of Two Different Frequencies].-E. A. H.
Honore. (Hochf:tech. u. Elek:akus., Febru-
ary, 1936, Vol. 47, No. 2, p. 68: French
Patent 790 386 of 11. 8. 34)

Compare Fayard, 15o of. 1.935. For other
methods of distance determination, excluding all
those using sound waves in any way, see Abstracts,
1929, pp. 168 (Koulikoff & Chilowsky) and 453
(Burstyn) ; 193o, p. 586 (Chamberlain) ; 1933,
p 451 (Weigl) ; and 1934, pp 42 (Hell) and 620
(Leib, Nicholson). For a micro -wave feeler "
see 1468 of April, and 265,, above.
2653. EXPERIMENTAL INVESTIGATIONS ON THE

VARIATION OF PHASE CHANGES IN OPEN
OSCILLATING CIRCUITS WITH DISTANCE FROM
THE GROUND [with Application to Determina-
tion of Height of Aircraft].-K. Bamer.
(Hochf:tech. u. Elek:akus., February, 1936,
Vol. 47, No 2, pp 45-55)

The object of the work here described was to
determine experimentally the phase changes pro-
duced in simple wire circuits, excited electro-
magnetically, by changes in their distance from the
ground, and to investigate how far the changes
could be used to determine the height, with par-
ticular application to aircraft. Horizontal wire
systems (Fig. 8) and wavelengths 15-25 m were
used. An apparatus for phase measurement was
first constructed (§ II : circuit principle Fig. I,
as constructed Fig. 2, view Fig. 3) ; it was a
development of Trautwein's " Valve Pha.semeter "
(Zeitschr. f. tech. Physik, 1922, p. I25). Its working
is described phase curves (Figs. 6, 7) were taken
with an oscillating circuit with variable condenser
(circuit Fig. 4, vector diagram Fig. 5) and agreed well
with calculation. The theory of the variation of
h.f. phase with distance from the ground is dis-
cussed in § III ; calculated variations for various
wavelengths are shown in Fig. ro, the corresponding
measurements in Fig. 11. Experimental curves
taken with a parallel wire system, a linear . wire
with various additional condensers and coils, and
a linear wire below a, metallic surface (Fig. 18), are
given in Figs., 12-17, 19-24. The general con-
clusions are : " Systems on which the_ action of
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the wave system reflected from the earth is not
measurable give a phase change with variation of
distance from the earth corresponding to the
capacity change, analogous to that in closed
oscillating circuits. The distance can then be
uniquely determined from the reading of the phase
indicator and the determination is only limited by
the sensitivity of the measuring instrument. As
the effect of the reflected field increases there is
however an additional periodic phase change . . .

which makes it impossible to determine the distance
of the ground without auxiliary apparatus." A
photograph of the whole arrangement used is
given in Fig. 9.
2654. DIRECTIONAL RECEPTION APPARATUS WITH

TWO OPPOSITELY CONNECTED DIPOLES
[Asymmetry due to Earth Capacities of
Lower Halves of Dipoles corrected by
connecting Upper Halves by Horizontal
Wires and Variable Condenser].-P. Herman-
spann : Telefunken. (Hochf:tech. u. Elek:
akus., February, 1936, Vol. 47, No. 2, p. 68 :
German Patent 618 799 of 31.12.33.)

2655. EFFECTIVE RESISTANCE OF CLOSED ANTENNAS
[Radio -Beacon Loops].-Bashenoff and
Mjasoedoff. (See 2598.)

ACOUSTICS AND AUDIO -FREQUENCIES
2656. AN OPERATIONAL PROOF OF THE WAVE -

POTENTIAL THEOREM, WITH APPLICATIONS TO
ELECTROMAGNETIC AND ACOUSTIC SYSTEMS
[Velocity -Potential of Surface Sources, e.g.
Loudspeaker Membranes : Erroneous Text-
book Arguments].-S. Ballantine. (Journ.
Franklin Inst., April, 1936, Vol. 221, No. 4,
PP. 469-484.)

2657. SPEAKER DESIGN : RECENT DEVELOPMENTS
IN THE LOUDSPEAKER INDUSTRY [and the
Pros and Cons of the Recently Introduced
" Curved Cone " Diaphragms].-J. Q. Tiedje.
(Rad. Engineering, January, 1936, Vol. 16,
No. r, pp. r1, and 14.)

2658. MAKING AN " EXPONENTIAL " CONE.-E. C.
Richardson. (Wireless World, 15th May,
1936, Vol. 38, pp. 487-488.)

2659. A NEW TREATMENT OF THE HORN/DIA-
PHRAGM COUPLING CHAMBER FOR RECEIVER
[or Loudspeaker] MEASUREMENTS.-C. K.
Stedman. (Journ. Acous. Soc. Am., April,
1936, Vol. 7, No. 4, pp. 265-270.) Enabling
Fay & Hall's method (1934 Abstracts,
p. 212) to be extended to measure the
mechanical impedance of the diaphragm, and
giving a clearer picture of the phenomena.

2660. ACOUSTIC DISTORTION AT HIGH AMPLITUDES
[e,g. at Throat of High -Power Horn Loud-
speaker : Necessary Care in ' Design].-
N. W. McLachlan. (Wireless World, 13th
May, 1936, Vol. 38, pp. 485-486.)

2661. THE " NIPERMAG " LOUDSPEAKER : MAGNETIC
ALLOY INTRODUCED INTO THIS COUNTRY
IS BASIS OF UNIQUE DESIGN.-(Rad.
Engineering, March, 1936, Vol. 16, No. 3,
p. 2o.)
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2662. PERMANENT MAGNET LOUDSPEAKERS [es-
pecially the Perm -O -Flux, using an Alumin-
ium -Nickel -Cobalt -Iron Alloy].-I. B. Serge.
(Rad. Engineering, April, 1936, Vol. 16,
No. 4, pp. 16-17.)

2663. LOUDSPEAKER BAFFLES [Size and Shape in
relation to Frequency Response].-(Wireless
World, 2211d May, 1936, VOL 38, pp. 5o8-
509.)

ANALYTICAL AND GRAPHICAL METHODS FOR
DESIGNING TRANSDUCERS FOR LOUDSPEAKER
CONTROL [and the Design of Constant -
Impedance Attenuators].-F. Z. Vashinski.
(Izvestiya Elektroprom. Slab. Toka, No. 2,
1936, pp. 34-41.)

In audio -frequency measurements and also for
loudspeaker control, attenuators are often required
whose input and output impedances do not vary
with the attenuation. In the present paper the
calculation of the component resistances of such
attenuators is discussed.

The T type attenuator (Fig. ra) is considered first
and general equations are derived determining the
required resistances for given impedances and
attenuation. When the attenuation is varied the
corresponding solutions of these equations can be
found easily by graphical methods indicated in the
paper. The Pi, lattice and bridged T types of
attenuator (Figs. 5b, 6b and rob) are also con-
sidered and methods are proposed (both analytical
and graphical) for deriving the required values
from an equivalent T type attenuator.
2665. " WIRELESS WORLD " PA AMPLIFIER [12

Watts, Resistance -Coupled, Push -Pull Out-
put : Feeder Unit incorporating Wide -
Range Tone Correction Unit].-W. T.
Cocking. (Wireless World, 3rd and roth
April, 1936, Vol. 38, pp. 332-335 and 356-360.)

2666. ADVANCED DESIGN OF CLASS AB AMPLIFIERS.
-Apstein. (See 2573.)

2667. THE ELECTRO-ACOUSTICAL INSTALLATION IN
THE GERMAN OPERA HOUSE [Berlin] AND ITS
TASK IN THE MODERN THEATRE.-I. Kir-
staedter. (E.T.Z., 14th May, 1936, Vol. 57,
No. 20, pp. 558-562.)

2668. RECORDING SYSTEMS FOR USE IN BROAD-
CASTING [Marconi-Stille and Marguerite
Sound Studio System (using Cellulose -
Coated Disc)].-(World-Radio, loth and 17th
April, 1936, Vol. 22, pp. ro, II : 12, 13.)

2669. LOW -NOISE RECORDING [of Gramophone
Discs : Improvement of 15 db by Very Fine -
Grain Nitro -Cellulose Material with High
Percentage of Synthetic Resin, softened by
Vapour Immersion before Engraving].-
Ranger. (Electronics, April, 1936, Vol. 9, No.
4, P. 28.) Withstanding zoo playings
without injury, compared with 3o for usual
cellulose record.

2670. IMPROVED REPRODUCTION FROM DISCS [In-
creased Playing Time and Decreased Surface
Noise, using certain Correcting Measures and
Piezoelectric Pick-Up].-F. N. G. Leevers.
(Wireless World, 24th April, 1936, Vol 38,
pp. 402-403.)

2664.
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2671. MEASUREMENT OF SPEED FLUCTUATIONS
IN SOUND RECORDING AND REPRODUCING
EQUIPMENT [and an Improved " Wow -
Meter "].-E. W. Kellogg and A. R. Morgan.
(Journ. Acous. Soc. Am., April, 1936, Vol.
7, No. 4, pp. 271-280.)

2672. ON THE DISTORTION IN SOUND REPRO-
DUCTION FROM FILMS.-M. V. Laufer.
(Journ. of Tech. Phys. [in Russian], No. 1,
Vol. 6,1936, pp. 41-46.)

The first of a series of papers in which it is
intended to present a general theory of the dis-
tortion which takes place in sound reproduction
from films. In this paper is considered the dis-
tortion due to uneven illumination of the scanning
slit. In the theoretical discussion the width of the
slit is, contrary to previous investigations, taken into
account.

2673. " DYNAMIC " [Contrast-] REGULATED AMPLI-
FIERS AND " CLEAR TONE " [" Noiseless "
Sound-on-Fi,m] RECORDING [and the Dis-
turbing Action of the Transients arising
Therein].-Burck, Kotowski and Lichte.
(E.N.T., February, 1936, Vol. 13, No. 2,
PP. 47-73.)

Authors' summary :-The field of application of
transmission systems embodying amplitude -depen-
dent regulation is first discussed. Existing prac-
tical methods are described. It is then shown
that such methods of regulation produce transients
which may cause disturbances. These transients
are therefore investigated more closely. The re-
lations between regulation -time constants, non-
linear distortion factor, and transmission frequency
band are examined mathematically for " Klarton
regulation [for sound -on -film recording] and for
simple cases of " contrast " regulation, and are
also found to be confirmed experimentally. The
various types of contrast control are described, on
the basis of investigations by the authors and by
other workers [numerous patent and literature
references are given throughout the paper], and
their special properties discussed ; the combination
of regulations is also investigated and a general
survey of circuit possibilities is given.

For the practically important case where a certain
contrast compression is used without subsequent
contrast expansion, the following design rules are
found for the controlled a.f. amplifiers :-From the
measurements of physiological regulation times,
values are found, for the ' on " and " off " regu-
lation -time constants, which should be reached and
not exceeded, respectively (0.3 ms and 50 ms).
The " off " regulation time is large compared with the
" on " regulation time ; this is due to the fact that
the physiological building -up time is large compared
with the dying -out time. The above values do not
always hold good, however, since with the given
short " on " time the quality of the reproduction
may be affected by clicks, while with the corre-
sponding " off " time it may be affected by non-
linear distortion, unless the symmetry of the circuit
is very perfect. Practical, larger regulation -time
constants are therefore arrived at, namely 2-30 ms
for " on " and 100-500 ms for " off " regulation.
The design data for other cases of regulation may
be obtained on the same lines.
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2674. SPONTANEOUS RESISTANCE FLUCTUATIONS IN
CARBON MICROPHONES AND OTHER GRANU-
LAR RESISTANCES [Commercial Grid Leaks,
Sputtered Metal Films, etc.]-C. J. Chris-
tensen and G. L. Pearson. (Bell S. Tech.
Journ., April, 1936, Vol. 15, No. 2, pp.
197-223.)

" These facts and deductions lead us to the
hypothesis that there exist two mechanisms of
conduction between particles in contact, a primary
conduction which accounts for the major portion of
the current, and a secondary conduction wherein a
relatively small portion of the total current is
transferred and in which the noise mechanism
[fluctuating contact or boundary resistance] is
found." A formula is derived which gives results
consistent with experiment. Brillouin's mechan-
ism (to explain Bemamont's results with thin metal
wires-I968 of May) is considered not to apply :
it would give different amplitude values and a
different frequency distribution. The writers' work
has led to the building of " square " assemblages-
parallel paths with elements in series in each path-
which allows a control of the noise of an assem-
blage without altering its overall resistance, and
suggests a principle applicable to the design of
low -noise grid leaks and carbon microphones.
2675. THE CALIBRATION OF MICROPHONES [Report

of Sub-Committee].-American Standards
Association. (Journ. Acous. Soc. Am.,
April, 1936, Vol. 7, No. 4, pp. 300-305.)

2676. MODERN MICROPHONES AND TELEPHONES.-
H. Jacoby and H. Panzerbieter. (E.N.T.,
March, 1936, Vol. 13, No. 3, PP. 75-84)

A description of the improvements in micro-
phones and telephones developed during the last
few years by Siemens & Halske A.G. Improve-
ment of the frequency curve of a microphone by
adding resonators is discussed and illustrated by
Fig. 3 (see also Hartmann, Abstracts, 1931, p. 561).
Fig. 4 shows the construction of a microphone
including a Helmholtz resonator with a sieve in its
opening (attenuation curve Fig. 5). The pick-up
of external noise is decreased by making the mouth-
pieces deep and narrow. Requirements of decreased
non -linearity and noise in the microphone itself,
good wearing qualities and constancy, were met
by improvements in the carbon chamber itself and
are shortly discussed.

Improvements in the telephone frequency curve
were made by increasing the natural frequency
of the membrane ; a light non-magnetic membrane
is used, to which a small magnetic brace is attached
(Fig. 9). Fig. ro shows the membrane with an
arrangement for resonance damping. The loss of
acoustic intensity produced thereby must be com-
pensated for by improvements in the magnetic
material and construction. The electro-mechanical
equivalent circuit of a magnetic telephone is dis-
cussed (Fig. 16; see also Hahnle, 1932, p. 636).
The intelligibility results finally attained are shown
in Table T.
2677. A NEW CONDENSER MICROPHONE [with

Frequency Response Curve for the Range
30-10 000 cis].-Preuss : Budich Company.
(Hoch:tech. u. Elek:akus., February, 1936,
Vol. 47, No. 2, p. 67 : Industry Review.)
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2678. THE CONDENSER EMPLOYED AS MICROPHONE
[and the Solution of Its Equation].-J. B.
Pomey. (Rev. Gen. de l'Elec., 16th May,
1936, Vol. 39, No. 20, pp. 720-722.)

2679. HIGH -GAIN AMPLIFIERS : APPROACHING THE
AUDIO -GAIN LIMIT WITH COMMERCIAL ELEC-
TRONIC DEVICES [120-db Gain P. A. Ampli-
fiers for Crystal and Ribbon Microphones].
-H. L. Shortt. (Rad. Engineering, January,
1936, Vol. 16, No. I, pp. 20-21.)

2680. HEARING AID FOR THE DEAF [Construction
of Two -Valve Portable Amplifier with
Microphone].-T. S. Littler. (Wireless
World, 17th April, 1936, Vol. 38, pp. 38o-
382.)

2681. HEARING AIDS FOR THE DEAF. --T. S. Littler.
(Journ. Scient. Instr., May, 1936, Vol. 13,
No. 5, pp. 144-155.)

2682. TREATMENT FOR DEAFNESS [Simultaneous
Application of Sound Waves to Ear and
Equivalent Electrical Impulses to Auditory
Nerves].-G. G. Blake. (Electrician, 17th
April, 1936, Vol. 116, p. 507.) From the
paper referred to below (2683).

2683. ELECTRICALLY PRODUCED MUSIC, HETERO-
DYNE METHOD.-G. G. Blake. (Journ. Roy.
Soc. Arts, 1st May, 1936, Vol. 84, pp. 63o-
650.) The paper referred to in 2226 of
June.

2684. ELASTIC IMPACT OF A PIANOFORTE HAMMER
[General Theory developed by Heaviside
Operational Methods].-R. N. Ghosh. (Journ.
Acous. Soc. Am., April, 1936, Vol. 7, No. 4,
pp. 254-26o.)

_2 6 8 5 . PRECISION MEASUREMENTS [Of Variability
of Fundamental and Overtones with Mode
of Blowing] WITH PRIMITIVE MUSICAL
INSTRUMENTS [Panpipes : Use of Electrical
Tone Generator for Measurement of Small
Tone Intervals].-M. Bukofzer. (Zeitschr.
f. Physik, No. 9/10, Vol. 99, 1936, pp. 643-
665.)

2686. A NEW METHOD FOR THE REPRESENTATION
AND MEASUREMENT OF NON-LINEAR DIS-
TORTIONS [using a Cathode -Ray Oscillograph
and Two Modulating Frequencies].-K.
Wilhelm and E. Kettel. (Telefunken-Rohre,
March, 1936, No. 6, PT,. 24-35.)

Authors' summary :-" A method is described
by which the curve of the working slope of a valve
with ohmic load is shown on the screen of a
cathode-ray tube [see also Bartlett, 1518 of 1935
the present paper was written without acquaintance
with this]. From the diagrams thus obtained it is
easy to determine the individual harmonics, the
' klirr ' factor, and the modulation factor. Changes
in the depth of modulation and in the load, as
regards their effect on the distortions, can readily
be observed. A separation of the distortions into

slope distortion ' [distortion due to curvature of
the static characteristic] and ' amplification -factor
distortion ' [as in pentodes : due to the taking -
up of current by the screen grid] is possible, and is
shown for a triode and a pentode. In the case of

SS ENGINEER Jkly 1936

a complex load it is only possible to obtain the
modulation factor." For Kleen's method of
analysis of the working characteristic, employed
here, see 3452 of 1935 and back reference.

2687. KLIRR FACTORS [of Non -Linear Distortion]
OF AUDIO -FREQUENCY AMPLIFIER AND OUT-
PUT VALVES [Triodes and Pentodes, by
Bridge Method].-H. Hertel. (Funktech.
Monatshefte,. April, 1936, No. 4, pp. 135-
140.)

2688. AN ELECTRICAL HARMONIC ANALYSER OF
THE FUNDAMENTAL SUPPRESSION TYPE
[Simple to Build and Operate : analyses
Voltages of Less than 0.5% Distortion].-
J. H. Piddington. (Australian Radio Research
Board, Report No. 9, 1936, pp. 66-71.)
For other papers in this Report see 2888.
For the above paper see also Proc. Inst.
Rad. Eng., April, 1936, Vol. 24, No. 4, pp.
591-596.

2689. THE LOUDNESS OF SEQUENCES OF CRACKS
[Calculation from Frequency ,Spectrum :
Measurements : Agreement with Theory
of Linear, Aperiodic Ear].-W. Btirck, P.
Kotowski and H. Lichte. (Hochf:tech. u.
Elek:akus., February, 1936, Vol. 47, No. 2,
Pp 33-37.)

For previous work see 219 of January and 1825
of May. Here the work is extended from the single
sounds previously discussed to sequences of cracks,
i.e. transition cases between cracks and continuous
tones. The circuit of a generator of acoustic
impulses (cracks) is shown in Fig. 2 ; the loudness
results are given in Fig. 5a as a function of the
number of cracks per second. Calculations of the
loudness are given in §§ III, iv (results Fig, 5c).
Good agreement is found throughout with the
theory previously given.

2690. ACOUSTIC PHENOMENA WITH A CONTINUOUS
FREQUENCY% SPECTRUM [and the Search for
Suitable Sound Source for Investigation of
Acoustic Properties of Rooms].-H. Thiede.,
(E.N.T., March, 1936, Vol. 13, No. 3, pp -
84 -95.)

For investigation of the acoustic properties of
rooms, a source of sound containing all frequencies
is desirable. This should also have equal amounts of
energy in equal intervals of the spectrum and be
analogous to white light in optics. The present
paper seeks such a source. The general theory of
sounds with a continuous frequency Spectrum is,
first given; these are sounds produced by separate
impulses following one another in a statistical
sequence as regards time, such as shot effect,
microphone noise, etc. Curves showing the Fourier,
spectra of various forms of impulse are given in
Fig. I ; a change in the number of impulses merely
alters the intensity of the sound, but not its tone -
colour. The variations of these statistical noises are
investigated theoretically, with reference to noise
measurement by a hot-wire instrument ; the
variations increase as the time -constant of the
instrument decreases,

Experimental investigations were made of the
noise spectra of radioactive decay processes (Figs.
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4, 5), of the Barkhausen effect (Fig. 6), of carbon
microphone noise (Fig. 7) and of the shot effect
(Figs. 8-1o). The last-mentioned was found to be
the most suitable source for a constant continuous
spectrum up to 104 c/s. Experiments made with it
gave good confirmation of the theory (Figs. II -13).
Measurements of reverberation times were made
using a narrow band (Fig. 17) from the spectrum
of the shot effect as a source of sound ; the record
obtained is shown in Fig. 16 and the results are
compared with those otherwise obtained in Fig. 18.
Statistical variations in the shot -effect source
neutralised the advantages of its continuous
spectrum.

2691. A TECHNIQUE FOR STUDYING THE EFFIC-
IENCY OF PANEL DAMPING MATERIALS.-
J. S. Parkinson and P. 0. Young. (Journ.
Acous. Soc. Am., April, 1936, Vol. 7, No. 4,
pp. 281-286.)

2692. METHOD FOR MEASURING SOUND ISOLATION,
IN PARTICULAR OF " IMPACT " SOUND [but
also of " Air -Borne " Sound : Hammer -
Pounder with Cycle of 3o Increasing and 3o
Decreasing Steps : Observer counts Number
of Successive Blows heard].-F. M. Osswald.
(Journ. Acous. Soc. Am., April, 1936, -Vol. 7,
No. 4, pp. 261-264.)

2693. THE ACOUSTIC ABSORBING POWER OF NON-
POROUS MATERIALS, CAPABLE OF OSCIL-
LATION [e.g. Wood].-E. Meyer. (E.N.T.,
March, 1936, Vol. 13, No. 3, pp. 95-102.)

For sound absorption, walls may be lined with a
material such as wood, which is set into oscillation
by the sound and thereby absorbs it. Free oscil-
lation of the wood only takes place if there is an air -
cushion between it and the wall (Fig. 1, with equiva-
lent electrical circuit). The present work is con-
cerned with a detailed investigation of the effect of
the air cushion on the absorption coefficient of the
wood. Maximum absorption may be expected to
occur at the natural frequency of the wood/air
combination (eqn. 1). The reverberation -time
method was used for measuring the absorption
coefficient ; the procedure is described (see also
2006 of 1935).

The results are shown in Figs. 2-5 for various
materials and air -cushion thicknesses ; all show that
the attenuation due to transversal oscillations
increases the absorption considerably. Confirmation
of eqn. 1 is found within the limits of experimental
error (Table 1). This gives a means of producing
selective absorption of chosen frequencies. Various
explanations are offered for the difference in
resonance frequency with and without attenuation.
Multiple walls absorb over a wider frequency range
(Fig. 6). The effect of the walls on transient
phenomena was also investigated (Figs. 7, 8) ;
Figs. 9, 10 give oscillograms of short sounds and
their reflections from various types of wall. The
transients produced by the wall are found to be
very short, of the order of magnitude of two periods
at most. The oscillating sound -absorbing materials
absorb the lower frequencies much more than the
higher ones.
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2694. THE ACOUSTICAL INSULATING POWER OF
PARTITIONS CALCULATED BY THE " Acous-
TIC QUADRIPOLE " METHOD.-A. Gigli and
G. Sacerdote. (Alta Frequenza, April/May,
1936, Vol. 5, No. 4/5, pp. 229-269.)

Further development of the work dealt with in
3110 of 1935. The general formulae obtained
there are now applied to the derivation of practical
formulae for the transmission of sound through
porous materials, through air -proof materials, and
through vibrating partitions. The calculated
results agree with experimental findings. Formulae
are then obtained for porous partitions which are
also capable of vibration, and for double walls.
Finally, the attenuation produced by acoustic
filters and silencers is dealt with briefly : an
appendix discusses the equivalent circuit for a
porous material, starting from the classic Rayleigh
theory.

2695. PORTABLE SOUND MEASUREMENTS [Sound
Reduction through Doors, Vehicle Bodies,
etc., measured by Portable Equipment].-C.
A. Anderson. (Electronics, April, 1936, Vol.
9, No. 4, pp. 26-27.)

2696. Joiirzsox NOISE [Explanation of " Kicks "
with Harmonic Analyser].-D. A. Bell:
Robin. (Wireless Engineer, May, 1936,
Vol. 13, No. 152, p. 257.) See 1823 of May.

2697. A MAGNETO -ELASTIC SOURCE OF NOISE IN
STEEL TELEPHONE WIRES [Mechanical Vi-
bration of Telephone Wire causes Noise in
Receivers : traced to Changes in Circular
Magnetisation accompanying Variations of
Stress].-W. 0. Pennell and H. P. Law -
then (Bell S. Tech. Journ., April, 1936,
Vol. 15, No. 2, pp. 334-339.) A possible use
of the effect in studying the vibrations and
strains in steel structures such as bridges is
mentioned.

2698. BLIND FLYING BY SOUND [using the " Bin-
aural " Sense].-L. de Florez. (Scient.
American, May, 1936, Vol. 154, No. 5, pp.
266-267.)

2699. THE TRANSMISSION OF SOUND THROUGH SEA
WATER. PART 11.-H. G. Dorsey. (Journ.
Acous. Soc. Am., April, 1936, Vol. 7, No. 4,
pp. 287-299.) For I see 1932 Abstracts,
p. 466.

2700. THE DOMAIN OF VELOCITIES [of Waves in a
Compressible Gas] ALMOST EQUAL TO THE
LOCAL VELOCITY OF SOUND [General Prin-
ciples].-D. Riabouchinsky. (Comptes Ren-
dus, 27th April, 1936, Vol. 202, No. 17, pp.
1389-1391.)

2701. ON A FUNDAMENTAL PROBLEM IN DIP-
FRACTION.-Green. (See 253o.)

2702. THE ABSORPTION OF HIGH -FREQUENCY
SOUND IN OXYGEN CONTAINING SMALL
AMOUNTS OF WATER VAPOUR OR AMMONIA.-
V. 0. Knudsen and L. Obert. (Journ. Acous.
Soc. Am., April, 1936, Vol. 7, No. 4, pp.
249-253.)
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2703. SUPERSONIC ABSORPTION IN LIQUIDS [meas-
ured by Radiation Pressure Method : Dis-
crepancy between Measured and Calculated
Values probably due to Hysteresis of Adia-
batic Compressibility].-J. Claeys, J. Errera
and H. Sack. (Comptes Rendus, 4th May,
1936, Vol. 202, No. 18, pp. 1493-1494.)

2704. VELOCITIES OF ULTRA -SONIC SOUNDS [Marked
Decrease in Piezoelectric Modulus of Quartz
between Temperatures of Liquid Air and
Liquid Helium : Resulting Weak Oscil-
lations of Crystal hinder Determinations of
Supersonic Velocities at 4.2°K].-E. F.
Burton, A. Pitt and D. W. R. McKinley.
(Nature, 25th April, 1936, Vol. 137, p. 708.)
See also 2706 of 1935.

2705. A UNI-DIRECTIONAL SUPERSONIC RADIATOR
[with Greatly Increased Efficiency].-J.
Gruetzmacher. (Zeitschr. f. tech. Phys.,
No. 5, Vol. 17, 1936, pp. 166-167: pre-
liminary communication.)

A hollow box is cemented to one surface of the
oscillating crystal and the whole is submerged in
oil. The air in the box has so small an acoustic
resistance, compared with the oil touching the other
surface of the crystal, that the device behaves as if
there were no sound -carrying medium on the boxed
side of the crystal : practically all the energy is
radiated from the other side.

2706. " EINFUHRUNG IN DIE ANGEWANDTE AKUS-
TIE " [especially the Newer Problems of
Measurement, Transmission, and Recording :
Book Review].-von Braunmiihl and Weber.
(Wireless Engineer, June, 1936, Vol. 13,
No. 553, p. 310.)

2707. " THE NEW ACOUSTICS " [Book Review].-
N. W. McLachlan. (World -Radio, 24th
April, 1936, Vol. 22, p. so.)

PHOTOTELEGRAPHY AND TELEVISION
2708. HIGH -DEFINITION TELEVISION IN HOLLAND

[Demonstration of 405 -Line System].-
Philips Company. (Wireless World, 1st
May, 1936, Vol. 38, pp. 451-452.) See also
1083 of March.

TELEVISION : COMING DEVELOPMENTS IN
GERMANY [and a Report on the Public
Viewing-Rooms].-(World-Radio, 8th May,
1936, Vol. 22, p. 5 : to be continued.)

2710. TELEVISION IN GERMANY.-H. Gibas. (Proc.
Inst. Rad. Eng., May, 1936, Vol. 24, No. 5,
PP. 745-750.)

271I. THE PRESENT POSITION OF WIRELESS TELE-
VISION RECEPTION TECHNIQUE [With
Brocken Field -Strength Diagram : Internal
and External Noise Levels : etc.].-W.
Scholz. (Funktech. Monatshefte, April, 1936,
No. 4, Supp. pp. 25-28.)

2712. TECHNICAL CHARACTERISTICS OF THE EIFFEL
TOWER TELEVISION STATION.-J. Le Due
and R. Barthelemy. (Rev. Gen. de l'Elec.,
2nd May, 1936, Vol. 39, No. 18, pp. 651-661.)

2709.
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2713. THE PERMISSIBLE PHASE DISTORTION IN
TELEVISION.-R. G. Shiffenbauer and.N. N.
Orlof. (Journ. of Tech. Phys. [in Russian],
No. 1, Vol. 6, 1936, pp. 37-40.)

For a previous paper see 1079 of March. Pro-
ceeding with the investigation of the permissible
phase distortion at low frequencies, experiments
were made to determine how far this is affected by
the characteristic of the neon lamp used. The
static characteristics of 15 lamps were taken and
checked with a cathode-ray oscillograph, and four
lamps showing the greatest divergence selected.
These lamps were used for tests with a number of
separate observers, and the results indicate that the
permissible phase displacement is substantially
independent of the lamp characteristic. As a
concrete case, the maximum phase displacement at
the frame frequency, for transmission of a half -
black and half -white rectangle, is about 1.5° to 2°.

2714. TRANSIENTS IN AMPLIFIERS WITH WIDE
FREQUENCY RANGE : THE DISTORTIONS
CAUSED BY AMPLIFIERS IN TELEVISION [and
Their Compensation].-O. Lurje. (Tech.
Phys. of USSR, No. 3, Vol. 3, 1936, pp.
229-248: in German.)

Correction at. low frequencies is first treated:
" from all these considerations it follows that the
only way to suppress the distortion at low fre-
quencies, in the amplifier examined [Fig. I], without
lengthening the time constants and thus increasing
the distortion due to the building -up process, is to
choose the correct value for the ratio of the two
time constants, K = T2/Ti. A simple increase of
the time constants T, and T2, or of the resistance
R1, does certainly decrease the distortion in station-
ary conditions, but it simultaneously increases the
building -up time."

Correction at high frequencies is by neutralising
the grid/cathode capacity by an inductance in
series with the anode resistance (Fig. u, derived from
Fig. io by regarding the coupling condenser C as a
short circuit for the high frequencies now being
considered). " The best correction for an amplifier
stage is when K = LIR2C9 = 0.35. . . . The best
phase characteristic occurs for K = 0.332, the best
frequency characteristic for K = 0.414. The
optimum working condition of a one -stage amplifier
thus coincides neither with the best phase nor with
the best frequency characteristic, but lies in
between."

2715. THE MEASUREMENT OF AMPLIFICATION AND
PHASE SHIFT IN AMPLIFIERS [for Fre-
quencies up to about 2 Mc/s : Method,
with Sources of Error and Their Correction].
-E. E. Wright and G. E. G. Graham.
(Wireless Engineer, May, 1936, Vol. 13, No.
152, pp. 259-261.)

2716. THE DESIGN OF HIGH -DEFINITION AMPLI-
FIERS. PART V-THE RESPONSE OF RE-
SISTANCE -CAPACITY AMPLIFIERS TO SIGNALS
OF A TRANSIENT NATURE.-Walker. (Tele-
vision,May,1936, Vol. 9, No. 99, pp. 305-307.)
Conclusion of the series of articles referred to
in 2299 of June.
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2717. USING THE 37-56 MEGACYCLE SIGNAL
GENERATOR [for Tests On High -Definition
Receivers].-(Television, May, 1936, Vol. 9,
No. 99, pp. 277-279.) Modulated with 8
frequencies along the frequency band of the
new service.

2718. SCANNING SEQUENCE AND REPETITION RATE
OF TELEVISION IMAGES.-Kell, Bedford and
Trainer. (Proc. Inst. Rad. Eng., April, 1936,
Vol. 24, No. 4, pp. 559-576.)

Deductions, from experience with the experi-
mental installation dealt with in 476 of 2935,
regarding flicker, a.c.ripple, and other unsteadiness.
An integer ratio between a.c.ripple frequency and
frame frequency is " veil desirable for progressive
scanning and is almost imperative for interlaced
scanning." Double interlaced scanning with a
frame frequency of 3o c/ " is the optimum known
condition at the present time for a.c. power supply
sources of 6o cis." Triple interlacing has objection-
able features. The problems of odd- and even -
line interlacing are discussed, and the odd -line
method is found preferable.
2719. ELECTRON OPTICS AND ITS APPLICATIONS

[Full Paper to Societe des Radioelectric-
isms).-V. K. Zworykin. (L'Onde Elec.,
May, 1936, Vol. 15, No. 173, pp. 265-298 )
See also 2270 of June.

2720. A NEW GLOW -DISCHARGE PHENOMENON AND
ITS POSSIBLE APPLICATION TO LOW -VOLTAGE
CATHODE-RAY TUBES.-Krug. (See 2772.)

2721. ON LIGHT STORING DEVICES.-V. I. Krasov-
ski. (Izvestiya Elektroprom. Slab. Toka, No.
2, 1936, pp. 24-34.)

A theoretical circuit is examined representing a
mosaic of photocells which are acted on by light
and discharged in turn by a wiper through a re-
sistance R (Fig. 2). The operation of the circuit is
considered in detail and the results obtained are
applied to a study of practical systems in which the
photocell mosaics are scanned by an electron ray. A
theoretical interpretation of the various processes
taking place in such a system is given and a number
of factors pointed out on which the efficient opera-
tion of the system is dependent.
2722. LARGE PICTURES WITH THE CATHODE-RAY

TUBE [Fluorescent Screen replaced by Mosaic
of Optically Active Crystals affected by Ray
Intensity].-L. S. Kaysie : Pulvermacher.
(Television, May, 1936, Vol. 9, No. 99, pp.
273-274.)

2723. NEW ELECTRON MULTIPLIERS [Recent Ad-
vances in " Multipactor " Design: Kilowatts
from Cold -Cathode Tube, up to 30o Mc/s :
Applications to High -Efficiency Oscillators
and R.F. Amplifiers].-Farnsworth. (Wire-
less World, 3rd April, 1936, Vol. 38, pp.
336-338.) Based on I.R.E. paper of 4th
March.

2724. MOTOR SYNCHRONISES WITH ALL TELE-
VISION TRANSMISSIONS [Peck Multi -Speed
Synchronous Motor with Speed governed
entirely by Incoming Signal].-W. H. Peck.
(Scient. American, May, 1936, Vol. 154, No. 5,
p. 269.)
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2725. THE PROPORTIONING OF SHIELDED CIRCUITS
FOR MINIMUM HIGH -FREQUENCY ATTENUA-
TION.-Green, Leibe and Curtis. (See
2605.)

2726. THE SCOPHONY LIGHT CONTROL [Scophony-
Jeffree Light Relay making 5o to loo Aper-
tures progressively operative : Modulation
of Quartz Crystal generating Supersonic
Waves in Liquid].-J. H. Jeffree. (Tele-
vision, May, 1936, Vol. 9, No. 99, pp.
26o-264 and 310, 312, 314, 316.) Cf.
Kharizomenov, 2302 of June.

2727. THE ELECTRO-OPTICAL KERR EFFECT IN
METHANE, ETHYLENE AND ETHANE [Meas-
urements].-W. M. Breazeale. (Phys. Re-
view, 15th April, 1936, Series 2, Vol. 49, No.
8, pp. 625-626: abstract p. 643.)

2728. SULPHUR -CAESIUM AND SELENIUM -CAESIUM
PHOTOCELLS.-P. V. Timofeev and V. V.
Nalimov. (Journ. of Tech. Phys. [in Russian],
No. 2, Vol. 6,1936, pp. 47-52.)

As is well known, the performance of a caesium
cell is greatly affected by the nature of the cathode
surface on which caesium is deposited. In the
present paper an account is given of experiments
with photocells in which caesium was deposited on
layers of Ag2S and Ag2Se. The preparation of such
cells is described and their spectral characteristics
are given. It appears from these characteristics
that although the integral sensitivity of the cells
so prepared is below that of the cells in which
caesium is deposited on Ag20, their sensitivity
within the visible portion of spectrum greatly ex-
ceeds that of the Ag20 type, and passes through a
maximum between wavelengths of 4800 and 3500
Angstrom units. In order to account for this change
in sensitivity, the effect of oxygen on caesium
cathodes was investigated experimentally, and
certain tentative explanations are put forward.
2729. VELOCITY DISTRIBUTION OF PHOTOELECTRONS

AT COMPOSITE CAESIUM CATHODES [and Its
Dependence on the Wavelength and on the
Cathode Structure].-A. I. Pjatnitzski and
P. W. Timofeev. (Physik. Zeitschr. der
Sowjetunion, No. 2/3, Vol. 9, 2936, pp.
187-197: in German.) Confirming the
view of de Boer & Teves that the effect is
one of photo -ionisation of adsorbed alkali -
metal vapour.

2730. THIN WINDOWS FOR PHOTOELECTRIC CELLS
AND COUNTERS [Technique of Preparation].-
G. P. Harnwell. (Review Scient. Instr.,
May, 1936, Vol. 7, No. 5, p. 216.)

2731. THE THEORETICAL CONSTITUTION OF METAL-
LIC POTASSIUM.-E. Gorin. (Physik. Zeit-
schr. der Sowjetunion, No. 4, Vol. 9, 1936,
pp. 328-344 : in English.)

2732. HYPOTHESES FOR PHOTOELECTRIC EMISSION
ANALYSIS.-W. B. Nottingham. (Phys.
Review, 15th April, 1936, Series 2, Vol. 49,
No. 8, p. 649: abstract only.)

" A new hypothesis agreeing quite well with
energy distribution data is that the number of elec-
trons emitted per second per quanta absorbed per
second is proportional to the number of electrons

D 2



striking the surface per second, whose kinetic
energy normal to the surface augmented by hv
is sufficient to overcome the potential step at the
surface, multiplied by the time electrons of a
given kinetic energy are ' bound ' in a mirror -image
potential barrier."
2 733. PHOTOELECTRIC SENSITIVITY OF PALLADIUM -

SILVER ALLOYS, SATURATED WITH HYDROGEN
[Coincidence of Maxima of Sensitivity and
Hydrogen Absorption : Sensitivity Maximum
not caused by Shift of Limiting Frequency
beyond 313o A].-F. Kruger and W. Kallen-
bach. (Zeitschr. f. Physik, No. II /12, Vol.
99, 1936, PP. 743-750.)
INFLUENCE OF ELECTRON REFLECTION ON
PHOTOELECTRIC EMISSION [Incorporation of
Results in Fowler's Theory : Correction and
Negative Temperature Coefficient of Photo-
electric Work Functions].-W. B. Notting-
ham. (Phys. Review, 15th April, 1936,
Series 2, Vol. 49, No. 8, p. 646: abstract
only.)

2735. A PHOTOELECTRIC EFFECT AT THIN [Electro-
lytic] FILMS OF ALUMINIUM AND TANTALUM
OXIDE [Measurements].-G. Rosenthal. (Zeit-
schr. f. Physik, No. 9/10, Vol. 99, 1936, pp.
607-621.)

2736. PENNING'S " NEW PHOTO -EFFECT " IN PURE
NEON [Equilibrium between Metastable
Atoms and Resonance Radiation in Gas Dis-
charge : Comparative Insensitivity to Illu-
mination of Pure Gas : Equations of Dis-
charge].-E. W. Pike. (Phys. Review, 1st
April, 1936, Series 2, Vol. 49, No. 7, pp.
515-518.) For Penning's work see 1931
Abstracts, p. 565.

THE VARIATION WITH TEMPERATURE OF THE
REVERSE PHOTOELECTRIC EFFECT IN CUPRITE
CRYSTALS.-N. J. Barbaumov and R. G.
Jensch. (Physik. Zeitschr. der Sowjet-
union, No. 4, Vol. 9, 1936, pp. 345-351
in German.)

2738. CRYSTAL PHOTOELECTRIC EFFECT WITH COL-
OURED ROCHELLE SALT [Measurements of
Secondary Effect].-F. Seidl with P.
Petritsch. (Zeitschr. f. Physik, No. 9/ ro,
Vol. 99, 1936, pp. 633-634.)

2739. ON THE ABSORPTION OF LIGHT AND THE
TRAPPING OF ELECTRONS AND POSITIVE HOLES
IN CRYSTALLINE DIELECTRICS.-J. Frenkel.
(Physik. Zeitschr. der Sowjetunion, No. 2/3,
Vol. 9, 1936, pp. 158-186: in English.)

2740. PHOTOELECTRIC INVESTIGATIONS WITH SEMI-
CONDUCTORS [Study of Internal Photo-
electric Effect : Determination of Optical
Absorption].-L. Bergmann and J. Hansler.
(Zeitschr. f. Physik, No. 1/2, Vol. '00, 1936,
PP. 50-79.)

2741. ON THE NATURE OF THE BLOCKING LAYER IN
A SELENIUM VALVE PHOTOELECTRIC CELL:
PRELIMINARY REPORT.-Freiwert. (Tech.
Phys. of USSR, No. 3, Vol. 3, 1936, pp.
266-267: in English.) See 2305 of June.
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MEASUREMENTS AND STANDARDS
2742. POTENTIAL MEASUREMENT WITH A LECHER

SYSTEM.-N. N. Malov. (Physik. Zeitschr.
der Sowjetunion, No. 4, Vol. 9, 1936, pp.
405-406: in German.)

In a previous paper (1534 of April) the writer dis-
cussed the measurement of potential by a telescopic
Lecher -wire system with variable characteristic im-
pedance. He now points out that similar measure-
ments can be made with a system of fixed character-
istic impedance, by sliding the ammeter along the
two parallel wires, which must bee of constant
thickness. If y is the distance between the ammeter
and the beginning of the Lecher system (where the
potential to be measured is applied) and x is the
length of the free ends beyond the ammeter, in the
great majority of cases y coincides with the quarter
wavelength. The relation between the potential
170 to be measured and the current I, in the ammeter
is then given by Vo = /,WC, where W is the char-
acteristic impedance of the system (some 300-500
ohms, compared with the o.1-r.o ohm of the
ammeter resistance), and differs appreciably from
unity only in a very narrow zone defined approxi-
mately by o.245h 5 x 5 o.255A. Thus in all other
cases the effect of the free ends can be neglected in
practice.
2743. THE MEASUREMENT OF CURRENTS IN CIR-

CUITS WITH STANDING WAVES [Magnetic
Flux Method].-R. E. Albrandt. (lzvestiya
Elektroprom. Slab. Toka, No. 2, 1936, pp.
53-55.)

At frequencies of the order of ro7 cycles and
higher, the current in a circuit varies considerably
from point to point owing to the presence of standing
waves. Under these conditions accurate current
measurements cannot be obtained for any specific
part of the circuit with an ordinary current measur-
ing instrument, since this can only indicate the
current flowing through the measuring element
itself, which may be different from that at the point
required. In order to obviate this difficulty the
author proposes a method based on measuring the
magnetic flux intensity in a conductor located near
that part of the circuit in which the current is to be
measured. It is shown that this method is suffici-
ently accurate for most measurements, since the
magnetic field intensity is almost entirely deter-
mined by the current in the nearest element of the
circuit. It is suggested that magnetrons could be
used in these measurements.
2744. ON THE THEORY OF THE MEASUREMENT OF

DIELECTRIC CONSTANTS AND ABSORPTION
COEFFICIENTS IN THE REGION OF [Ultra-)
SHORT ELECTRIC WAVES. I [Effect of the
Measuring Apparatus on the Results in
Drude's 2nd (Lecher Wire) Method].-W. I.
Romanov. (Physik. Zeitschr. der Sowjet-
union, No. 4, Vol. 9, 1936, pp. 362-382:
in German.)

2745. ADDENDUM TO THE PAPER : " ON THE
APPLICATION OF BROADCAST WAVES TO THE
MEASUREMENT OF DIELECTRIC CONSTANTS OF
INSULATING LIQUIDS" [Note on Constancy of
Broadcast Frequencies and Use of Modulated
Waves].-D. Doborzynski. (Hochf:tech. u.
Elek:akus., March, 1936, Vol. 47, No. 3, p.
91.) See 262 of January.
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2747.

2748.

2749.
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NEW MEASUREMENTS OF THE DIELECTRIC
CONSTANT OF STRONG ELECTROLYTES AND
THE DEB YE-FALKENHAGEN THEORY.-M.
Jetewski. (Physik. Zeitschr., 15th Jan.
1936, Vol. 37, No, 2, pp. 52-55.)

ON THE DETERMINATION OF THE DIELECTRIC
CONSTANTS OF ORGANIC LIQUIDS AT RADIO
FREQUENCIES. PART II-CHLOROBENZENE
AND ETHYLENE DICHLORIDE [With Des-
cription of Special Cylindrical and Parallel -
Plate Condensers].-R. M. Davies. (Phil.
Mag., May, 1936, Series 7, Vol. 21, No. 143,
pp. 1008-1029.) For I see 1143 of March.

A LOGARITHMIC CATHODE-RAY RESONANCE -
CURVE INDICATOR [Device handling IO 000/I
Range of Input Voltage, and giving Output
directly proportional to Logarithm of Input
Voltage, based on Use of 20 -Metre Super -
Regenerative Circuit].-S. Bagno and M.
Posner. (Rad. Engineering, January, 1936,
Vol. 16, No. 1, pp. 15-17.)

THE MEASUREMENT OF AMPLIFICATION AND
PHASE SHIFT IN AMPLIFIERS.-Wright and
Graham. (See 2715.)

2750. AUTOMATIC POTENTIOMETER OPERATES AT
HIGH SPEED [by use of Galvanometer -
Controlled Photocells in Bridge Circuit].-
Weston Company. (Rad. Engineering, Janu-
ary, 1936, Vol. 16, No. I, p. 22.)

THE WORKS TESTING OF BROADCAST RECEI-
VER APPARATUS [Components and Finished
Receivers].-Romer and Janschek. (Zeit-
schr. V .D.I., 11th April, 1936, Vol. 8o, No.
15, PP. 441-445.)

TEST EQUIPMENT FOR MEASUREMENTS [Of
Inductance, Capacity and Decrement] AT
RADIOELECTRIC FREQUENCIES.-E. Fromy.
[Rev. Gen. de l'Elec., 25th April, 1936, Vol.
39, No. 17, pp. 611-616.)

A calibrated generator is coupled by a very small
variable capacity (a few electrostatic units) to a test
circuit in which are connected a calibrated variable
condenser, an inductance variable in steps, and the
element to be measured. From measurements, with
a valve voltmeter, of the voltages at the terminals
of this test circuit for various values of the calibrated
condenser in the neighbourhood of resonance, all
the characteristic factors of the circuit can be
calculated.
2753. HIGH -FREQUENCY MEASUREMENTS WITH

MUTUAL INDUCTANCES [Quick and Accurate
Method for obtaining Power Factor of
Capacities, using Variable Mutual Induct-
ances and Air Condenser : Mutual Inductance
as Source of Quadrature E.M.F : etc.].-
A. A. Symonds. (Abstracts of Dissertations
approved for Ph.D., M.Sc. and M.Litt.
Degrees in the University of Cambridge,
1934-1935: published 1936 : p. 49.)

2754. A DIFFERENTIAL METHOD OF MEASURING
IMPEDANCES.-K. Karandeev. (Tech. Phys.
of USSR, No. 3, Vol. 3,1936, pp. 249-254 : in
German). Making use of the writer's null
method of frequency measurement (1889 of
May).

2751.

2752.
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2755. LOSS MEASUREMENT, PARTICULARLY ON
POWER CONDENSERS [and H.F. Apparatus]
BY A STATIC THERMAL METHOD . -H.
GOnningen. (E.T.Z., 7th May, 1936, Vol. 57,
No. 19, pp. 523-525.)

A simple process with an accuracy within about
±5%. A closed oil- or air -filled container is used,
and the losses inside it are obtained from the curves
of the average surface temperature, taken by
thermometers affixed at various points on the
outside of the container. The curves are plotted
carefully and dealt with by Simpson's rule or by
a planimeter. The thermal relations vary with the
height of the container and the nature of the surface :
allowance for these factors is made by calibrating
the container beforehand.

2756. A PROPOSED WATTMETER USING MULTI -
ELECTRODE TUBES [Mixing Valves in Push -
Pull, or Single Special Valve with Both
Control Grid Characteristics sufficiently
Linear].-J. R. Pierce. (Proc. Inst. Rad.
Eng., April, 1936, Vol. 24, No. 4, pp. 577-583.)

2757. THE EFFECT OF STRAY CAPACITIES TO
GROUND IN SUBSTITUTION MEASUREMENTS
[Derivation of Formulae for Errors, enabling
Best Conditions of Test to be Chosen].-
M. Reed. (Wireless Engineer, May, 1936,
Vol. 13, No. 152, pp. 248-257.)

2758. MAGNETIC FIELD AND INDUCTANCE OF A
CYLINDRICAL COIL [Calculations : Formulae
for Numerical Work : Examples : Approxi-
mate Inductance Formulae].-K. Foelsch.
(Arch. f. Elektrot., loth March, 1936, Vol. 30,
No. 3, pp. 139-157.)

THE ALTERNATING -CURRENT RESISTANCE OF
TUBULAR CONDUCTORS [Simple Formulae
and Experimental Confirmation at Fre-
quencies 25-60o c/s].-A. H. M. Arnold.
(Journ. I.E.E., May, 1936, Vol. 78, No. 473,
PP- 580-593.)

2760. ON A VALVE ELECTROMETER [with Positive
Grid Valve].-B. A. Ostroumov. (Journ.
of Tech. Phys. [in Russian], No. r, Vol. 6,
1936, pp. 177-18x .)

A description of an electrometer for measuring
potentials of the order of 10-4 volt in which use
is made of a " reversed " valve, i.e. a valve in
which a negative voltage is applied to the anode
and a positive voltage to the grid. More elaborate
circuits with compensating devices are also
described.

2759.

2761. PORTABLE ELECTROSTATIC VOLTMETER. -
Anglo-Swiss Electrical Company. (Journ.
Scient. Instr., May, 1936, Vol. 13, No. 5,
p. 69.)

2762. A NEW METHOD OF MEASURING [High]
VOLTAGES BY MEANS OF A CATHODE-RAY
TUBE.-A. I. Romanov. (Journ. of Tech.
Phys. [in Russian], No. t, Vol. 6, 1936,
pp. 31-36.)

When a cathode ray passes through a uniform
electric field, the deflection of the ray is inversely
proportional to the square of the electron velocity.
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It is therefore suggested that if the ray is passed
between two elongated electrodes charged to a
certain potential difference, the length of the path
of the ray, before it strikes one of the electrodes,
may serve as a measure of the voltage applied
to the cathode-ray tube. Methods are indicated
for calculating the constants of the system, and a
description is given of a model which has actually
been constructed. It is suggested that this method
is suitable for measuring constant as well as alterna-
ting (low- and high -frequency) voltages. The
accuracy of the method when the voltage is changed
from 5o to 49 kv is stated to be within about 0.5%.

2763. A BROADCAST FREQUENCY MEASURING SET.
-W. M. Kellogg. (Bell Lab. Record, May,
1936, Vol. 14, No. 9, pp. 307-310

2764. A SIMPLE CIRCUIT FOR OSCILLOGRAPHIC
FREQUENCY COMPARISON.-B. Kurrelmeyer.
(See 2774.)

2765. THE APPLICATION OF RICCI-CALCULUS TO
THE SOLUTION OF VIBRATION EQUATIONS OF
PIEZOELECTRIC QUARTZ.-B. van Dijl.
(Physica, May, 1936, Vol. 3, No. 5, pp. 317-
326 : in English.)

Author's summary :-It is shown that the
application of Ricci -calculus to the elastic vibration
and piezoelectric equations yields results which
can readily be interpreted. The wave equation is
derived from the general equation of motion. The
equations are worked out for Y -cut (30° -cut) plates
and for Ye -cut plates. In particular the so-called
AC -cut plate is examined [a Ys -cut plate where

_30. 551.

2766. ELECTRODE ARRANGEMENT FOR OSCILLATING
QUARTZ CRYSTALS [adjustable to a Range of
Frequencies by Variable Steps in One
Electrode].-R. Bechmann, H. Elstermann.
and H. 0. Roosenstein : Telefunken. (Hochf:
tech. u. Elek:akus., February, 1936, Vol. 47,
No. 2, p. 67 : German Patent 6o6 36o of
27.1.33.)

2767. MARKED DECREASE IN PIEZOELECTRIC
MODULUS OF QUARTZ BETWEEN TEMPERA-
TURES OF LIQUID AIR AND LIQUID HELIUM.
-Burton, Pitt and McKinley. (See 2704.)

2768. A NEW FORM OF CRYSTALLINE QUARTZ AT
. -183.5° C [Cessation of Piezoelectric Oscil-

lations and Changes in Rotatory Power
at that Temperature].-H. Osterberg. (Phys.
Review, 1st April, 1936, Series 2, Vol. 49,
No. 7, pp. 552-553.)

2769. A NEW METHOD OF INVESTIGATING PIEZO-
ELECTRIC SUBSTANCES IN POWDER FORM
[Powder mixed with Loss -Free Liquid used
as Dielectric in H.F. Field : Temperature
Changes as Function of Frequency show
Resonance Phenomenon depending on Natural
Frequencies of Powder Grains and Their
Friction with the Liquid].-T. Engl and
I. Leventer. (Naturwiss., 3rd April, 1936,
Vol. 24, No. 14, pp. 217-218.)
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2770. NOTE ON THE THREE ABSOLUTE SYSTEMS OF
ELECTRICAL MEASUREMENTS [with Appendi-
ces on Practical Absolute and International
Systems, the Giorgi System, the M.K.S.
System], and THE FOURTH UNIT OF THE
GIORGI SYSTEM OF ELECTRICAL UNITS.-
R. T. Glazebrook. (Proc. Phys. Soc., 1st
May, 1936, Vol. 48, Part 3, No. 266, pp.
444-451 452-455.)

SUBSIDIARY APPARATUS AND MATERIALS

2771. A CATHODE-RAY OSCILLOGRAPH WITH HIGH-
SPEED DRUM CAMERA ROTATING IN VACUO.
-Whipple. (Journ. I.E.E., May, 1936,
Vol. 78, No. 473, pp. 497-506: Discussions
pp. 506-515.) Record lengths of 5o metres
or more can be obtained, although the drum
circumference is only 2 metres, by the use of
zero -shifting plates moving the beam across
the drum step by step at every revolution.

2772. A NEW GLOW -DISCHARGE PHENOMENON AND
THE POSSIBILITIES OF APPLICATION TO
BRAUN [Cathode -Ray] TUBES WITH LOW
CATHODE VOLTAGES.-Krug. (Arch. f.
Elektrot., loth March, 1936, Vol. 3o, No.
3, pp. 157-183.)

For a preliminary report see 3552 of 1935. The
new phenomenon is found when hollow cathodes
(e.g. Fig. 15) are used in place of plane ones in the
cold -cathode oscillograph. These give, under cer-
tain working conditions, a fine, concentrated beam
of cathode rays. Experiments on the use of this
cathode as a source of high intensity with small
cathode voltages in a small metallic cathode-ray
tube are described ; examples are given of its
concentration and the records obtainable with it.
General phenomena and properties of the plane
cathode are also reviewed (§ ; pressure/voltage
and current/voltage characteristics for the hollow
cathode are shown (Figs. 13, 14) and the behaviour
of the metal tube including the cathode is fully
discussed. § v describes a four -position metal
tube for low cathode voltages (of the order of
2 kv).

2773. THE ELECTROSTATIC REPULSION OF ELEC-
TRONS IN A BEAM.-V. S. Lukoshkov.
(Journ. of Tech. Phys. [in Russian], No. r,
Vol. 6, 1936, pp. 26-30.)

When electrons are moving in a beam the electro-
static forces of repulsion. tend to cause spreading,
while the electromagnetic forces exercise an opposite
effect. In this paper, starting from certain simplify-
ing assumptions, a theoretical study is presented of
the action of these forces. The movement of an
electron on the surface of a cylindrical beam is
examined and its deviation due to the action of the
electrostatic forces is determined. The magnitude
of the electromagnetic force of attraction acting on
this electron is also calculated and is found to be
only 4% of that of the electrostatic repulsion.
Finally, the movement of electrons in a converging
beam is examined and the minimum radius of
the beam determined. The position of the real
focus with regard to the geometrical focus is also
indicated.
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A SIMPLE CIRCUIT FOR OSCILLOGRAPHIC
FREQUENCY COMPARISON [Circular Time
Base with Radial Modulation : Loops
counted (if Pattern is slowly Rotating)
through Reversing Rotating Prism].-
Kurrelmeyer. (Review Scient. Instr., May,
1936, Vol. 7, No. 5, pp. 200-201). The
methods of Watson Watt and his colla-
borators are referred to (e.g. 1932 Abstracts,
pp. 535-536) : the present circuit " has the
advantage of extreme simplicity and flexi-
bility."

2775. THE ELECTRON SWITCH-AN ACCESSORY FOR
THE CATHODE-RAY OSCILLOGRAPH [for
Simultaneous Observation of Two Pheno-
mena : Use of Multivibrator Circuit].-
Dumont. (Rad. Engineering, January, 1936,
Vol. 16, No. 1, p. x8.) See also 2041 of 1935
and 1163 of March.

2776. A PHOTOKYMOGRAPHIC METHOD WITH CON-
TINUOUS CATHODE-RAY OSCILLOGRAMS [giv-
ing Simultaneous Record of Oscillograph
Movements in Black, and Other Signals in
White, on Gray Background].-McCullock
and Wendt. (Science, loth April, 1936, Vol.
83, pp. 354-355.)

2777. THE VACUUM CELL LUMINESCENCE MICRO-
SCOPE AND ITS USE IN THE STUDY OF
LUMINESCENT MATERIALS.-Gallup. ( Journ.
Opt. Soc. Am., May, 1936, VOL 26, No. 5,
pp. 213-215.)

" In the study of manganese -activated calcium
silicates, this microscope has facilitated the deter-
mination of many of the relationships which exist
between colour of luminescence, intensity of
luminescence, and crystal form. The low -tem-
perature form of calcium metasilicate luminesces
more brightly than any other calcium silicate
studied. A thorough wet mixing of raw materials
is necessary to obtain a product of uniform lumines-
cence."

2778. PIEZOELECTRIC OSCILLOSCOPES.-Brush Com-
pany. (Rad. Engineering, April, 1936, Vol.
16, No. 4, p. 19.)

2779. POLAROID GLASS USED TO DETECT STRAINS
AND FLAWS IN GLASS ENVELOPES AND
STEMS.-(Electronics, April, 1936, Vol. 9,
No. 4, p. 4o.) For this special glass see
also 1605 of April.

2780. NOTES ON THE DESIGN OF VACUUM JOINTS
IN METAL APPARATUS.-Archer. (Journ.
Scient. Inst., May, 1936, Vol. 13, No. 5,
pp. 161-165.)

2781. NEW MATERIALS FOR GLASS -METAL SEALS
[Iron -Nickel Alloys : New Glass].-Hull,
Burger and Navias. (Phys. Review, 15th
April, 1936, Series 2, VOL 49, No. 8, p. 647 :
abstract only.) See also 1184 of 1935.

2782. ADVANCES IN METAL/GLASS SEALS [the Use
of Kovarl, and BRAZED SEALS FOR ALL -
METAL TUBES. (See 2647 and 2648.)
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2783. MOLYBDENUM FOIL SEALED INTO QUARTZ, A
NEW DEVELOPMENT IN QUARTZ LAMP
MANUFACTURE.-Lauster. (E.T.Z., 7th
May, 1936, Vol. 57, No. 19, pp. 517-519.)
An important point is the choice of the
correct relation between surface of foil and
its thickness.

2784. THE IMPULSE VACUUM METER [Ionisation
Manometer connected as Resistance govern-
ing the Pulse Frequency of Gas -Filled
Triode Circuit].-Butschinsky. (Tech. Phys.
of USSR, No. 3, Vol. 3, 1936, pp. 223-228 :
in German.)

2785. NEW TYPE OF PRESSURE CONTROL AND
INDICATOR [Concentric Glass Cylinders
coated with Electrically Conducting Material,
Variable Impedance and Grid -Controlled
Tube : the Barotron].-Killian. (Phys.
Review, 15th April, 1936, Series 2, VOL 49,
No. 8, p. 647: abstract only.)

2786. A UNIVERSAL ION SOURCE [Electron Beam
focused electrostatically on Cup -Shaped
Target vapourises Material in Cup which
forms Ion Stream in Direction opposite to
Beam].-Smith and Carlock. (Phys. Review,
15th April, 1936, Series 2, VOL 49, No. 8,
p. 646: abstract only.)

2787. DETERMINATION OF THE VELOCITY DIS-
TRIBUTION OF ELECTRONS IN A LOW-
PRESSURE [Neon] DISCHARGE TUBE [from
Second Derivative of Current/Voltage Char-
acteristic of a Probe in the Discharge].-
Van Gorcum. (Physica, April, 1936, Vol. 3,
No. 4, pp. 207-218: in English.) The
curves show how, approaching the positive
column from the cathode side, the velocity
distribution changes into a Maxwellian one.

2788. TEMPERATURE OF ELECTRONS IN A
COLUMN DISCHARGE IN A NE/NA
[Maximum Positive Ion Current
Same Temperature as Maximum
Gradient].-Uyterhoeven and
(Comptes Rendus, 4th May, 1936,
No. 18, pp. 1498-4150o.)

2789. ON THE MEAN LIFETIME OF METASTABLE
NEON ATOMS [Contribution to Explanation
of Mechanism of Gas Discharges], and
PENNING'S " NEW PHOTO -EFFECT " IN PURE
NEON.-Pike. (Phys. Review, 1st April,
1936, Series 2, Vol. 49, No. 7, pp. 513-515
515-518.)

2790. INVESTIGATIONS OF THE VARIATION OF THE
MAINTENANCE VOLTAGE OF A GLOW DIS-
CHARGE WITH THE LENGTH OF ITS POSITIVE
COLUMN [Curves showing Anomalous Values
for Very Short Discharges].-Holtz and
Kommnick. (Zeitschr. f. Physik, No. 3/4,
Vol. 99, 1936, pp. 252-253.)

2791. THE INERTIA IN VARIOUS REGIONS OF THE
VOLT/AMPERE CHARACTERISTIC OF A GAS

POSITIVE
MIXTURE
at about
Potential
Verburg.
VOL 202,

DISCHARGE.-Kvartshava. (Journ. of Tech.
Phys. [in Russian], No. 1, Vol. 6, 1936,
pp. 3-18.)
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2792. SPECTROSCOPIC INVESTIGATION OF DIS-
CHARGES AT HIGH GAS PRESSURE.-Watson
and Hull. (Phys. Review, 15th April, 1936,
Series 2, Vol. 49, No. 8, pp. 592-596
abstract p. 648.)

2793. EFFECT OF INTENSE ILLUMINATION ON TIME
LAG IN STATIC SPARK BREAKDOWN [Time
Lag observed with Electro-Optical Shutter :
Decreases of Illumination Intensity and
Overvoltage increase Time Lag : Explana-
tion on Basis of Space -Charge Effects].-
White. (Phys. Review, 1st April, 1936,
Series 2, Vol. 49, No. 7, pp. 507-512.)

2794. CONCENTRATION OF ARC CURRENT IN A
THYRATRON [Discharge consists- of Con-
centrated Current Streamer in Rapid Motion
around Outer Portions of Electrodes].-
Kingdon and Lawton. (Phys. Review,
15th April, 1936, Series 2, Vol. 49, No. 8,
p. 646: abstract only.)

2795. APPLICATIONS OF THE HOT -CATHODE GRID -
CONTROLLED RECTIFIER, OR THYRATRON.-
Whiteley. ( Journ. I.E.E., May, 1936,
Vol. 78, No. 473, pp. 516-528: Discussions
PP 528-539. and June issue, pp. 722-723.)

2796. THE GAS -DISCHARGE TUBE [Widening Sphere
of Usefulness of Mercury -Vapour Rectifiers
for feeding Class B Amplifiers etc., where
High Voltage Drop of Ordinary Hard
Rectifiers is Serious Drawback : Advantages
of Voltage -Doubling Circuit].-Pollock.
(Wireless World, 24th April, 1936, Vol. 38,
PP. 416-417.)

2797. POWER -TUBE MANUFACTURING PROBLEMS :
DISCUSSING WAYS AND MEANS TO PRO-
DUCE MORE EFFICIENT TRANSMITTER AND
RECTIFIER TUBES AT LOWER COST [Use of
Svea Metal].-McMaster. (Rad. Engineering,
March, 1936, Vol. 16, No. 3, pp. 11-42.)
See also 1895 of 1935.

2798. THE DISCHARGE IN AN IONIC CONVERTER WITH
MAGNETIC CONTROL.-Romanof. (Journ. of
Tech. Phys. [in Russian], No. 1, Vol. 6, 1936,
pp. 19-25.)

2799. ON THE QUESTION OF THE TEMPERATURE -
DEPENDENCE OF CATHODE DISINTEGRATION
[Critical Potential independent of Tempera-
ture].-Morgulis, Bernadiner and Patiocha.
(Physik. Zeitschr. der Sowjetunion, No. 4,
Vol. 9, 1936, pp. 302-316: in German.)

2800. IMPACT OF CORPUSCULAR RAYS ON SOLID
BODIES [Pulverising Effect : Secondary
Electron Emission].-Sommermeyer. (Ann.
der Physik, Series 5, No. 6, Vol. 25, 1936,
pp. 481-511.)

2801. THE INFLUENCE OF MECHANICAL DEFORMA-
TION ON THE PROPERTIES OF COPPER -OXIDE
RECTIFIERS [Important Factor in Deteriora-
tion].-Dunaev and Nasledov. (Tech. Phys.
of USSR, No. 3, Vol. 3, 1936, pp. 268-278 :
in English.)
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2802. THE NATURE OF THE SURFACE CONDUCTIVITY
OF CUPROUS OXIDE [High Values previously
obtained are due to Contamination by
Adsorption and Formation of Superficial
Layer of Distinct Properties].-Dubar.
(compies Rendus, 15th April, 1936, Vol. 202,
No. 15, pp. 1330-1332.) For previous Notes
see 2847 of 1935 and 1213 of March.

2803. THE EFFECTS OF HEAT AND ULTRA -VIOLET
LIGHT ON THE RECTIFYING ACTION OF SOME
CRYSTALS.-Sen. (Indian Journ. of Phys.,
March, 1936, Vol. 10, Part 2, pp. 91-102.)
For work by Khastgir and Gupta see 2407
of 1935.

2804. THE RECTIFICATION OF ALTERNATING
CURRENT BY A THIN VIBRATING WIRE.-
Backman and Theodorchik. (Journ. of
Tech. Phys. [in Russian], No. 2, Vol. 6,
1936, pp. 298-301.) For previous work
see 923 of March.

2805. CONDENSER STABILITY : NATURE AND
CAUSES OF UNDESIRED CHANGES IN CAPACIT-
ANCE AND POWER FACTOR [and Methods of
obtaining Greater Constancy].-Thomas.
(Electrician, 15th May, 1936, Vol. r16,
p. 631.) Summary of I.E.E. paper.

2806. CONDENSERS FOR BROADCAST RECEPTION
TECHNIQUE, WITH SPECIAL REFERENCE
TO ELECTROLYTIC CONDENSERS.-Linder.
(Hochf:tech. u. Elek:akus., February, 1936,
Vol. 47, No. 2, pp. 64-67: Industry Review.)

A broadcast receiver with built-in electrolytic
condensers, in which the dielectric is an aluminium
oxide layer, is shown in Fig. 1 ; Fig. 2 gives curves
illustrating the space saved by using them. The
properties of barrier layers are described ; their
constitution is illustrated by Fig. 3. The variations
in capacity and loss angle are discussed on the basis
of an equivalent circuit (Fig. 4) ; the curves of
Figs. 5-7 show the variations with temperature and
frequency. Points in connection with the practical
use of these condensers are mentioned. See also
1600 of April.

2807. THE GROWTH AND CONSTITUTION OF ELECTRO-
LYTICALLY -PRODUCED ALUMINIUM OXIDE
FILMS [Methods for producing Highly
Insulating Films, Free from Corrosion :
Dielectric Properties depend on Water bound
in Film : Working Model of Film].-Rummel.
(Zeitschr. f. Physik, No. 7/8, Vol. 99, 1936,
PP. 518-551)

2808. ELECTRICAL PROPERTIES OF DIFFERENT
MICAS OF THE USSR [Measurements chiefly
on ,8o m].-Jakimez. (Izvestiya Elektro-
prom. Slab. Toka, No. 3, 1936, pp. 43-51.)

2809. THE DIELECTRIC CHARACTERISTIC CURVES
OF THE TWO -LAYER CONDENSER, ESPECIALLY
WITH MICA INSULATION AT 50 C/S.-Schaudinn.
(Berlin Thesis, 1935 : at Patent Office
Library, London : Cat. No. 75 935 : in
German.)
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2810. THE MANUFACTURE OF ELECTRO-PORCELAIN
[from Kaolin, Quartz and Felspar], and THE
USE OF PORCELAIN AND OTHER CERAMIC
INSULATING MATERIALS IN ELECTRICAL
ENGINEERING.-Steger. (E.T.Z., 23rd April,
1936, Vol. 57, No. 17, pp. 469-470: 471-476.)

281x. " IMPREGNATED PAPER INSULATION. THE
INHERENT ELECTRICAL PROPERTIES " [Book
Review].-Whitehead. (Review Scient.
Instr., April, 1936, Vol. 7, No. 4, p. 168.)

2812. THE CHOICE OF THE PERMISSIBLE STRAIN
FOR THE PAPER INSULATION OF STATIC
CONDENSERS.-Walther and Inge. (fount.
of Tech. Phys. [in Russian], No. 2, Vol. 6,
1936. pp. 234-243.)

2813. THE ELECTRICAL CONDUCTIVITY OF SOLID
DIELECTRICS IN STRONG ELECTRIC FIELDS.
-Walther and Inge. (Journ. of Tech. Phys.
[in Russian], No. I, Vol. 6, 1936, pp. 141-150.)

2814. PHYSICAL STRUCTURE AND DIELECTRIC LOSS
OF SOLID INSULATING MATERIALS [LOSS
Angle as Function of Voltage, Temperature
and Frequency : Decisive Effect of Amount
and Condition of Enclosed Air on Shape of
Curves].-Junius. (E.T.Z., 7th May, 1936,
Vol. 57, No. 19, pp. 519-522.)

2815. CURRENT CONDUCTION [in Dielectric Media]
BY MEANS OF CONVECTION AND DIFFUSION. I
[Theory].-Borgnis. (Zeitschr. f. Physik,
No. 1/2, VOL I00, 1936, pp. 117-140.)

2816. ON THE MEASUREMENT OF THERMAL CON-
DUCTIVITY ON SOME INSULATORS.-Shimizu.
(Journ. I.E.E. Japan, January, 1936, Vol. 56
[No. I], No. 57o, p. 86: letter, Japanese
only.)

2817. ELECTRICAL CONDUCTIVITY OF THIN FILMS
OF RUBIDIUM ON GLASS SURFACES.-Lovell.
(Nature, 2 I st March, 1936, Vol. 537,
PP. 493-494.)

2818. IRON CORES FOR RADIO COILS [High Re-
sistivity probably More Important than
High Permeability when Space Factors are
low : Need for Very Low Temperature
Coefficient of Permeability : " Sirufer " and
" Draloperm " : etc.].-G. W. 0. H. (Wire-
less Engineer, May, 1936, Vol. 13, No. 152,
pp. 235-236: Editorial.)

2819. TOROIDAL TRANSFORMERS [and Their Advan-
tages as Mains Transformers for Compact
High -Gain Amplifiers].-Salford Elec. In-
struments:Ltd. ( Journ. Scient. Instr,, May,
1936, Vol. 13, No. 5, pp. 167-168.)

2820. TRANSFORMERS WITH MAGNETIC SHUNTS [and
Regulable Leakage].-Wirz. (Bull. Assoc.
suisse des Elec., No. 4, VOL 27, 1936,
pp. 98-109: in German.)

2821. THE PROPERTIES OF HEUSLER'S ALLOY
[Cu/Al/Mn : Strongly Magnetic Substance],
AND THE TRUE SPECIFIC HEAT OF MANGANESE
AND ITS DISCONTINUITY.-Ashworth. (Proc.
Phys. Soc., 1st May, 1936, Vol. 48, Part 3,
No. 266, pp. 456-467: Discussion p. 468.)
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2822. MAGNETIC ATOMIC MOMENTS OF ALLOYS OF
MANGANESE WITH COPPER, SILVER AND
GOLD [with Method of measuring Suscepti-
bility of Wires].-Gustafsson. (Ann. der
Physik, Series 5, No. 6, Vol. 25, 1936,
PP. 545-560.)

2823. " NIPERMAG," A NEW ALLOY FOR PERMANENT
MAGNETS. (See 2661.)

2824. ALNICO-A NEW MAGNET MATERIAL.-(Rad.
Engineering, February, 1936, Vol. 16, No. 2,
pp. 20 and 21.)

2825. RESTORATION [after Heating] OF [Magnetic
Properties of] NICKEL/BERYLLIUM ALLOYS.
-Gerlach. (Naturwiss., 3rd April, 1936,
Vol. 24, No. 14, p. 218.)

2826. THE FERROMAGNETISM OF NICKEL [iS the
Stable State : Calculations of Saturation
Magnetic Moment and Curie Point].-Slater.
(Phys. Review, 1st April, 1936, Series 2,
VOL 49, No. 7, pp. 537-545.)

2827. THE CHANGE OF MAGNETISATION OF NICKEL,
PERMALLOY AND SINGLE CRYSTALS OF
NICKEL IN STRONG FIELDS [Decrease of
Susceptibility to Constant Value at 4 000
Gauss].-Gerloff. (Zeitschr. f. Physik, No.
9/10, Vol. 99, 1936, pp. 585-594.)

2828. MAGNETIC INVERSION POINTS BY THE
DIFFUSION OF H2 THROUGH NICKEL AND
IRON AND THROUGH IRON -NICKEL AND
PALLADIUM -NICKEL ALLOYS.-Ham and
Sauter. (Phys. Review, 15th Jan. 1936,
Series 2, VOL 49, No. 2, p. 195 : abstract
only.)

2829. INVESTIGATION OF THE VARIATION IN IM-
PEDANCE [at Low Frequencies] OF NICKEL
IN A LONGITUDINAL MAGNETIC FIELD [No
Remanence : Absence of Irregularities :
Variation with Magnetic Field Strength].-
Sen Gupta, Mohanti and Sharan. (Zeitschr.
J. Physik, No. 3/4, VOL 98, 1935, pp. 262-266.)

2830. ON THE EFFECT OF A MAGNETOMOTIVE
FORCE APPLIED FOR A SHORT TIME TO A
STEEL CYLINDER [Theoretical and Practical
Determination of Flux Penetration].-
Warren and Friend. (Phil. Mag., May, 1936,
Series 7, VOL 21, No. 143, pp. 980-99.0.)

2831. APPLICATION OF ARKADIEW'S METHOD OF
SKIN -EFFECT ELIMINATION TO THE IN-
VESTIGATION OF THE DYNAMIC MAGNETISA-
TION CURVES [at Audio and Radio Fre-
quencies: Connection between Skin Effect and
Magnetic Viscosity].-Veletzkaia. (Zeitschr.
f. Physik, No. 7/8, VOL 99, 1936, pp. 569-
575.)

2832. ON ANOMALOUS MAGNETIC VISCOSITY.-
Mitkevitch. (Journ. de Phys. et le Radium,
March, 1936, Vol. 7, No. 3, pp. 133-137.)

2833. MAGNETIC VISCOSITY [Occurrence of Mag-
netisation Jumps after Magnetising Force
has become Constant : Possible Explana-
tions].-Heaps. (Phys. Review, ist March,
1936, Series 2, Vol. 49, No. 5, p. 409:
abstract only.)
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2834. A NEW EXPERIMENT IN MAGNETOSTRICTION.
-J. L. Snoek : Perrier. (Physica, April,
1936, Vol. 3, No. 4, pp. 205-206: in French.)
Explanation of one of Perrier's results
(4054 of 1935.)

2835. MAGNETIC SUSCEPTIBILITY OF SINGLE
CRYSTALS OF LEAD, THALLIUM AND TIN . -
Rao and Subramaniam. (Phil. Mag., March,
1936, Series 7, VOL 21, No. 141, pp. 609-624.)

2836. THE SO-CALLED TEMPERATURE VARIATION OF
SPONTANEOUS MAGNETISATION [Of Single
Iron Crystals : Induced, Not Real Magnetisa-
tion].-Honda and Nishina. (Zeitschr. f.
Physik, NO. I1/12, VOL 98, 1936, pp.
657-665.)

2837. NON 0 RTH OGONALITY AND FERROMAGNETISM
[Theoretical Error due to Nonorthogonality
of Wave Functions is not Infinite with Large
Number of Atoms : Critical Conditions for
Ferromagnetism cannot however be exactly
Deduced].-van Vleck. (Phys. Review,
1st Feb. 1936, Series 2, VOL 49, No. 3,
pp. 232-24o.)

2838. THE ALTERNATING FIELD IN SATURATED
MASSIVE IRON [Rigid Theoretical Solution :
Magnetic Impedance : Power Loss : In-
fluence of Hysteresis in decreasing Power
Loss].-Haberland . (Arch. f. Elektrot., 18th
Feb. 1936, Vol. 3o, No. 2, pp. 126-133.)

2839. A FLUX BALANCE FOR THE MEASUREMENT OF
MAGNETIC SUSCEPTIBILITIES IN ALTERNA-
TING FIELDS OF LOW INTENSITY.-Hector
and Eckstein. (Phys. Review, 15th April,
1936, Series 2, VOL 49, No. 8, p. 643:
abstract only.)

2840. CONTEMPORARY ADVANCES IN PHYSICS,
XXX -THE THEORY OF MAGNETISM.-
Darrow. (Bell S. Tech. Journ, April, 1936,
Vol. 15, No. 2, pp. 224-247.)

2841. SOME INVESTIGATIONS ON THE AXIAL SPIN
OF A MAGNET AND ON THE LAWS OF ELECTRO-
MAGNETIC INDUCTION [and Some Practical
Applications].-Cramp and Norgrove.
(Journ. I.E.E., April, 1936, Vol. 78, No. 472,
PP. 481-491)

2842. CONTACT PHENOMENA IN CARBORUNDUM
RESISTANCES .-Kostina and Rusinow.
(Journ. of Tech. Phys. [in Russian], No. 2,
Vol. 6, 1936, pp. 217-233.) For a previous
paper see 2409 of 1935.

2843. SPONTANEOUS RESISTANCE FLUCTUATIONS IN
CARBON MICROPHONES AND OTHER GRANU-
LAR RESISTANCES [Commercial Grid Leaks,
Sputtered Metal Films, etc.]-Christensen
and Pearson. (See 2674.)

2844. A GENERAL PURPOSE ELECTRIC COIL -WIND-
ING MACHINE.-B1OXBIE (Journ. Scient.
Instr., December, 1935, Vol. 12, No. I2,
PP. 377-379.)

2845. ELECTROSTATIC HIGH-TENSION GENERATORS
FOR D.C. POTEN rIALS.-Walter and Sinelni-
kov. (purl:. of Tech. Phys. [in Russian],
No. r, Vol. 6, 1936, pp. 151-162.)
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2846. IMPROVEMENT IN D.C. MACHINES BY SUP-
PRESSION OF SHORT-CIRCUIT CURRENT: IN-
CREASED BRUSH RESISTANCE BY USE OF
INSULATING LAVE RS.-411clit tki (E. T.Z.,
7th May , 1936, Vol. 57, No. 19, pp. 529-530.)

2847. THE HIGH -VOLTAGE LABORATORY EQUIP-
MENT AT QUEEN MARY COLLEGE [late East
London College], UNIVERSITY OF LONDON.-
Beetlestone and Smee. (Metropolitan -
Vickers Gazette, April, 1936, pp. 98-103.)

2848. A CYCLOTRON ELECTROMAGNET [Numerical
Design Data].-Henderson and White.
(Phys. Review, 15th April, 1936, Series 2,
VOL 49, No. 8, p. 641 : abstract only.)

2849. VOLTAGE SOURCES AND AMPLIFIERS FOR
GEIGER COUNTERS [Stabilised Sources of
1000-2000 v : Use of " Strobotron " Cold -
Cathode Neon Two -Grid Tube as Amplifier :
etc.].-Gingrich. (Review Scient.
May, 1936, Vol. 7, No. 5, pp. 207-210.)

2850. A MAGNETIC MAINS -VOLTAGE REGULATOR
[Saturated -Iron Auto -Transformer, with
Parallel Condenser, combined with Series
Air -Gap Choke with Compensation Winding :
Models for ro to 25o VA : f i% Constancy
between 175 v and 25o v].-Greiner :
Siemens & Halske. (E.T.Z., 30th April,
1936, Vol. 57, No. 18, pp 489-491.)

285 I . .A HARMONIC ANALYSER [using a Triode
Circuit].-Neri. (L'Elettrotec., ioth Feb.
1936, Vol. 23, No. 3, pp. 66-70.)

2852. A NEW METHOD OF OBTAINING PERFECTLY
POLISHED METAL SURFACES [Electrolysis in
Phosphoric Acid].-Jacquet. (Genie Civil,
25th Jan. 1936, Vol. 108, pp. 92-93.)

2853. STAB OL A NEW MATERIAL FOR THE
SHEATHS OF CABLES AND LINES [in place of

, Lead].-(E.T.Z., 30th April, 1936, Vol. 57,
No. 18, p. 502.)

2854. A NEW RECEIVER OF RADIANT ENERGY
[Light or Heat Impulses], and A NEW
METHOD OF MEASUREMENT OF RADIANT
ENERGY.-Hayes : Hall. (Review Scient.
Instr., May, 1936, Vol. 7, No. 5, pp. 202-204 :
205-206.) The energy acts on a finely
divided gas -occluding " fluff " in a hermetic-
ally sealed chamber, one side of which is a
thin diaphragm forming one electrode of a
condenser microphone.

2855. THERMOELEMENTS FOR THE RECEPTION OF
RADIANT ENERGY [Survey].-Selzer. (J014/13.
of Tech. Phys. [in Russian], No. 2, Vol. 6,
1936, pp. 195-216.)

2856. PHOTOGRAPHIC PROCESS FOR ENGRAVING
SCALES, ETC.,ON CURVED SURFACES.-
Burmistrov. (Tech. Phys. of USSR, No. 3,
Vol. 3, 1936, pp. 258-265.) French version
of the Russian paper dealt with in 16or of
April.
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2857. HOW SHALL WE SOLDER THE RADIO CHASSIS ?
and FLUXES AND SOLDERS.-Barber : Wag-
ner. (Rad. Engineering, February, 1936,
Vol. 16, No. 2, pp. 19 and 21 : April, No.
4, PP. : May, No. 5, pp. io-li and 14.)

2858. A THERMIONIC TIME -DELAY RELAY [for
Intervals of from 1/20 Sec. to a Minute or
more : utilising Negligible Leakage of Paper
Condensers].-Mucher. (Electronics, April,
1936, Vol. 9, No. 4, pp. 38 and 4o.)

2859. REVIEW OF LITERATURE ON ELECTRICAL
CONTACTS.-Windred. (World Power, May,
1936, Vol. 25, pp. 262-264.)

2860. AN IMPROVED THERMO-REGULATOR [In-
creased Precision of Toluene Regulator by
Rapidly Conducting Metal Foil (e.g. Copper)
in Bulb].-Stiehler. (Science, loth Jan.
1936, Vol. 83, p. 4o.)

STATIONS, DESIGN AND OPERATION
2861. INDIAN BROADCASTING : MR. KIRKE'S RE-

COMMENDATIONS.-(Electrician, 15th May,
1936, Vol. 116, p. 635.)

2862. How THE B.B.C. RELAYS AMERICA [Methods
and Equipment at Tatsfield Receiving Sta-
tion].-( Wireless World, 1st May, 1936, Vol.
38, pp. 422-424.)

2863. THE LAW OF 20TH MARCH, 1936, ON PRIVATE
BROADCASTING STATIONS.-de Fabel. (Genie
Civil, 18th April, 1936, Vol. 108, pp. 378-379.)

2864. " RADIO -DISTRIBUTION " . [Wired Broad-
casting] IN EUROPEAN COUNTRIES : SURVEY.
-(Alta Frequenza, April/May, 1936, Vol. 5,
No. 4/5, pp. 325-328.)

2865. EXPERIMENTS IN GERMANY ON MICRO-
WAVES.-Telefunken. (L'Onde Elec., May,
1936, Vol. 15, No. 173, pp. 332-341.) See
also 3475 of 1935.

2866. RADIO TELEPHONY OVER A DISTANCE OF
80 KM BY MEANS OF 68 -CM WAVES WITH
PARABOLIC REFLECTORS [With 2.5 m Opening:
Sharpness of Directivity improved by Four
Half -Wave Rods at Half Wavelength from
Doublet : 3 Watts Output from Transmitter].
-Morita. (Rep. of Rad. Res. in Japan,
December, 1935, Vol. 5, No. 3, pp. 137-150.)
Modulation is by speech voltages impressed
on grid and plate separately, in such a way
that there is no accompanying frequency
change.

2867. THE RELIABILITY OF SHORT-WAVE RADIO-
TELEPHONE CIRCUITS [Relation between
" Percentage Lost Circuit Time " and
" Transmission Improvement," deduced from
Routine Service Data : Comparison of 1930,
1932 and 1934.]-Potter and Peterson.
(Bell S. Tech. Journ., April, 1936, Vol. 15,
No. 2, pp. 181-196.)

2868. NEW EMPIRE FLYING BOATS [and Their
Wireless Equipment].-( Wireless World, 24th
April, 1936, Vol. 38, pp. 409-410.)

399

2869. COASTGUARD RADIO [Methods and Equip-
ment of American Patrol Aircraft].-(Wire-
less World, 2211.d May, 1936, Vol. 38, pp.
505-506.)

GENERAL PHYSICAL ARTICLES
2870. THE STRUCTURE OF LIGHT WAVES [Axially

Symmetrical Systems of Electromagnetic
Waves].-Japolsky. (Nature, i8th April,
1936, Vol. 137, p. 663.) See back reference
in 2449 of June, and 810 of February.

2871. DEVIATIONS FROM THE MAXWELL EQUATIONS
RESULTING FROM THE THEORY OF THE
POSITRON [Addition to Lagrangian.].-Kern-
mer and Weisskopf. (Nature, i8th April,
1936, Vol. 137, p. 659.)

2872. A NEW RELATIVITY. PAPER II. TRANS-
FORMATION OF THE ELECTROMAGNETIC FIELD
BETWEEN ACCELERATED SYSTEMS AND THE
FORCE EQUATION.-Leigh Page and Adams.
(Phys. Review, 15th March, 1936, Series 2,
Vol. 49, No. 6, pp. 466-469.)

3873. A METHOD OF INVESTIGATING THE HALL
EFFECT [Primary Current generated by
Inductive Action of Rotating Magnetic
Field on Cylindrical Metal Sheet set Coaxially
with Axis of Field Rotation].-Hatfield.
(Proc. Phys. Soc., 1st March, 1936, Vol. 48,
Part 2, No. 265, pp. 267-276.)

2874. ON THE MEASUREMENT OF elm WITH A
TRIODE VALVE [by Effect of Magnetic Field
on Grid Current].-Sant Ram. (Indian
Journ. of Phys., March, 1936, Vol. 1o, Part 2,
pp. 127-132.)

2875. THE ENERGY LEVELS OF THE ELECTRON IN
A ONE-DIMENSIONAL CRYSTAL MODEL, NON -
COMPACT IN PLACES (WITH APPLICATION TO
THE THEORY OF ELECTRICAL BREAKDOWN).-
Sokolow and Machalowa. (Zeitschr. f.
Physik, No. 7/8, Vol. 99, 1936, pp. 503-517.)

2876. ON TONE'S THEORY OF LIQUID SURFACE
RUPTURE BY A UNIFORM ELECTRIC FIELD
[Sparking Potential 20 Times Smaller than
with Solid Cathode].-Frenkel : Tonks.
(Physik. Zeitschr. der Sowjetunion, No. 6,
Vol. 8, 1935, pp. 675-679: in English.)
See 1324 of March.

2877. " WHAT IS ELECTRICITY ? " [Fifth Joseph
Henry Lecture].-Heyl. (Elec. Engineering,
January, 1936, Vol. 55, No. 1, pp. 4-11.)

2878. CONTRIBUTION TO THE STUDY OF THE MOLE-
CULAR DIFFUSION OF LIGHT : CABANNES-
DAURE EFFECT, CRITICAL OPALESCENCE OF
BINARY . MIXTURES.-Rousset. (Ann. de
Physique, January, 1936, Series II, Vol. 5,
PP 5-135.)

2879. MAGNETIC BEHAVIOUR IN THE CHROMIUM/
SULPHUR SYSTEM [Ferromagnetic Behaviour
of Susceptibility at Certain Concentration :
Analogy with Dielectric Constant of Rochelle
Salt].-Haraldsen and Neuber. (Naturwiss..
1st May, 1936, VOL 24, No. 18, p. 280.)
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2880. FURTHER INVESTIGATIONS OF THE CORONA
ROTATION EFFECT [Experience on Variation
of Velocity of Rotating Wire with Corona
Current Density and Wire Temperature].-
Giintherschulze and Hesse. (Zeitschr. f.
Physik, No. 7/8, Vol. 98, 1936, pp.476-489.)
See 82o of February.

MISCELLANEOUS
2881. AN EXTENSION OF OPERATIONAL CALCULUS

[to cover Arbitrary Initial Conditions, for
System of Finite Number of Degrees of
Freedom : Application to Transmission Line
Equations].-Carson : van der Pol. (Bell
S. Tech. fours., April, 1936, Vol. 15, No. 2,
PP. 340-342.)

2882. CONJUGATE POTENTIAL FUNCTIONS AND THE
PROBLEM OF THE FINITE GRID [of Coplanar
Equidistant Filaments of Infinite Length :
Conformal Transformations : Effect of Paral-
lel Infinite Plane].-Barkas. (Phys. Review,
15th April, 1936, Series z, Vol. 49, No. 8,
pp. 627-630.)

2883. AN OPERATIONAL PROOF OF THE WAVE -
POTENTIAL THEOREM, WITH APPLICATIONS
TO ELECTROMAGNETIC AND ACOUSTIC SYS-
TEMS .-Ballantine. (See 2656.)

2884. ON LAMA'S EQUATION [Expansion of Arbi-
trary Function in Terms of Lame Functions].
-Sharma. (Phil. Mag., May, 1936, Series
7, Vol. 21, No. 143, pp. 991-994.)

2885. THE MAGNETIC VECTOR POTENTIAL [and Its
Use in Electric Circuit Analysis, including
at High Frequencies].-McRae. (Elec. En-
gineering, May, 1936, Vol. 55, No. 5, pp.
534-542.)

2886. ELECTROSTATIC FIELDS AND " SPACE CHARGES
ABOUT A CONDUCTOR AT HIGH ALTERNATING
AND CONTINUOUS POTENTIAL S . -W. G.
Hoover. (Elec. Engineering, May, 1936,
Vol. 55, No. 5, pp. 448-454.) .

2887. NOMOGRAMS [Alignment Charts] IN ELEC-
TRICAL ENGINEERING. - Kapp. (J ours.
I.E.E., May, 1936, Vol. 78, No. 473, pp.
567-576.)

2888. RECENT AUSTRALIAN WORK IN RADIO
RESEARCH.-(Australian Radio Research
Board, Report No. 9, 1936, 71 pp.) Con-
taining papers dealt with in past Abstracts:
-Bailey, 1934, p. 6o6 (2nd abstract) ; Mar-
tyn, 938 of 1935 ; Piddington, 1813 of 1935,
Builder, 716, 2955 and 3192 of 1935. Also
a hitherto unpublished paper by Piddington
-see 2688, under " Acoustics and Audio -
Frequencies."

2889. ON THE POSSIBILITY OF OBSERVING A SELEC-
TIVE EFFECT OF THE [Ultra-] HIGH -FRE-
QUENCY FIELD IN FLAMES .-Malinowski.
(Physik. Zeitschr. der Sowjetunion, No. 2/3,
Vol. 9, 1936, pp. 264-267: in German.)

For a supplementary paper see pp. 268-27o.
The natural frequency of an " electron plasma " is
calculated to be about 72 MO, which is of the same
order as the field frequency (34 Mc/s) previously
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found to produce a zo% increase of flame velocity
-see 1934 Abstracts, p. 633: also 2534 of 1935.
2890. ON THE POSSIBILITY OF " POINT WARMTH "

FORMATION IN HIGH -FREQUENCY CONDENSER
FIELDS [with Reference to Ultra -Short -Wave
Action on Bacteria, Drosophila, etc.].-
Malov : Krasny-Ergen. (Physik. Zeitschr.
der Sowjetunion, No. 2/3, Vol. 9, 1936, pp.
271-272: in German.)

Krasny-Ergen's formula for the temperature
rise in a semi -conducting sphere in a condenser
field has led him to conclude that the bactericidal
action of ultra -short waves cannot be due to
" point warmth " (3732 of 1935 : see also 382 of
January). Malov here points out that this con-
clusion applies only to spheres of very small radius
(around 10-5 cm) ; it would, therefore, hold good
for bacteria, 'but not for the Drosophila of his own
investigations ; while even bacteria might in many
cases form colonies large enough to undergo a
marked temperature rise.
2891. THE ACTUAL FACTS ON THE BEHAVIOUR OF

ORGANISMS ELECTRICALLY CONNECTED TO,
OR INSULATED FROM, THE EARTH [Biological
and Physico-Chemical Processes] .-Vles. (Rev.
Gen. de l'Elec., 4th April, 1936, Vol. 39, No.
14, pp. 519-520.) For previous work on this
subject see 1934 Abstracts, p. Ito (Vies &
Gex) and back reference.

2892. LA VIE ET LES ONDES [The Work of
Georges Lakhovsky : Book Review].-Adam
and Givelet : Lakhovsky. (Rev. Gen. de
l'Elec., 25th April, 1936, Vol. 39, No. 17,
p. 61o.)

2893. THE TRIPLE HETERODYNE AND ITS POSSIBLE
APPLICATION TO ULTRA -MICROMETRIC MEA-
SUREMENTS.-Blake. (In the paper referred
to in 2683.)

2894. ELECTRICAL [Ultra-] MICROMETER .-Reisch.
(E.T.Z., 7th May, 1936, Vol. 57, No. 19, p.
532.) The apparatus used by Fieber as
high-speed motor indicator (1679 of April).

2895. NEW ELECTRIC DEVICE DETECTS DISTANCES
LESS THAN ATOMIC SIZE [Ultra -Micrometer
(with Quartz Resonator) measures Displace-
ments of 10-9 cm within a Few per Cent].-
Hubbard. (Sci. News Letter, 9th May, 1936,
Vol. 29, p. 305.)

See also Science, 15th May, 1936, p. 472. Using
a quartz plate of 600 kc/s resonant frequency, a
frequency change of one -sixtieth of a cycle per
second (about 3 parts in ioo million) can
be detected. By taking precautions against
mechanical disturbances it is expected that dis-
placements of 1010 cm may be measured : " the
attainment of a sensitivity of this order should
open a new avenue of approach to a number of
important problems.'
2896. A PROPOSED NEW METHOD OF STUDYING THE

VIBRATIONS IN STEEL STRUCTURES SUCH AS
BRIDGES.-Pennell and Lawther. (See
2697.)

2897. BODY -IMPEDANCE Q "-Value] MEASURE-
MENTS AID IN MEDICAL DIAGNOSIS.-(Elec-
tronics, April, 1936, Vol. 9, No. 4, pp. 36-37.)
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Some Recent Patents
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The following abstracts are prepared, with the permission of the Controller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price II- each.
A selection of abstracts from patents issued in the U.S.A. is also included, and these bear a seven -figure
serial number.

AERIALS AND AERIAL SYSTEMS
442 003.-Radio beacon transmitter which main-
tains constant directivity in spite of variations in
the aerial characteristics due to weather conditions.

British Thomson Houston Co., Ltd. Convention
date (U.S.A.), 29th April, 1933.
442 164.-Radio beacon transmitter of the Adcock
aerial type radiating two overlapping beams with
interlocked signals.

Marconi's W. T. Co. and S. B. Smith. Application
date, 3rd August, 1934.
2 007 640.-Dipole aerial designed to minimise
high -angle radiation by virtue of a logarithmic
variation in diameter from each end to the centre.

P. S. Carter (assignor to Radio Corporation of
America).
2 oo8 266.-Removing deposits of sleet, snow, etc.,
from a short-wave directive aerial system by
low -frequency drying -currents, which are sup-
plied, in parallel with the H.F. carrier currents,
through tuned Lecher -wire circuits which isolate the
H.F. currents from the L.F. supply.

E. J. Sterba (assignor to Bell Telephone Labora-
tories).

TRANSMISSION CIRCUITS AND APPARATUS
442 384.-Wired wireless or rediffusion system on
which impedance step-down transformers are used
to couple the feeder lines with the subscribers
apparatus.

Standard Radio Relay Services, Ltd. and P.
Adorjan. Application date, loth October, 1934.
2 007 875.-Means for preventing an ultra -short
wave generator from ceasing to oscillate when
modulating signals are applied to it.

H. 0. Roosenstein (assignor to Telefunken Co.).
2 oo8 082.-Method of maintaining the overall level
of modulating voltage constant in a broadcast
transmitter fed simultaneously from a number of
different microphones.

W. A. Mueller (assignor to United Research Corp.).
2 oo8 286.-Ultra-short-wave oscillator utilising a
" discontinuous " coupling or transmission line
formed of short capacity strips arranged in stag-
gered formation.

A. Leib (assignor to Telefunken Co.).
2 011 299.-Ultra-short-wave generator in which
two condensers, shunted in parallel across the plate
and grid, serve to reduce the circuit inductance to
a low value.

H. S. Polin (assignor to Polin,
2 018 356.-Heterodyne method of generating two
or more frequencies to be radiated with a constant
frequency -difference for multiplexing or for distant
control of apparatus.

J. H. Hammond, Junr.

RECEPTION CIRCUITS AND APPARATUS
441 391.-Receiving circuit in which frequency. -
modulated signals are converted into an equivalent
amplitude -modulated form.

Marconi's W. T. Co. (assignees of f. W. Conklin).
Convention date (U.S.A.), 23rd. March, 1934.
441 69i .-Automatic or self -tuning circuit for a
superhet receiver.

E. K. Cole and A. W. Martin.
date, 20th July, 1934-

Application

442 158.-Tuning indicator in which an illuminated
resonance lamp or tube also acts as a wavelenth
pointer.

R. H. Hacker and A. G. Hacker. Application
date, 3rd August, 1934.
442 477. Superhet receiver with means for varying
the effective width of the I.F. modulation side -
band, and for shifting the local -oscillation frequency
relative to that of the signals.

Hazeltine Corporation (assignees of J. K,
Johnson). Convention date (U.S.A.), 22nd May.
1934-
442 626.-Eliminating static interference by uti-
lising a dynatron valve to reduce the amplification
of the receiving circuits when the static voltage
exceeds the signal voltage.

Ideal Werke Akt. Convention date (Germany),
14th February, 1934.
443 121.-Tuning scale provided with a spiral'
scanning -device to facilitate accurate tuning to a
given station.

R. J. Pickard. Application date, 11th October,
1934.
443 900.-Wave-change switch based on the step-
by-step movement of the iron core of a variable -
permeability inductance coil.

22ndL May,
L. L. de

1934.Kram

ohn. Convention date (Germany),

444 329.-Tuning indicator in which a cursor
mounted on an endless band is moved across, and
up and down, a panel bearing the names of the
stations.

L. H. Brown. Application date, 18th October,
1934.
2 007 764.-Eliminating the A.C. " hum " from a
mains -driven set by arranging certain of the circuit
elements in the form of a balanced Wheatstone
bridge.

E. L. Koch (assignor to Kellogg Switchboard
and Supply Co.).
2 oo8,o8.-Clock-controlled device for automatic-
ally switching -in or tuning a wireless receiver to a
predetermined selection of items broadcast from the
same or different transmitters.

C. Petersen.
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VALVES AND THERMIONICS
441 740. -Magnetron oscillation -generator in which
the magnetic " control " field is regulated by
varying the reluctance of a permanent magnet.

Telefunken Co. Convention dates (Germany),
23rd February, and 5th July, 1934.
442 285. -Magnetron valve with auxiliary elec-
trodes to screen the cathode electrostatically from
the anode.

S. Rodda. Application date, 5th July, 1934.
442 465. -Magnetron oscillator in which an aux-
iliary electrostatic control of the electron stream is
utilised to increase the power -output.

Marconi's W. T. Co. (assignees of E. G. Linder),
Convention date (U.S.A.), 21st December, 1933.

DIRECTIONAL WIRELESS
441 770. -Making a graphical record of the critical
signals received by a wireless direction -finder.

R. H. L. Bevan, C. Crampton, and S. E.
Triglee. Application date, 24th June, 1934.
441964. -Radio direction -finder having a char-
acteristic in which a minimum or zero zone of
reception occurs within a small solid angle which is
otherwise filled with signals of substantial strength.

Telefunken Co. Convention date (Germany), 27th
January, 1934.
2 oo8 401.-" Blind " landing and navigational sys-
tem for aircraft based on the use of two rotating -
frame beacons and a non -directive aerial installed
on the aerodrome.

V. R. Philpott (assignor to Westinghouse Co.).
2 028 510. -Radio navigation beacons in which a
keyed reflector system is used to produce over-
lapping beams with an equi-signal line for guiding
aeroplanes over a predetermined course.

E. Kramer (assignor to C. Lorenz Akt.).

ACOUSTICS AND AUDIO FREQUENCY CIRCUITS
AND APPARATUS

444 261. -Tone -correction circuit comprising a
series capacity and two shunt circuits of different
and variable reactance.

Pye Radio and C. J. Carter. Application date,
24th September, 1934.

TELEVISION AND PHOTOTELEGRAPHY
441 761. -Synchronising system for television in
which the level of a positive bias applied to the
modulator at the transmitting end is lowered to a
constant and definite value by the synchronising
impulse.

Radio Akt. D. S. Loewe. Convention date (Ger-
many), igth May, 1933.

441 847. -Circuit for separating the synchronising
impulses used in television.

M. Bowman -Manifold. Application date, 25th
June, 1934.
441 896. -Television system in which a series of
image points are transmitted simultaneously on
carrier waves of different lengths for each series.

L. Gabrilovitch, V. Isnard, and R. Berthon.
Convention date (France), 25th October, 1933.
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442 103. -Electron optical systems for cathode-ray
tubes.

F. H. Nicoll and L. F. Broadway. Application
date, 7th December, 1934.

442 323. -Method of mounting the cathode-ray
tube in the casing of a television receiver.

General Electric Co. and L. C. Jesty. Application
date, 1st February, 1935.

442 408. -Tripping circuit for the frame and line
synchronising frequencies used in television.

C. Lorenz Akt. Convention date (Germany),
1st. August, 1934.

442 513. -Preventing the so-called " origin " dis-
tortion or " white cross " effect in cathode-ray
tubes.

A. C. Cossor (assignees of M. von Ardenne).
Convention date (Germany), 2211d July, 1933.

442 668. -Mirror screw system of scanning for
television.

C. 0. Browne. Application date, 12th June, 1934.

442 686. -Saw-toothed oscillation -generators for
use in television and designed to give a rectilinear
" rising " curve with a small " fly -back " period.

L. R. Merdler and Baird Television. Application
date, 13th October, 1934,-

443 032. -Controlling the form and duration of the
synchronising impulses applied to a television
receiver.

T. M. C. Lance, D. W. Pugh, and Baird Television.
Application date, 24th August, 1934.

2 018 873. -Television scanning system in which a
number of light -points in different lines of the
picture are made simultaneously visible.

G. Ramsey.

SUBSIDIARY APPARATUS AND MATERIALS
441813. -Fluorescent screen comprising layer of
tungsten or molybdenum for cathode-ray work.

N. V. Philips. Convention date (Germany), 4th May,
1934.

44r 898. -Fluorescent screen formed on a carrier
coated with a white insoluble pigment.

F. F. Renwick and F. J. Shepherd. Application
date, 31st October, 1934.

442 099. -Suppressor unit to be fitted to electrical
motors and other apparatus for preventing inter-
ference with broadcast reception.

Belling and Lee and E. M. Lee. Application date,
6th November, 1934-

442 165. -Moving -coil loud -speaker fitted with a
cone which has an elliptical cross-section at the
larger end and a circular cross-section at the smaller
end, in order to give a wide frequency -response

any focusing effect.
G. F. Dutton. Application date, 3rd August,

442 361. -Electric pick-up for use with a cylindrical
or Edison -cut sound record.

A. F. Sykes. Application date, 2nd May, 1934.
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PHONIC MOTORS
We have recently introduced a new Phonic Motor,
type 16-C, to provide a machine with sufficient power
to drive small mechanical systems. With earlier types
of Phonic Motors the power has been limited to the
operation of clocks and commutators.

Specification :-
Frequency Range 50-1,500 cps.
Speed 600 r.p.m. (1,000 cps.)

Power 1/150 h.p. (1,000 cps.)

Efficiency 35%.

MUIRHEAD & CO. LTD.
MAKERS OF PRECISION INSTRUMENTS FOR OVER 50 YEARS

ELMERS END KENT
TELEPHONE: BECKENHAM 0041-2

Kindly mention " The Wireless Engineer" when replying to advertisers.
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PIEZO QUARTZ
CRYSTALS

for all applications.
Price List of Commercial.
Broadcast, and Amateur Trans-
mission Crystals,free on request

THE QUARTZ CRYSTAL CO., LTD.,
63 & 71, Kingston Rd., NEW MALDEN, Surrey.

Tekpboase-Maldna 0334.

SITUATION VACANT.

Radio Research (reception and tele-
vision). A vacancy at Research
Laboratories, G.E.C. Ltd., Wembley.
ist Hons. Physics or Engineering
preferred. Graduates without experi-
ence will be considered. Kindly address
applications to the Director. [321

AM FDLIFIERS
AND ALL SOUND REPRODUCING
EQUIPMENT FOR ALL PURPOSES.
Individually made not mass produced.

Fuli details Or demonetrationpse.

TA N N OY PRODUCTS
(Guy E. Fountain, Ltd.),

Canterbury Grove, WEST NORWOOD,
London, S.E.27

JUST PUBLISHED!

WIRELESS
SERVICING MANUAL

By W. T. COCKING
(of " The Wireless World")

The first complete book of reference of its kind. A
reliable practical guide for amateur and professional.

This book gives a complete explanation of the principles of testing on
which the servicing of receivers depends. The diagnosis of the various
defects which can develop in receiving equipment is fully dealt with and
the various remedies are described in detail. The choice of testing
apparatus and its proper use are also explained.
Receiver adjustment is treated in a comprehensive manner ; ganging of
straight sets and superheterodynes, trimming of IF amplifiers and
variable selectivity circuits, balancing of neutralised receivers and of
push-pull amplifiers are all dealt with in great detail.
The reference material includes the base -connections for British, Con-
tinental and American valves, and the colour codes which are just coming
into general use for components.

BOUND IN CLOTH BOARDS
SIZE n ins. x 5 ins.

213 PAGES

PRICE 5/- net. By post 5/4
Issued in conjunction with "THE WIRELESS WORLD" and Published by the Proprietors:-

IL1FFE & SONS LTD., DORSET HOUSE, STAMFORD STREET, LONDON, S.E.1

RADIO RECEIVER MEASUREMENTS
By ROY M. BARNARD, B.Sc., A.M.I.R.E.
A concise handbook of practical value to the radio service engineer as well as to the amateur
experimenter. Complete with fifty-three illustrations and diagrams, summaries of method,
four appendices and a general index.

PRICE 4/6 net. By post 4/9

From all booksellers or direct from the Publishers MITE & SONS LTD., DORSET HOUSE, STAMFORD STREET, LONDON, S.E.I

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

Wireless
THE Wor

PRACTICAL
RADIO TELEVISION JOURN

What is new in the world of radio and television,
both in theory and practice, is recorded week by
week in " The Wireless World." It contains the
very latest information on set construction and
includes articles on broadcasting and other
topics. " The Wireless World " is essentially
the wireless newspaper for the keen amateur.

II I

SPECIAL FEATURES ARE:
Theoretical Articles discussing new principles; Detailed
Technical Reviews of Commercial Radio Receivers ;
Designs for Experimental Receivers specially prepared
to illustrate the practical application of new principles

in valves, components or circuit arrangements.

EVERY FRIDAY 4d.
Subscription :

Home and Canada, £1 1 8.

Other countries £1 3 10 per annum,
poet free.

MIFFS & SONS LTD., DORSET HOUSE, STAMFORD ST., LONDON, S.E.1

ng and ior the Publishers. & °NS TOD., Millet Rotise, 8 anitord Street,
by The Cornwall Press Ltd., Paris Garden, Stamford Street, London, KEA.


