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tRANSMITTING VALVES
FOR ULTRA - SHORT WAVELENGTH

The illustration shows Transmitting Type TX4-75o

The increasing use of short wave-
lengths for transmission has necessitated
the development of special transmitting
valves. Among the comprehensive
range of Mullard transmitting valves
are three types for this particular appli-
cation. These are the TX4-750, the
TX4-400 and the TZ1-75 with which
requirements of output powers from 50
to 600 watts can be met over a range
of wavelengths of 5 to 50 metres.

Catalogue Leaflets are available on
request and full technical assistance will
gladly be given in choosing valves
for your particular needs. Apply to

MULLARD TRANSMITTING DIVISIO
The Mullard Wireless Service Co., Ltd., in, Charing Cross Road, London, W.C.2.,

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



March, 1936 THE WIRELESS ENGINEER

Years Ahead!
CONNECT
uNKNOVIN

CONOENSC0.9 AND
iNDOCTO0.5 SPECIFICATION

RESISTANCE

CAPACITANCE

INDUCTANCE

DISSIPATION .
FACTOR (RI X)

ENERGY
FACTOR (X/R)

MIN. MAX.

µµF.

I micro -
henry

002

'02

MQ

oop,F.

roo
henrys

I

1,000

The 650-A Bridge is direct -reading over
the above very wide ranges, for :

I. D -C Resistance

2. A -C, Resistance at i,000 cycles

3. Capacitance and Dissipation Factor
(RwC) at i,000 cycles

4. Inductance and Energy Factor
(Q= coL/R) at i,000 cycles

TYPE 650-A IMPEDANCE BRIDGE
This Bridge is entirely self-contained. It is com-
plete with enclosed power supply (long -life dry
cells), i,000 cycle source, all standards, null -
indicator, and there is nothing else to buy.

The Bridge is ready at a moment's notice for the
above wide -range measurements. It is completely
portable. The sloping panel is a most convenient
feature. Provision is made for applying an external
generator so that work may be done at other
frequencies than i,000 cps. Provision is also made
for attachment of an external detector such as a
sensitive vibration galvanometer, if desired.

The Type 650-A Bridge was one of the
sensations of the recent Physical Society's
Exhibition, and aroused the very greatest in-
terest, orders being placed for over twenty.

This Bridge has been purchased and ap-
proved by : The R.A.F. (repeat orders secured) ;
The G.P.O. ; The N.P.L. ; The Admiralty.
Also by nearly all Continental Governments
and by very many prominent manufacturers
in the British Radio, Electrical and Allied
Industries. Why not by you, too ?

OUR COMPLETE LINE OF INSTRUMENTS FOR ELECTRICAL, RADIO, COMMUNICATIONS
AND ALLIED MEASUREMENTS INCLUDES : FIXED AND VARIABLE STANDARDS OF
CAPACITY, INDUCTANCE AND RESISTANCE : FREQUENCY AND TIME MEASURING
DEVICES : OSCILLATORS OF ALL TYPES : BRIDGES OF EVERY DESCRIPTION : STANDARD -
SIGNAL GENERATORS : APPARATUS FOR WAVEFORM ANALYSIS : CATHODE-RAY OSCIL-
LOGRAPHS AND RECORDING CAMERAS : AMPLIFIERS : METERS : ULTRA -SENSITIVE
PHOTOELECTRIC CELLS, ETC. OUR COPIOUSLY ILLUSTRATED 200 -PAGE ART CATALOGUE
IS AT YOUR IMMEDIATE DISPOSAL, ON REQUEST, MENTIONING " WIRELESS ENGINEER."

CLAUDE LYONS, LTD.
Head Offices: 76, OLDHALL STREET, LIVERPOOL, 3
London: 40, BUCKINGHAM GATE, WESTMINSTER, S.W.1

(Telephone : Victoria 3068-2 lines)

Kindly mention " The Wireless Engineer when replying to advertisers.



R.700
Range: -
1,880 to
30,000 kc/s.
(10 to 160 Metres).
Accuracy: -
0.03 to 0.05%.
Linear frequency
interpolation.

£115.
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R.960.
40 to 30,000 kc/s.
(10 to 7,500 Metres).

Accuracy 0.15%.
Linear frequency
interpolation.

£47.

H. W. SULLIVAN
LIMITED,

LONDON, S.E.15
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ABSORPTION
WAVEMETERS

NEW DESIGNS
PORTABLE

AND

SELF - CONTAINED

R.1500.L.

Simple Lamp and
Buzzer wavemeter
3,000 to 60,000 kc/s.
(5 to 100 Metres).

Accuracy 0.5%.
Lamp only, £9.

Lamp and Buzzer, 9 . 1 7 6 .

4*

cle-cm-4-aei
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DUBILIER PAPER CONDENSERS FOR
RADIO MANUFACTURERS

Dubilier Paper Condensers are available Radio Manufacturers are invited to
in a wide variety of designs which send for details of the latest develop -
adequately cover the requirements of ments in Dubilier Paper Condensers
Radio Manufacturers, Constructors and and prices for 1936.
Service Engineers.

Condensers bearing the name Dubilier
are recognised by the most competent
authorities as representing the maximum
reliability obtainable.

the diagram below shows exclusive Dubilier
chassis -mounting system. Condenser screws into

the base which is fixed to the chassis.

UBILIE
CONDENSER C. (1925) LT.'?

DUCON WORKS, VICTORIA ROAD,
NORTH ACTON, LONDON, W.3.

Kindly mention " The Wireless Engineer" when replying :o advertisers.
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Editorial

A New Superheterodyne Principle
ASUPERHETERODYNE receiver which

involves some novel features was
recently described in a paper read

before the Australian Institute of Radio
Engineers by Mr. E. G. Beard.* The
essence of the invention appears to be in the
use of a part of the received wave to produce
the heterodyne oscillation which is then
mixed with the remainder of the received
wave in the usual manner. Although a
separate oscillator is maintained its output
is not mixed with the modulated received
wave in the usual manner. When the
arriving signal ceases or is tuned out, the
set is completely dead ; no heterodyne
oscillation is fed into the mixing valve. In
practice, however, the received signal is
heterodyned in the usual way as a pre-
liminary step and the ioo kc/s output of the
frequency converter is fed into the new re-
ceiver, which is, therefore, only called upon
to handle a modulated input of one fixed
frequency, viz.: ioo kc/s. The preliminary
frequency converter is designed to pass
the complete band of frequencies ioo to
kc/s without attenuation of the side -bands.
This divides between two channels, the
main channel and a branch channel. The
latter passes to a frequency converter

* The Radio Review of Australia, III., p. 4,
August, I93.

supplied also with 6o kc/s current from
a separate oscillator. The output of this
frequency converter would consist of the two
beat frequencies (100 ± 10) -I- 6o and (zoo

io) - 6o. This is passed through a very
selective filter, such as a quartz oscillator,
which eliminates all but a pure 40 kc/s
current, which, it must be noticed, ceases
if the received zoo kc/s oscillation ceases.
This 40 kc/s current constitutes the real
heterodyne oscillation of the receiver, and
it is mixed with the modulated Zoo kc/s
current in the main channel and rectified
in the usual way. The intermediate circuits
are tuned, however, to the sum and not to
the difference frequency, i.e., to 140 kc/s
and not to 6o kc/s. This is then rectified
in the usual way. The intermediate stages are
designed not to be highly selective but to
have a substantially flat-topped band-pass
characteristic sufficiently wide to pass all the
side -bands within the range 140 + 10 kc/s.
The selectivity is obtained through the 40
kc/s filter in the heterodyne supply, which
is dependent for its supply upon the received
wave containing a sustained oscillation of
exactly Ioo kc/s. If the received carrier
departs slightly from Ioo kc/s the set loses
its heterodyne supply and becomes dead,
but if the ioo kc/s carrier is present the set
transmits the whole band between 90 and
ZZo kc/s. The set will respond to all signals
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in this range, from whatever source they may
emanate, provided that it is also receiving a
sustained wave of exactly zoo kc/s. Such a
set is very suitable for the reception of Morse
signals on the interrupted continuous wave
system. During a dot or a dash any inter-
ference signal between io kc/s above and
below the carrier frequency will be super-
posed upon the dot or dash, but in the spaces
between the dots and dashes the set will be
mute. It is claimed that this enables greatly
increased accuracy in direction -finding owing
to the sharp minimum setting of the coils
made possible by the muting of the intervals 
between the signals. A part of the filtered
4o kc/s oscillation can also be used for auto-
matic volume control without any further
filtering since it has already been robbed of
its audiofrequency components.

In a receiver of this type it is desirable
that the final intermediate frequency channel
should operate at a frequency considerably
different from the frequencies used in any
of the earlier channels, in order to avoid the
risk of the earlier frequencies getting through
to the final detector. This has led to a

further refinement by subjecting the output
of the highly selective filter to a further
change of frequency before mixing it with
the signal oscillation. As an example, the
preliminary frequency changer may be made
to supply the set at a frequency of 4.00±I0
instead of 100 ± 10 as previously assumed.
A portion of this is tapped off and mixed
with the output of a 36o kc/s oscillator,
giving an output at 40 ± io kc/s which is
filtered as before so as to give a pure 4o kc/s
oscillation. This is now mixed with a
portion of the output of the 36o kc/s oscil-
lator, and the resulting 32o kc/s oscillation
is used as the heterodyne supply to the main
mixing valve where it gives with the signal
of 400 ± 10 kc/s an output at a frequency of
8o ± 10. This intermediate frequency is
far enough removed from any of the earlier
frequencies to avoid the penetration of
any of the latter to the end detector.

According to the author, this new type
of receiver has given very good results,
especially in the reception of modulated
signals below the noise level.

G. W. 0. H.

The Nature of Atmospherics

IN the January number we drew attention
to the work of Norinder in photographing
atmospheric wave -forms, and in con-

nection therewith we mentioned the pioneer
work of Appleton, Watt and Herd. Our
attention has been drawn to some more
recent work carried out at King's College
and at Slough on the photographic regis-
tration of atmospheric wave -forms, and
described in a paper read by E. V. Appleton
and R. A. Watson Watt at a meeting of the
U.R.S.I. in London in September, 1934.

In this paper it was shown that the low -
frequency pulse was preceded by a group of
high -frequency oscillations, which, in transit,
tended to travel faster and draw ahead
of the low -frequency pulse. The date of this
meeting, at which Professor Norinder also
described the results of somewhat similar
observations in Sweden, is more than a year
earlier than that of Norinder's paper, which
must consequently be regarded as con-
firming the work of the Radio Research
Board. G. W. 0. H.
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Variable Selectivity and the I.F. Amplifier*
Part 1.-The Design of Transformers for

Variable Selectivity
By W. T. Cocking

THE increasingly high standard of
quality of reproduction which is de-
manded in broadcast reception leads

to considerable difficulty in the design of
those circuits which discriminate between
the wanted and unwanted signals. Faithful
reproduction demands that all modulation
frequencies up to some io,000 c/s be fully
reproduced, but with the present spacing of
broadcasting stations the reproduction of
such high frequencies can hardly be tolerated
unless the field strength of the wanted
station is so much stronger than that of its
neighbours that interference is below the
level of audibility. In practice this con-
dition is found only in local reception, and
high selectivity, together with a curtailment
of the modulation frequency response, is
necessary for distant reception.

It is common to find, however, that some
degree of interference can be tolerated, and
that a more pleasing effect is obtained by
reproducing up to, say, 5,000 c/s and per-
mitting a little interference than by restrict-
ing the response to, say, 3,50o c/s and
avoiding all interference. Since the inter-
ference conditions are likely to be the same
on. no two stations, it is clear that the ideal
receiver would include continuously variable
selectivity so that the optimum degree could
be found for any and every station. It is,
however, by no means easy to achieve it in
an economical manner which is at the same
time technically sound, and it is obvious
that it will be far more difficult in the case
of a straight set, where the tuned circuits
must be tunable over a wide range of fre-
quencies, than in the I.F. amplifier of a
superheterodyne where the operating fre-
quency is fixed. Only the latter, therefore,
will be considered in this article.

It is well known that if a pair of tuned
circuits are coupled together by a mutual

* MS. accepted by the Editor, July, 1935.

reactance the resonance curve exhibits two
peaks if the coupling exceeds a certain critical
value, and that the frequency separation of
the peaks depends on the degree of coupling.
It is clear, therefore, that variable selectivity
can be achieved by the simple expedient of
employing variable, instead of fixed, coupling
in the I.F. transformers, for the usual
transformer consists of a pair of coupled
tuned circuits. Although such a course will
give good results when the intermediate
frequency is fairly high, particularly when
the efficiency of the coils is low and a wide
band -width is not required, the best results
cannot be secured by any such haphazard
arrangement.

The defect of the system embodying two
coupled circuits is that if the coupling be

Fig. 1. -Three tuned une lira, two of which are
variably coupled, enable a good control of select-

ivity to be obtained.

tight and the coils good there is a big differ-
ence between the response at the peaks and
the response at the trough between them.
In other words, the response in the pass
region is far from uniform. It is pointed out
in the June, 1935, Proceedings of the I.R.E.,
however, that the combination of a pair of
coupled circuits with a single circuit of one-
half the efficiency permits a combined
response curve to be obtained which has
only minor irregularities in the pass -band,
and since a variation in the selectivity can be
obtained merely by varying the coupling
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between the coupled pair, this system will
well repay detailed investigation.

The basic arrangement is shown in Fig. i,
and ignoring feed -back effects in V2, the
circuit can be separated into two sections,
shown in Figs. 2 and 3, in which the former
is responsible for producing a two -peaked
response curve and the latter a single -
peaked curve, and the overall amplification
will equal the product of that of the indivi-
dual stages. That is,

e,
=--- x

e2 e3-
e, e1 e2

Referring to Fig. 2,
- p.ie = a1Z1 - ji2/(.0C

o=12Z2-ji1/wC-jwMi3
o = 13Z3 - jwMi2
e2 = - ji,/wC

where Z1 = Rai - jicoC
Z2 =Z3 = R jcoL - lcuC R

from which
e2 - jp,icuM1w2C2
e, (Rai jia,c)(R2+ w2M2 p2 2jpR)

(R j/3)/(.02C2

When Rai > > i/wC, as is usually the
case with screened tetrodes and pentodes
e2

e, --= (R2+0,2312_.2p --t-4R)+{(R+0)10C2Rai}
where g1 = /21/Rai

When Rai is large, the second group of
terms in the denominator is very small
compared with the first, and the equation
can be simplified to
e2 - jgicoM/c02C2
e, R2 ± co2M2 - 132 + 2j13R

g1coMIco2C2
v[(R2 w2m2 p2)2 4p2R21 (I)

ta

Fig. 2.-The equivalent circuit of the first stage
of the amplifier of Fig. 1.

It is the variations of e2/e1 with small
changes in frequency which are of chief
importance, and over the limited range

covered by the modulation frequencies it is
permissible to consider the reactance .terms
as constant except where the difference of
two such terms is involved. Consequently,
for many purposes equation (i-) can be con-
sidered as including only one term variable
with frequency, the term /3, and in equation
(I) it is the value of
the denominator which
is of chief interest.

Now with the cir-
cuit of Fig. 3,
e3

AL 12g2

e2 1/R12 fl12

where /31 = wL1-
g2 = P2/Ra2

when Ra2 > > (02L12/R1 and (AL, > > R,

Consequently

(2)

fla2

C1:

-u282

83

Fig. 3.-The second
stage of Fig. i can be
represented by this

equivalent circuit.

e3
20,5M L2.1, 12

el ,v[{(R2+0,2m2_p2)2+ 4R2/32}(R12+1312)]

(3)

e3 g1g2aQQ1c02LL,

e, ,v[{(1+ a2._y2Q2) 2 ± 4y2Q2} ± y2Q12)}]

(4)

_g,g2aQQ 1co2LL1
AB

where wM/R = a
wL/R = Q
coL,IR,= Q1

y = (w2LC - i) = (co2L1C1- 1)

It is the variations of AB which are of
chief interest, and in particular the values
of y for which it is a maximum or a minimum.
These can be found by differentiating AB
with respect to y and equating to zero.
Performing these operations, the general
solutions for y are

y=o
Q2/Q12)± 1/v9(2a2- 2 214+i

- 14a2 + a4 ___ 2Q2/Q 12

+ za2Q2/Q12]
3Q2

and for the particular case when Q/Q1 = 2
this simplifies to

y = o or ± a2 -3,\12 ± IQ
3
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The resonance curve is of the type shown
in Fig. 4, the central peak occurring for y = o
the two outer peaks for y = ± Vat - 31Q
and the troughs for y =±V(a2- 3)/3/Q

The choice of Q/Q1 = 2 has not yet been
justified, and this may readily be done by
inserting the different values for y leading
to peaks into the expression for AB. When
Q/Q1 = 2 equation (4) becomes
e3 g1g2aQ2c021-1-112
el +a2-y2Q2)2+4y2Q2}(i2(22} _I_ y2Q2/4)

(6)
Q2c, 2A,

2 AB
When y
When y

(7)

=o AB = (I a2) (8)

= a2 - 3/Q AB = (1 a2)

= /71 2 C

y -o

AB=li+a2)

y = ,Aa2 - 3)/3/Q

y=± ,/(a2 -3)4/3/Q

121

Referring to Fig. 4, it can be seen that
there are in all four values of y for which
the response is equal to that given by
equation (9) and that two of them are
further removed from resonance than any
peaks. It is convenient to make these
frequencies the limits of the pass -band and
the values of y corresponding to these fre-
quencies must now be determined. The
values of y for which AB = (a2/9 I)aV3
are obtained by writing
(AB)2 = 3a2(019 + 1)2 = {(i a2 y2Q2) 2

4y2Q2}(I
y2i22/4)

which reduces to
(y2Q2 a2/3)2(y2Q2 + 4a2/3) = 0

and the required solution is
y (a2 - 3)4/3/Q

The important values of y can
tabulated as follows :
At resonance (centre

peak) y = o

At troughs y = V(a2

AB=a a2 9+11,fi At peaks y

At limits of ../(a2
pass -band Y = +

Now y = (w2LC - I)
Let f = the frequency for which y = o
then y = {4n2LC(f ± n)2 - 1}

= 4772 PLC + 4 72n2LC ±87r2fnLC -I

FREQUENCY
Fig. q.-This diagram shows the positions of the
peaks and troughs in the resonance curve. When
the modulation frequency n is small compared with

the carrier frequency f, y 2 n/f.

Thus when Q/Q1 = 2 the important result
is obtained that all three peaks in the
resonance curve have the same height. The
response obtained at the troughs is dependent
upon the value of AB when

y = f V(a2 - 3)13/Q
and for uniformity of response in the pass
region it should not be very different from the
value obtained when y a2 3/Q.

When y = ± V (a2 - 3)13IQ
AB = (a2/9 i)a.V3 (9)

(io)

thus be

but 4n2f2LC =
y = (n2 ± 2./n)//2

= (I ± 2.fin)n2if 2
znIf

.. (II)

3)13 . (12).

(a2Q- 3) . (i3).

- 3)4/3
. (14).

when 1 < < 2f/n as is usually the case.
It is possible, therefore, to work directly in
terms of the modulation frequency n, and
writing n, nr, and n for the modulation
frequencies corresponding to the limits of
the pass -band, the peaks, and the troughs
respectively the following relationships can
be derived from equations (12), (13), and
(4).

V (a2 - 3)4/3
n PB

np =nppv3,2
nr = nrB/2

4121/R (I5)
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Now the ratio PIT of the response at the
peak frequencies to that at the trough and
limits of the pass -band is of importance in
design and is readily obtained from equations
(8) and (9).

P (a2/9 1)a1/3
(i6)

a2

and the variation of PIT with a is shown in
the form of a curve in Fig. 5.

Turning now to amplification, at resonance
y=o and

e2 gicuL,Qa

e,- a2

and this is a maximum when a = 1, being
e2

= g1QwL/2 (i8)e,'"'
In the second stage

pe, g2QicoLi = g2c01412-2

Q1 = Q/2since

The total amplification is thus
e, _gig,Q2(.02LL,a
e1 2(1 a2)

Equations have now been developed which
enable the performance of any filter of this
type to be readily calculated. In practical
design, however, it is the reverse which is
more often required ; it is necessary to be
able to calculate the circuit values to give
the required performance. This is not
always so easily accomplished, but for-
tunately there is no difficulty in this case
and the equations already given can readily
be turned into suitable form. In order to
design a filter it is necessary to know the
resonance frequency f, the maximum modula-
tion frequency n, corresponding to the
limit of the pass -band, the permissible
variation in response between the peaks and
troughs of the filter, the mutual conductance
of the valves, and the gain required from
each stage. In the case of the stage em-
bodying coupled circuits the gain will
depend on the coupling and should usually
be taken at optimum coupling (a = 1) for
a filter with variable coupling, otherwise the
gain with this coupling may exceed expecta-
tions and lead to difficulties from feed -back
effects.

.. (17)

(19)

(20)

From equation (15)

L 1/(a2 - 3)4/3
R 47rnpa

whence Q = 27fLIR
and Q1= Q/2

March, 1936

From equations (17), (21), and (22)

giawQ (24)

7

L (e2/el) (1 ±

(21)

(22)

(23)

4

3

2

0 5 6 7

a- wM/R
Fig. 5.-The variation in response in the pass -
band depends upon the value assigned to the

coupling factor a.

2 3 4 8 9 10

which reduces to

L = 2e2/e1 when a = .. (25)
gia2

From (2I) and (24), R can be evaluated
and since a = wM/R

M = aR/w .. (26)

and, of course, C = i/w2L . . (27)

From (i9)
2e3/e2

1 g24
C1 = 1/c02L, . (29)

R1 = coL,IQ, .. (30)

As an example, take the case where
g, = g, = 2 X 10-3 AIV.
e,le,= 5o when a =
e3/e2 = 100
f = 4.65 x 105 c/s
npB = 104 CIS
PIT = 1 db.

.. (28)
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From Fig. 5, a = 3.9 for PIT = 1 db.
consequently equations (21) to (30), give
L/R = 3.2 x 10-5, Q = 93.5, Q1 = 46.75,
L = 38o R = 11.99, M = 15.9 p.H.,
C = 308
and C1

L1 = 367 pH., R1 = 22.9Q,
319 ppF.

Using these values, the gain of the first
stage is 5o times when the coupling is
optimum. As the coupling is increased to
broaden the band -width the gain falls and
becomes 24.1 times when a = 3.9, as may
readily be calculated from equation (17).
This variation is less important than might
be thought at first, for in practice the full
band -width and the full sensitivity are
rarely required together ; interference will
usually prevent the full band -width from
being used on any but strong signals.

The performance to be expected from an
amplifier of the type shown in Fig. 1 with
the circuit values just derived is shown by

1,00C.

100

10

a0 -30 -20 -10

a -t 0 5-

a - 3'J--

0 10 20 30

L

40

KILOCYCLES PER SECOND OFF RESONANCE

Fig. 6.-Resonance curves showing the effect of
varying the coupling between two coupled coils.

the curves of Fig. 6, which have been calcu-
lated with the aid of equation (4). It can
be seen that when a= 3.9 the response
only varies in the ratio of I : 1.2 (I db.) for
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frequencies up to ± Io,000 c/s away from
resonance, but that for frequencies further
removed from resonance the selectivity is
quite good. As the coupling is reduced the
pass -band is narrower and the variations
within it are smaller as shown by the curve
for a= 3.o. When a < 1 the band-pass
effect disappears completely and the con-
ventional resonance curve for loosely coupled
circuits is obtained.

It can be seen that if the coupling be made
variable over the range of a = 0.5 to a= 3.9,
a very wide variation in selectivity is secured,
the input necessary at ± io,000 c/s off
resonance for constant output varying from
29.2 to 1.2 times that needed at resonance.
With the circuit values suitable for this
particular case this means a variation in
mutual inductance of 2.04 to 15.9 µH.,
which is by no means difficult to obtain.
The variation of selectivity is, of course,
accompanied by a change .in the amplifica-
tion and this is shown in Fig. 7. When
a= 0.5 the gain is 8o per cent. of its maxi-
mum value, which is secured when a= 1.
On further increasing the coupling the gain
falls, and becomes 48 per cent. when a= 3.9,
the maximum coupling used in the case
under consideration. In practice, the
change in amplification with coupling is not
very important, for when the receiver is
tuned to a station the automatic volume
control system very largely compensates
for it. There is, furthermore, an effect due
to the change in quality which largely
offsets it. When the coupling is so adjusted
that the gain is optimum there is a con-
siderable degree of sideband cutting and the
reproduction is lacking in the higher modula-
tion frequencies. When the coupling is in-
creased the gain falls, but the sideband
cutting is reduced. Now the apparent
volume depends very largely upon the
frequency response and if the gain of an
amplifier be maintained constant and the
high -frequency response changed, the greatest
apparent volume is secured with the full
high -frequency response. This effect, there-
fore, tends to compensate for the changes in
amplification found when the coupling is
increased beyond the optimum, and it is
probable that with the levelling provided
by A.V.C. the volume will appear to increase,
with the coupling ! When the coupling is
varied below optimum, of course, this effect
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has the reverse action, for then the sideband
cutting increases as the gain falls.

The practical use of filters of this nature
must now be considered. An examination
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It is the modern practice to operate the
detector V3 at a large input, and as this valve
often provides A.V.C. the detector input may
be very large on a strong signal. It is often
difficult to obtain sufficient undistorted out-
put from the last I.F. valve V2 even under
conditions of an efficient transfer of energy
to V3, and it will obviously be much more
difficult to obtain it if the coupling in the
transformer be loose, as it must be for the
filter conditions as a whole to be approxi-
mately fulfilled. The position is, of course,
greatly eased if the A.V.C. circuit be fed

1 2 3 4

a= M/R

of Fig. 6 shows that at least two such filters
will usually be needed to provide adequate
selectivity, for with a single filter with
a = o.5 the response is 29.5 times down at
± 10 kc/s off resonance and a drop to I,000
times is usually considered necessary in a
selective receiver. Obviously two filters will
provide nearly this degree of selectivity and
the problem is how best to arrange them in
practice. It is clear that if arranged on the
lines of Fig. i the number
of valves necessary will be
excessive for manypurposes,
and it has consequently
been suggested that they

Fig. 8.-One method of con-
necting six tuned circuits
in an amplifier. For the
correct results the fixed -
coupled pair must be loosely

coupled.

be arranged as two conventional variably -
coupled pairs to give the side peaks with a
third pair of circuits of Q/2 with fixed loose
coupling, as shown in Fig. 8, for the central
peaks. This will, of course, only lead to
the correct results if the coupling of the
fixed pair be very loose so that the resonance
curve of this transformer approximates to
the square of that of a single circuit of Q/2.
Now this is the one point in a receiver where
the use of optimum coupling is desirable.

Fig. 7.-The variation of amplification
with coupling is shown by this curve.

from the primary of this last I.F. transformer,
and this is rapidly becoming standard
practice.

The difficulty cannot be got over by trans-
ferring this transformer to a previous stage
and employing one with variable coupling
between V2 and V3, for in this stage the
circuits are damped by the detector and
A.V.C. system. In order to obtain the
correct value of Q for the circuits under

2

Q Q 12

a

T

Q/2

operating conditions, therefore, the coils
in this transformer would have to be excep-
tionally, and perhaps impossibly, good. If
the arrangement of Fig. 8 be adopted,
however, this difficulty solves itself, for
circuits of only one-half the normal Q are
needed in the coupling to the detector, and
it will often be possible to use the same coils
as in the earlier circuits and to adjust the
detector input resistance to provide the
requisite damping.
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In view of these points it will be apparent
that although the system provides a good
solution to the problem of obtaining variable
selectivity, it is not an ideal one unless the
detector conditions are such as to permit
sufficiently loose coupling to be used in the
filter preceding it. This is even more
evident when greater selectivity is needed
than can be obtained from a total of six
tuned circuits. If the correct response is
to be maintained the number of circuits
used must be a multiple of three, so that
nine circuits are needed to give increased
selectivity. The addition of three tuned
circuits to the system of Fig. 8 will call for
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Fig. g.-An arrangement of three coupled circuits
simulating the circuit of Fig. 1 ; for a close

approximation M2 must be very small.

two extra valves if they are to be propqrly
separated from the other circuits, and if is
obvious that the receiver will become im-
practicably large for any ordinary needs.
Two I.F. stages can provide all the amplifica-
tion normally required and the use of four
I.F. valves seems very wasteful. There is
no doubt, however, that higher selectivity
than can be obtained with the six circuits
of Fig. 8 is often necessary, and in this con-
nection it should be pointed out that although
the curves of Fig. 6 are calculated for a
frequency of 465 kc/s, they hold at any
frequency provided that L/R is maintained
constant. It is thus no solution of the
selectivity problem to employ a lower
intermediate frequency, for the Q of the
tuned circuits will have to be reduced to
prevent an increase in the variation of
response in the pass -band.

Now it will be apparent that the real
difficulty with this system lies in the need
for isolating the single circuit, which corrects
for the double -humped response of the
coupled circuits alone, from the coupled
circuits themselves, for an increase in the

number of circuits leads to an addition of two
valves for every three circuits. If it were
possible to dispense with this isolation and
employ three circuits coupled together the
position would be greatly relieved, for every
three circuits added would need only one
extra valve and moreover the position as
regards the detector coupling would be easier.
It is important, therefore, to investigate in
detail the  characteristics of three coupled
circuits.

The system under consideration is shown
in Fig. 9 and the basic circuit in Fig. io, to
which the following equations for the circuit
conditions apply, if /1 + 12 = L

- µC1 = i1Z1 1.1:21wC

o = i2Z2 - jilicoC -
0 = i3Z3 - jwM2i4
0 = 14Z - jGOM223
62 = - .ii4/(0C

whence
e 2 PM11112/C2

C1 Z 2(Z ,Z ± w2M22) + COW 12Z 4}
(3I)

+ ,Z om 22v oc 2}
where

Zi = Ra -j coC R. when R. > > i/wC
Za = Zs R jcuL j ceC ---= R + jp
Zs R1 jeaL -j coC = R1 + .113

14

Fig. so.-The equivalent circuit of Fig. 9 is
shown. here.

Consequently, when g = µ/R.
62 g11/11M2/C2
61 (I? + 9.1){(R +:7P)(R + ..#3) ± OM 22}

(32)

w2M12(R1 + if3)

when the terms in the right-hand bracket
in the denomination of equation (31) are
small compared with those in the left-hand
bracket.

Writing al = 1 1/R
a2 = wM2/R

= wL/R
(w2LC - I)

Q
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equation (32) reduces to
e2 galavaLQ

el V[{Ri/R + a 12R1/R a22
- y2Q2 (2 ± Ri/R)}2

±y2Q2{1+ 2/21/R + a12 a22 _y2(2}9 (33)
= ga,a2coLQ/A (34)

Now if all three circuits be made identical
and the couplings be made the same and,
varied together, a three -peaked response
curve will be obtained if the coupling be
great enoughl, but the centre peak will be
higher than the others and the ideal to be
aimed at is that of approximate equality.
Inspection of the circuits of Figs. 1 and 9
shows that if the coupling to the third
circuit of the latter be made loose enough
the shape of the response curve will approxi-
mate to that given by the arrangement of
Fig. 1. It can be seen, therefore, that the
results of the system of Fig. I are likely to
be approached by those of Fig. 9 by making
M2 fixed and small, and that if M2 be small
enough approximate equality of peaks will
be obtained by making 2R = R1 as before.
Inserting this value in equation (33)

A = V[4(1 a12 a22/2 2y2122)2

+y2Q2(5 a12 a22 y2(292]
(35)

differentiating with respect to y, equating
to zero, and solving for y we have

and y

y=o

V[
(a12 a22 - 3)

3Q2

24a22 11 06)..(a12±a22 3)2{2 ±VI

Unfortunately there is no general solution
to this equation, so that the procedure must
be different from that adopted in the case
of the system previously described. It is
clear, however, that if a2 be small an approxi-
mate solution can be obtained which will be
nearly the same as for the first system. It
will be remembered that with that arrange-
ment the Q of the circuits was determined
on the basis of the permissible variation in
the pass -band and that the other circuit
constants followed from this. In this case
there is an extra variable, the coupling to

" The Analysis and Design of a Chain of
Resonant Circuits," by M. Reed, M.Sc., A.C.G.I.,
D.I.C., The Wireless Engineer, May and Jane, 1932.

the third circuit, and as a weak coupling
leads to the nearest approximation to the
results of the first system, it is clear that it
will pay to make the tuned circuits of as
high dynamic resistance as possible and to
control the amplification by means of the
coupling. This scheme will lead to the
loosest coupling possible for a given degree
of amplification and hence give the nearest
approximation to the results with the first
system. This will only be true, however,
provided that the relation (aLQ > >R. is
still maintained.

Now for a given value of Q the dynamic
resistance is proportional to the inductance,
so that, assuming that the required Q can be
obtained with any inductance, it will pay
to use as high an inductance as possible.
In the limit, the inductance which can be
used depends upon the minimum circuit
capacities, and the capacity which must be
allowed in the trimmers to compensate for
the inevitable circuit variations. In the case
of the first circuit of Fig. 9, the capacity
will include the output capacity of V1,
about 12 ptcF. for an average valve, the
self -capacity of the coil, about 10-15 iziLF.,
and the stray wiring capacities some 5-10
pi.cF. The total capacity apart from the
trimmer is thus likely to be about 27-37
tilLF. In the second circuit there is no
valve capacity and wiring capacities are
likely to be smaller, so that the total will
be only about 12-22 µIX. In the third
circuit the capacities will be of the same
order as those in the first save that the input
capacity of V, will be about 2-3 pi.LF. higher
than the output capacity of V1; the capacity
of this circuit, therefore, will be some 29-40
µpas. If the same values of inductance be
used in each circuit the trimmers must have
sufficient capacity to compensate for varia-
tions in capacity between the circuits. The
trimmers themselves will have a minimum
capacity which must be taken into account,
and in the case of air -dielectric components
this is usually 3 /44.F. It is necessary,
therefore, to legislate for a minimum circuit
capacity of 15 pia'. and a maximum of
43 pp.F., including the minimum capacity of
the trimmer.

The coils, however, will not have exactly
the same inductance values and the trimmer
capacity must also correct for the variations
in inductance. The latitude allowed will
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naturally depend upon the accuracy with
which the coils are matched. In commercial
production accurate matching appreciably
increases the cost, and as ganged tuning is
not involved its absence does not very
greatly affect the performance. An accuracy
of ± 5 per cent. is probably sufficient and
is readily obtained in practice.

For convenience in estimating the effect
on capacity the variation may be taken as
one of capacity and it can be seen that a
maximum capacity of 46 1.4.µ.F. must be
permitted and the trimmer must have a
variation of not less than 31 Au.F. For
resonance at 465 kc/s this calls for an in-
ductance of 2,55o µH. In the foregoing,
however, only the likely circuit variations
in the particular arrangement of Fig. .9 have
been allowed for, and it must not be for-
gotten that the filter may not always be
used in this particular way. With battery
valves and with diode detectors the valve
capacities are usually smaller, while in
certain cases screening of leads may render
the total capacity higher than these figures.
To leave a factor of safety, therefore, it is
wise to choose a somewhat lower value of
inductance and 2,000 H. seems a suitable
maximum figure. The capacity for resonance
is 58.8 1.44.F. and as the minimum circuit
capacity is of the order of 15 /AIX., a trimmer
giving a variation of 6o p.p.F. will give an
ample range of 15-75 ILILF., and permit the
stray capacities to vary between zero and
58.8 pl.LF. Thus in practice it is pnly
necessary to make sure that the maximum
circuit capacity, including the figure allowed
for inductance variations, does not exceed
58.8 lig'.

The best method of evaluating the values
of components to give the requisite per-
formance is to assume values of inductance
and stage gain and to use these values to
simplify the formulae concerned.

At resonance, when y = o, equation (33)
becomes

e, gaict2wLQ
el 2(1 + a12 + a22/2)

Differentiating with respect to al and
equating to zero

a12 = I + a22/2 .. (38)

for a maximum value of e2le1.
Inserting this value of al in equation (37)

- (37)
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\el 41 61/1+,2/2 2V2(2/a22+ 1) (39)

Consequently,

4 e2/ei
= v[g2Q2,,2L2_ 8 (e2Je1)2] (40)

Now although the coil inductance can be
selected in the manner already described
and the stage gain can be fixed at any con-
venient figure, a.value for a2 cannot be found
without knowing Q. If equation (36) be
examined, however, it can be seen that it
will reduce to equation (5) when a2 is very
small. It is necessary to make a2 as small
as possible consistent with the required
amplification if the performance of the
original system is to be approached, so that
equation (5) may be taken as an approximate
solution of equation (36) and the value of
Q found for the previous system may tenta-
tively be used in this case also. For repro-
duction up to ro,000 c/s with a variation
r db. in the pass -band it was found that
Q = 93.5. If a stage gain of 5o be assumed,
the following values may be inserted in
equation (41)

e2lel= 5o
L = 2 x ro-3 H.
Q=93.5
g = 2 x 10-3 A/V
f = 4.65 x ro6 c/s.

Then
a2 = 0.185

The insertion of this value in equation
(36) gives

(a12 - 2.986)
3Q2

0.336
12 =VI

(al! - 2.986)2 _I
The value of al previously found was 3.9

Inserting this in the above equation
yQ = ± (3.48 or 2.038) = 4.02 X ro-4n
n = ± (865o or 5o6o) to slide rule

accuracy.
...n = ± 865o c/s

nr = 5060 c/s.
The values of n and n,. for the original

circuit were found to be 8,66o c/s and 5,000
c/s respectively. For any practical design
purposes, the error is negligible, and provided
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that a2 be small, the relevant formulae of
the first circuit can be employed in the deter-
mination of component values. The starting
point in design is a knowledge of the pass -
band required, the permissible variation
in it, the frequency, the coil inductance and
tuning capacity, the mutual conductance of
the valve, and the stage gain required.

The first step is to evaluate a1 from Fig. 4
and then to calculate L/R from equation
(21). Equations (22) and (23) then give
Q and Q1, while a2 is calculated from (40).
The stage gain is, of course, for the optimum
value of a1 and the corresponding value of a1
is given by equation (38). Since L/R and
L are known R can be obtained and R1 = 2R
by definition. Then M1 = a1R/w and
M2 = a2R/w. The validity of the results
should be checked by solving (36).

If the same example as before be taken
namely

g = 2 x 10-3 A/V.
ede,- 5o at a1opt.

f = 4.65 x 105 c/s.
n, = 104 c/s.
PIT = i db.

L = 2 x 10-3 H.
the following values for the circuit constants
result.

L/R = 3.2 X to -5

Q = 93.5

R = 62.5 Q
Ri = 125 D

Q1= 46.75 M1= 83.5 µH.
for a, = 3.9

a1 = 3.9 M1= 21.55 µH.'
for a,=1.0084

1.0084 M2= 3.96 01-
a2= 0.185 C = 58.8 lig.

In order fully to justify this method of
calculation, which is undoubtedly open to
criticism on exact scientific grounds, but
which has the great practical merit of per-
mitting the rapid evaluation of circuit
values with sufficient accuracy for practical
purposes, the resonance curve for the fore-
going values has been calculated from equa-
tion (33) and is shown in Fig. it. It is
instructive to compare the curves for a =3.9
in Figs. 6 and to for the two -stage plus
single circuit and three -stage filters respec-

tively. The calculations involved have been
made to slide -rule accuracy only, but the
tendencies shown are the expected. As
nearly as can be read on the curves, the
peaks and troughs occur at the same fre-
quencies, but the side peaks are not quite
as prominent in the case of the three -stage
filter. With the first circuit the three peaks
are at the same level, but in the case of the
second about 1.05 times the input is neces-
sary for the same output as at resonance.
At 3o kc/s off resonance the input must be
increased by 49.5 times with the first circuit,
but by 46.6 times with the second.

It can be seen, therefore, that, as one might
expect, the effect of coupling the third tuned
circuit to the coupled pair, instead of isola-
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Fig. .-Resonance curves illustrating the
performance of the circuit of Fig. 9.

ting it, is to reduce the selectivity and to
make the centre peak more prominent than
the others instead of being equal to them.
In this case, by virtue of the loose coupling
adopted, the effect is negligible and is less
than the variations to be expected in prac-
tice due to changes in component values
from those calculated and to the effects of
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stray couplings. It should be noted that
it is improbable that a closer approach to the
first system could be obtained by making
Q1 have a different relationship to Q. The
selectivity of the two systems could be
equalised by increasing Q1, but this will
increase the variation in the pass -band. For
equality here a lower value of Q1 would be
needed, but this would increase the difference
in selectivity.
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When a1 is reduced in the three -stage
filter the selectivity increases in the same
way as when the circuits are separated and
for the same values of coupling in the two
cases the selectivity is very slightly lower
with the three -stage filter. The variation
in amplification with a1 is very nearly the
same as with the first system as shown by
the curve of Fig. 12.

It is now necessary to consider how such
a three -stage filter is best used in practice.
The three -circuits are basically the same
except for the resistance of the third. Where
the filter is used to couple two I.F. stages,
or a frequency -changer to an I.F. valve,
the H.F. resistance of the third circuit must
be deliberately increased above that of the
others, for the input and output resistances
of such stages are usually high. Where the
filter is used to couple an I.F. valve to a
detector, however, the third circuit will be
damped by the input resistance of the de-
tector and it may be possible to arrange for
this resistance to be of the right value for
making Q, = Q/2. This applies also to the
case where the transformer is used to feed

an amplifier of definite input resistance such
as the double -triode system due to Cole-
brooke2. The transformer will be most
generally useful, therefore, built with identical
circuits and the resistance of the third
circuit increased by external loading. This
external load most conveniently takes the
form of a shunt resistance across the output
terminals equal in value to the dynamic
resistance, or wLQ. In the case discussed
this is a resistance of 0.545 M. If it be
attempted to make the detector input
resistance serve, a load resistance of 1.09 MS2
will be needed for a diode detector, for with
a large input the input resistance of a diode
detector is one-half the D.C. load resistance.
A load of i MS2 is unusually high for a
detector in a high -quality receiver, but it
is not always impossibly so.

It should be remembered, of course,
that the formalae given in this
article take no account of the
effects of those stray couplings in

Fig. 12.-The variation of amplification
with coupling for the three -circuit filter.

a receiver which may cause regeneration
or degeneration, whether they be due to
imperfect screening and decoupling or to the
grid -anode interelectrode valve capacity.
The latter is bound to have some effect and
will tend to increase the stage gain, make the
resonance curve asymmetrical, decrease the
width of the pass -band, and increase the
variations within the pass -band. It is not
intended to discuss this question in any
detail here, for it has already been very fully
treated in the pages of this journal3. The
input impedance of a valve having a resonant
load and an appreciable grid -anode capacity,
however, will change greatly with small
changes in frequency about resonance. The
impedance can be considered as made up
of a reactance and resistance in parallel,
each having values which change in a corn -

2 " A Study of the Possibilities of Radio -
Frequency Voltage Amplification with Screen -Grid
and with Triode Valves," by F. M. Colebrook, B.Sc.,
Journ. I.E.E., February, 1934.

3 " The Grid -Anode Capacity of Valves," by
M. O'Connor Horgan, M.Sc., The Wireless Engineer,
September, 1934-
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plex manner with frequency. The changes
in reactance are likely to broaden the re-
sponse of the input circuit, for the variations
are such that they can be represented by a
condenser, the capacity of which is a function
of frequency. Over a small range of fre-
quencies close to resonance, therefore, the
third filter circuit is resonant to any fre-
quency within that very small band, for
the circuit capacity is automatically changed
the appropriate amount. The input re-
sistance varies greatly with frequency and
is positive on one side of resonance and
negative on the other. Degeneration will
consequently occur on one side of resonance
and regeneration on the other, with dis-
astrous effects on the symmetry of the
resonance curve.

It is no complete solution to correct for
the feed -back by decreasing the value of the
shunt resistance to the third filter circuit,
for although instability may be prevented
in this way, the loading on the filter will still
vary with small changes in frequency. The
true solution is to employ a type of amplifier
stage which has an input impedance which
is constant, or nearly so, with small changes
in frequency. Such a stage is obtained when
the valve following the filter has a non -
resonant load impedance, and the Colebrooke
double -triode amplifier should be entirely
free from the defects which have just been
discussed. The input impedance of a stage
of this nature can be made to have almost
any desired value and it is nearly constant
with small changes in frequency if the load
of the first valve of the pair be correctly
designed. It is not, of course, essential to
use triodes with this system, and tetrodes
or pentodes are equally applicable and show
some advantage.

It should be pointed out that these feed-
back effects are not peculiar to the types of
coupling dealt with in this article, but are
found with all types of tuned intervalve
couplings. The effects become more notice-
able, however, with any increase in per-
fection in the width and flatness of the pass -
band of the amplifier, so that they are likely
to be more important with the more perfect
types of filter discussed here than with the
coupled pairs of tuned circuits conventionally
employed.

It is worthy of mention that when a screen -
grid or pentode valve is both preceded and
followed by a three -stage filter, the effects
of the valve capacity will be more complex
than those described above. The load on
the valve when tight coupling is used will
have two resonance frequencies, both of
which are different from the central fre-
quency of the pass -band. Consequently,
there will be several bands of frequencies for
which the input resistance is positive and
others for which it is negative.

It may be remarked that the double -
triode amplifier, although ideal for following
a filter, does not lend itself to use before a
filter designed from the data in this article,
for the output resistance of the amplifier
is the A.C. resistance of the second valve,
and if a triode be used is likely to be some
3,000-30,000 ohms. The effect of this re-
sistance on the filter must be taken into
account and will undoubtedly lead to a
considerable modification of the design.
From the point of view of input impedance,
however, triodes are by no. means essential
with the Colebrooke amplifier, although they
may be desirable when a large voltage out-
put is needed. If screen -grid or pentode
valves be used, there is no reason why the
filter should not follow such an amplifier
as well as precede it.

Although the primary purpose of this
article has now been accomplished, namely,
the description of the theory and prac-
tice of a new type of I.F. coupling device,
the results which are obtained in a practical
amplifier depend so much on the design of
that amplifier as distinct from the filters
that the writer deems it advisable to enter
as briefly as possible into the rather large
subject of I.F. amplifier design. Only the
case of amplifiers for high quality receivers
will be considered, for it seems unlikely that
adequate amplification can be secured from
a single I.F. stage using the three -circuit
filters, and in small receivers the distortion
introduced by other stages is likely to be
such that there is no point in retaining the
highest audible frequencies, and a simpler
form of I.F. transformer will then give
sufficiently good results and higher amplifi-
cation.

(To be continued.)
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Retroaction in Audio Amplifiers*
By Matei Marinesco

(Electrical Communication Research Laboratory of the Polytechnic School. Bucharest)

IN a previous article t it was shown that
retroaction can successfully be employed
in audio frequency amplifiers to improve

efficiency and frequency distortion char-
acteristics of such amplifiers. Non-linear
distortion was not then dealt with.

We shall now take into account this dis-
tortion and prove that it can also be removed
by suitable retroaction.

Theoretical Consideration
Let us consider the circuit of Fig. i, where :
Re= resistance of the load (electro-

mechanical receiver device) on the valve ;
it is through this resistance that alternating
electrical power delivered by the valve is
converted into mechanical or acoustic power.

Fig. r.

Z = impedance of the load on the valve ;
this impedance has 2 components, a real one
in phase with the current, which accounts
for iron losses, and an imaginary one in
quadrature with the current, which accounts
for the self-induction of the windings of the
electro-mechanical receiver device, excited
by the valve. It is this impedance which
causes frequency distortion of current in
the valve amplifier anode circuit, as it varies
with frequency : Z = f(w) ; it also reduces
the sensitivity of the valve, for we need
larger grid e.m.f. to produce the same anode
current as in the ideal case where this im-
pedance is missing.

* MS. accepted by the Editor, July, 1935.
f M. Marinesco : " Frequency and Phase Dis-

tortion," July, 1935.

p = compensation impedance, the com-
ponents of which will be given later.

T, coupling transformer of ratio
ni

n, being the number of turns of secondary
(in grid circuit), n, being the number of
turns of primary (in anode circuit).

Between grid tension V., anode tension
Va and anode current I. we have the well-
known relation :

Va kV.= F(I.); .. (a)

k being the amplification factor of the valve
and F a function of the anode current I..
On the other side, supposing that p is small
with respect to Z and Re,:

V.= E - (Z Re)I.. (b)
If T is an ideal transformer and the con-

nections with the valve circuits (grid and
anode) are such that the e.m.f. µu (u being
the variable part of the p.d. at p) induced in
the grid circuit is in phase with e (applied
grid e.m.f.) we can also write :

V,= -ea e (c)

Eliminating Va and V, among these 3
relations (a), (b), (c) we get :
(a1) .

If I.= 10+ ia, and i. < I0, where
10 is the mean anode current, and 1s the
superimposed alternating current, and if
we separate in (a1) alternating from constant
terms by expanding F (Ia) in series (Taylor),
we obtain for the alternating terms the
relation :

ke= Rel.+ [Fla las ± .1

+ Zia - ki.at . . (a2)

Now suppose p small with respect to the
impedance of primary of T, and composed
of an impedance z in series with a resistance
varying with the current Ia flowing through
it (it may be, for instance, a copper oxide
rectifier, or any other suitable detector).

Under these conditions the p.d. U across
p will be :

U = zIa + CI.); (d)

B 2
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0 being a function of /a representing the
p.d. across the resistance varying with the
current.

Substituting /0 + is for I. in (d) and
separating again alternating from constant
terms, by expanding 0(/a) in series (Taylor),
we get for the alternating terms the relation :

u = zia + 0iza +
2

+ . . . (d1)

Substituting this value of u in relation
(a2) we obtain :

ke = Rein + (Z - a(F' -
i[F" - . . . . (as)

now if we make :
(i) Z=µ,kz; (2) F' =00'; F"=1.41eck"; . . etc.,
we see that we obtain finally :

ke
is = k . . (a4)

All happens in the anode circuit as if the
e.m.f. ke of the valve has to do in this circuit
with only the resistance R. of the load on
the valve. All kinds of anode current
distortions are cancelled. In the same
circuit, without retroaction, the current is
given by :

is - ke

R. Z F -2n 1. +
.. (as)

where (F'
2

. . .) is usually de-

signed by Ri (internal resistance of valve).
This relation can immediately be deduced
from (a2) by putting µ = o.

Let us now consider for a moment the two
conditions (i) and (2). Condition (I) con-
cerns the frequency distortion compensation
and gives us the value of the compensation
impedance z, so that this kind of distortion
completely vanishes ; the case was treated
in detail in the previous article (t).

As regards condition (2) we must dis-
tinguish between the first relation, i.e.,
F' = ta0', and the others.

Relation F' = p.k0' concerns the com-
pensation of the internal resistance F'I0
of the valve for I.= I.; graphically it
represents the slope of the tangent to the
curve : Va = F(Ia) for I.= I. so that we
may also state, according to this relation,

that the two curves : Va = F(Ia) and
U' = pckU = 00(I.) must have the same
slope for I. = I..

The  other equalities concern the non-
linear distortion compensation, and if these
are also fulfilled the terms in ia2, ia3 . . . etc.
disappear from relation (a3) ; translating
this into geometrical language we may state
that the two curves Va = F(Ia) and
U' =µkU = pkO(I.) must have identical
shapes in the proximity of I. = Io. Analy-
tically, we may also say that the larger the
current oscillations about /0 the greater the
number of equalities (2) which must be
fulfilled for a given non-linear distortion
factor of ia.

Experimental Proofs

Experiments to prove non-linear dis-
tortion compensation by suitable retroaction
were carried out as follows. The non-linear
distortion factor of anode current in a valve
was measured by a non-linear distortion -
factor meter at 400 c.p.s., when a 40o c.p.s.
pure sine wave e.m.f. was applied to the
grid :

(a) First without retroaction ; (b) secondly
by linear retroaction ; and (c) thirdly by non-
linear retroaction obtained through a copper
oxide rectifier and the results compared.

e

A

TO
DISTORTION

FACTOR
METER

Fig. 2.

The circuit used for this is to be seen
in Fig. 2. D is the copper oxide rectifier,
r a variable resistance, and P a potential
divider of 'MD, by which the degree of
retroaction could be varied by taking a
fraction of the total p.d. /Au fed back to the
grid through T. The distortion factor
meter was a " General -Radio " instrument
with a very high input impedance, acting
therefore as a voltmeter giving by direct
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reading for a 400 c.p.s. alternating p.d.
applied to the input, the value of :

Vai2 a22 a32

ao

a1, a2, . . . etc., being the amplitudes of
the first, second . . . etc. harmonics of the
applied p.d. and ao the amplitude of the
fundamental of the same p.d.

73,2.

70

32-

28-

24-

20 -

16-

12-

1
8

4-

0
08 1'4 1:6 20

e VOLTS

Fig. 3.

The instrument was arranged as shown in
Fig. 2, between the terminals of the load R.,
on the valve a pure resistance of 2,000 Q.
The valve used was a Philips' B 405 ; for
a pure sine wave e.m.f. of 2 volts applied
to the grid the distortion factor, with no
retroaction applied, was 1.82 per cent. ;
the working point of the valve being defined
by the following constants :

ea= -7 volts ; /0 = io mA ; Va = 67.5
volts ; if (filament current) = 150 mA.

The alternating current is was 2 mA.
On applying linear retroaction only (D
being short circuited), and increasing it by
increasing r or P, the anode current increases
as well as the distortion factor ; but to
obtain comparable results with the case
where retroaction was absent we main-
tained is constant at 2 mA by decreasing e.
In Fig. 3 (curve a) we have plotted

= f (e), (E being the value of the dis-
tortion factor).

We see that k increases continually with
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increasing linear retroaction, i.e., with de-
creasing of e.

This is to be expected if we consider the
relation giving us the anode current with
linear retroaction :

ke
i(as)

-µkr)±[F
2"

F3'
is+ Is2+  .d

.

It can be shown, by solving (a0) for ia, if
we neglect terms in 103, . . . etc. and ex-
panding in series, that the distortion factor
E of current is is given by :

F"
4 (R, F' -µkr)2e (e)

Eliminating (R, F' - µkr) between these
two relations and neglecting again terms in
ia3, 2a4 . . . etc. we get :

z =F"i 2
4 -F"ia2. 

On plotting this curve by assuming it to
pass through the first point (e = 2 volts;
k = 1.82 per cent.) of curve a (Fig. 3) and
observing that is is kept constant (which
gives us the value of F"i02 = 0.67) we obtain
a very close approximation to the experi-
mental results as is to be seen on the same
fig. (the calculated points are marked o).

Let us consider now the non-linear retro-
action ; this was obtained, as already men-
tioned, by a copper -oxide rectifier D (Fig. 2),
(r being maintained at zero) ; increasing this
retroaction by varying P from o to IRO ;
and maintaining again is constant by de-
creasing e as before, we see (curve b) (Fig. 3)
that E decreases, reaching a minimum be-
tween e = 1.2 volt and e = 1.r volt when
k = 0.4 per cent. ; we see, therefore, that
we obtain a considerable improvement of
the valve performance. Not only does the
non-linear distortion factor decrease from
1.82 per cent. to 0.40 per cent., but the
sensitivity of the valve is increased. We
obtain by non-linear retroaction the same
alternating current is with a voltage half as
great as in the case where retroaction was
absent.

Again the minimum of the curve (b) is
to be expected if we consider the current is
with non-linear retroaction ; this will be :

ke

(ei)

ia=
(Re + F'- 096')+1[F"- ihk96"]ia+ 

(a7)
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neglecting terms in 1a3' ia4 . . . etc., it
may be shown, as before, that

F" - pk0"Z - 4(Re + F' - pkyV)2ke (e2)

from (a,) and (e2), eliminating ke we obtain :
F" - 00"

4(F' + R.- tik0')ia
(F" - izky5")2

i 2(Re + F' - µkiF)2 a (es)

As is is constant, E passes through a mini-
mum, when it varies (by varying P) for

F" 4,1 F"=
9S'

and if the relation -> is

satisfied.
In reality the value of this minimum for
is not zero, as the relation (e,) gives it, for

there are in the current ia , third, fourth . . .

etc. harmonics which have been neglected
here.

As e is linearly related to µ, as can easily
be seen from (a,), the same remarks apply
to the curve E = f (e), which has been
plotted experimentally as b in Fig. 3.

In conclusion, combining in an audio -
amplifier both retroactions described here
and in our previous articles, i.e., the non-
linear retroaction for non-linear distortion
compensation and the linear retroaction for
the frequency distortion compensation, we
can greatly improve the efficiency and
fidelity of such amplifiers.

This was tried with success on a model
exhibited at the " Exhibition of Roumanian
Industries " in Bucharest in September,
1934 -

Correspondence
Johnson Noise

To The Editor, The Wireless Engineer
SIR,-During some recent work on high gain

amplifiers for ribbon microphones, I became
troubled with background noise due to the thermal
agitation of electrons in the wire of the line to
grid input transformer, i.e., Johnson noise.

I decided to examine this noise voltage with a
General Radio Heterodyne Wave Analyser (a
selective voltmeter which will discriminate 6o db.
between two frequencies 5o c/s apart).

I was surprised to find that the voltage was not
a steady one but that it caused the meter needle to
be tossed up and down the scale in a series of kicks

(of approximately equal amplitude) with a periodicity
of the order of 5 per second. This meter performance
was obtained at every frequency throughout the
range of the instrument, o --17,00o c/s.

How can this phenomenon be linked up with the
usual theory of thermal agitation ? Surely a
collision between an electron and an atom is of a
transient nature and must necessarily radiate a
long string of frequencies from zero to infinity.
Working then on this hypothesis we would expect
that several harmonic analysers set to different
frequencies would give simultaneous kicks. I
have not yet been able to try this experimen-
tally, but if we did get simultaneous kicks at all
frequencies we would have to expect a series of
clicks in the loudspeaker connected to the noise
voltage. But we do not ; because the sound is a
velvety smooth hiss.

An alternative postulation is that a particular
collision seems to like radiating on one frequency
only and when the analyser is set to this frequency
it kicks for each collision. This again is absurd
for no one would suggest that there is a reso-
nant system in copper wire for every frequency
imaginable.

What then is the answer ? I would be interested
to hear the views of some of your readers on this
subject. HAROLD R. ROBIN.

London, S.W.i6.

Tungsram
Transmitting Valve

ANEW valve which
is claimed to be
particularly suit-

able for use as an oscil-
lator or a high -frequency
power amplifier is being
marketed by Tungsram.
It bears the type num-
ber 0-250/2000 and is
rated for an anode dis-
sipation of 25o watts at
2,000 volts. It is fitted
with an oxide cathode
and its filament is rated
to consume 2.5 amperes
at II.o volts. A special
base is used with a
thimble type top -con-
nector.

The valve has a mut-
ual conductance of 9
mA/V. with an A.C.
resistance of 2,80o ohms.
In addition to its normal
sphere of operation in
transmitting apparatus,
it is suitable for use as
an output valve in large
P.A. equipment. The
makers are the Tungs-
ram Electric Lamp
Works, of 72, Oxford
Street, London, W.I.
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Voltage Measurements at Very High
Frequencies -1I. *

By E. C. S. Megaw, B.Sc., D.I.C.
(From the Research Staff of the M.O. Valve Company, Limited, Wembley)

SUMMARY.-The paper describes an experimental investigation into the performance
of the diode -condenser type of peak voltmeter at frequencies over 3o Mc. (wavelengths below
To m.) and is complementary to a theoretical study described in a previous paper. A
preliminary investigation deals with the input capacitance of the diode, the error due to
leakage of the condenser charge and the related effect of the initial electron velocities. In
the section dealing with the high frequency measurements the error due to the voltmeter
connecting leads is measured and found to be less than x per cent. at zoo Mc. The enhanced
effect of leakage at very high frequencies is then examined to ensure that this does not
invalidate the measurements of electron inertia error which follow. A new method, involving
the use of a series of diodes with different inter -electrode spacings, is used for these
measurements which lead to an equation for the inertia error of the same form as the
approximate theoretical one, but with a constant about twice as great. The inertia error
is negligible when f(Mc.) x x0(cm.)/ s/)( V.) <o.x. This indicates that accurate measurements,
with existing technical limitations, can be made, e.g., down to about ioo v. at too Mc. (3 m.).
An empirical correction curve extends this range, for approximate measurements, to about
10 v. at t,000 Mc. (3o cm.), but at this frequency the difficulties due to connecting lead
impedance are serious. The peak voltmeter readings are compared with a thermal method
of measurement at 35.3 Mc. and 103 Mc. Discrepancies of about 3 per cent. and 9 per cent.
respectively are observed and are possibly due to the form factor of the H.F. wave differing
from the value Vi assumed in the comparison. Approximate calibration curves, relative
to a diode peak voltmeter, are given for two voltmeters employing triodes, one of normal
and the other of very small dimensions. Some general information is obtained regarding
the performance of these voltmeters at frequencies over 3o Mc. and voltages down to about 5
(R.M.S.). A method for extending such calibrations to very low voltages is suggested.

I. Preliminary Investigation.
(a) Description of the Diode for High

Frequency Measurements.
THE theoretical results described in

Part It indicate that the properties of
a diode which make it suitable for peak

voltage measurement at very high frequencies
are low inter -electrode capacitance, short
electrode leads and small inter -electrode
distance. The type of diode used in this
investigation (Fig. 1) was evolved in 1929 at
the suggestion of Prof. C. L. Fortescue4
It. has a loop filament of pure tungsten
(0.09 mm. wire) and a hemispherical nickel
anode of 2 mm. radius. The normal filament
rating is 1.8 v. and 1.6 A. for about 3 mA.
emission, which comes almost entirely from
the central part of the loop. This design
meets the requirements of long life, constant

* MS. accepted by the Editor, October, 1935.
This refers to the previous paper, Wireless

Engineer, 13, 65 (April, 1936).
See J. I.E.E., 77, 429, 1935.
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characteristics and robustness. The elec-
trode leads are short and the design lends
itself to the use of small and accurately
measurable anode -filament clearances. The
clearance in the original design, which has
found considerable application at frequencies
up to 15 Mc., was 2 mm. For the purposes
of this investigation diO"des were made up
with clearances ranging from about 0.02 mm.
to 9 mm., though not all of these were
available for the final high frequency tests.
The clearances were measured by optical
projection to an accuracy of about 0.01 mm.
(magnification 5o times). It was found that
heating the filament to normal emitting
temperature decreased the clearance by
about 0.15 mm. Measurements were made
on all diodes at the temperature used in the
subsequent tests.

(b) Capacitance Measurements
Capacitance measurements were made at

a frequency of about 1 Mc. by a substitution
method using apparatus designed for routine
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measurements of this sort. The anode was
given a negative potential with respect to
the filament to avoid inaccuracy due to
damping and changes due to space charge.
It was verified that the mechanical force
between filament and
anode resulting from
this p.d. (about ioo v.)
had no appreciable
effect even with the
smallest spacing.

In Fig. 2 the cap-
acitance is shown as
a function of anode -
filament clearance.
The filament was
earthed and the anode
lead length was about
5 cm. in each case.
The spread in the
experimental points
corresponds mainly to
constructional differ-
ences (particularly
small differences in
lead lengths) and not
to measurement errors.
The slow rate of increase

Fig. 1.-Diode for
high frequency

measurements.

of capacitance with decreasing clearance in the
range covered was a welcome surprise. This is
to be attributed to the fact that when the
electrodes are close together the small
clearance only obtains over a short length
of the filament system.

The next step was to separate the C shown
in Fig. 2 into its various components. By
means of a " demountable " diode, in which
the anode and filament ends could be
separated, the direct anode -filament capaci-
tance CD was found to be approximately
0.045 µ.µ.F. at 2.5 mm. clearance, this being
the difference between the measured C with
the diode assembled in the normal position
and the capacitance with the filament end
completely removed. The error in this
measurement is not likely to be very large
since the stray capacitance between either
half of the diode, when connected to the
earth terminal of the measuring set, and the
" live " terminal was found to be only about
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0.005 iktiF. This enables us to draw the
upper dotted line in Fig. 2 at 0.44 µµF.
which represents the average sum of the
anode -earth capacitance CA and the anode
lead -earth capacitance CL. The direct inter -
electrode capacitance thus varies from about
0.02 pp,F. at 7 mm. clearance to about
0.13 ittLF. at 0.05 mm. Measurements with a
removable anode gave CA = 0.05 +
for distances to earth (the screening of the
measuring set), and anode lead lengths, rang-
ing from 4 cm. to 3o cm. It is surprising
that this differs by so much from the theo-
retical value for a hemisphere,

R(i +-) = o.18
7r

but the measurements were checked carefully
and repeated consistently. By subtraction
we now find CL = 0.39 pit.F., which is of the
right order by calculation. The capacitance
of the 5 cm. anode lead is thus considerably
greater than the capacitance due to the
actual electrodes.

(c) Leakage error and the effect of initial
electron velocities.

Before planning the high frequency
measurements it was necessary to know the
leakage error at low frequencies, at least
approximately ; and the related question
of the precise effect of the initial electron
velocities had also to be examined.

0
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Fig. 2.-Diode capacitance measurements (1 Mc.).

In Part I an approximate expression for
the leakage error-equation (1)-was derived
in terms of the leakage resistance and the
constants of the diode characteristic which
was assumed to be representable by an
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equation of the form
i = a.vn, or a. (v + V1) n

if the effect of initial velocities or contact
potential difference is appreciable. Actually
for voltages of the order of zoo or less, the
V1 term is quite important as will be shown
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Fig. 3.-Effect of leakage resistance on peak
voltmeter reading (5o cycles). The curves relate
to a diode with anode filament clearance 1.8 mm.

later. As a check on the usefulness of
equation (I), and the criteria for negligible
leakage error derived from it, the reduction
in peak voltmeter reading with decreasing
leakage resistance observed with a diode
having an anode -filament clearance of
1.8 mm. was compared with the results
calculated from the characteristic. The two
curves are shown in Fig. 3. The peak value
of the constant 5o cycle voltage, obtained by
oscillograph measurements, was 184 ± 1.5
voltS. The voltmeter condenser was in-
creased with decreasing leakage resistance,
to keep the time constant large compared
with 1/5o second. The capacitance was
o.oip.F. at 1010 ohms and 10 µF. at 108 ohms.
Various resistances, wire -wound, graphite
and sputtered film types, were used to
provide the additional leakage, their values
being checked by the rate of discharge of
the system. V1 was obtained by measure-
ment as described below and was regarded

537

Is a constant zero error in the experimental
readings. The best values for a and n were
obtained from logarithmic plots of the
characteristic. The theoretical points for
the lower values of leakage resistance were
calculated by successive approximations
between (1) and the preceding equation.
The agreement between the two curves
indicates that the theoretical expression is
of adequate accuracy for most practical
purposes. The chief source of inaccuracy
is probably the assumption of a simple
power law for the characteristic ; for low
voltages and small errors this is only a rough
approximation.

Fig. 4 shows the observed leakage error
for a diode with 2.o mm. anode -filament
clearance as a function of the applied peak
voltage in the range 5 to ioo v. The peak
voltage was obtained from the measured
R.M.S. value by using a form factor of
1.41o, the mean of previous oscillographic
measurements on the same supply. This
may have been in error by about 1 per cent.
The readings were taken at 5o cycles with a

20
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0
20 40 60 80 100

APPLIED PEAK VOLTAGE

Fig. 4.-Leakage error at low voltages. (Fre-
quency 5o cycles, anode -filament clearance 2.o

mm., leakage resistance toe ohms).

0.01 F. condenser using a reflecting galvano-
meter with io° ohms series resistance as a
voltmeter, except for the 5 v. point for which
an electrometer triode was used with a
shunt resistance of the same value. The
possible error in this curve is rather greater
than in most of the other curves in the
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paper relating to leakage error, but it serves
to show the increasing importance of leakage
at low voltages, which is a fundamental
disadvantage of this type of voltmeter, at
least with diodes which are suitable for very
high frequencies.

As described in Part I the effect of the
initial emission velocities of the electrons,

e

+ -
20V. D.C. 230V. 50^,

Fig. 5.-Circuit arrangement used for checking
performance at low voltages. D = peak volt-
meter diode, ET = electrometer triode, C = volt-
meter condenser (.01µF.), R = leakage resistance,
RI = 8o ohms calibrated in 1 volt steps, Ra =
70 ohms calibrated in 1 volt steps, R3 = 100
ohms, centre -tapped. BI = biassing battery,
S = standard cell (1.019 v.), K = key for check-

ing current in electrometer circuit.

and of any contact difference of potential
between filament and anode, is to produce a
finite charge on the voltmeter condenser
with no applied voltage. For D.C. voltage
measurement this leads to a constant zero
error V1, but with A.C. the true " zero
error " is less than V, by an amount which
depends on the leakage resistance. This is
a result of the exponential " tail " of the
diode characteristic produced by the Max-
wellian distribution of emission velocities.
This matter was investigated in some detail
as little exact information appeared to be
previously available.

The initial reading V1 was measured as a
function of the leakage resistance by means
of an electrometer triode using the circuit
arrangement shown in Fig. 5, which includes
facilities for low voltage calibration. The
'triode voltmeter arrangement was a standard
testing panel supplied by a 20 v. accumulator
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on a constant current circuit. The details
of the circuit are evident from the figure.
The dotted line represents an earthed screen
to avoid errors due to induced charges from
neighbouring apparatus. A drying agent
(phosphorus pentoxide) was placed inside
the screen. The input resistance of the
triode was of the order of 1013 ohms or more
(anode voltage 6 or 8 v., grid bias - i to
-8 v.). The maximum value of R, with
no additional leak, was about 1012 ohms.

Fig. 6 shows the relation between V,
(voltage produced across C with no external
e.m.f.) and the leakage resistance R for
several diodes with different values of
anode -filament clearance. The diode fila-
ment voltage was adjusted in each case to
give 3 mA. emission at 200 v.

Two general results emerge from these
curves. V1 with usual values of leakage
resistance (say 108 to ion ohms) is of the
order of 3 or 4 volts which is about io times
greater than the voltage corresponding to
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Fig. 6.-Relation between initial condenser
voltage VI and leakage resistance R. Curve 1 :
Anode -filament clearance 0.28 mm., filament
voltage 2.04 v. Curve 2 : Anode -filament clear-
ance 0.82 mm., filament voltage 2.03 v. Curve
3 : Anode -filament clearance 1.99 mm., filament
voltage 1.99 v. Curve 4 : Anode -filament clear-
ance 4.76 mm., filament voltage 1.94. Curve 5 :
Anode -filament clearance 7.04 mm., filament

voltage 1.94.

the average emission velocity ; and 171 tends
to become independent of the diode im-
pedance as R increases. When R is greater
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than 1°7 ohms and the anode -filament clear-
ance less than 2 mm., the results may be
represented by a single curve to an accuracy
of about o.15 v. Within these limits V,

a
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R .1011 ONMS

1010
axio9
a x io8

0
1 2 3 4

FILAMENT VOLTAGE

Fig. 7.-Relation between initial condenser
voltage VI and filament voltage.

is a function of leakage resistance and
filament temperature only. The relation
between V, and filament voltage, which may
be taken as a measure of temperature with
fixed filament dimensions, is shown in Fig. 7
for several values of leakage resistance.
These curves represent average results ob-
tained from several diodes with anode -
filament clearances not exceeding about
2 mm. They may therefore be used to
determine V, for such diodes with sufficient
accuracy for most practical purposes at any
value of R which is likely to occur with an
electrostatic voltmeter. These curves are,
of course, valid only for one particular set
of filament dimensions.

The contact p.d. between anode and
filament would be 0.5 v., in such a direction
as to increase V,, if the surfaces of both
were perfectly clean. This may safely be
assutned for the filament but is less certain
for the anode which is bound to collect some
of the evaporated tungsten atoms from the
filament, apart from other possible con-
taminations. Variations in V1, up to about
half a volt are quite possible on this account
and this may be a contributory cause of the
spread in the curves of Fig. 6 at large values
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of R. The experimental results suggest that
variations in contact p.d. did not, in fact,
amount to as much as half a volt.

It is clear that under normal conditions
the initial voltage is by no means negligible
in measuring low voltages. It is now neces-
sary to see what error remains when we
assume that V, may be regarded as a con-
stant positive zero error, to be subtracted
from the observed condenser voltage. It is
this remaining error which is generally
referred to as the " leakage error " through-
out the paper. In Fig. 8, two 50 -cycle
calibration curves are shown on this basis
for a diode with 2.0 mm. anode -filament
clearance at voltages comparable with V1.
These results were obtained with the ar-
rangement shown in Fig. 5, with zero bias
from the battery B1. The error is approxi-
mately - 25 per cent. at 2 volts and - 15 per
cent. at 5 volts with leakage resistance
values in the normal range ; it does not vary
rapidly with leakage resistance. These error
figures remain of the same order for clear-
ances less than 2 mm. and become approxi-
mately - 45 per cent. and - 3o per cent.
with 7 mm. clearance. At voltages of the
order of ioo or more the inaccuracy intro-
duced by assuming a constant zero error
equal to V1 is negligible.
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Fig: 8.-Low voltage calibration (frequency
5o cycles, anode -filament clearance 2.0 nnn.,

filament voltage 3.99 v.).

Attempts to improve the accuracy at low
voltages by introducing a bias from the
battery B1 in Fig. 5 showed that nothing
could be gained in this way.

As an empirical rule, valid for 0 > 3 v.,
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R > 108 ohms and anode filament clear-
ance < 3 mm., the effects of leakage and
initial velocities may be taken into account, to
an accuracy of about 5 per cent. or better, by
subtracting (V1 - o.8 v.) from the observed
condenser voltage.

H. High Frequency Measurements
(a) Method of Measurement

The voltmeters on which these measure-
ments were made are intended for fre-

Fig. 9.-Complete peak voltmeter for very high frequencies.

quencies from about 3o Mc. (io metres) up
to more than 300 Mc. (i metre), chiefly for
measurement on concentric cylindrical
systems. The diode and condenser
(o.00x are arranged in a cylindrical
brass case which forms the earthed terminal
of the instrument. Terminals are provided
for filament supply and for the D.C. volt-
meter which may be connected by flexible
leads of any convenient length. Accumulator
filament supply was used for the tests
described here, but it has since been found
possible to use A.C. supply, with a gain in
convenience, for most practical purposes and
with no appreciable loss of accuracy provided
a centre tap filament return is used. An
insulation resistance of the transformer
secondary to earth exceeding 1011 ohms can
be obtained without serious departure from
conventional design. A complete peak
voltmeter with filament transformer is shown
in Fig. 9.

SS ENGINEER March, 1936

The general method of measurement was
to employ two peak voltmeters connected
to the same point on a concentric line, one
to enable a constant voltage to be main-
tained, while the other was subjected to
some variation. The line was fed by an
oscillator capable of delivering several kilo-
watts of H.F. energy and was terminated
in a resistance of special design to be
described later. The general arrangement
of line, double -peak voltmeter head and

terminating resistance is shown
in Fig. ro (see also Fig. 17).

(b) Error Due to Impedance of
Voltmeter Connecting Leads .

In the arrangement adopted
the connecting leads from the
concentric system to the volt-
meters form a concentric line
of about 225 ohms character-
istic impedance terminated,
to a first approximation, in
(CD CA), the sum of the
true inter -electrode capacitance
and the anode -earth capaci-
tance. The approximation
arises from the fact that the
impedance between the emit-
ting part of the filament and
the case of the voltmeter unit
is not zero, though it was
made as small as possible.

This impedance is approximately equivalent
to that of a 3 cm. length of 150 ohm line
which would not amount to more than
about 1/1,000 of the impedance of C,, at the
highest frequency used (107 Mc.). The error
introduced on this account must therefore
be small.

The method adopted in checking the
impedance error was to vary the length of
the connecting line on the " test " voltmeter
and note the change in reading, the applied
voltage being kept constant by means of
the " check " meter. This was done by
using a telescoping arrangement for the
outer conductor of the connecting line and
cutting the anode lead to the required
length. No solid insulation other than the
diode bulb was used in the connecting line.
Observation holes were provided in the
central part of the voltmeter head to facilitate
making contact between the ends of the
anode leads and two small depressions in
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the inner conductor of the main transmission
line.

The results of a test at 107 Mc. (2.8 m.)
using the diode with the smallest anode -
filament clearance (about 0.02 mm.) are
shown in Fig. ii. A smooth curve through
the experimental points was extra-
polated to zero lead -length and
the resulting voltage was used,
with the capacitances measured
at i Mc., to obtain the calculated
curve shown in the figure by
means of the expression given in
Part I, Section IV. The agree-
ment between experiment and
calculation is satisfactory for lead
lengths less than about 7 cm. ; for
greater lengths the observed error
is larger than the calculated. The
cause of this discrepancy cannot
be assigned with any certainty,
but it is possible that CD was
greater than the value previously
measured, as this diode failed by
filament -anode contact after about
5o hours' further use. On the
other hand, the observed error was also
rather higher than the calculated at large
values of lead length with other diodes
having much larger inter -electrode clear-
ances. For lead lengths between 2.5 and
8 cm. the observed error was nearly in-
dependent of the clearance, as might be
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expected since the " equivalent length " /'
of the input capacitance is of the order of
only i cm. at 107 Mc.

These tests show that for all the experi-
mental diodes the lead impedance error does
not exceed about i per cent. at 107 Mc.,

--------.
)

I,-

6 2 4 6 R 10

Fig.
(f=

LEAD LENGTH (Gm)

I.-Error due to impedance of connecting leads.
07 Mc., anode -filament clearance about 0.02 mm.

Curve calculated, points observed).

provided the lead length is less than 5 cm.
Actually the lead length could be reduced
to less than 3 cm., making the impedance
error negligible for all ordinary measurements.

The input impedance was not measured,
but it is safe to assume, from the above
results, that it does not differ much from

DOUBLE

VOLTMETER HEAD --

CHECK
VOLTMETER

TERM I NATI NG

TEST
VOLTMETER

RESISTANCE

Fig. io.-Apparatus for H.F. measurements.
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the reactance of the input capacitance as
measured at lower frequencies. For a 3 cm.
connecting lead this amounts to about
4,000 ohms at ioo Mc. The resistive com-
ponent is probably large compared with the
resonant impedance of usual tuned circuits
at this frequency.*

(c) Electron Inertia Error.
The approximate formula for electron

inertia error derived in Part I (equation (12))
indicates that the error should be pro-
portional to the anode -filament clearance.
While this result was derived only for the
case of a uniform inter -electrode field it
suggested a method of measuring the error
experimentally which gave satisfactory
results with the diodes used in this investiga-
tion. The method is to plot the observed
voltage as a function of inter -electrode
clearance and extrapolate to zero clearance
to find the true voltage. It is obvious that
all other errors must be known or negligible
and much of the work described in the
earlier parts of the paper was carried out to
ensure this.

The considerations that the inertia error
should not be too small to be accurately
observable, nor the voltage too low on
account of leakage error, suggested a fre-
quency of about Ioo Mc. and a peak voltage
of about 200 for the first tests. Apart from
the limitations imposed by the oscillator
available for the tests it was not thought
desirable to use much higher frequencies on
account of the increasing importance of
impedance errors.

The apparatus described in the last two
sections was used for these tests also. It was
found that the check voltmeter reading
increased by not more than about per cent.
when the test meter was removed altogether.
This result, with those of the previous
section, makes it reasonably certain that the
constancy of the applied voltage depended
only on the accuracy with which the check
meter could be kept on a predetermined
voltage. This was about per cent. or better.

The range of anode -filament clearance was
limited to between 0.125 mm. and 2.14 mm.,
on the one hand by the failure of the original
0.02 mm. diode, and on the other by the fact

* Subsequent measurements at 20 Mc. tend to
confirm this, the resistive component being greater
than 2 megohms at this frequency.

that the few diodes made up with clearances
between 4 mm. and 9 mm. were found to give
inconsistent results on H.F. This was due
in one case to softness and in the others
possibly to the effect of charges on the bulb
walls, since the inter -electrode distance was
comparable with the bulb diameter.

As a compromise had unfortunately to be
made between accuracy and insulation
resistance in choosing an electrostatic volt-
meter for the test instrument, the leakage
error was not entirely negligible. The total
leakage resistance with the instrument
finally chosen, which had a full scale reading
of 200 v. and could be read to 0.2 v. near
full scale, was between 2 x RP and 3 X I09
ohms. The following average leakage -error
figures were obtained at 5o cycles with
183 v. peak when R was 2.7 x io9 ohms :

Anode -filament
clearance .. 0.5 1.0 1.5 2.0 mm.

Leakage error. 0.4 o.6 0.9 1.3 per cent.

These figures may be in error by about 0.5 per
cent. owing to the uncertainty in the oscil-
lographic measurement of the form factor.
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Fig. 12.-Leakage error at very high frequencies.
(Peak voltage approximately Igo v., anode -

filament clearance 1.8o mm.).

It is to be expected on theoretical grounds
that the error produced by a given value of
leakage resistance will be relatively greater

513012
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at frequencies high enough for the effect of
electron inertia to be appreciable than at
low frequencies. This point was investigated
experimentally and some typical results for
a diode with 1.80 mm. anode -filament clear-
ance are shown in Fig. 12. Here the volt -

<w

180

180
4

2

1

140

1200
1 2 2 A

ANODE -FILAMENT CLEARANCE (mini

Fig. 13.-Investigation of electron inertia error ;
relation between anode -filament clearance and
voltmeter reading at 103 Mc. (2.9 m.). Curve 1 :

observed. Curve 2 : calculated for uniform field.
Curve 3 : estimated for actual electrode form ;
space charge negligible. Curve 4: estimated
for actual electrode form ; maximum space charge

effect.

meter reading for various values of leakage
resistance is shown as a percentage of the
reading at R = 2.7 X 1o9 ohms for fre-
quencies of 5o cycles, 35.3 Mc. and 103 Mc.
The peak voltage was approximately 190 v.
in each case. The voltmeter condenser was,
of course, increased for the 50 -cycle readings.
The curves show the expected increase in
relative error with frequency at the lower
values of leakage resistance, but indicate
that with R > 109 ohms the leakage error
may be assumed equal to the 50 -cycle value,
even at 103 Mc., without serious inaccuracy
for voltages of the order of 200 or more.
For 0.125 mm. clearance the 103 Mc. curve
does not depart appreciably from the 50 -cycle
curve provided R > 3 x 108 ohms. This
completes the information required before
carrying out the inertia error tests.

Fig. 13 shows the inertia error test results
(curve I) at a frequency of 103 Mc. The
readings have been corrected for the effects
of leakage and connecting -lead impedance,
determined by the methods already de-
scribed, though both these corrections are
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small. The relation between anode -filament
clearance and observed voltage is sub-
stantially linear and the best straight line
through the experimental points gives
189.5 v. for the true peak voltage. The
error at 2 mm. spacing is thus 17.5 per cent.
The relation of these results to the calculated
performance is discussed in the next section.

Fig. 14 shows a similar set of test results
for a frequency of 35.3 Mc. These also fit
quite well to a straight line and the extra-
polation gives 186.8 v. at zero spacing. The
error obtained from this line is 0.35 times the
error observed at 103 Mc. (Fig. 13), while the
frequency ratio is 0.34,, indicating that the
error is directly proportional to frequency
(other things being constant) within experi-
mental uncertainty.

Fig. 15 shows three sets of readings, all
taken at 103 Mc., with different applied
voltages and expressed as a percentage of
the true voltage derived in each case by
extrapolation. The upper line (145 v.) is
the same as curve i in Fig. 13. The following
table shows the relation between peak
voltage and error for 2.0 mm. clearance :-

Peak voltage .. 189.5 100.3 61.3 v.
Error 17.5 23.8 29.4%
Error x 'voltage. 241 238 231

200

180

180

140

1200
2 3 1

ANODE - FILAMENT CLEARANCE (mm)

Fig. 14.-Relation between anode -filament clear-
ance and voltmeter reading at 35.3 Mc. (8.5 m.).

The product of error and square root of
voltage is nearly constant, indicating that
the error varies as i/V 1) (other things being
constant) or slightly less rapidly.

(d) Discussion of the Results.
Before discussing the results just described

it is necessary to make a correction to



144 THE WIRELE

Part I. This relates to the discussion, at
the end of Section V, of the magnitude of
the inertia error when the inter -electrode
field is not uniform. It was shown there,
by comparing an approximate solution for

11
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Fig. 15.-Relation between anode -filament clear-
ance and relative voltmeter reading at 103 Mc.

for various values of applied voltage.

the uniform -field case, involving the static
transit time, with the exact solution, that
the inertia error was proportional to the
transit time to a close approximation. It
was hence argued from the known ratios
of static transit -times that the error would
never be more than about 1.5 times (parallel
planes with maximum effect of space charge)
nor less than about 0.5 times (cylindrical
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The transit time is then half that for a
uniform field but, neglecting space -charge
effects, the error would always be zero, because
all the electrons leaving the cathode surface
would reach the anode. Once the electrons
have left the cathode changes in the inter -
electrode p.d. would have no effect on their
motion in this case. The fallacy in the
original argument is, of course, that the
approximate solution is not necessarily
nearly the same as the true result for non-
uniform fields.

Another special case yields an interesting
result. If half the potential drop occurs
at the cathode surface and half at the anode
surface-this corresponds to parallel
cylindrical electrodes whose diameters are
limitingly small compared with their distance
apart-it can easily be shown that the
condition for which the electrons with the
longest range are just able to reach the
anode is
W2 2a - {sin(0 + 01) - sin 0} {(or - 0 - 01)

e

m
- sin -1 [2 sin 0 - sin (0 + gh1)]:2

= G'(k), say,
where 01 is the value of 0, the initial electron
phase angle, which makes the right-hand
side a maximum and the other symbols
have the same meanings as in Part I. This
equation corresponds to (II) of Part I, the
function G(k) for the uniform -field case being
replaced by G'(k) for this special case. The
following table gives G'(k) and G(k) for
various values of error ; the values of 01,
expressed as a fraction of the angle in which
the anode is positive (per cycle), are also
given to bring out the fact that 01 is not
zero here as it is in the uniform -field case :-

Error. i 3 60 3o 6o%

0//(1r -20) .. .. 0.36 0.32 0.33 0.34 0.35
G'(k) .. .. 5.2 X I0-4 4.8 X I0-3 5.5 X 10-2 5.1 X 10-1. 2.3
G(k) 4.5 X10-4 4.1 x 10-8 4.6 x 10-2 4.3 X Ico-1 1.9

diode with small cathode and negligible
space -charge) the uniform -field error. It
becomes evident that there is something
wrong if we consider the limiting case in
which the whole of the potential drop in
the diode occurs at the cathode surface.

These results show that the error is only
slightly smaller in this case than in the
uniform -field case.

To sum up, analytical treatment of cases
other than that of uniform field presents, in
general, an insoluble mathematical problem ;
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graphical integration offers a possible solu-
tion in some cases, as Fortescue has pointed
out, but it would be laborious in the extreme,
the more so since the initial phase angle
corresponding to maximum electron range
would have to be found by trial ; solution by
mechanical methods* should be practicable
and the problem is commended to those to
whom a mechanical integraph is available,
but such methods were beyond the scope of
this investigation. On the other hand, the
errors into which one may be led by approxi-
mations based on static transit -time, at least
in extreme cases, are evident from the pre-
ceding paragraphs. The best that can be
said is that such methods may reasonably be
expected to give results which are not far
from the truth when the electric field is not
far from uniform.

For the purpose of comparing the theo-
retical with the observed inertia error, the
electric field in the experimental diodes was
assumed to be the same as between a cylinder
of the same diameter as the filament wire and
a parallel plane, separated by the anode -
filament clearance. For the region of mini-
mum distance, which alone is of interest,
this is a fairly good approximation for
clearances up to about 2 mm. A closer
approximation or an electrolytic determina-
tion was not considered to be warranted.
The ratio of static transit -time (T) in such
a system to that in a uniform field (To),
distance and,p.d. being the same, is given in
the following table for various values of
clearance ; the ratio of clearance to filament
diameter is also included :
Clearance

(xa) .. 0.02 0.3 1.0 3.0 7.0 mm.
.. 0.22 3.2 11.1 33 78

T/T0 .. 0.972 0.783 0.695 0.633 0.604
These figures were derived by graphical
integration of the equation of motion.

In Fig. 13 curve I is experimental, curve 2
is given by the uniform -field solution and
curve 3 is derived from curve 2 and the above
table on the assumption that the error is
proportional to static transit -time and that
the effect of space charge is negligible ;
curve 4 allows for the maximum effect of
space charge on the same basis assuming
that the 3/2 transit -time ratio, which is
correct for parallel planes and for cylinders
with limitingly small cathode, holds here

* Cf. Sears, Journ. Franklin Inst., 209, 459 (1930).
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also. It is to be expected that the experi-
mental points would lie between curves 3
and 4, and probably nearer 3 since the
leakage error is small. Actually the observed
error is about twice as great as the value
expected from these calculations. Also the
observed line does not show the slight
upward curvature shown by curves 3 and 4,
though some readings obtained with the
larger clearance diodes did appear to in-
dicate this tendency ; but their value is
doubtful. This two -to -one discrepancy in
the error appears to be definitely beyond the
range of experimental uncertainty, though
the difference in curvature is not. It seems
more likely that some relevant factor has
been omitted from the theoretical treatment,
or possibly the static transit -time approxi-
mation is untrustworthy even for this
electrode system. The magnetic field of the
filament current may have some appreciable
effect but the theoretical anode -voltage for
" cut-off " is only of the order of o.r v. for
2 mm. clearance. There will, however, be
an appreciable curvature of the electron
paths and lengthening of the transit time at
larger voltages which would tend to increase
the error, but the magnitude of the effect is
difficult to estimate.

What is of more practical importance than
this lack of perfect quantitative agreement
between theory and experiment, is the fact
that both agree substantially as to the
variation of error with frequency and
voltage in the range covered. The four
different sets of experimental results (Figs. 13
to 15) can be expressed to a good approxi-
mation by an equation of the form

fxaerror = K
Arb

which is precisely the form derived for the
uniform -field case for small values of error.
The four values for K obtained from the
experimental readings are : 11.7, 11.6, 11.2,
11.7. These give 11.6 as the average experi-
mental value of the constant, which is 1.7
times the theoretical value for uniform field.
The empirical equation then becomes

error = 11.6 x°
per cent.

1/0
where f is in megacycles, xo in cm. and 0 in
volts as before.

The criterion for negligible error (less than

-211111111111111111K, 1111111111111K
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about i per cent.) given in Part I, namely

f < o
1/6

is thus confirmed. With this result the
problem of accurate voltage measurement at
very high frequencies may be considered
solved within the limits imposed by con-
structional considerations, and these limits
are fairly clearly definable. Experience in
this investigation suggests that the smallest
practicable inter -electrode clearance is of
the order of o.i mm. with existing technique.
With this figure accurate measurement is
possible provided f/1/ii < io, that is, down
to about i v. at io Mc., 15 v. at 40 Mc.,
Rio v. at ioo Mc., or I,000 v. at 30o Mc.
The lead -impedance error will become appre-
ciable above about 200 Mc. with the mini-
mum lead -length possible for the diodes
described. Low -frequency calibration will
usually be desirable for voltages under
about 5o on account of leakage error.
Within these limits an accuracy of about

per cent. appears to be definitely attainable,
but under ordinary practical conditions
errors of a few per cent. may occur. In
spite of the fact that the diodes used to
obtain the results shown in Figs. 13 to 15
were carefully selected for good vacuum,
symmetrical electrode systems and stable
emission, and were finally checked for
uniform performance at low frequency,
there are some signs of small discrepancies
associated with individual valves. Larger
discrepancies, amounting to several per cent.
and not traceable to any obvious construc-
tional fault, have since occasionally been
observed between diodes having similar
clearances, particularly when the inertia
error is appreciable.

The extension of measurements to higher
frequencies and lower voltages by means of
theoretical or empirical correction formulae
is necessarily attended by greater uncer-
tainties. The correction curve of Fig. 6 in
Part I can only be regarded as a rough guide
to the true voltage when the inertia error is
large, and theoretical corrections for im-
pedance error are usually appreciably too
small when it amounts to more than a few
per cent. An empirical inertia error correc-
tion curve for the type of diode used here is

given in Fig. i6 for correction factors up to
1.5, which is as far as the experimental
results permit us to go. This curve extends
the range of measurement down to about
10 v. at i,000 Mc. (3o cm.) to an accuracy
of perhaps 20 per cent., not forgetting the
uncertainty in determining xa. This ex -

20

1'1

troll io

12txagr
Fig. 16.-Empirical correction curve for electron
inertia error (f = frequency in Mc., x. = anode -
filament clearance in cm., Do = observed peak

voltage).

tension is, however, only available if the
impedance error can be kept small. For the
shortest possible anode lead (about 2 cm.) the
existing diodes would give impedance errors
not less than the following' values :
Frequency .. 300 6o0 i,000 Mc.
Lead impedance error 2 8 23%

This error evidently becomes serious at
frequencies of the order of 600 Mc. and
higher. The experimental method outlined
in Section II (b) would enable the order of
magnitude of the error to be checked in this
region but accurate correction would hardly
be possible. At I,000 Mc. the error doubles
if the lead length is increased by I cm.
Two methods are available by which the
impedance error could be reduced : (I) by
re -designing the diode with much smaller
dimensions, and (2) by adjusting the lead
length to an integral number of electrical
half -wavelengths. It seems probable, how-
ever, that i,000 megacycles is about the
limit for voltage measurements of even
moderate accuracy.

(To be concluded.) 
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PROPAGATION OF WAVES
859. INVESTIGATION, WITH GERMAN BROADCASTING

STATIONS, OF THE MUTUAL MODULATION
EFFECT [Luxembourg Effect] OF ELECTRIC
WAVES.-M. Baumler and W. Pfitzer.
(Hochf:tech. u. Elek:akus., December, 1935,
Vol. 46, No. 6, pp. 181-186.)

A short account of present knowledge of the
Luxembourg effect is given in § I ; § II describes
experiments with German broadcasting stations
which were carried out by the German Post Office
in order to obtain further information on and
elucidation of the effect. The German National
long -wave emitter radiated its interval signal and
several other stations their unmodulated carrier
waves. The geographical positions of the emitters
and receivers are shown in Fig. r ; the results are
tabulated. It was found that the intermodulation
was strongest and most regular when the disturbance
was due to a long -wave station and the disturbed
emitter was on a medium wavelength. Inter-
actions between two stations of medium wave-
length were, however, also observed ; in this case
the interfering station could be of longer or shorter
wavelength than the disturbed one. Interaction
was also observed on emitters at quite short
distances, when the interfering station was on a
medium wavelength and the disturbed station on a
long one. This was particularly noticed in experi-
ments on interaction between the Berlin and Ger-
man National emitters (Fig. 2, with table of results).

§ III gives details of the measurement of the
degree of modulation m of the disturbance ; an
auxiliary emitter with calibrated m was used
(scheme Fig. 3). The output voltage from the 1.f.
amplifier was proportional to m and the square of
the input voltage U. (eqn. 3). Fig. 4 shows the
modulation characteristics for various values of U.
The geographical lay -out for these measurements
is shown in Fig. 5 ; measurements of m were made
at several places as near as possible to the straight
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line joining the interfering station (German National)
to the disturbed medium -wave emitter (Heilsberg).
The results are tabulated and given in the
form of curves of variation of m with distance
(Fig. 6, where a decided maximum appears) and
with the strength of the disturbed carrier wave (Fig.
7, showing increase of m with decreasing field
strength). Fig. 8 gives simultaneous fading curves
taken at different distances from Heilsberg. The
interaction was definitely strongest on the con-
tinuation of the straight line from Heilsberg to
Berlin, but has not hitherto been observed at places
between the two interacting stations. The inter-
action modulation was found to decrease as the
modulation frequency increased.
86o. A METHOD FOR INVESTIGATING PARASITIC

MODULATION [Luxembourg Effect].-
Lvovich.. (See 96o.)

861. A NEW EXPERIMENTAL METHOD FOR STUDY
OF THE UPPER ATMOSPHERE [30-70 km:
Measurement of Light Scattered from Modu-
lated Searchlight Beam will give Molecular
Density and Other Characteristics].-M. A.
Tuve, E. A. Johnson and 0. R. Wulf.
(Phys. Review, 1st Dec. 1935, Series 2, Vol.
48, No. rr, p. 917.) For the full paper see
Journ. of Terrest. Magnetism, December,
1935.

862. NEW COSMIC PHENOMENON : UNUSUAL RADIO
CONDITIONS [54 -Day Fade -Outs] CORRE-
LATED WITH SOLAR ERUPTIONS.-J. H. Del-
linger. (QST, January, 1936, Vol. 20, No.
r, pp. 8 and 79.) Latest developments
regarding the phenomenon dealt with in 416
and 417 of February.

863. ULTRA -SHORT-WAVE PROPAGATION OVER LAND.
-Burrows, Decino and Hunt. (Proc. Inst.
Rad. Eng., December, 1935, Vol. 23, No. 12,
pp. 1507-1535.) The full paper, a summary
of which was dealt with in 2917 of 1935.
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864. PROPAGATION OF ULTRA -SHORT RADIO WAVES
[Boston Field -Strength Measurements and
Conclusions derived Therefrom] .-C. R.
Burrows. (Bell Lab. Record, December,
1935, Vol. 14, No. 4, pp. 111-115.)

865. LONG DISTANCES ON VERY SHORT WAVES :
21 STATIONS REPORT WORKING ALL CONTI-
NENTS ON 10 METRES.-(QST, January,
1936, Vol. 20, No. ,, pp. 9-io and 82-85.)

866. LONG-DISTANCE TRANSMISSION OF 30 MC
WAVES, and RADIO COMMUNICATION AT
80 KM DISTANCE WITH ULTRA -SHORT WAVES
OF 68 CM BETWEEN MT. TUKUBA AND TOKYO
UNIVERSITY OF ENGINEERING. -S. Namba :
K. Morita and K. Awaya. (Journ. I.E.E.
Japan, September, 1935, Vol. 55 [No. 9], No.
566, p. 827: p. 828: Japanese only.)

867. THE IONOSPHERE, SKIP DISTANCE OF RADIO
WAVES, AND THE PROPAGATION OF MICRO -
[and Ultra -Short] WAVES [Calculation of
Washington/Huancayo Skip Distances
throughout Day and Season : Daylight
Short -Wave Communication controlled by
E Region in Summer and F, in Winter :
Long -Distance Ultra -Short -Wave Com-
munication due to Diffraction and to Tem-
perature -Gradient Refraction : Effect of
Water Vapour].-E. 0. Hulburt. (Proc.
Inst. Rad. Eng., December, 1935, Vol. 23,
No. 12, pp. 1492-1506.)

868. THE STRUCTURE OF THE IONOSPHERE AND THE
PROPAGATION OF SHORT ELECTRIC WAVES . -
Jonescu and Mihul. (Journ. de Phys. et
le Radium, September, 1935, Vol. 6, No. 9,
pp. 388-396.) For Comptes Rendus Notes
see 2156 of 1935.

869. NOTES ON THE PROPAGATION OF 18.48 AND
31.19 M WAVES ON THE SAIGON /PARIS PATH,
AND OF 24.56 AND 33 M WAVES ON THE
ALGIERS/PARIS PATH .-Picault and Espin-
asse. (Bull. Soc. franc. des Elec., December,
1935, Vol. 5, No. 6o, pp. 1226-1228 and
1229-1232.)

870. REFLECTION AND REFRACTION OF ELECTRIC
WAVES AT THE EARTH'S SURFACE [Theory
giving Equivalent Virtual Radiators for
Reflected and Refracted Fields].-P. G.
Violet. (Hochf:tech. u. Elek:akus., Decem-
ber, 1935, Vol. 46, No. 6, pp. 192-199.)

The fundamental equations of electrodynamics
for quasi -stationary waves are given in § II in a
form suitable for practical applications ; the wave
equation (eqns. 5, 6) is satisfied by the Hertzian
vector (eqns. 7) from which the field components
may be derived by eqns. io. In § III the formulae
for transforming differentiations from Cartesian
into spherical polar co-ordinates are reviewed.
The general nature of reflection at plane surfaces
is discussed in § IV ; in § V the boundary con-
ditions at the surface are given (eqns. 17). The
incident, reflected and refracted vectors are
explained by Fig. 2 ; the reflected field appears to
radiate from 0, and the refracted field from 0,.
A new angular magnitude w is introduced (eqn. 32)
and the equations are solved to give expressions
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determining the reflected field (eqns. 35, 36) and
the refracted field (eqns. 37, 38), when the original
radiator lies in the xz-plane. Eqns. 39 give more
general expressions for any position of the radiator.
Snell's law of refraction is deduced during the
calculation (eqn. 31).

The co-ordinates of 0, are determined by eqns. 41
(§ VI) ; the direction of the principal ray is fixed
by eqns. 42 and evaluated for the special cases of
grazing (eqns. 43) and perpendicular (eqns. 44)
incidence, and the case when the two media are
alike (eqns. 45). Eqns. 47 give the limiting case
when the complex refractive index tends to infinity,
when complete reflection occurs, while eqns. 48
govern the passage of waves from a very dense
into a less dense medium. In § VII various appli-
cations are discussed ; (i) the vertical polar diagram
of a horizontal emitter near the earth, (2) the
presence of a third medium, and in particular the
propagation of waves along a layer of earth bounded
below by water (Fig. 3). Here the resultant
characteristic defining the field in air is given by
eqn. 54. § VIII discusses the relation of this work
with complex vectors and virtual radiators to the
known formulae of optics.
871. THE EXPERIMENTS AT OSTROV AND MACOCHY

[Test of Radiogeological Results by Excava-
tions].-V. Fritsch. (Hochf:tech. u. Elek:
akus., December, 1935, Vol. 46, No. 6,
pp. 186-187.) See 20 of January.

872. EXPERIMENTAL INVESTIGATION ON THE MAG-
NETIC DOUBLE REFRACTION OF IONISED AIR
[Curves of Refractive Index as Function of
Wavelength and of Magnetic Field for
Longitudinal Propagation : Agreement with
Theory].-S. K. Mitra and A. C. Ghosh.
(Nature, irth Jan. 1936, Vol. 137, pp. 68-
69 : preliminary letter.) See 14 of January.

873. MEASUREMENTS OF THE ELECTRON DENSITY
IN THE IONOSPHERE.-Maeda and Konomi.
(Journ. I.E.E. Japan, August, 1935, Vol. 55
[No. 8], No. 565, pp. 691-694: Japanese
only.) For a previous paper see 3756 of 1935.

874. THE INFLUENCE OF THE RADIATION FIELD
FROM AN ELECTRICAL STORM ON THE
IONISATION DENSITY OF THE IONOSPHERE
[Theoretical Investigation of Influence of
Highly -Damped Electric Wave on Iono-
sphere : Inappreciable Increase in Ionisation
due to Radiation Field of Lightning Flash
alone].-R. H. Healey. (Phil. Mag., Jan-
uary, 1936, Series 7, Vol. 2 I , No. 138,
pp. 187-198.) For mathematical methods
see Bailey & Martyn, 1934 Abstracts, p. 6o6.

875. ELECTRON ATTACHMENT AND ION FORMATION
IN GASES [Calculated from Law of Mass
Action : Agreement with Experiment].-
W. Rogowski. (Zeilschr. f. Physik, No. 5/6,
Vol. 98, 1935, pp. 399-414.)

876. A METHOD OF MEASURING THE INCIDENT
ANGLE OF A DOWNCOMING WAVE AT A
RECEIVING POINT. -Namba, Maeda and
Yokoyama. (Journ. I.E.E. Japan, August,
1935, Vol. 55 [No. 8], No. 565, p. 766:
Japanese only.)
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877. PRELIMINARY NOTES ON A PULSE GENERATOR 886.
[Neon Lamp and Saturated -Core Trans-
former, for Ionosphere Investigations].-
M. K. Ts'en. (Chinese Journ. of Phys.,
No. r, Vol. I, 1933, pp. 87-89 : in English.)

878. FIELD -STRENGTH RECORDING [in Fading In-
vestigations] BY THE CATHODE-RAY OSCILLO-
GRAPH, WITH THE USE OF AN INTERMEDIATE
FREQUENCY.-J. Lonkar. (Elektrot. u.
Masch:bau, 3rd Nov. 1935, Vol. 53, NO. 44,
PP. 525-526.) For previous work see 1934
Abstracts, p. 552. The writer now obtains
satisfactory photographic records with an
ordinary superheterodyne receiver from
which the second detector valve is removed.

879. A TEST CAR FOR MARINE RADIO -TELEPHONE
[Field -Strength] SURVEYS.-Hafner. (Bell
Lab. Record, November, 1935, Vol. 14,
No. 3, pp. 94-98.)

880. CREPUSCULAR TABLES [obtainable from Polish
Meteorological Institute]. - J. Lugeon.
(Hydrographic Review, November, 1935,
V01.12, No. 2, P. 144)

881. STUDY OF ATMOSPHERIC OZONE BY VISUAL
SPECTROSCOPY [Solar, Blue Sky and Lunar].
-J. Gauzit. (Ann. de Physique, November,
1935, Vol. 4, pp. 450-532.)

Confirming the Dobson annual variation ; evi-
dence of the inequalities of distribution in the same
horizontal layer. Assuming, as a first approxi-
mation, the validity of the " thin layer " idea,
the height of this layer would average 33 km
(ranging between 20 and 50 km) ; the height
increases, in general, with the thickness. But the
spectroscopy of the very low sun clearly shows the
inadequacy of the " thin layer " hypothesis, and
gives an approximate value for the quantity of
ozone in the troposphere. The writer disagrees
with the conclusion of Goetz, Meetham and Dobson
that the principal changes in ozone content are
situated between ro and 20 km.
882. THE TEMPERATURE OF ATMOSPHERIC OZONE

[is much below o°C : No Great Diurnal or
Seasonal Variation of Ozone Temperature or
Height].-J. Devaux. (Comptes Rendus,
3oth Dec. 1935, Vol. 201, No. 27, pp. 1500-
1501.) For previous work see Abstracts,
1932, p. : also 1934, p. 374.

883. THE ULTRA -LUMINOUS SPECTROGRAPH OF THE
PIC DU MIDI [Essential Characteristics :
Wavelengths already observed in Night Sky
Spectrum] .-H. Garrigue. (Comptes Rendus,
6th Jan. 1936, V01.202, No. 1, pp. 44-45.)

884. THE CONTINUOUS SPECTRUM OF THE NIGHT
SKY AND THE DIFFUSION OF LIGHT IN
SPACE.-J. Dufay. (Comptes Rendus, 23rd
Dec. 1935, Vol. 201, No. 26, pp. 1323-1325.)

185. THE CALCULATION OF THE PRIMARY CON-
STANTS OF A UNIFORM LINE FROM THE
PROPAGATION CONSTANTS [Formulae applic-
able to All Types of Uniform Lines].-
A. Rosen. (P.O. Elec. Eng. Journ., January,
1936, Vol. 28, Part 4, pp. 274-275.)

887.

888.

889.

A NEW POLARISATION PHENOMENON [Very
Strong Polarisation of Oblique Light by
Very Thin Metallic Mirror].-M. Cosyns.
(Nature, tith. Jan. 1936, Vol. 137, p. 7o.)

DISPERSION OF AIR, KRYPTON AND XENON
IN SHORT-WAVE ULTRA -VIOLET [Measure-
ments give Dispersion Formula with Absorp-
tion Frequencies Higher than those formerly
measured].-W. Kronjager. (Zeitschr. f.
Physik, No. 1/2, Vol. 98, 1935, pp. 17-22.)

SELECTIVE DISPERSION OF LIGHT IN MERCURY
VAPOUR [Separation of " Molecular " and
" Atomic " Components of the Radiation :
Polarisation Measurements : etc.].-G.
Landsberg and L. Mandelstam. (Physik.
Zeitschr. der Sowjetunion, No. 4, Vol. 8,
1935, pp. 378-400: in German.)

ANOMALOUS DIFFRACTION GRATINGS [With
Destructive Interference along Plane of
Grating].-R. W. Wood. (Phys. Review,
15th Dec. 1935, Series 2, Vol. 48, No. 12,
pp. 928-936.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

890. THE NATURE OF ATMOSPHERICS.-G. W. 0. H :
Norinder & Nordell. (Wireless Engineer,
January, 1936, Vol. 13, No. 148, pp. 1-2.)
Editorial on the work dealt with in 449 of
February.

RADIOELECTRIC COMMUNICATIONS : SECTION 3
-VARIATIONS OF ATMOSPHERICS : SECTION 4
-RATIO OF SIGNAL TO DISTURBANCES, AND
THE POWER NECESSARY TO ASSURE- COM-
MUNICATION.-H. de Bellescize. (L'Onde
Elec., November, 1935, Vol. 14, No. 167,
pp. 740-759.) For previous parts see 23 of
January.

892. " STATIC HISS " ATTRIBUTED TO INTERSTELLAR
DUST CHARGED BY ULTRA -VIOLET LIGHT
FROM STARS.-Langer : Jansky. (Sci. News
Letter, 4th Jan. 1936, Vol. 29, p. 15.)

. INAPPRECIABLE INCREASE IN IONOSPHERE
IONISATION DUE TO RADIATION FIELD OF
LIGHTNING FLASH ALONE.-Healey. (See
874.)

. A CURIOUS AFTER-EFFECT OF LIGHTNING
[String of Luminous Beads remaining in
Path- of Flash].-D. G. Beadle. (Nature,
18th Jan. 1936, Vol. 137, p. 112.)

895. MEASUREMENTS OF THE ELECTRICAL CON-
DUCTIVITY OF THE AIR FOR THE DETERMINA-
TION OF LOCALITIES PARTICULARLY LIABLE
TO LIGHTNING STROKES.-G. Viel : Dauzere.
(Elektrot. u. Masch:bau, 8th Dec. 1935,
Vol. 53, No. 49, p. 585: summary only.)
For a previous paper see 961 of 1935.

896. MODEL TESTS ON LIGHTNING CONDUCTORS.-
A. M. Zalesski. (Elektrot. u. Masch:bau,
15th Dec. 1935, Vol. 53, No. 5o, p. 598
summary only.)

891.

893

894
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897. THE INITIATION OF ELECTRICAL DISCHARGES
BY FIEI.D EMISSION [Oscillograms of Over-
volted and of Ordinary Discharges in
Asymmetrical Fields between Spheres,
Points and Planes, and of 6o -cycle Mag-
nesium Spark].-J. W. Flowers. (Phys.
Review, 15th Dec. 1935, Series 2, VOL 48,
No. 12, pp. 954-959.)

898. DETERMINATION OF THE SATURATION IONISA-
TION CURRENT FROM HIGH SPEED ELECTRONS
IN AIR.-L. S. Taylor. (Phys. Review,
15th Dec. 1935, Series 2, VOL 48, No. 12,
p. 970.)

899. STUDY OF THE EARTH'S ELECTRICAL FIELD,
ATMOSPHERIC IONISATION AND VERTICAL
CURRENT AT SCORESBY SOUND DURING THE
POLAR YEAR.-A. Dauvillier. (Journ. de
Phys. et le Radium, October, 1935, Vol. 6,
No. To, pp. 420-426.) For a Comptes
Rendus Note see 2942 of 1935.

goo. EARTH CURRENT MEASUREMENTS [along
Atlantic Coast and in Mississippi Valley].-
Mary K. Corr. (Bell Lab. Record, December,
1935, Vol. 14, No. 4, pp. 106-110.)

901. " A MANUAL OF THE PRINCIPLES OF METE-
OROLOGY " [Book Review].-R. M. Deeley.
(Sci. Progress, January, 1936, Vol. 3o,
No. 119, pp. 540-542.) In a combined
discussion of this book and that of Brunt
(3790 of 1935.)

902. THE SCIENTIFIC EQUIPMENT OF THE STRATO-,
SPHERE BALLOON " EXPLORER II."-(Elec-
tronics, December, 1935, Vol. 8, pp. 31-34
and 38.)

903. GEIGER -COUNTER CHARACTERISTICS WITH AP-
PLIED POTENTIALS REVERSED [Reduced
Efficiency : Suggested Explanation].-D. B.
Cowie. (Phys. Review, ist Dec. 1935, Series
2, VOL 48, No. 11, pp. 883-885.)

904. INVESTIGATIONS ON [COSMiC Ray] COUNTERS
WITH A CATHODE-RAY TUBE [Impulse Forms
and Duration of Discharge : Hints for Use
and Gaseous Filling of Counters].-A. Trost.
(Physik. Zeitschr., 1st Dec. 1935, Vol. 36,
No. 22/23, pp. 801-804.)

905. EVIDENCE FOR SUPERNOVAE AS GENERATORS
OF COSMIC RADIATION.-H. Zanstra. (Natur-
wiss., 20th Dec. 1935, Vol. 23, pp. 867-868.)

906. THE DIRECTIONAL EFFECT OF COSMIC RADIA-
TION [Existence of Preferred Directions].-
A. Ehmert. (Physik. Zeitschr., ist Dec.
1935, Vol. 36, No. 22/23, pp. 798-801:
preliminary communication.)

907. COSMIC RAYS AND THE ORIGIN OF SPECIES.-
H. H. Thomas. (Nature, nth and 18th
Jan. 1936, Vol. 137, pp. 51-53 : 97-98.)

908. PRODUCTION OF COSMIC -RAY SHOWERS AT A
CONSIDERABLE DEPTH BELOW GROUND -
LEVEL [Positive or Negative Electrons form
Considerable Part of Penetrating Radiation].
-D. H. Follett and J. D. Crawshaw.
(Nature, 28th Dec. 1935, Vol. 136, p. 1026.)
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909. ANALYSIS OF THE CORPUSCULAR COSMIC
RADIATION AT A DEPTH OF 28 M IN THE
EARTH [One Group of Very High Penetrating
Power : Very Soft Secondary Radiations].
-P. Auger and A. Rosenberg. (Comptes
Rendus, 2nd Dec. 1935, Vol. 201, No. 23, pp
1116-1118.)

910. THE VARIATION OF INTENSITY OF COSMIC
RADIATION IN THE MAGNETIC FIELD OF
THE EARTH BETWEEN AMSTERDAM AND
NORTH CAPE, also AN ARRANGEMENT FOR
MEASURING THE COSMIC RAY IONISATION
IN DEEP WATER, and THE DECREASE OF
PRIMARY COSMIC RADIATION AND SHOWERS
IN WATER DOWN TO A DEPTH OF 300 METRES.
-Clay and others. (Physica, December,
1935, Vol. 2, No. IO, pp. 1033-1050: in
English.)

911. REMARK ON A SECONDARY EFFECT OF COSMIC
RADIATION [Screening Action of Lead Plates
in Lateral Position].-A. Schwegler. (Zeit-
schr. f. Physik, No. 3/4, Vol. 98,
288.)

912. VERTICAL INTENSITY OF COSMIC RAYS BY
THREEFOLD COINCIDENCES IN THE STRATO-
SPHERE [Curve with Maximum at Pressure
of Too mm Hg and Hump at 300 mm Hg].
-E. Regener and G. Pfotzer. (Nature,
2nd Nov. 1935, Vol. 136, pp. 718-719.)

1935, p.

913. ON THE SHOWERS OF RAYS WHICH PRODUCE
BURSTS OF COSMIC -RAY IONISATION [Pro-
bability that a Shower of a Given Number of
Rays will Discharge a Number of Counters :
No Marked Discontinuity between Small and
Large Showers].-C. G. Montgomery and
D. D. Montgomery. (Phys. Review, 15th Nov.
1935, Series 2, VOL 48, No. 10, pp. 786-789.)

914. THE VARIATION WITH ALTITUDE OF THE PRO-
DUCTION OF BURSTS OF COSMIC -RAY IONISA-
TION.-C. G. Montgomery and D.D. Mont-
gomery. (Phys. Review, 15th Dec. 1935,
Series 2, Vol. 48, No. 12, pp. 969-970.)

915. INCREASED FREQUENCY OF COSMIC -RAY
BURSTS WITH REDUCED SHIELDING.-R. L.
Doan. (Phys. Review, ist Sept. 1935, Series
2, VOL 48, No. 5, pp. 470-471.)

916. THE IMPACT OF VERY RAPID, HEAVY PAR-
TICLES [Calculation of Energy and Number of
Secondary Electrons which should be pro-
duced by the Passage of Heavy Cosmic -Ray
Particles through Matter].-W. Braunbek.
(Zeitschr. f. Physik, No. 9/10, VOL 96, 1935,
pp. 600-606.)

917. [Cosmic -Ray] SHOWER PRODUCTION IN SMALL
THICKNESSES OF LEAD AND OTHER ELEMENTS
[Increase in Production of " Triple "
Showers a Non -Linear Function of Thick-
ness].-J. E. Morgan and W. M. Nielsen.
(Phys. Review, ist Nov. 1935, Series 2, Vol.
48, No. 9, pp. 773-774.)
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918. THE FREQUENCY AND MAGNITUDE OF THE
SHOWERS PRODUCED BY COSMIC RAYS IN
LEAD. -11. Geiger and 0. Zeiller. (Zeit-
schr. f. Physik, No. 5/6, Vol. 97, 1935, pp.
300-311.)

919. MEASUREMENT OF THE IONISATION PRODUCED
BY SHOWERS DUE TO COSMIC RAYS IN
LEAD .-Rossi and Boldrini. (La Ricerca
Scient., 1513oth Nov. 1935, 6th Year, Vol. 2,
No. 9/1o, pp. 327-338.)

920. ANALYSIS OF COSMIC RAY DEFLECTION EX-
PERIMENTS. II. [Case where Region of
Uniform Deflecting Field is Same Width as
That of Counters : Application to Various
Experiments].-W. E. Danforth, Jr. (Journ.
Franklin Inst., September, 1935, Vol. 22,
No. 3, pp. 377-386.)

921. ABSORPTION OF COSMIC RADIATION IN MATTER
[Absorption Coefficients nearly Linear with
Density].-A. W. Nye. (Phys. Review,
1st Sept. 1935, Series 2, Vol. 48, No. 5,
pp. 481-482: abstract only.)

922. ROCK SALT ABSORPTION OF COSMIC RAYS.-
S. Ziemecki. (Acta Phys. Polonica, Fasc. 1/2,
Vol. 4, 1935, pp. 183-193 : in English.)

PROPERTIES OF CIRCUITS
923. ON THE RECTIFYING EFFECT OF A THIN WIRE

CONNECTED IN A CIRCUIT TO WHICH TWO
VOLTAGES ARE APPLIED HAVING A 2 : I
FREQUENCY RATIO.-M. Backman and K.
Teodorchik. (Journ. of Tech. Phys. [in
Russian], No. 5, Vol. 5, 1935, pp. 850-854.)

If two sinusoidal e.m.fs, one of which has twice
the frequency of the other, are applied in series to
a thin wire having a high temperature coefficient
of resistance and a low thermal lag, the current
flowing through the wire will contain a d.c. com-
ponent. This is proved by considering the variation
in the temperature and therefore in the resistance
of the wire. A formula (1 o) determining the d.c.
component is derived, and it is pointed out that the
rectifying effect depends very much on the phase
displacement of the two e.m.fs. Experiments with
thin tungsten and silver wires have given a satis-
factory confirmation of the theory.

924. ON A MECHANICAL MODEL OF AN OSCILLATING
SYSTEM.-I. S. Rabinovich. (Izvestia Elek-
troprom. Slab. Toka, No. II, 1935, PP. 39-45.)

The usual models of harmonic motion, i.e. the
pendulum or a weight attached to a spring, can
only represent free damped oscillations. In order
to demonstrate the various phenomena associated
with the application of an external harmonic force
to an oscillating system, a force F of variable
frequency but constant amplitude should be
applied to the suspended weight. From the
examination of an equivalent electrical circuit, the
author shows that the same effect can be obtained
if, instead of applying the force F, that end of the
spring which is normally fixed receives a periodical
displacement of constant magnitude. This move-
ment can be easily derived mechanically from a
circular motion by a system of links. A number of
experiments possible with this model are suggested
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and it is pointed out that by attaching to the
weight a second spring and weight a system with
two degrees of freedom is obtained.
925. COMPENSATION OF CAPACITY IN A VALV E

CIRCUIT.-M. E. Backman. (Izvestia Elek-
troprom. Slab. Toka, No. I I, 1935, pp. 14-17.)

It has been shown by Mandelstam and Papalexi
[Russian Pat. 81 448 of 7.1.34] that any parameter
in a valve circuit can be compensated by a suitable
adjustment of the phase relationship between the
drive and feed -back voltages. In the present paper
this method is examined for the case of an aperiodic
circuit in which a condenser C is connected between
the grid and filament and a charging voltage is
applied across C and the anode resistance R. of
the valve in series, the valve high-tension supply
being connected between the anode and R,,.

A formula (5) is derived for determining the
equivalent capacity of C. A number of experiments
were carried out for measuring this capacity under
various operating conditions. For this purpose C
was momentarily charged and discharged by a
Helmholz interrupter and the discharge current
through a galvanometer noted. The results obtained
show that by correct adjustment of the circuit
constants the capacity C can be compensated up
to 85 to 9o%.
926. TUBE CAPACITY PUT TO WORK [Utilisation of

Miller Effect].-Hollywood and Wilder.
(See 979.)

927. RELAXATION OSCILLATIONS IN A PERMANENT
RtGIME.-J. Hak. (Rev. Gen. de l'Elec.,
28th. Dec. 1935, Vol. 38, No. 26, pp. 895-899.)

" The explicit solution of the differential equation
corresponding to relaxation oscillations not being
known, the writer has systematically undertaken
the graphical solution of this equation with a view
to determining the principal characteristic values
of the curve representing relaxation oscillations in
a permanent regime. He determines the tangent
at the origin, the period, the point of inflection and
the tangent at that point, for different values of
the constant which appears- in the differential
equation. He gives, in addition, some empirical
formulae expressing these characteristic values as
functions of this constant. . . . The curves repre-
senting these values as functions of e are of very
regular form. Above all, they have a very regular
form for high values of e, and it may be supposed
that, even for values of e exceeding the limit
e = 10 so far examined, the formulae given repre-
sent with sufficient accuracy the period, angular
coefficient of the tangent, and the other charac-
teristic values of relaxation oscillations."
928. SPASMODIC OSCILLATIONS [" Jumps ' '] IN A

CIRCUIT CONTAINING CAPACITY AND IN-
DUCTANCE.-L. N. Loshakov and S. E.
Chaikin. (Journ. of Tech. Phys. [in Russian],
No. 5, Vol. 5, 1935, pp. 832-843.)

Discontinuities in oscillations are known to
occur in circuits containing only one of the two
reactive elements, i.e. either capacity or inductance.
In the present paper an oscillatory circuit containing
both capacity and inductance is examined. In this
circuit the back voltage is applied to the grid of
the oscillator valve through a second valve in which
the necessary phase displacement is obtained. A
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mathematical analysis of the operation of the
circuit is presented showing that rapid spasmodic
changes can take place in the state of the system.
Cathode-ray oscillograms confirm the theoretical
conclusions. For a French version see Tech. Phys.
of USSR, No. 2/3, Vol. 2, 1935, pp. 181-194.
929. ON " FRACTIONAL " RESONANCE.-J. B.

Kobzarev. (Journ. of Tech. Phys. [in
Russian], No. 5, Vol. 5, 1935, pp. 815-820.)

As a further illustration of the quasi -linear theory
(487 of February and back reference) the operation
of an oscillator is examined when the ratio of the
frequency of the applied e.m.f. to the natural
frequency of the oscillator is 2 : 3.

Equations of the first approximation are derived
on the assumption that the characteristic of the
valve is a curve of the fourth order, and conditions
for stable oscillations are established. It is pointed
out, however, that owing to the inadequacy of the
analytical method, i.e. the representation of the
valve characteristic by an equation, the theoretical
results may not be obtainable in practice. On the
contrary, from certain considerations not discussed
in the present paper, it appears that the 2: 3
resonance is not possible with an ordinary thermionic
valve.
930. ON THE THEORY OF " PULL -IN " IN THE CASE

OF A " Sorr " REGIME.-V. I. Gaponov.
(Journ. of Tech. Phys. [in Russian], No. 5,
Vol. 5, 1935, pp. 821-831.) .

A theoretical investigation showing that when
an external e.m.f. is applied to an oscillating
circuit, the pulling -in may be accompanied by
" hysteresis " phenomena, i.e. by delayed changes
in the oscillations, even if the valve is operating
under a soft regime. It is assumed that the charac-
teristic curve of the valve can be represented by an
equation of the 3rd order, and van der Pol
abbreviated equations are derived. A graphical
analysis of the integral curves of the equations is
given, and the variation in frequency and amplitude
of the forced oscillations is examined when (a) the
frequency and (b) the amplitude (at certain fre-
quencies) of the external e.m.f. is varied.
931. ELECTRIC FILTERS AND THE THEORY OF

MATRICES [and the Use of Linear Trans-
formations for Line and Filter Calculations].
-L. Brillouin. (Rev. Gen. de l'Elec., 4th Jan.
1936, Vol. 39, No. r, pp. 3-16.)

932. REMARKS ON THE TUNING OF BAND FILTERS
[Behaviour of Coupled Oscillatory Circuits
discussed with help of Relief Contour
Diagram : Practical Application].-F.
Stej skal. (Funktech. Monatshefte, December,
1935, No. 12, p. 452.)

933. " COMMUNICATION NETWORKS, VOL. II " [Book
Review].-E. A. Guillemin. (Electronics,
December, 1935, Vol. 8, p. 35.) A long and
enthusiastic review.

TRANSMISSION
934. A METHOD FOR THE PRODUCTION OF CENTI-

METRE [Micro-] WAVES.-K. Okabe and
M. Hisida. ( Journ. I.E.E. Japan, September,
1935, Vol. 55 [No. 9], No. 566, p. 823:
Japanese only, with diagram of new type of
valve in magnetic field.)

935. THE MAGNETRON [History : Mode of Opera-
tion, for Electronic and Dynatron Oscilla-
tions : Latest Types : Guard Wires (in
Dynatron Type) for protecting Filament
from Electron Bombardment].-A. W.
Ladner. (Marconi Review, Sept./Oct. 1935,
No. 56, pp. 22-29.) For the use of these
valves for medical purposes see 1721 and
1722 of 1935.

936. ON THE GENERATION OF ELECTROMAGNETIC
[Micro-] WAVES SHORTER THAN 50 CM BY
MEANS OF SPLIT -ANODE MAGNETRONS.-
Vyshinski, Kopilovich, Lelyakov, Slutskin
and Usikuv. (Journ. of Tech. Phys. [in
Russian], No. 5, Vol. 5, 1935, pp. 844-849.)
A full German version of this paper was
dealt with in 89 of 1935.

R. I. E. C. [Leghorn] RESEARCHES ON MICRO-
WAVES.-(Alta Frequenza, October, 1935,
Vol. 4, No. 5, pp. 629-632.) For a previous
report see 2226 of 1935.

938. 6o Mc M.O.P.A. [Ultra -Short -Wave Master -
Oscillator Power -Amplifier with Resonant -
Line Tuning Circuits].-C. J. Franks.
(Electronics, October, 1935, Vol. 8, pp. 33-36.)

TRANSMITTERS FOR TEN METRES: SOME
MEDIUM -POWER RIGS OF SIMPLE CON-
STRUCTION.-G. Grammer. (QST, January,
1936, Vol. 20, No. 1, pp. 11-14 and 80.)

HIGH-FIDELITY RADIO TRANSMITTER FOR
ULTRA -HIGH FREQUENCIES.-J. W. Smith.
(Bell Lab. Record, November, 1935, Vol. 14,
No. 3, pp. 99-102.) Type No. 16 crystal -
controlled transmitter, 50 w, 3o -6o Mc/s,
alone or with No. 88 amplifier, 500 w,
3o-42 Mc/s.

PHASE -FREQUENCY MODULATION.-E. H
Armstrong. (Electronics, November, 1935,
Vol. 8, pp. 17-19 and 36.) Based on paper
at November I.R.E. meeting and on inter-
view. See also 3394 and 3395 of 1935.

" ELECTRON QUANTITY " MODULATION
SYSTEM.-T. Hayasi. (Journ. I.E.E. Japan,
July, 1935, Vol. 55 [No. 7], No. 564, pp.
595-598: English summary pp. 75-76.)
See also 503 of February, and 943, below.

THE NEW SUPPRESSOR -GRID MODULATION AT
ULTRA -SHORT WAVES [" Electron -Quantity "
Modulation System using Pentode].-T.
Hayasi and S. Yamagiwa. (Journ. I.E.E.
Japan, July, 1935, Vol. 55 [No. 7], No. 564,
p. 673: Japanese only.) See 942, above.

A Low LEVEL MODULATION SYSTEM [Power
wasted in Carrier Amplification saved by
Class C Amplification for Carrier only,
Sidebands supplied through Separate
Channel using Class B Amplification].-
W. E: Phillips. (Proc. Inst. Rad. Eng.,
December, 1935, Vol. 23, No. 12, p. 1419 :
summary only.)

ANEW METHOD OF MODULATION.-Y. Takeda.
(Journ. I.E.E. Japan, September, 1935,
Vol. 55 [No. 9], No. 566, p. 820: Japanese
only.)

937.

939.

940.

941.

942.

943.

944.

945.
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946. DEVELOPMENT OF THEORY OF GRID -BIAS
MODULAJTION AND AMPLIFICATION OF MODU-
LATED OSCILLATIONS.-A. I. Berg. (Izvestia
Elektroprom. Slab. Toka, No. ir, 1935,
pp. 3-10.)

Author's summary :-From the general equation
of the valve oscillator, fundamental equations of the
theory of grid -bias modulation and of the amplifica-
tion of modulated oscillations are derived. Based
on the analysis of these equations, general require-
ments for linear grid -bias modulation and linear
amplification of modulated oscillations are set
forth. For grid -bias modulation the fundamental
equation is Baal = R . (E00 - Eg)I(Rai + Rae),
where R is the equivalent resistance of the anode
tuned circuit ; the requirement for undistorted
operation is Rai = const. For the amplification
of modulated oscillations the fundamental equation
is /mat = Rai), and the require-
ment for undistorted operation is Rai = 2R1. The
results thus obtained are compared with the
previously stated requirements for the distortionless
anode modulation of the Class C amplifier [2611
of 1935].

947. HIGH-FIDELITY TECHNIQUE [Reports On Tests
with W2XR, Experimental Station broad-
casting on 20 kc Channel : Compensation
for Gramophone -Record Transmission : etc.].
-Hogan and Barber. (Electronics,
November, 1935, Vol. 8, pp. 26-29.)

948. ANODE MODULATION IN PARALLEL AND IN
SERIES [Comparison between Parallel (" Con-
stant Current ") Modulation and Series
(" Constant Voltage ") Modulation Methods :
Some Characteristics of Valves suitable for
Series Modulation].-P. Pontecorvo. (Alta
Frequenza, October, 1935, Vol. 4, No. 5,
pp. 508-529: Editorial p. 505.)

949. PRIVACY SYSTEMS FOR WIRELESS TELEPHONY
[Classified Survey of Systems].-H. Iinuma.
(Circulars of Electrot. Lab., Tokyo, No. ror,
1935, 6o pp : in Japanese, with English
synopsis.)

950. SHORT-WAVE RADIO -TELEPHONY BY THE
CARRIER DEPRESSION SYSTEM.-E. Takagisi
and S. Syono. (Journ. I.E.E. Japan,
July, 1935, Vol. 55 [No. 7], No. 564, p. 676 :
Japanese only.)

951. A RADIO TRANSMITTER FOR THE PRIVATE
FLYER.-R. S. Bair. (Bell Lab. Record,
December, 1935, Vol. 14, No. 4, pp. 136-138.)

952. ON THE VARIATION OF STABILITY WITH
FREQUENCY IN VALVE OSCILLATORS COVER-
ING A WIDE FREQUENCY RANGE.-E. S.
Antseliovich. (Izvestia Elektroprom. Slab.
Toka, No. II, 1935, pp. 11-14.)

It is generally assumed that the frequency
stability of a continuously variable oscillator
remains approximately constant over the whole
wavelength range of the oscillator. The object of
this paper is to show that on the contrary the
frequency stability depends on the operating
wavelength. This is demonstrated by a number of
tables based on a large amount of statistical data
and showing the frequency variation of reactively
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coupled oscillators on wavelengths between 5 and
6 000 metres. A curve is plotted on the basis
of these tables indicating that the frequency
variation tends to increase with increase of wave-
length. This is followed by a theoretical investiga-
tion in which the relative importance of the various
factors affecting the frequency stability, and their
dependence on the operating frequency, are pre-
sented in tabular form.

It is pointed out that from the point of view of
frequency stability the position of the optimum
frequency band depends to a great extent on the
actual construction of the oscillator. For well
designed and compact oscillators it can be taken as
lying between 5o and 30o metres.
953.

954.

THE FREQUENCY STABILITY OF CRYSTAL -
CONTROLLED VALVE OSCILLATORS: ADDEN-
DUM.-Antseliovich. (Izvestia Elektroprom.
Slab. Toka, No. 12, 1935, p. 76.) See 81 of
January.

ELECTRIC TEMPERATURE CONTROL OF THERMO-
STAT FOR BROADCAST USE.-ItOW, Yokoyama
and Nomura. (Journ. I.E.E. Japan, July,
1935, Vol. 55 [No. 7], No. 564, p. 674
Japanese only.)

A QUANTITATIVE STUDY OF THE DYNATRON
[Prediction of Performance by Use of
Output Characteristics : with Experimental
Confirmation : Behaviour with Crystal as
Tuned Circuit : etc.].-F. M. Gager and
J. B. Russell, Jr. (Proc. Inst. Rad. Eng.,
December, 1935, Vol. 23, No. 12, pp.
1536-1566.). For MacKinnon's experimental
results with a crystal, which are explained by
the present discussion, see 1933 Abstracts,
P 155.

956. ON THE SPECIAL HIGH -FREQUENCY OSCIL-
LATIONS PRODUCED BY MERCURY -VAPOUR
TUBES.-I. Yamamoto and T. Ono. (Journ.
I.E.E. Japan, July, 1935, Vol. 55 [No. 7],
No. 564, p. 678: Japanese only.)

AN ANALYTICAL METHOD OF PREDETERMINING
THE BEHAVIOUR OF THE VACUUM TUBE
OSCILLATOR, WHICH YIELDS REGIONS OF
OSCILLATION AND NON -OSCILLATION, THE
AMPLITUDE OF OSCILLATION, AND WAVE
FORM.-E. A. Guillemin. (Proc. Inst. Rad.
Eng., December, 1935, Vol. 23, No. 12, p.
1417: summary only.)

958. FILTERING OF UPPER HARMONICS.-Z. I.
Model and S. V. Person. (Izvestia Elek-
troprom. Slab. Toka, No. 12, 1935, pp.
1-22.)

Authors' summary :-The causes of upper har-
monics in vacuum -tube transmitters, and the
methods of reducing them, are considered. The
filtering action of antenna circuits, transmission
lines, push-pull circuits and so forth are investigated
in detail. Formulae suitable for calculation are
derived for all these cases. In conclusion, a method
of measuring the harmonic power in an antenna is
described, and a series of numerical examples
given.
959. THE CHOICE OF COUPLING OF THE SHORT-

WAVE TRANSMITTER TO THE TRANSMISSION
LINE.-Gonorovsky. (See 996.)

955.

957.
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RECEPTION
96o. A METHOD FOR INVESTIGATING PARASITIC

MODULATION (LUXEMBOURG EFFECT) .-R. V.
Lvovich. (Journ. of Tech. Phys. [in Rus-
sian], No. 5, Vol. 5,1935, pp. 897-904.)

It is shown by simple calculations that if the
theory of the Luxembourg effect as expounded by
Bailey and Martin is correct, i.e. if parasitic modu-
lation is due to non-linear processes in the iono-
sphere, then the following phenomena should take
place :-

(1) Parasitic modulation when either of the two
interfering stations is received ; (2) distorted
reception ; (3) change in the depth of modulation ;
and (4) the appearance of radio and audio fre-
quencies other than those radiated.

It is suggested that experiments should be car-
ried out to check these points and in this way either
confirm or refute the theory. So far, (r) has been
confirmed experimentally while (2) is contradicted
by observations.

961. INVESTIGATION, WITH GERMAN BROADCASTING
STATIONS, OF THE LUXEMBOURG EFFECT
-Hammier and Pfitzer. (See 859.)

962. INTERMODULATION PRODUCED IN ULTRA -
SHORT -WAVE RECEIVERS [Reception of
Broadcast and Long Waves possible on
U.S.W. Receiver (Super -Regenerative or
Regenerative Type) with help of Local
Oscillator of Same Frequency Range as
Receiver : Possible Applications].-S. Uda
and S. Miki. (Journ. I.E.E. Japan, Novem-
ber, 1935, Vol. 55 [No. Ii], No. 568, pp.
981-985: English summary pp. 123-124.)

963. A SIMPLIFIED CIRCUIT FOR THE QUENCHING OF
BROADCAST INTERFERENCE [Superior Action
of Condenser/Choke Combination (compared
with Condenser or Chokes alone) obtained
Economically in Cost and Space by Roll
Condensers with Iron -Powder Cores].-H. A.
Schwab. (Funktech. Monatshefte, December,
1935, No. 12, pp. 446-447.)

964. SHORT-WAVE INTERFERENCE TRACED TO
" ARTIFICIAL FEVER " APPARATUS [Hun-
dreds of Miles away].-Mimno & others.
(Sci. News Letter, 4th Jan. 1936, Vol. 29,
p. 9.)

965. ON THE ELECTRIC OSCILLATION DUE TO MAG-
NETO IGNITION.-G. Yahata. ( Journ. I.E.E.
Japan, July and August, 1935, Vol. 55,
Nos. 564 and 565, pp. 675 and 764: Japanese
only, with graphs.)

966. WORK OF THE BRITISH ELECTRICAL RESEARCH
ASSOCIATION [on Interference and Its Sup-
pression].-( Wireless World, 3rd Jan. 1936,
Vol. 38, p. 22.)

967. THE WORK OF THE MIXED COMMITTEE ON
INTERFERENCE WITH BROADCAST RECEPTION
[Berlin, I935].-R. Jouaust. (Rev. Gen. de
l'Elec., 19th. Oct. 1935, Vol. 38, No. 16, pp.
525-529.)
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968. A PORTABLE NOISE DETECTOR [Use of a
Midget Broadcast Receiver for tracing
Interference].-(Television, December, 1935,
Vol. 8, No. 94, pp 723-724)

969. MEASUREMENTS ON BROADCAST RECEIVERS
[Survey of Test Room Methods : including
the Danger of " Floating Carrier " Trans-
mission to AVC Receivers and the Testing of
" Expanders " to counteract This].-A.
Wertli. (Bull. Assoc. suisse des Elec., No.
26, Vol. 26, pp. 742-748: in German.)

970. DESCRIPTION OF AN EQUIPMENT GIVING AN
IMMEDIATE TRACE OF THE SELECTIVITY
CURVES OF A RECEIVER [comprising Small
Cathode -Ray Oscillograph and Motor -Driven
Saw -Tooth Generator and Condenser].-
Meillon. (Rev. Gin. de l'Elec., I1th Jan.
1936, Vol. 39, No. 2, pp. 49-5o : summary
only.)

971. " THE CATHODE-RAY TUBE AT WORK " [BOOk
Review : Primarily for Radio Servicing].-
Rider. (Wireless Engineer, January, 1936,
Vol. 13, No. 148, p. 20: Proc. Inst. Rad.
Eng., December, 1935, Vol. 23, No. 12, pp.
1567-1568.)

972. " MODERN RADIO SERVICING " [Book Review].
-A. A. Ghirardi. (Wireless World, 7th
Feb. 1936, Vol. 38, p. 139.)

NorEs ON INTERMEDIATE -FREQUENCY
TRANSFORMER DESIGN [Measurement of
" Q " for Coils and Condensers : Formulae
for predicting Gain and Selectivity : High
Fidelity and the Use of Band Expansion :
etc.].-F. H. Scheer. (Proc. Inst. Rad. Eng.,
December, 1935, Vol. 23, No. 12, pp.
1483-1491.) See also 1495 of 1935.

973.

974. SOME MEASUREMENTS ON IRON -CORED TUNING
COILS [Reasons for Comparative Lack of
Popularity in England of Previous Types :
the New Multi -Layer Litz Winding : Need
for Loss -Free Insulating materials : etc.].-
Kaschke : Vogt. (Wireless Engineer, Janu-
ary, 1936, Vol. 13, No. 148, pp. 14-20.)

SUPPRESSING SECOND -CHANNEL INTERFERENCE
[Discussion of Image -Rejection Methods].-
W. T. Cocking. (Wireless World, 17th Jan.
1936, Vol. 38, pp. 55-56.)

976. AUTOMATIC TUNING CONTROL.-W. T. Cock-
ing. (Wireless World, Loth Jan. 1936,
Vol. 38, pp. 33-34.)

975.

977. AUTOMATIC SELECTIVITY CONTROL [Method
giving Selectivity varying with Sensitivity,
by Several Triodes with Plate/Cathode
Impedances shunting Tuned Circuits in
Aerial -Coupling and I.F. Transformers :
Results with Experimental Model].-G. L.
Beers. (Proc. Inst. Rad. Eng., December,
1935, Vol. 23, No. 12, pp. 1425-144o.) The
full paper, a summary of which was referred
to in 3008 of 1935.
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978. CORRECTION CIRCUITS FOR AMPLIFIERS.
PART 2: HIGH FREQUENCY CORRECTION
[Calculation of Miller Effect in Two -Stage
Amplifier : High Frequency Correction in
Anode, Grid and Cathode Circuits].-O. E.
Keall. (Marconi Review, Sept./Oct. 1935,
No. 56, pp. 9-21.) For Part I see 3586 of
1935.

TUBE CAPACITY PUT TO WORK [Utilisation of
Miller Effect to give " Capacity Control
Tube " for Noise -Suppressing Tone Control,
Selectivity Analyser (with C -R Oscillograph),
Automatic Tuning, " Sound Prism " for
Acoustics, etc.].-J. M. Hollywood and
M. P. Wilder. (Electronics, October, 1935,
Vol. 8, pp. 30-32 and 42.)

980. PAPERS ON VOLUME CONTROL AND EXPANSION.
-(See 1054/6.)

981. DIAL MECHANISMS [Some 1936 American
Types].-(Electronics, November, 1935,
Vol. 8, pp. 21-24.) For a correction see
December issue, p. 5, middle column.

982. RESISTANCE COUPLING FOR PUSH-PULL
AMPLIFICATION [Circuit avoiding Need for
Balancing].-W. Richter. (Electronics,
October, 1935, Vol. 8, p. 4o.)

983. MODIFICATIONS OF THE PUSH-PULL OUTPUT
STAGE [Identity of " Cathode -Load Cir-
cuit " and " Grid Compensation Circuit "].-
W. Baggally : Macfadyen. (Wireless
Engineer, January, 1936, Vol. 13, No. 148,
p. 9.) Letter prompted by Macfadyen's
paper (107 of January).

984. STABILISED GRID BIAS [where Cathode -
Resistance Method is Inapplicable : Avoid-
ance of Unnecessary Duplication of Com-
ponents] .-C. Lawler. (Wireless World,
3rd Jan. 1936, Vol. 38, p. 12.)

985. BIASING THE OUTPUT STAGE [Three Systems
in Most Common Use].-W. MacLanachan.
(Wireless World, 3rd Jan. 1936, Vol. 38,
PP- 8-9)

986. MARCONI SHORT-WAVE SUPERHETERODYNE
RECEIVER, TYPE RG.34 [13-200 m : for
Dipole and Harmonic Aerials : suitable for
General Purpose Telegraphy or Telephony
Reception].-(Marconi Review, Sept./Oct.
1935, No. 56, pp. 1-8.)

987. A LOCAL -STATION RECEIVER FOR THE HIGHEST
QUALITY [5 Watt Output : for Three
Stations, including Ultra -Short Waves].-
H. Hertel. (Funktech. Monatshefte,
December, 1935, No. 12, pp. 453-463.)

988. THE GRAETZOR-GRANAT [Two -Circuit Four -
Valve Straight Receiver for A.C. Mains].
-(Funktech. Monatshefte, December, 1935,
No. 12, pp. 481-482.)

989. TELEFUNKEN 564 [Seven -Circuit Four -Valve

979.

Superheterodyne, A.C. or Universal].-
(Funktech. Monatshefte, December, 1935,
No. 12, pp. 483-484.)

909. THE CENTROMATIC UNIT [for Multi -Wave
Receivers].-(Electronics, October, 1935,
Vol. 8, pp. 16-18.)

991. IMPERIAL SHORT-WAVE SIX [6-100 LB : Battery
or Mains, by use of 13 -Volt Indirectly Heated
Valves : with AVC].-( Wireless World, 3rd
and loth Jan. 1936, Vol. 38, pp. 2-7 and
28-32.)

992. THE SUPERHETERODYNES" SILVER" [" MASTER-
PIECE I, II and III "].-P. Besson. (L'Onde
Elec., November, 1935, Vol. i4, No. 167,
PP. 771-778.)

993. POCKET SUPER -REGENERATIVE RECEIVERS
[e.g. 4" x 1 27/3e x 7 3/8", including
Frame Aerial : for Broadcast Wavelengths].
-W. Van B. Roberts. (QST, January,
2936, Vol. 20, No. I, pp. 22-25 and 68, 7o.)

994. HIGH-SPEED RADIO PRODUCTION [RCA
Camden Plant].-P. H. Jeryan. (Elec-
tronics, December, 1935, Vol. 8, pp. 21-25.)

995. THE SMALL APPLIANCE LOAD [including
Mains -Operated Broadcast Receivers].-
(Electrician, 3rd Jan. 1936, Vol. 116, pp. 1-2.)

AERIALS AND AERIAL SYSTEMS
996. THE CHOICE OF COUPLING OF THE SHORT-

WAVE TRANSMITTER TO THE TRANSMISSION
LINE.-I. S. Gonorovsky. (Izvestia Elektro-
prom. Slab. Toka, No. 12, 1935, pp. 22-37.)

Author's summary :-Comparing the conditions
of transmission -line feeding for different powers,
one can state that with the increase of transmitter
power the widely used conductive coupling of the
output circuit to the transmission line leads to a
series of complications, hampering the normal
performance of the transmitter. The elimination
of these irregularities can be attained by using the
inductive coupling, which however requires the
introduction of an additional circuit in cases where
the transmission line has a high surge impedance.

In order to decrease the dimensions of the trans-
mission -line circuit it is necessary to increase the
coupling, which requires the increase of the mutual
inductance factor between the circuits. A com-
parison is then made of the coupling factors which
can be obtained with different constructions of
coupling elements, and it is stated that the strongest
coupling can be obtained by means of concentric
tubes. In conclusion, the construction is described
of circuits allowing the realisation of the inductive
coupling in a wide range of wavelength, with the
possibility of quick readjustment of circuits for
change of wavelength.
997. THE RADIATION RESISTANCE OF AERIALS

WHOSE LENGTH IS COMPARABLE WITH THE
WAVELENGTH.-E. B. Moullin. (Electrician,
loth. Jan. 1936, Vol. 116, p. 32 : summary of
I.E.E. paper.)

998. THE DIRECTIVE PROPERTY OF PARABOLOIDAL
REFLECTORS AS USED ON ULTRA -SHORT
WAVES.-K. Morita. (Journ. I.E.E. Japan,
August, 1935, Vol. 55 [No. 8], No. 565,
pp. 721-726: Japanese only.)
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999. FILTERING FOR DOUBLE RADIATION [Simul-
taneous Broadcasting of Two Programmes
from Same Aerial].-V. Andrew. (Electron-
ics, October, 1935, Vol. 8, p. 13.) As at
KRNT and KSO.

1000. THE CALCULATION OF CURRENT AND VOLT-
AGE DISTRIBUTION IN SIMPLE ANTENNAS
[taking into account the Reaction of the
Electromagnetic Field : with Curves show-
ing Magnitude of that Effect in Different
Cases].-G. S. Ramm. (Izvestia Elektro-
prom. Slab. Toka, No. 12, 1935, pp. 37-43.)
For a previous paper see 547 of February.

oor. REFLECTION AND REFRACTION OF ELECTRIC
WAVES AT THE EARTH'S SURFACE [and the
Equivalent Virtual Radiators for Reflected
and Refracted Fields].-Violet. (See 870.)

1002. ON THE CALCULATION OF CAPACITY OF
AERIALS AND COUNTERPOISES: CORRECT-
IoNs.-Kravetz. (Izvestia Elektroprom.
Slab. Toka, No. I2, 1935, pp. 74-75.) See
128 of January.

1003. ANTI -INTERFERENCE AERIALS [Practical
Problems involved in the Use of Screened
Down-Leads].-L. A. Chapman. (Wireless
World, 3rd Jan. 1936, Vol. 38, p. 15.)

VALVES AND THERMIONICS
1004. RECENT DEVELOPMENTS IN METALS SEALING

INTO GLASS.-H. Scott. (J01012. Franklin
Inst., December, 1935, VOL 220, No. 6,
PP. 733-753)A description of the factors involved in the

development and use of new seals of iron/nickel/
cobalt alloys into hard glass. The expansion
properties of glasses are discussed and compared
with those of Kovar, an alloy with optimum cobalt
content, which has been found to be most suitable
for the seals. The alloy composition factors
involved are described and the stresses in the seals
investigated. Short reference is made to the
practical preparation of the seals and the annealing.
1005.. METAL IN RADIO TUBES : CHARACTERISTICS

OF QUALITY IRONS AND COLD ROLLED
STEEL [Advantages of Svea Metal].-(Rad.
Engineering, December, 1935, Vol. 15,
No. 12, pp. 14-15 : microphotographs and
captions only.)

1006. A BEND TESTER FOR VACUUM TUBE WIRES.
-W. J. Farmer. (Bell Lab. Record, Decem-
ber, 1935, Vol. 14, No. 4, pp. 139-142.)

1007. RAYTHEON DEVELOPS NEW IMPROVED CON-
TROL -GRID INSULATION FOR ALL -METAL
R.F. TUBES.-(Rad. Engineering, December,
1935, Vol. 15, No. 12, p. 26.) A wafer
insulator of ' new phenolic material " near
the best ceramic in low losses at the high
frequencies."

1008. THE ALL -METAL VACUUM TUBE : A DIS-
CUSSION OF METAL, METAL -GLASS AND
GLASS TUBES IN RELATION TO THEIR
CHARACTERISTICS AND APPLICATION S . -
(Rad. Engineering, December, 1935, Vol. 15,
No. 12, pp. 8-11.)

1009. THE 6L7 AS A VOLUME EXPANDER FOR
PHONOGRAPHS .-(Rad. Engineering, Decem-
ber, 1935, Vol. 15, No. 12, p. 24.)

Ioro. THE 6F6 AS A TRIODE -CONNECTED CLASS
AB AMPLIFIER.-(Rad. Engineering, Decem-
ber, 1935, Vol. 15, No. 12, pp. 12-13 and 23.)

'or I. A " RENODE " VALVE . -Jensen. (Wireless
World, 17th Jan. 1936, Vol. 38, No. 3,
p. 74: Patent summary.) See 148 of
January.

1012. VACUUM TUBE FOR SMALL CURRENT MEAS-
UREMENTS [Western Electric D -96475]D.

B. Penick. (Bell Lab. Record, November,
1935, Vol. 14, No. 3, pp. 74-78.)

1013. SUPPLEMENT TO THE GENERAL TABLE OF
VALVES IN THE MAY NUMBER, 1935 [Cor-
rections and Additions] .-(L'Onde Elec.,
November, 1935, Vol. 14, No. 167, pp.
760-770.) See 3062 of 1935.

101 4. SECONDARY EMISSION ELECTRON MULTI-
PLIERS. -ZWOrykin. (See 1091.)

1015. THE MAGNETRON.-Ladner. (See 935.)

1016. ELECTRON BEAMS IN RECEIVING VALVES.
Knoll and Schloemilch. (Wireless World,
3rd Jan. 1936, Vol. 38, pp. 18-19.) Based
on the work dealt with in 439 of 1935.

1017. A BRITISH 75 -WATT R.F. PENTODE [RFP-
362 : and other New Valves].-(Television,
December, 1935, Vol. 8, No. 94, PP. 733-734.)

1018. HIGH -POWER DEMOUNTABLE -TYPE OSCIL-
LATING VALVES : CORRECTION.-Mini and

(Izvestia Elektroprom. Slab. Toka,
No. 12, 1935, p. 76.) See 568 of February.

1019. MEASUREMENT OF THE CHARACTERISTIC PRO-
PERTIES OF HIGH -FREQUENCY RECEIVING
VALVES BETWEEN I.5 AND 60 Mc/S.-M. J.
0. Strutt and A. van der Ziel. (E.N.T.,
November, 1935, Vol. 12, No. II, pp.
347-354.)

For the calculation of valve amplification, four
complex constants must be known which are
analogous to the four parameters in the fundamental
equations of a quadripole (§I). Measurements of
these constants for pentodes (Philips -Valves AF3
and AF7) are here given, with descriptions of the
apparatus. All the measurements were made by
determining the voltage in an oscillating circuit
(§ II). The method of screening is described. Fig.
r shows the diode voltmeter, which was constructed
with an acorn tube to minimise errors due to the
electron transit time. Fig. 2 shows the arrange-
ment used for measuring the anode impedance
(§ III) ; the numerical results for various frequencies
and states of the valve are tabulated. A small change
in this arrangement makes it suitable for measuring
the slope of the characteristics (§ IV) which is
found to be equal to its statical value within the
limits of experimental error. Another small change
enables the grid impedance to be measured (§ V) ;
the values obtained are tabulated. The reaction
(§ VI) is due to the capacity between the control
grid and the anode and is determined by the
arrangement shown in Fig. 3 ; an empirical equa-
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tion is found for the equivalent capacity as a func-
tion of the frequency. In § VII the results are dis-
cussed ; a rule is given for the avoidance of detuning
the circuits when changing the valves or altering
the volume. The input and output parallel im-
pedances are found to be inversely proportional to
the square of the frequency for short waves. Phy-
sical explanations of the variations are given. The
valves investigated are found to be suitable for h.f.
amplification down to 7 m. A list of literature
references is appended.

1020. FLICKER EFFECT IN ELECTRONIC TUBES
[Experimental Results : Variation with
Age, and the Existence of a Period of Non -
Variation : Variation with Condition of
Cathode : etc.].-P. P. Di Roberto. (Nuovo
Cirnento, June, 1935, Vol. 12, No. 6, pp.
348-357.)

1021. THE ELECTRON -OPTICAL STRUCTURAL IMAGE
AND ITS EVIDENCE AS TO EMISSION CON-
DITIONS WITH BARIUM/NICKEL CATHODES.-
E. Briiclae. (Zeitschr. f. Physik, No. 1/2, Vol.
98, 1935, pp. 77-107.)

The subjects discussed are :-Part I. Formation
of the structural image. a. The structural image
as the final state of the cathode. 2. Wandering of
metallic barium atoms on the cathode. 3. Nature
of this wandering : vaporisation of atoms and
re -condensation. 4. Nature of re -condensed films.
Part II. Structural image and work function.
5. Current relations. 6. Differences in the work
functions of the crystals. 7. Structural image with
photoelectric electron emission. 8. Questions of
covering density (number of atoms per unit area of
crystal surface). Part III. Some Consequences.
9. Emission measurements as average values.
so. Electric fields at the cathode. II. Importance
of the boundaries of the grains. 12. Shot and flicker
effects. Many reproductions of electron -optical
images are given and form the basis of the dis-
cussion.

1022. ELECTRON -OPTICAL IMAGES OF INCANDES-
CENT FILAMENTS (PRELIMINARY COMMUNI-.
CATION).-H. Mahl. (Zeitschr. f. Physik,
No. 5/6, Vol. 98, 1935, pp. 321-323.)

A negatively charged plate is placed behind the
filament in order to smooth out the lines of force
in the potential field round the filament (Fig. a) ;

a normal electron -optical arrangement (Fig. 2) can
then be used to form an image. Fig. 3 shows a
comparison of the optical and electron images of a
tungsten wire ; Fig. 4 gives electron images of
thoriated tungsten and molybdenum wires.

1023. INVESTIGATION OF THERMIONIC FILAMENTS
WITH A SIMPLE ELECTRON MICROSCOPE
[consisting of a Cylindrical Glass Tube coaxial
with Filament : Emission Patterns formed
on Wall of Tube].-R. P. Johnson and W.
Shockley. (Phys. Review, 15th Dec. 1935,
Series 2, Vol. 48, No. 12, p. 973: abstract
only.) See also 1024.
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1024. CORRELATION OF EMISSION AND ADSORPTION
PROPERTIES WITH LATTICE DIRECTION IN
SINGLE -CRYSTAL TUNGSTEN WIRE [Emission
Patterns obtained with Simple Electron
Microscope].-W. Shockley and R. P.
Johnson. (Phys. Review, 15th Dec. 1935,
Series 2, Vol. 48, No. 12, pp. 973-974
abstract only.) See 1023.

1025. ELECTRON -MICROSCOPICAL INVESTIGATION OF
THE EMISSION OF ELECTRONS FROM COLD
METALS [Method for Approximate Determin-
ation of Current Densities at Separate Point
Emitting Centres].-A. Wehnelt and W.
Schilling. (Zeitschr. f. Physik, No. 3/4, Vol.
98, 1935, pp. 286-287.)

1026. AFTER EFFECT OF ALUMINIUM [and Other
Metals] BOMBARDED BY ELECTRONS [Elec-
tron Radiation : Half -Value Periods].-
M. Tanaka. (Phys. Review, 1st Dec. 1935,
Series 2, Vol. 48, No. II, p. 916.)

1027. THEORETICAL CONNECTION BETWEEN THE
EMISSION CONSTANTS OF SINGLE CRYSTALS
AND OF MULTIPLE -CRYSTAL MATERIAL.-A.
Recknagel. (Zeitschr. f. Physik, No. 5/6,
Vol. 98, 1935, pp. 355-362.)

The Richardson constants, mass constant and
work function, for multiple crystals of various types
of crystal structure, are calculated on the general
assumption that the thermionic emission of single
crystals is determined by a Richardson equation in
which the constants depend on the crystallographic
orientation of the emitting surface. It is suggested
that a possibility is hereby given of reconciling the
measured values of the mass constant for metals
with its theoretical value, which is in general
much higher.
1028. THE SURFACE IONISATION OF POTASSIUM

ON TUNGSTEN.-M. J. Copley and T. E.
Phipps. (Phys. Review, 15th Dec. 1935,
Series 2, Vol. 48, No. 12, pp. 960-968.)

For previous work see 1934 Abstracts, p. 619.
The present paper describes a continuation of the
work under improved conditions up to a tempera-
ture of 2 800°K. Numerical results for the relation
between the ion/atom ratio and the temperature are
given ; a value of the work function for tungsten is
found, with evidence that it has a temperature
coefficient.
1029. THE EMISSION OF POSITIVE IONS BY PLATI-

NUM WHEN HEATED IN OXYGEN [Quanti-
tative Formulation of Theory of Adsorption
and Subsequent Emission of Oxygen Atoms :
Comparison with Experiment : Value of
Electronic Work Function].-T. B. Rymer.
(Proc. Roy. Soc., Series A, 1st Jan. 1936,
Vol. 153, No. 879, pp. 422-442.)

DIRECTIONAL WIRELESS
5030. POLARISATION ERRORS IN DIRECTION FINDERS

[Comparison of Results with Screened -U,
Unbalanced -Coupled and Balanced -Coupled
Adcock Systems : the Merits of Spaced -
Loop Systems].-R. A. Watson Watt.
(Wireless Engineer, January, 1936, Vol. 13,
No. 148, pp. 3-6.)
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1031. RADIOGONIOMETRIC ARRANGEMENT FREE
FROM NIGHT ERROR [Elimination of Indirect -
Ray Signals by Transmission of Short Dots
at Regular Intervals (e.g. 1/50th Sec.) and
Cathode -Ray Reception].-Chireix. (French
Pat. 788 796 of 20.7.1924 [unless printer's
error], pub. 16.10.1935 : Rev. Gen. de l'Elec.,
28th Dec. 1935, Vol. 38, No. 26, p. 208 D.)

1032. THE AIRCRAFT RADIO COMPASS [and Some
American Types of " Homing " Devices].-
[Electronics, October, 1935, Vol. 8, pp.
7-10 and 29.) For Hell and Dieckmann
papers on the basic principle see 1930
Abstracts, p. 161.

1033. A RADIO BEACON TRANSMITTER FOR WOR
BROADCASTING STATION [as Additional Air-
craft Warning of Proximity of Towers :
High -Angle Radiation giving Practically
No Signal at more than Two Miles].-A. A.
Skene. (Bell Lab. Record, November, 1935,
Vol. 14, No. 3, pp. 84-88.)

1034. THE POSITION AT SEA BY RADIOGONIOMETRIC
BEARINGS [and a Method avoiding All
Computation].-de Blavous. (Hydrographic
Review, November, 1935, Vol. 12, No. 2,
PP. 17-30.) For previous work see 1934
Abstracts, p. 97.

ACOUSTICS AND AUDIO -FREQUENCIES
1035. ANOMALIES IN THE PROPAGATION OF SOUND

WAVES OF LARGE [" Finite "] AMPLITUDE.-
E. F. Ghiron. (Alta Frequenza, October, 1935,
Vol. 4, No. 5, pp. 530-580

The functional relation between the propagation
velocity and the dilatation of a stratum of the
medium : the consequent deformation of a sinu-
soidal wave, increasing until, at a certain distance
from the source, a discontinuity occurs : analogy
with the breaking of a wave of the sea : quanti-
tative treatment and estimation of the distortion
arising in the course of propagation : a new ex-
pression for the pressure of acoustic radiation in a
system of plane progressive waves of arbitrary form :
approximate study of stationary waves, and dis-
cussion of the theory of sound propagation in media
with viscosity and thermal conductivity. Cf.
McLachlan, 588 of February.

1036. SOUND TO 160 000 PEOPLE : DETAILS OF
EQUIPMENT USED FOR THE 1935 NATIONAL
EUCHARISTIC CONGRESS.-K. J. Banter.
(Rad. Engineering, December, 1935, Vol. 15,
No. 12, pp. 18-2o.) See also 597 of February.

1037. EXPERIMENTAL RESULTS WITH A CONDENSER
MICROPHONE [Effects of Counter -Electrode
Design, Air Cushion, Diaphragm Thickness,
etc.].-K. Eisenzapf. (Funktech. Monats-
hefte, December, 1935, No. 12, pp. 473-475.)
See also 587 of February.

1038. RECENT IMPROVEMENTS IN APPLIED PIEZO-
ELECTRICITY [Rochelle Salt Pick -Ups, Micro-
phones and Headphones].-A. W. L.
Williams. (Proc. Inst. Rad. Eng., December,
1935, Vol. 23, No. 12, pp. 1420-1421:
summary only.)
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1039. DIRECTIONAL CONDENSER MICROPHONES.-
H. J. von Braunmilhl and W. Weber.
(Hochf:tech. u. Elek:akus., December, 1935,
Vol. 46, No. 6, pp. 187-192.)

A description of the construction of two types of
condenser microphone with definite directional
properties, independent of frequency. These are
distinguished as figure -of -eight and kidney micro-
phones, from the forms of their directional charac-
teristics. § I gives a short discussion of the
properties of the condenser microphones at present
used ; Fig. r illustrates their directional charac-
teristics, which are entirely different for different
frequencies. § II describes the figure -of -eight
microphone (characteristic Fig. 2, a cosine diagram).
A perforated electrode replaces the usual solid one,
(Fig. 3), so that the membrane receives sound
waves from both sides and the difference of pressure
is the force which moves the membrane. Frequency -
independence of the membrane displacement is
attained by introducing friction with the perforated
electrode (Fig. 5). Fig. 6 shows the frequency
curve (a) for electrostatic excitation, (b) of values
obtained by multiplication of curve (a) by the
frequency (corresponding to the case of a free
acoustic field). A perforated electrode may be
placed on the other side of the membrane for
reasons of symmetry ; it may be left electrically
unused or the microphone may be used in a push-
pull circuit (Fig. 7). For good sensitivity, the
friction should not be too large ; the enclosure of
the microphone capsule in gauze is also recom-
mended (Fig. 8) for increasing the length of effective
path from front to back for the 'lower frequencies.
Fig. 9 illustrates the rise of sensitivity at low
frequencies in a spherical acoustic field for different
distances from the source ; Fig. ro shows the
measured frequency curve of the figure -of -eight
microphone (a) without gauze, (b) with gauze,
(c) with double layer of gauze. Fig. II gives the
measured directional characteristic.

The kidney microphone described in § III has
two membranes, one on each side of an electrode
perforated completely in some places and partially
in others (Figs. 12, 13). Its mode of action is
described and illustrated by Fig. 14. The measured
directional characteristic is given in Fig. 15. Some
applications of the two microphones are indicated
in § IV ; the figure -of -eight may be used for
duologues between persons sitting opposite to one
another, and for sound -amplifying systems with
big loudspeakers. The kidney microphone is
recommended for orchestral performances or
speeches before an audience where disturbances
from the other side should be eliminated ; it is
also suitable for reproduction from acoustically
inferior rooms. The distance of this microphone
from extensive sources of sound may also be
decreased in acoustically good studios. The
sensitivity of the directional microphone in a
diffuse field is relatively less than that of an ordinary
microphone. The kidney microphone responds not
to the pressure or velocity component of the
acoustic field but to its energy.
1040. A MICROPHONE CONCENTRATOR. - J. I.

Schneider. (Journ. of Tech. Phys. [in
Russian], No. 5, Vol. 5, 1935, pp. 855-867.)

After a short survey of various methods used for
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concentrating the sound falling on a microphone
and for providing the latter with directional
selectivity, the parabolic reflector is examined in
detail. The theory of the reflector is given and
also approximate methods for calculating its gain.
The theoretical results were checked experimentally
and in addition polar curves were taken for a
number of microphones. It is pointed out that the
parabolic reflector presents certain advantages
over the other types and it has therefore been
adopted for use at the Moscow Radio Centre.
t041. ON THE THEORY OF THE PARABOLIC

SOUND REFLECTOR : CORRECTIONS. --Gutin.
(Izvestia Elektroprom. Slab. Toka, No. 12,
1935, pp. 75-76.) See 192 of January.

1042. ON THE ELECTRICAL AND ACOUSTIC CON-
DUCTIVITIES OF CYLINDRICAL TUBES
BOUNDED BY INFINITE FLANGES [Theoretical
Value of Coefficient of End -Correction using
Bessel Function Inversion Theorems].-
L. V. King. (Phil. Mag., January, 1936,
Series 7, Vol. 21, No. 138, pp. 128-144.)

1043. MULTIPLE FEED -BACK METHOD AND SOME
APPLICATIONS OF DUPLEX FEED -BACK
AMPLIFIERS . -Watanabe, Kamayachi and
Oizumi. (Journ. I.E.E. Japan, August,
1935, Vol. 55 [No. 8], No. 565, pp. 715-720 :
English summary pp. 91-92.) 'Further
development of the work referred to in 614
of February.
THE COMPENSATION OF NON-LINEAR DIS-
TORTION IN AMPLIFIERS [Survey of Methods].
-F. Falkenberg. (Funktech. Monatshefte,
December, 1935, No. 12, pp. 447-451.)

1045. CORRECTION CIRCUITS FOR AMPLIFIERS .-
Keall. (See 978.)

1046. CONSIDERATIONS IN SPEECH -AMPLIFIER DE-
SIGN : PRACTICAL POINTERS ON BUILDING
HIGH -GAIN AMPLIFIERS. -R. 0. Lund and
W. C. Howe. (QST, January, 1936, Vol. 20,
No. I, pp. 15-18 and 72,74,76 and 78.)

1047. HIGH GAIN-SIMPLIFIED [Two -Valve Ribbon -
Microphone Amplifier, 25-10 000 c/s, 73 db
Gain : Use of Mallory Electrolytic Cells for
Grid Bias eliminates Interstage Shielding].-
P. von Kunits. (Electronics, December,
1935, Vol. 8, pp. 18-20.)

1048. UNIVERSAL GRAMOPHONE AMPLIFIER [with
Pentode Push -Pull Output].-W. T. Cock-
ing. (Wireless World, 24th Jan. 1936,

1044.

Vol. 38, pp. 76-80.)
1049. AN AUDIO -FREQUENCY AMPLIFIER OF HIGH

FIDELITY [7 -Watt Output : " Paraphase "
Connection].-P. Colombino. (Alta Fre-
quenza, October, 1935, Vol. 4, No. 5, pp.
626-628.)

1050. HIGH-FIDELITY TECHNIQUE .-Hogan and
Barber. (See 947.)

1051. DISTORTION FACTOR AND SUMMATION TONES
IN RADIO RECEIVERS .-Graffunder, . Kleen
and Wehnert. (Electronics, November, 1935,
Vol. 8, pp. 48 and 5o.) Long summary of
the paper dealt with in 3902 of 1935.
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1052. " NOTE ON THE EXTENSION OF CAMPBELL'S
FORMULA TO LIGHTLY -LOADED MUSIC
PAIRS " : CORRECTION.-H. J. Josephs.
(P.O. Elec. Eng. Journ., January, 1936,
Vol. 28, Part 4, p. 313.) See 212 of January.

053. MECHANICAL AND ACOUSTICAL IMPEDANCES.
-F. Bedeau. (Journ. de Phys. et le Radium,
Sept. and Oct. 1935, Vol. 6, Nos. 9 and 10,
pp. 383-387 and 407-416.)

1054. THE ACTION OF AUTOMATIC REGULATING
APPARATUS [for Volume Control at Trans-
mitter or Receiver].-H. Bartels and G.
Ulbricht. (E.N.T., November, 1935, Vol. 12,
No. II, pp. 368-379.)

A discussion of typical circuits (see for example
Abstracts, 1929, p. 104-Mayer ; 1933, p. 286-
Sohon ; 1934, p. 620-Nestel ; 1934, p. 572-
Mathes & Wright ; and 1934, p. 379-Ballantine).
The principle and characteristic properties of
automatic regulation circuits and the requirements
to be satisfied are described in § I. Figs. r and 2
show the potentiometer, which js the fundamental
regulating element, and the auxiliary circuit deliver-
ing the regulating bias to alter the potentiometer
impedance, in its two modes of connection before
and after the potentiometer respectively. In § II
the permissible time -constants of the switch -on
and -off transients are determined for regulation
at (a) the transmitter and (b) the receiver ; experi-
ments were made to determine when the transients
just became audible. The most suitable slope of
the regulating curve for various conditions is
investigated in § III ; § IV discusses the frequency
variation required for the acoustic intensity to be
the same at reception as at its original production,
and the methods of approximating to the sensitivity
curve of the ear (Fig. 6). In § V the methods of
fulfilling these requirements in the actual regulating
circuits are described ; the effects of harmonics
in the bias rectifier (§ Vc), of a d.c. impulse (§ Vd),
of self -excitation in the regulating circuit (§ Ve),
of coupling by a d.c. impulse (§ Vf), of transients
and incomplete filtering (§ Vg), are also analysed.
1055. PRACTICAL VOLUME Contrast "] EXPAN-

SION [RCA Victor Expander for Existing
Records or Special Compressed Recording :
Adaptable also to Radio].-C. M. Sinnett.
(Electronics, November, 1935, Vol. 8, pp.
14-16 and 32 [not 36].)

THE 6L7 AS A VOLUME EXPANDER
FOR PHONOGRAPHS. - (Rad. Engineering,
December, 1935, Vol. 15, No. 12, p. 24.)

APPARATUS FOR GRAMOPHONE RECORDING
AND REPRODUCTION AT CONSTANT LINEAR
SPEED.-Dumont. (Recherches et Inventions,
January, 1936, pp. 16-20.)

1058. " PROOF-READ " RECORDING [High -Fidelity
Gramophone Records on Aluminium Alloy
by 3 -Watt Piezoelectric Cutter give
Immediate Play-Back].-Proctor. (Elec-
tronics, December, 1935, Vol. 8, pp. 39-40.)

1059. HAND -DRAWN SOUND [Russian Work on
Synthetic Sound Tracks].-Vionov. (Elec-
tronics, November, 1935, Vol. 8, P. 34
photographs and captions only.) Cf. 1934
Abstracts, 13.44.

1056.

1057.
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1060. THE TUNING OF GRAND PIANOS [Measure-
ment of Deviations in Frequency of Newly -
Tuned Piano Notes from Mathematically
Exact Even Temperament : Proposed New
Temperament].-M. Grutzmacher and W:
Lottermoser. (Physik. Zeitschr., 15th Dec:
1935, Vol. 36, No. 24, pp. 903-912.)

1061. THE PROBLEM OF PIANO " TOUCH " [Experi-
mental Investigation of whether Colour of
Tone can be controlled without Change of
Loudness : Positive Results].-A. Ferrari.
(Alta Frequenza, October, 1935, Vol. 4,
No. 5, pp. 582-602.)

1062. THE CALCULATION OF THE MECHANICAL
RESISTANCE OF THE STRING-SOUNDING
BOARD MODEL.-Rimski-Korsakov. (Journ.
of Tech. Phys. [in Russian], No. 5, Vol. 5,
1935, pp. 868-875.)

A method is developed for calculating the
resistance with a view to checking the experimental
results described in a previous paper (605 of
February). The theoretical and experimental
curves show a rather close agreement.
1063. THE PERCEPTIBILITY OF DIFFERENCES IN

TRANSIT TIME [from Source to Ear of Tones
of Different Frequencies].-W. Biirck, P.
Kotowski and H. Lichte. (E.N.T.,
November, 1935, Vol. 12, No. II, pp.
355-362.)

See also Strecker, 2666 of 1935. An experimental
determination is here described of the difference in
time at which two sine waves must strike the ear
in order that they may be recognised as following
one another. Fig. 3 shows the arrangement ; the
acoustic generators were switched on simultaneously,
but the loudspeakers could be moved about so
that their positions determined the times of arrival
of the sounds at the ear. Curves are given for the
transit time difference At as a function of one
frequency, the other being constant (Figs. 4-7), as
a function of the mean frequency (Fig. 8), and as a
function of the time constant of the switch -on rise
of intensity for fixed frequencies (Fig. 9). Fig. io
gives results for the case of Fig. 8 when the intensity
increases with a fixed time constant ; the values
then obtained for At are greater than when the
tones are suddenly switched on at full amplitude.
The minimum values of At were throughout about
7 msec.

A second group of experiments dealt with the
transit time differences between two frequency
bands, the spectrum being divided by a filter and
the two parts reproduced by loudspeakers as before
(arrangement Fig. r). Fig. 12 shows how At
varies with fo, the dividing frequency, for speech
reproduction by a microphone and by gramophone
records. The smallest perceptible transit time
differences with microphone reproduction were
again of the order of 8 msec but were noticeably
higher with the gramophone records. Further
investigations were made to see if this could be
due to echo in the room where the records were
made (scheme Fig. 13, results Figs. 14-16). Com-
parison with the results of a former paper (634 of
February) shows that " the permissible transit
time of tones of neighbouring frequencies is equal
to the least time for which a tone must sound in

order to be recognised." The idea of " transit
time " is discussed in the light of this comparison.
1064. " A THEORY OF HEARING AS THE RESULT

OF MICROPHONIC EFFECTS IN THE EAR "
[Book Review : the Ear as an Electro-
Acoustic Converter].-F. Leiri. (Zeitschr.
f. tech. Phys., No. II, Vol. 16, 1935, p. 503.)

1065. " THE PROBLEM OF NOISE " [Book Re-
view].-F. C. Bartlett. (Sci. Progress,
January, 1936, Vol. 3o, No .119, pp. 581-582.)

1066. SOUND AND NOISE.-G. W. C. Kaye. (Sci.
Progress, January, 1936, Vol. 3o, No. 119,
pp. 385-400

1067. ACOUSTICAL TEST CHAMBER WITH CLOTH
WALLS.-E. H. Bedell. (Bell Lab. Record,
November, 1935, Vol. 14, No. 3, pp. 79-82.)

1068. POROUS SOUND -ABSORBING MATERIALS WITH
VARIABLE ACOUSTIC CURRENT IMPEDANCE.-
L. Cremer. (E.N.T., November, 1935, Vol.
12, No. II, pp. 362-367.)

A previous paper (62o of February) is continued
with a discussion of the question whether the
penetration of sound into a wall and its absorption
there could be increased by constructing the wall
with layers of absorbing material instead of with the
homogeneous packing previously discussed. This
might give a gradual matching of the acoustic
impedance of the air to the infinite impedance
of the rigid wall, and also stronger absorption of
the wave as it penetrated into the wall (Fig. r).
The problem is investigated theoretically with the
same assumptions as in the previous paper ; §2
treats the special case of an impedance varying
continuously as the inverse square of depth of
penetration (eqn. 7, impedance formula eqn. 18,
graphical results Fig. 2). A comparison with the
case of homogeneous packing is made in §3 (curves
for frequency variation of degree of absorption
in the two cases Fig. 3). The packing with con-
tinuously increasing impedance is found to satisfy
the absorption requirements to a much worse
degree than the homogeneous material ; special
cases at low frequencies are discussed numerically.
In §4 a general discussion of the question is given ;
a non -homogeneous packing might be advan-
tageous at very high frequencies but the thickness
required would be so great that it could only be
made for special laboratory rooms.

1069. THE STUDY OF SOUNDS IN CLOSED SPACES
AS RELATED TO THEIR ACOUSTIC QUALITIES
[Apparatus for recording Oscillographs of
Sounds : Effect of Reverberation on Ear].-
R. Fleurent. (Comptes Rendus, 6th Jan.
1936, Vol. 202, No. I, pp. 3o-32.)

1070. SOUND FLUTTER [due to Reflection along
Diagonal Lanes] MARS ACOUSTICS OF COURT-
ROOM.-(Sci. News Letter, 21st Dec. 1935,
Vol. 28, p. 392.)

1071. A DIRECT -READING FREQUENCY METER OF
WIDE RANGE [10-60 000 CiS : Condenser
Charge -and -Discharge Principle with Valves
as Switching Device : Mains Driven].-H.
Keller. (Bull. Assoc. suisse des Elec., No. I,
Vol. 27,1936, pp. 13-14.)
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1072. A CONTROLLED OSCILLATOR FOR GENERATING
STANDARD AUDIO -FREQUENCIES [Discrete
Frequencies between io and 20 000 c/s,
for Radio Frequency Measurements by
Beat -Note Method].-L. Essen. (Journ.
Scient. Instr., January, 1936, Vol. 13, No.
PP. 9-13.)

1073. ON THE BEHAVIOUR OF THE SENSE OF TOUCH
TO VIBRATIONS [Variation of Sensitivity with
Frequency : Measurements of Threshold
Values : Equivalence Curves : Similarity
to Kingsbury's Curves for the Ear : Probable
Existence of a Pain Threshold].-A. Hugony.
(Alta Frequenza, October, 1935, Vol. 4, No.
5, pp. 603-611.)

1074. THE AIR -JET ACOUSTICAL GENERATOR [up to
Supersonic Frequencies of 125 000 cis, or
500 000 c/s with Hydrogen : a Powerful
Source with Many Applications].-J. Hart-
mann. (Journ. de Phys. et le Radium,
November, 1935, Vol. 6, No. 11, pp.
123-124 S.)

1075. MAKING VISIBLE THE STANDING SUPERSONIC
WAVES IN TRANSPARENT SOLID BODIES.
III. OPTICAL TENSION ANALYSIS OF THE
ELASTIC OSCILLATIONS.-E. Hiedemann and
K. H. Hoesch. (Zeitschr. f. Physik, No. 1/2,
Vol. 98,1935, pp. 141-144.)

1076. THE [Photographic] PROPERTIES OF PEP-
TISED HALOGEN -SILVER GELATINE EMULSIONS
PRODUCED UNDER THE ACTION OF SUPER-
SONIC WAVES [High Self- and Colour -
Sensitivity] .-Dangers. (Zeitschr. f. Physik,
No. 1/2; Vol. 97,1935, pp. 34-45.)

1077. THE DORSEY FATHOMETER [giving 20 In-
dications per Second], and PRECISION SOUND-
INGS WITH THE MARTI HAMMER -BLOW
SOUNDER.-Dorsey : Marti. (Hydrographic
Review, November, 1935, VOL 12, No. 2, pp.
50-53 : 53-61.) See also 1944 of 1935.

1078. MULTIPLE ECHOES OBSERVED IN SONIC
SOUNDING ON A SOFT BOTTOM.-H. Rust.
(Hydrographic Review, November, 1935, Vol.
12, No. 2, pp. 106-109.)

PHOTOTELEGRAPHY AND TELEVISION
1079. PHASE DISTORTION IN TELEVISION [for

Lowest Frequencies : Admissible Limits :
Compensation Method for Resistance -
Coupled Amplifiers : etc.].-R. G. Shiffen-
bauer. (Wireless Engineer, January, 1936,
Vol. 13, No. 148, pp. 21-26.) See 1955 of
1935.

1080. ON THE CALCULATION OF THE PERMISSIBLE
PHASE DISTORTION IN TELEVISION SYSTEMS.
-N. D. Smimov. (Izvestia Elektroprom.
Slab. Toka, No. 11, 1935, pp. 17-23.)

Television of rectangles divided into black and
white segments is considered and an examination
is made of the distortion of the reproduced images
due to phase displacement of the currents in the
television apparatus. It is pointed out that the
phase displacement may affect (a) the uniformity
of the tones and (b) the sharpness of the boundaries
between the tones. Methods are indicated for

calculating the maximum permissible values of the
phase displacement for satisfactory reproduction
from the point of view of (a) and (b), and it is shown
that these values depend on the depth of modulation
and on the type of modulator used in the television
receiver. Typical figures are calculated for
modulators using neon tubes, Kerr cells and
cathode-ray tubes.
1081. THE TOKIO ELECTRIC COMPANY'S CATHODE-

RAY TELEVISION SYSTEM.-Nagashima. (See
1149)

1082. THE PRESENT POSITION OF TELEVISION
[British Association Paper].-A. G. D.
West. (Engineering, 25th Oct. 1935, Vol. 140,
PP. 457-459: to be continued.)

1083. TELEVISION DEMONSTRATION IN EINDHOVEN.
-Philips Company. (Radio Centrum, zoth.
Dec. 1935, Vol. 1, No. 26, pp. 456-457.)
See also 651 of February.

1084. TELEVISION IN GERMANY [Address : including
Range Chart of Mobile Television Trans-
mitter on Brocken].-Banneitz. (Funktech.
Monatshefte, December, 1935, No. 12, pp.
89-91.)

1085. TELEVISION PROGRESS IN GERMANY : A
DETAILED ACCOUNT OF THE EXHIBITS AT
THE BERLIN RADIO EXHIBITION.-( Tele-
vision, October, 1935, Vol. 8, No. 92, pp.
564-567.)

A I2O-LINE CATHODE -RAY -TRANSMITTER [as
demonstrated at Stores in Kingston-on-
Thames].-J. H. Reyner. (Television,

1o86.

October, 1935, Vol. 8, No. 92, pp. 579-581).
1087. THE TELEPANTOSCOPE [Cathode -Ray Scan-

ning Device with Ray moving over Same
Narrow Strip of Photosensitive Plate, Other
Component being provided by Motion of
Image over Plate].-A. Castellani. (Tele-
vision, January, 1936, Vol. 9, No. 95, p. 14.)

1088. VARIABLE -VELOCITY SCANNING [Thun's
Patents : von Ardenne's Modifications :
Sellers's 1909 Patent for Phototelegraphy].-
R. F. Davis. (Electronics, November, 1935,
Vol. 8, pp. 30-32.)

1089. INTERLACED SCANNING [and a 1933 Belgian
Patent].-M. Chauvierre. (Television,
December, 1935, Vol. 8, No. 94, p. 736.)

1090. INTERLACING AND DEFINITION. - von
Ardenne. (Television, December, 1935,
Vol. 8, No. 94, pp. 719 and 721.) From the
paper dealt with in 3128 of 1935.

1091. SECONDARY EMISSION ELECTRON MULTI-
PLIERS.-Zworykin. (Electronics, November,
1935, Vol. 8, pp. 10-13.) Report on October
I.R.E. demonstration. See also 247 of
January.

1092. A NEW ELECTRICAL " EYE " [Electron
Image Tube with Fluorescent Screen acting
as Artificial Retina : Cathode Emitter
operated directly by Incident Light].-V. K.
Zworykin and G. A. Morton. (Nature,
I th Jan. 1936, Vol. 137, p. 6o : short note
only.)
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1093. SIMPLIFIED ARRANGEMENT FOR THE PRO-
DUCTION OF " KIPP " OSCILLATIONS FOR
CATHODE-RAY TUBES [Voltages of I 000 V
from Thyratron without Amplification :
One Mains Unit only for Tube and Time-
Base].-G. Schweitzer. (Funktech. Monats-
hefte, December, 1935, No. 12, p. 445.)
From the Heinrich -Hertz Institute.

1094. A NEW VALVE KIPP OSCILLATION " AP-
PARATUS FOR CATHODE-RAY OSCILLOGRAPHS.
-von Ardenne. (See 1160.)

1095. CONTROLLING BACKGROUND EFFECTS [and
the Need for Counteracting the " Toning
Down " Action of the Receiver].-L. S.
Kaysie. (Television, December, 1935, Vol. 8,
No. 94, pp 722 and 724.)

1096. TELEVISION FACTS FOR THE PUBLIC [RMA
" Answers to Customers' Queries " and Some
Suggested Alternative Replies] .-(Television,
October, 1935, Vol. 8, No. 92, pp. 585-587.)

1o97. A LIST OF EFFECTS AND LAWS USED IN
TELEVISION PHYSICS.-(Television, Decem-
ber, 1935, Vol. 8, No. 94, pp. 712-714: to
be continued.)

1098. TELEVISION OVER CABLE.-Kieser : Valensi.
(Funktech. Monatshefte, December, 1935,
No. 12, Supp. pp. 85-88.) An account of
part of Valensi's paper (3142 of 1935).

1099. MODERN CABLES FOR HIGH -FREQUENCY
CURRENTS [including Television] .-(Rev. Gen.
de l'Elec., 19th Oct. 1935, Vol. 38, No. 16,
p. 55o : summary only.)

1100. NORMAL " VISUAL HEARING " [Quantitative
Tests on Visual Assistance].-F. C. Cotton.
(Science, loth Dec. 1935, Vol. 82, pp. 592-
593.) Cf. 245 of January.

rrox. A RECEIVER FOR HIGH -DEFINITION SIGNALS :
DETAILS OF THE B.T.S. ULTRA -SHORT-WAVE
RECEIVER [5-80 m : 2i Mc Response].-
(Television, December, 1935, Vol. 8, No. 94,
pp. 735 and 736.)

1102. DECOUPLING SCREEN -GRID CIRCUITS IN TELE-
VISION AMPLIFIERS.-j. Beardsall. (Tele-
vision, January, 1936, Vol. 9, No. 95, pp. 48-
49 and 64.)

1103. THE DESIGN OF HIGH -DEFINITION AMPLI-
FIERS. PART IV.-L. E. Q. Walker. (Tele-
vision, January, 1936, Vol. 9, No. 95,
pp. 43-44 and 46.) Part I was referred to
in 3587 of 1935.

I104. CORRECTION CIRCUITS FOR AMPLIFIERS.-
Keall. (See 978.)

1105. AN AMERICAN IDEA OF A TELEVISION STUDIO
[Design by Television Research Institute of
New York].-(Television, January, x936,
Vol. 9, No. 95, p. 2o.)

1106. PHOTORADIO APPARATUS AND OPERATING
TECHNIQUE IMPROVEMENTS [Survey, in-
cluding CFVD (Constant-FrequencyVariable-
Dot) Keying and Its Mathematical Analysis :
Distortion as a Function of Signal Slope,
Fading, and Multi -Path Transmission : etc.].-J. L. Callahan, J. N. Whitaker and
H. Shore. (Proc. Inst. Rad. Eng., Decem-
ber, 1935, Vol. 23, No. 12, pp. 1441-1482.)

1107. A NEW METHOD OF PHOTO -TRANSMISSION :
THE BELIN COMPANY'S LATEST APPARATUS
[Paris/Algiers Tests : Fading overcome by
Triangular Opening Device converting
Current -Amplitude Variations into Varia-
tions in Time].-Belin. (Television, Decem-
ber, 1935, Vol. 8, No. 94, pp. 702 and 752.)

I 108. SOME PROPERTIES OF PHOTOELECTRIC
COUNTERS [Experiments with Numerous
Photosensitive Materials : Sensitivities up
to 5 X ro-22 erg/s/cm2].-R. Audubert.
(Journ. de Phys. et le Radium, November,
1935, Vol. 6, No. II, pp. 451-456.)

1109. ADSORPTION OF ALKALI METALS ON METAL
SURFACES. VI-THE SELECTIVE PHOTO-
ELECTRIC EFFECT.-de Boer and Veenemans.
(Physica, November, 1935, Vol. z, No. 9,
pp. 915-922: in English.) For previous
parts see 3577 of 1935.

riro. ON THE MEASUREMENT OF THE QUANTITY
OF LIGHT [as contrasted with the Intensity]
BY THE PHOTOELECTRIC CELL [Ballistic
Tests].-Gogate and Kothari. (Indian
Journ. of Phys., July, 1935, Vol. 9, Part 5,
pp. 487-489.) See also 671 of February.

rrir . LIGHT-SENSITIVE CELL CIRCUITS [Elimina-
tion of Selenium -Cell Inertia : Amplifying
Circuits : etc.].-S. Wein. (Electronics,
December, 1935, Vol. 8, pp. 36-38.) A
collection of old and recent circuits, from the
literature and patents.

1112. ON THE PHOTOELECTRIC EFFECT OF A BAR-
RIER LAYER [Experiments to test whether
purely a Hallwachs Effect, and whether a
Vacuum or Air Gap can constitute a Barrier
Layer].-R. Deaglio. (Physik. Berichte,
No. 24, VOL 16, 1935, p. 2376.)

r 3. PHOTO -ELECTRONIC EFFECT OF INCANDES-
CENT METALS.-C. M. I. Vercelli. (Physik.
Berichte, No. 24, Vol. 16, 1935, p. 2376.)

xi 14. RESEARCHES ON BECQUEREL [Photovoltaic]
CELLS.-G. Athanasiu. (Ann. de Physique,
November, 1935, Vol. 4, pp. 377-449.)

1115. BECQUEREL EFFECT AND PHOTOCHEMICAL
SENSITIVITY OF SOME FLUORESCENT COLOUR-
ING MATERIALS [Xanthane Derivatives].-
Cecile Stora. (Comptes Rendus, 6th Jan. 1936,
Vol. 202, No. I, pp. 48-50.)

1116. NOTE ON AN APPARATUS FOR THE MEASURE-
MENT OF THE SHORT-CIRCUIT CURRENT OF
BARRIER -LAYER PHOTOCELLS.-G. Marchal.
(Rev. Gen. de l'Elec., 14th Dec. 1935, Vol. 38,
No. 24, pp. 818-819.)
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1117. THE NATURE OF THE U -CENTRES IN CRY-
STALS OF ALKALI HALIDES [Experiments
show they are Electrons in the Positions of
Displaced Halogen Ions : Observations of
Photoelectric Current with Short -Wave
Ultra -Violet Light].-P. Tartakowsky and
W. Poddubny. (Zeitschr. f. Physik, No.
11/12, Vol. 97,1935, pp. 765-773.)

1,18. NOMOGRAPHS FOR KERR CELL DESIGN.-
L. M. Myer. (Television, January, 1936, Vol.
9, No. 95, PP 39-41.)

MEASUREMENTS AND STANDARDS
1119. A NEW ABSOLUTE METHOD FOR MEASURING

THE LENGTH OF SHORT AND ULTRA -SHORT
ELECTROMAGNETIC WAVES [and for the
Absolute Calibration of Variable Condensers].
-A. Chilaev. (Izvestia Elektroprom. Slab.
Toka, No. II, 1935, pp. 31-39.)

In this method use is made of a Lecher system, one
end of which is terminated by a variable con-
denser, and the calculation of the wavelength is
based on the Kirchoff formula ear/A. tan 2711/A =
CI/C, where 1 is the distance between the variable
condenser and the movable bridge, C1 the capacity
of the Lecher conductors per unit length, and C
the capacity of the variable condenser. The plotting
of the correction curves for the variable condenser is
explained, and also the calculation of the correction
factor for the length 1. The accuracy of the method
is investigated and within practical limitations is
shown to be of the order of I %. The method can also
be used for the absolute calibration of variable con-
densers, and a numerical example of this is given.

1120. THE THEORY, DESIGN AND CALIBRATION OF
ABSORPTION WAVEMETER FOR THE. ONE -
METRE RANGE.-M. K. Ts'en and C. T. Tsai.
(Chinese Journ. of Phys., No. r, Vol. r,
1933, pp. 82-86 : in English.) See 4014 of
1935.

1121. A CATHODE-RAY WAVEMETER FOR MICRO-
WAVES [Wavelength given by Anode Voltage
yielding Zero and Maximum Sensitivities or
Phase Shifts].-M. K. Ts'en. (Chinese
Journ. of Phys., No. 2, VOL 1, 1934, PP -
76 -92 : in English.)

1122. VERY WIDE -RANGE WAVEMETER WITHOUT
COIL CHANGING, ETC : BY INTERMODULATION
OF ULTRA -SHORT-WAVE RECEIVER.-Uda
and Miki. (See 962.)

1123. WIND FROM QUARTZ CRYSTALS [cut with
Large Surface perpendicular to Electrical
Axis : Valve Action at I Mc/s].-S. C. Hight.
(Bell Lab. Record, December, 1935, Vol. 14,
No. 4, pp. 121-123.)

1124. PENTODE TOURMALIN OSCILLATOR.-Yoda.
(Journ. I.E.E. Japan, September, 1935, Vol.
55 [No. 9], No. 566, p. 824: Japanese only.)

1I25. THE SOLE CASE OF THE SHEAR MODE OF
THICKNESS VIBRATION FOR A THIN OSCIL-
LATING QUARTZ PLATE.-I. KOga. (Journ.
T.E.E. Japan, September, 1935, Vol. 55
[No. 9], No. 566, p. 822: Japanese only.)
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1126. THE APPLICATIONS OF PIEZOELECTRIC CRY-
STALS IN ELECTRICAL TECHNIQUE [S111-Vey],-
E. Hormann. (E.T.Z., 5th Dec. 1935,
Vol. 56, No. 49, pp. 1321-1325.)

1127. RECENT ADVANCES IN SCIENCE : THE PRO-
PERTIES OF ROCHELLE SALT CRYSTALS.-
L. F. Bates. (Sci. Progress, January, 1936,
Vol. 3o, No. 119, PP 465-471.)

1128. EFFECT OF X- AND GAMMA -RAYS ON PIEZO-
ELECTRIC CRYSTALS [Increase of Electrical
Conductivity : Effect on Piezoelectric Con-
stant not always in Same Sense].-F. Seidl
and E. Huber. (Zeitschr. f. Physik, No.
11/12, Vol. 97, 1935, pp. 671-680.)

1129. BATTERY [Directly Heated] VALVES FOR
MAINS -DRIVEN MEASURING APPARATUS.-O.
Limann. (Funktech. Monatshefte, December,
1935, No. 12, pp. 463-466.)

For measuring purposes, indirectly heated valves
have the disadvantages of being inclined to vary
in their properties and of taking too much current
for ordinary commercial iron -wire barretters. The
writer recommends the use of directly heated, valves,
with their filaments fed with a.c. from the glow -
discharge " Stabilisator " which controls the anode
supply. Examples given include a signal generator,
a test equipment for b.f. iron cores, and a valve
voltmeter. In the last case the special accuracy
required calls for double stabilisation and leads to
the use of the " reflex " connection. For the full
description of this valve voltmeter see 1597 of 1935.
1130. SENSITIVE MOVING -COIL INSTRUMENTS WITH

SHORT COMING -TO -REST TIME [General Form-
ula obtained for Condition of Minimum
Time].-H. Dallmann. (E.T.Z., 28th Nov.
1935, Vol. 56, No. 48, pp. 1299-1300.)

Further development of the work referred to in
236o of 1935. The controlling factor is the ratio
of the moment of inertia of the moving system to
the available electrical power. The minimum
coming -to -rest time is proportional to the cube root
of this ratio.
1131. THE BALLISTIC GALVANOMETER AND THE

MEASUREMENT OF IMPULSES OF EXPON-
ENTIAL FORM.-I. Lucchi. (L'Elettrotec.,
loth Nov. 1935, Vol. 22, No. 21/ pp. 747-
75o.)

1132. VARIATION OF THE RESONANCE CURVE OF A
STRING GALVANOMETER BY A CONDENSER
IN PARALLEL [with Experimental Curves
and Examples of Records].-Koch and
Brotz. (Arch. f. Elektrot., 5th Oct. 1935,
Vol. 29, No. to, pp. 688-692.)

1133. ANOMALOUS BEHAVIOUR OF A VIBRATION
GALVANOMETER [Motion of Light Spot in
Ellipse with Angle of Inclination of Axis a
Function of Frequency of Applied Current].
-L. M. Chatterjee. (Zeitschr. f. Physik,
No. 11/12, VOL 96, 1935, pp. 720-725.)

1134. A TRANSPORTABLI QUADRANT ELECTROMETER
[used for Ionisation Measurements and with
Photocells : Construction Details and Sensi-
tivity Curve].-J. Frank. (Physik. Zeitschr.,
1st Oct. 1935, Vol. 36, No. 19, pp. 647-648.)

D 2
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1135. THE WAIDNER-WOLFF AND OTHER ADJUST-
ABLE ELECTRICAL -RESISTANCE ELEMENTS
[for Resistance -Measuring Apparatus and
Potentiometers].-Mueller and Wenner.
(Journ. of Res. of Nat. Bur. of Stds., Novem-
ber, 1935, Vol. 15, No. 5, pp. 477-492.)

1136. A SEARCH -COIL METHOD OF MEASURING THE
A.G. RESISTIVITY OF THE EARTH [based On
Carson-Pollaczek Theory : Some Results
obtained, with Particulars of Geological
Formation].-J. Collard. (Journ. I.E.E.,
January, 1936, Vol. 78, No. 469, pp. rod -
104.)

1137. DIMENSIONAL FORMULA FOR THE ELECTRICAL
CAPACITY BETWEEN TWO CONDUCTORS.-
L. B. Slepian. (Elektritchestvo, No. 19, 1935,
PP. 45-47.)

1138. MEASURING THE INDUCTANCE OF [Transmitter
Hum Filter] COILS WITH SUPERIMPOSED
DIRECT CURRENT [under Exact Service Con-
ditions of High Voltage and Current :
Special Bridge Equipment].-H. T. Wil-
helm. (Bell Lab. Record, December, 1935,
Vol. 14, No. 4, pp. 131-135.)

1139. ON THE MEASUREMENT OF THE CONSTANTS
OF INDUCTANCE COILS HAVING VERY SHORT
NATURAL WAVELENGTHS.-I. L. Krenbouse.
(Izvestia Elektroprom. Slab. Toka, No. II,
1935, pp. 23-3o.)

A method is proposed for determining the con-
stants of inductance coils having natural wave-
lengths of the order of a few decimetres. The
method is based on measuring the natural wave-
length of the coil by connecting it to the ends of
two Lecher conductors and finding the resonant
positions of the movable bridge for a number of
frequencies induced in the system. It is proved
that if a curve is plotted showing the relationship
between the frequency and the distance of the
bridge from the coil, the point of intersection of
this curve with a straight line y = A/4 will give
the natural wavelength of the coil. Formulae are
given for calculating from this the characteristic
impedance, self-inductance and capacity of the
coil.

1140. AN A.C. DETECTOR BRIDGE [for Approximate
Measurement of Capacity].-K. B. Karan-
deev. (Journ. of Tech. Phys. [in Russian],
No. 5, Vol. 5, 1935, pp. 893-896.)

Further development of the bridge, described in
a previous paper (1568 of 1935), making use of
copper -oxide rectifiers in place of thermo-couples.
The bridge is a.c. mains operated and covers a
range of 0.25 to Io atIF. The accuracy varies from

to 6%.

r141. INFLUENCE OF THE ELECTRODES ON THE
MEASUREMENT OF THE RESISTIVITY, DIELEC-
TRIC CONSTANT AND LOSS ANGLE OF SOLID
INSULATING MATERIALS.-C. Chiodi. (L'Elet-
trotec., 25th Nov. 1935, Vol. 22, No. 22,
PP 776-780.)

I142. ON THE MEASUREMENT OF THE HIGH -
FREQUENCY DIELECTRIC LOSS AND POWER
FACTOR OF INSULATING MATERIALS BY THE
DIFFERENTIAL TRANSFORMER METHOD [Fre-
quencies up to ro Mcis].-Yuasa, Nishizaki
and Sasaki. (Journ. I.E.E. Japan, August,
1935, Vol. 55, No. 8, No. 565, pp. 688-691 :
English summary p. 86.)

1143. ON THE DETERMINATION OF THE DIELECTRIC
CONSTANTS OF ORGANIC LIQUIDS AT RADIO
FREQUENCIES. PART I. CARBON TETRA-
CHLORIDE AND CHLOROFORM [Resonant Cir-
cuit Comparison Method].-R. M. Davies.
(Phil. Mag., January, 1936, Series 7, Vol. 21,
No. 138, pp. 1-41.)

1144. THE DIELECTRIC CONSTANT OF LIQUIDS
UNDER HIGH PRESSURE [Up to 12 000
kg/cm2].-Chang. (Chinese Journ. of Phys.,
No. 2, VOL I, 1934, pp. 1-55 : in English.)

1145. " ELECTRICAL MEASUREMENTS IN PRINCIPLE
AND PRACTICE " [Book Review].-Cobden
Turner and Banner. (P.O. Elec. Eng. Journ.,
January, 1936, Vol. 28, Part 4, p. 323.)

1146. " MEASUREMENTS IN RADIO ENGINEERING "
[Book Reviews].-F. E. Terman. (Proc.
Inst. Rad. Eng., December, 1935, Vol. 23,
No. 12, p. 1567: Wireless Engineer, January,
1936, Vol. 13, No. 148, p. 13.)

1147. STANDARD SIGNAL GENERATOR : ALL -WAVE
A.C. OPERATED TEST SET.-E. K. Cole,
Ltd. (Wireless Engineer, January, 1936,
Vol. 13, No. 148, p. 6.)

SUBSIDIARY APPARATUS AND MATERIALS
I148. CATHODE-RAY TUBE WITH MODULATION

CHAMBER [Large -Surface Cathode, Two Grids
and Anode inside Wehnelt Cylinder, Small
Central Aperture in Anode acting as Virtual
Cathode].-Comp. Fabric. Compteurs et
Mat. d'Usines b, Gaz. (French Pat. 787 229,
pub. 19.9.1935: Rev. Gait. de l'Elec., 28th
Dec. 1935, Vol. 38, No. 26, pp. 205-206 D.)
From the virtual cathode thus obtained
" the electrons emerge with a very small
initial velocity but in number a variable
function of the modulation."

1149. BRAUN TUBES [Low -Voltage Cathode -Ray
Tubes from Electron -Optical Standpoint :
Types of Concentrating Electrode Struc-
tures : Tokio Electric Company's Television
System with Magnetically Operated Scan-
ning of Image on Photosensitive Cathode :
etc.].-Nagashima. (Journ. I.E.E. Japan,
July, 1935, Vol. 55 [No. 7], No. 564, pp. 571.-
583 : English summary p. 75.)

1150. PORTABLE GAS -FOCUSED CATHODE-RAY
OSCILLOGRAPH.-A. C. Cossor, Ltd. (Journ.
Scient. Instr., January, 1936, Vol. 13, No. r,
pp. 27-28.) With mains -frequency sinu-
soidal time sweep : sweep in one direction
can be modulated out, for clarification of
complex images : with self -calibrating
potential.
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1151. THE ADVANTAGE OF INCLINING THE DEFLECT-
ING PLATES IN A CATHODE-RAY OSCILLO-
GRAPH [Mathematical Investigation of
Increased Max. Deflection ; the Possibilities
of Curved Deflector Plates].-Benham.
(Wireless Engineer, January, 1936, Vol. 13,
No. 148, pp. ro-13.)

1152. BRAUN [Cathode -Ray] TUBES IN RADIO
RESEARCH.-Miyaji, Itoh and Yamaguchi.
(Journ. I.E.E. Japan, July, 1935, Vol. 55
[No. 7], No. 564, pp. 584-594 : Japanese
only.)

1r53. " THE CATHODE-RAY TUBE AT WORK "
[Book Review : Primarily for Radio Servic-
ing].-Rider. (Wireless Engineer, January,
1936, Vol. 13, No. 148, p. 20: Proc. Inst.
Rad. Eng., December, 1935, Vol. 23, No. 12,
pp. 1567-1568.)

1154 . MODERN TECHNIQUE OF THE CATHODE-
RAY OSCILLOGRAPH [Survey].-Pontremoli.
(L'Elettrotec., 25th Dec. 1935, Vol. 22, No. 24,
pp. 837-846.)

1155. ELECTRON -OPTICAL IMAGES OF INCANDESCENT
FILAMENTS.-Mabl. (See 1022.)

1156. THE ELECTRON -OPTICAL STRUCTURAL IMAGE
AND ITS EVIDENCE AS TO. EMISSION CON-
DITIONS WITH BARIUM/NICKEL CATHODES.-
Briiche. (See r02r.)

1157. CHARGE POTENTIAL AND SECONDARY EMIS-
SION OF BODIES BOMBARDED BY ELECTRONS
[Experiments with Special Cathode -Ray
Tube with Screen replaced by Disc of Metal,
Carbon, etc.: Secondary -Emission Images
of Carbon -on -Metal Subjects, by Scanning
Method with Second, Synchronously Driven
C -R Tube : etc.].-Knoll. (Zeitschr. f.
tech. Phys., No. r1, VOL 16, 1935, pp. 467-
475.)

1158. BACKWARD DIFFUSION AND EXCITATION OF
SECONDARY RADIATION FROM SLOW CATHODE
RAYS INCIDENT ON THIN METAL FILMS
[Similar Effect of Heating and Hydrogen
Treatment of Films].-Langenwalter. (Ann.
der Physik, Series 5, No. 3, Vol. 24, 1935,
pp. 273-296.)

I159. X-RAY AND ELECTRICAL INVESTIGATION OF
THE PDAGH ALLOYS [Relation of Hydrogen
Atoms to PdAg Lattice].-Rosenhall. (Ann.
der Physik, Series 5, No. 4, Vol. 24, 1935,
PP. 297-325.)

116o. A NEW VALVE " KIPP OSCILLATION " APPA-
RATUS [Time Base] FOR CATHODE-RAY
OSCILLOGRAPHS.-Von Ardenne. (E.T.Z.,
28th Nov. 1935, Vol. 56, No. 48, pp. 1295-
1298.)

Author's summary :-" A trip -oscillation appa-
ratus with high -vacuum valves is described which
allows trip frequencies up to 500 000 c/s to be
reached with sufficiently small return -stroke times.
Since a stable synchronisation is obtained with a
frequency division of I : 12, the new time -base
allows oscillographic curve -form investigations to

be carried out at frequencies up to 6 Mc/s. Times
of ro-e second can also be read off the oscillograms,
using ordinary high -vacuum cathode-ray tubes "
[where z v changes are readable]. The apparatus
will also provide medium and low -frequency trip
oscillations (down to 20 c/s), and the amplitudes
are of the order of r 000 v (max. obtained with
the final design, 1600 v) symmetrical with regard
to earth. In conjunction with the author's
amplifier (231 of January) the time base is suitable
for the most varied purposes, such as the investiga-
tion of building -up processes in television apparatus,
short -time echo recording in propagation research,
etc. It is valuable also for non -recurrent pheno-
mena, since with modern tubes and anode voltages
of 4 000-7 000 v the spot brightness is sufficient
to impress the eye at speeds of over I 000 km/s.
The approved circuit is shown in Fig. 2 and
described on p. 1297. The trip capacity is charged
by a current pulse and discharged at constant
current through a screen -grid valve. The charging
process is carried out by the circuit given by
Bedford and Puckle (1914 Abstracts, p. 506) using
two high -vacuum valves.

r161. SIMPLIFIED ARRANGEMENT FOR THE PRO-
DUCTION OF " KIPP " OSCILLATIONS FOR
CATHODE-RAY TUBES.-Schweitzer. (See
1093.)

I162. ON THE NEW SYNCHRONISING SWITCH FOR
THE CATHODE-RAY OSCILLOGRAPH [for Iso-
lating One out of Several Recurrent Pheno-
mena : primarily for Ignition Coil In-
vestigations].-Mochizuki and Tsuyuguchi.
(Journ. I.E.E. Japan, August, 1935, Vol.
55 [No. 8], No. 565, pp. 685-687: English
summary pp. 85-86.)

1163. TYPE 150 ELECTRONIC SWITCH [e.g. for
Simultaneous Observation of Two Pro-
cesses by Cathode -Ray Oscillographj.-Du
Mont Laboratories. (Rad. Engineering,
December, 1935, Vol. 15, No. 12, p. 26.)

1164. CATHODE-RAY TECHNIQUE ABROAD [Colloid-
al Graphite Films : Binding Technique for
Fluorescent Screens].-Porter. (Rad. Engin-
eering, December, 1935, Vol. 15, No. 12,
pp. 7 and 15.)

1165. AMPLIFIER FOR CURRENTS OF THE ORDER OF
I0-18 AMP.-H. Alfven. (Zeitschr. f. Physik,
No. 11/12, Vol. 97, 1935, pp. 708-717.)

The amplifier is designed for the oscillography of
very 'small ionisation currents, which can only be
amplified by making them charge up the grid
capacity of a valve. The time integral of the current
is proportional to the grid voltage at any time ;
this must therefore be differentiated with regard
to the time if an undistorted oscillograph of the
current is to be obtained. A resistance -capacity
amplifier is here described (circuit Fig. r), including
a circuit (Fig. 2) with a very small time constant
which performs the differentiation. The small dis-
tortions are theoretically and experimentally in-
vestigated (testing circuit Fig. 5) and the sensitivity
estimated.
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1166. AMPLIFYING APPARATUS FOR THE MEASURE-
MENT OF SMALL POTENTIALS. PART II-
FOR D.C. POTENTIALS AS IN ELECTRO-
CARDIOGRAPHY.-Holzer. (Elektrot. u.
Masch:bau, 29th Dec. 1935, Vol. 53, No. 52,
pp. 613-618.) For Part I see 710 of February.

1167. A NEW DIRECT -CURRENT AMPLIFIER FOR
MEASURING PURPOSES [for Visual Indication
or Inkwriter Recording : Automatic Back -
Coupling Adjustment by Vane moved by
M.C. Instrument so that Test Circuit is
Unloaded during Measurement].-Branden-
burger. (E.T.Z., 28th Nov. 1935, Vol. 56,
No. 48, pp. 1305-1306.)

1168. FLOATING -GRID DIRECT -CURRENT AMPLIFIER
[Linear Working to 10-15 A : Valve greatly
Under -Heated : Screen -Grid Voltage about
4 times Anode Voltage of 3.o V].-Macdonald
and Campbell. (Physics, July, 1935, Vol. 6,
No. 7, pp. 211-214.) The anode -current
change is not read directly but compensated
by a change of s.g. voltage.

1169. A SIMPLE OIL MICROMANOMETER.-Beeck.
(Review Scient. Instr., December, 1935, Vol.
6, No. 12, pp. 399-400.)

1170. RECENT DEVELOPMENTS IN METALS SEALING
INTO GLASS.-SCOth (See 1004.)

I I 71. ON RUBBER CONNECTIONS FOR MERCURY
SYSTEMS.-Pike. (Review Scient.
October, 1935, Vol. 6, No. 1o, p. 328.)

" Mercury will remain uncontaminated in contact
with rubber through years of active use if the
rubber is first thoroughly boiled out in strong caustic
soda solution. . . ."
1172. GRID CONTROLLING METHOD OF THE CURRENT

MUTATOR USING POTENTIALS OF THE ARC -
EXCITING CIRCUIT.-MaLllllra. (Journ.
I.E.E. Japan, October, 1935, Vol. 55 [No.
1o], No. 567, p. 912: Japanese only.) For
the word " mutator " see 2059 of 1935.

1173. AUTOMATIC VOLTAGE CONTROL OF HIGH -
VOLTAGE MERCURY -ARC RECTIFIERS [for
Valve Transmitters : Accuracy within ±

% : Formulae for Higher Harmonics].-
Spitzin. (Izvestia Elektroprom. Slab. Toka,
No. 10, 1935, pp. 51-57.)

1174. THEORY OF THE IMMERSION MERCURY -ARC
IGNITOR.-Cage. (Gen. Elec. Review, October,
1935, Vol. 38, No. 10, pp. 464-465.)

1175. DIFFUSION OF ELECTRONS IN THE CHAMBER
OF THE MERCURY RECTIFIER [Discharge
Phenomena in Dark Parts of Chamber :
Linear Relation between Logarithm of
Electron Current at Point on Axis and Dis-
tance from Cathode Spot, etc. ; Theoretical
Explanation].-Kanaskow. (Physik. Zeit-
schr. der Sowjetunion, No. 2, Vol. 8, 1935,
pp. 119-135: in German.)

1176. ION CURRENT DISTRIBUTION IN A DOUBLE-
GRID [Mercury -Vapour] TUBE.-Mahla.
(Zeitschr. f. tech. Phys., No. 10, Vol. 16,
1935, pp. 293-301.) Further development
of the work dealt with in 1934 Abstracts, p.
629.

1177. RECTIFYING SYSTEMS FOR PLATE SUPPLY OF
HIGH -POWER RADIO STATIONS [and the
Superiority of Steel Mercury -Vapour Recti-
fiers].-Vologdin. (Izvestia Elektroprom.
Slab. Toka, No. 12, 1935, pp. 63-65.)

I/78. A STUDY OF MULTI -STAGE CIRCUITS OF GRID -
CONTROLLED RECTIFIERS AND INVERTERS
[and a New " High -Frequency Grid Control "].
-Babat. (Izvestia Elektroprom. Slab. Toka,
No. 8,1935, pp. 47-52.)

1179. DISCUSSION ON " THE GRID -CONTROLLED
RECTIFIER WITH ZERO -POINT ANODE." -
Babat. (Journ. I.E.E., January, 1936, Vol.
78, No. 469, pp. 105-106.) See 2058 of 1935.

I180. RAYTHEON OZ4 GASEOUS RECTIFIER [prim-
arily for Car Wireless].-(Rad. Engineering,
November, 1935, Vol. 15, No. II, p. 22.)

I181. WHY NO GAS -FILLED RECTIFIER IN A
BROADCAST RECEIVER ? [Reasons for the now
Universal Use of High -Vacuum Type].-
Kleen. (Telefunken-Rohre, April, 1935,
No. 4, pp. 125-129.)

1182. THE THYRATRON : SCOPE OF APPLICATIONS
AND DISADVANTAGES OF THE HOT -CATHODE
GRID -CONTROLLED RECTIFIER.-Whiteley.
(Electrician, 3rd and loth Jan. 1936, Vol. 116,
pp. 5-6 : 5o : summary of I.E.E. paper and
discussion.)

1183. THE NEW TYPE OF THE SINGLE -TUBE
INVERTER [Grid -Controlled Tube in Diagonal
of Bridge Circuit of Two Condensers and Two
Inductances].-Nishiyama,
(Journ. I.E.E. Japan, June, 1935, Vol. 55
[No. 6], No. 563, pp. 543-545: English
summary pp. 69-70.)

1184. INDUSTRIAL APPLICATIONS OF THE GRID -
CONTROLLED CURRENT DIRECTOR.-Flauffe.
(Zeitschr. V.D.I., 7th Dec. 1935, Vol. 79,
No. 49, pp. 1475-1478.)

1185. NEW RECTIFYING METHOD USING MECH-
ANICAL COMMUTATOR AND GRID -CONTROLLED
MERCURY -ARC RECTIFIER.-Watanabe and
Takano. (Journ. I.E.E. Japan, November,
1935, Vol. 55 [No. II], No. 568, pp. 958-965
English summary pp. 118-120.)

1186. A SELF -PROTECTING CATHODE [Hot Cathode
for Mercury -Vapour Tubes protecting Itself
against Damage during Warming -Up Period].
-Lowry. (Electronics, December, 1935, pp.
26-28.)

1187. PROBE ELECTRODE MEASUREMENTS IN DIS-
CHARGES VARYING WITH TIME [A .C. Arc
in Hg : Anomalies with Swift Electrons :
Cathode -Ray Technique].-Koch. (Physik.
Zeitschr., 1st Dec. 1935, Vol. 36, No.
22/23, pp. 855-860.)

1188. DYNAMICAL SIMILARITY LAWS OF THE MER-
CURY HIGH-PRESSURE DISCHARGE .-Heller.
(Physics, December, 1935, Vol. 6, No. 12,
PP. 389-394.)
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1189. IS THERE A METALLIC CONDUCTIVITY IN
HIGHLY COMPRESSED METAL VAPOUR ?
-Braunbek. (Zeitschr. f. tech. Phys., No.
Vol. 16, 1935, PP. 497-498.)

1190. THE MECHANISM OF THE ARC DISCHARGE
[Experimental Investigation : New Form
intermediate between Thermal Arc and Glow
Discharge].-Becken and Seeliger. (Ann.
der Physik, Series 5, No. 7, Vol. 24, 1935, pp.
609-635.)

1191. THE SOLUTION OF TOWNSEND'S STATIONARY
EQUATIONS FOR THE GENERAL CASE.-
Tjagunow. (Journ. of Tech. Phys. [in Rus-
sian], No. 5, Vol. 5, 1935, pp. 889-892.)

1192. EXTRANEOUS IONISATION AND LOWERING OF
BREAKDOWN VOLTAGE IN GASES [Experi-
mental Test of Square Root Law : Slower
Degrease of Breakdown Voltage for Very
High Extraneous Ionisation].-Rogowski
and Wallraff. (Zeitschr. f. Physik, No. 11/12,
Vol. 97, 1935, pp. 758-764.)

1193. THE VARIATION OF SPARKING POTENTIAL
WITH INTENSE ULTRA -VIOLET ILLUMINATION
[Breakdown a Space -Charge Phenomenon
occurring at Fixed Value of Field].-White.
(Phys. Review, 1st Sept. 1935, Series 2,
Vol. 48, No. 5, p.482 : abstract only.)
THE SPARKING POTENTIAL OF HYDROGEN AT
HIGH FREQUENCIES [Minimum in Pressure/
Sparking -Potential Curve : Effect of Mercury
Vapour].-Zouckermann. (Comptes Rendus,

1194.

14th Oct. 1935, Vol. 201, No. 16, pp.
649-651.) See 1931 Abstracts, p. 34o.

1195. THE DEVELOPMENT OF A SPARK FROM A GLOW
[Discharge : Distinction by Presence or Not
of Unbroken Dark Space : Description of
Experiments].-Wheatcroft and Barker.
(Phil. Mag., October, 1935, Series 7, Vol. 2o,
No. 134, pp. 562-571.)

1196. PASCHEN'S LAW [of Sparking Voltage] AT
LOW STRIKING POTENTIALS [Experimental
Verification].-'Wheatcroft and Barker.
(Phil. Mag., October, 1935, Series 7, Vol. 20,
No. 134, pp: 571-578.)

1197. GAS REACTIONS IN THE SILENT DISCHARGE
AT ATMOSPHERIC PRESSURE : I-A NEW
TYPE OF SCREENED POINT DISCHARGE
CHANGING FROM HIGH -CURRENT TO LOWER -
CURRENT TYPE.-Thiessen and Bartel.
(Zeitschr. f. tech. Phys., No. Ici, Vol. 16,
1935, pp. 285-293.)

1198. CLOUD -CHAMBER INVESTIGATION OF GAS
DISCHARGE PHENOMENA [Multiple -Canal
Discharge preceding Breakdown].-Flegler
and Raether. (Physik. Zeitschr., 1st Dec.
1935, Vol. 36, No. 22/23, pp. 829-834.)

1199. SPECTROSCOPIC OBSERVATION OF RECURRENT
PHENOMENA IN DISCHARGE TUBES [With
Photocell Method for Synchronous Photo-
graphy of Irregular Moving Striations].-
Sloane and Minnis. (Proc. Phys. Soc., 1st
Nov. 1935, Vol. 47, Part 6, No. 263, pp.
1019-1028.)
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1200. THE " COUNTING " PHENOMENON OF GASEOUS
DISCHARGES AS A SPACE -CHARGE PROBLEM.
-von Hippel. (Zeitschr. f. Physik, No. 7/8,
Vol. 97, 1935, pp. 455-481.)

1201. ON CHEMICAL REACTION IN THE ELECTRIC
DISCHARGE. I-THE CHEMICAL EFFECTS
OF IMPULSE DISCHARGES.-Willey. (Proc.
Roy. Soc., Series A, 15th Oct. 1935, Vol. 152,
No. 875, pp. 158-171.)

1202. AIR [and Oxygen] AFTERGLOW [arises from
Oxidation of Nitric Oxide by Ozone].-
Newman. (Phil. Mag., November, 1935,
Series 7, Vol. 20, No. 135, pp. 777-781.)

1203. ELECTRIC DISCHARGES IN VACUUM AND
IN GASES AT LOW PRESSURES.-Langmuir.
(Gen. Elec. Review, October, 1935, Vol. 38,
No. 1o, pp. 452-457.) To be continued.

1204. THE CATHODE BEAD DISCHARGE [Current/
Voltage Characteristic : Conditions for Oc-
currence : Effect of Magnetic Field : Hypo-
thesis of Filament Beam].-Beck. (Zeitschr.
f. Physik, No. 5/6, Vol. 97, pp. 376-381.)

1205. THE MECHANISM OF THE HIGH -FREQUENCY
DISCHARGE [Experiments show Its Explana-
tion is Analogous to that of the Positive
Column] .-Beck. (Zeitschr. f. Physik, No.
5/6, Vol. 97, 1935, PP. 355-375.)

1206. THE STRIATIONS OF THE POSITIVE COLUMN
IN THE HYDROGEN GLOW DISCHARGE.-Paul.
(Zeitschr. f. Physik, No. 5/6, Vol. 97, 1935,
PP. 330-354)

1207. THE FORMS OF THE GLOW ON THE ANODE IN
HYDROGEN DISCHARGES [Radially Sym-
metrical Figures : Variation with Discharge
Parameters].-Kiessling. (Zeitschr. f. Physik,
No. 5/6, Vol. 96, 1935, pp. 365-385.)

1208. EFFECTS OF THE PERIODIC VARIATION OF
THE CONCENTRATION OF NEUTRAL ATOMS
IN THE GAS IN AN A.C. SODIUM LAMP.-
Uyterhoeven and Verburg. (Comptes Rendus,
14th Oct. 1935, Vol. 201, No. 16, pp. 647-
649.)

1209. THE CURRENT/VOLTAGE VARIATION OF THE
SPRAY DISCHARGE [" Spritzentladung "].-
Schnitger. (Zeitschr. f. Physik, No. 7/8,
Vol. 96, 1935, pp. 551-558.) See Fricke,
825 of 1935.

1210. TEMPERATURE DISTRIBUTION AND ELECTRON
DENSITY IN A CONTINUOUS ARC DISCHARGE
[at Atmospheric Pressure].-Horrnann.
(Zeitschr. f. Physik, No. 9/10, Vol. 97, 1935,
PP. 539-560.)

1211. DIFFUSION EFFECTS IN THE NEGATIVE
GLOW IN A DELAYED DISCHARGE.-Fischer
and Weizel. (Physik. Zeitschr., 1st Dec.
1935, Vol. 36, No. 22/23, pp. 827-829.)

1212. THE NEGATIVE GLOW : INVESTIGATIONS
WITH THE DELAYED DISCHARGE IN HYDRO.
GEN [Diffusion Phenomena].-Weizel and
Fischer. (Ann. der Physik, Series 5, No. 3,
Vol. 24, 1935, pp. 209-230.)
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I 2 I 3. THE INTERNAL AND SURFACE CONDUCTIVITIES
OF CUPROUS OXIDE [Humidity lowers
Surface Conductivity only : Experimental
Results].-Dubar. (Comptes Rendus, 12th
Nov. 1935, Vol. 201, No. 20, pp. 883-885.)

I 2 I 4. DETERMINATION OF METAL /CUPRO I -TS -OXIDE
CONTACT RESISTANCE [Conditions for
Formation of Contact Resistance : Crystal-
line State of Surface required for High
Resistances].-Roulleau. (Comptes Rendus,
18th. Nov. 1935, VOL 201, No. 21, pp. 947-
948.)

I215. THE ELECTRON CONDUCTIVITY OF CUPROUS
OXIDE (CORRECTION AND NEW DISCUSSION) .
-Schottky and Waibel. (Physik. Zeitschr.,
15th Dec. 1935, Vol. 36, No. 24, pp. 912-914.)

In the paper here corrected (1934 Abstracts,
p. 16o) the sign of the Hall effect in Cu20 was
given wrongly throughout ; the validity of other
results in the paper and the theoretical explanations
are discussed. See also the Stuttgart papers
(786/799 of February).
1216. THE ELECTRICAL CONDUCTIVITY OF COPPER

OXIDE IN STRONG ELECTRIC FIELDS . -
Borissow, Kara and Sinelnikow. (Physik.
Zeitschr. der Sowjetunion, No. 4, Vol. 8,
1935, pp. 425-429: in German.)

I217. ELECTRICAL CONDUCTIVITY OF COPPER
OXIDE FILMS SHOWING INTERFERENCE
COLOURS [High Resistance and Negative
Temperature Coefficient of Activated Sur-
faces : Low Resistance and Positive Tem-
perature Coefficient of Massive Copper
Surfaces].-Constable. (Nature, 28th Sept.
1935, 517.)

I218. DIFFRACTION EXPERIMENTS WITH SLOW
ELECTRONS ON GALENA, PYRITES AND
STIBNITE CONCERNING THE CHANGE OF THE
CRYSTAL SURFACES OF SEMI -CONDUCTORS BY
ELECTRON BOMBARDMENT AND THE IN-
FLUENCE OF TEMPERATURE ON THE FORM
OF THE DIFFRACTION CURVES [Disappearance
and Gradual Reappearance of Diffraction
Maxima].-Suhrmann and Haiduk. (Zeitschr.
f. Physik, No. I I / I 2, Vol. g6, 1935, pp.
726-740.) For further work see pp. 74'-
753.

1219. THE ELECTRONIC CONTACT [Experiments on
Imperfect Contacts (e.g. between Tellurium
and Chromium) and Their Action as Recti-
fiers and Microphones without External
Current Source].-Anderheggen. (Rev. Gin.
de l'Elec., 14th Dec. 1935, Vol. 38, No. 24,
pp. 837-838.)

Summary of a brochure. " If the tellurium/
chromium contact preserves its properties at all
frequencies-which has not yet been verified-it is
possible that its use will extend itself in radio
technique and microphony, and that it will be
called upon to replace the copper -oxide rectifier,
over which it has numerous and great advantages."

1220. A NEW TYPE OF SYNCHRONOUS VIBRATO R. -
Sano. (Journ. I.E.E. Japan, August, 1935,
Vol. 55 [No. 8], No. 565, pp. 701-705:
English summary pp. 89-91.)

I 22 I . VIBRATORILY COMMUTATED STATIONARY
CONVERSION [" Xylophone Reed " and " Can-
tilever Reed " Rectifiers].-Southgate. (Elec.
Engineering, November, 1935, Vol. 54, No. II,
pp. 1213-1221.)

I222. VIBRATORS-HISTORY, DESIGN, APPLICA-
TIONS .-Garstang. (Rad. Engineering,
November, 1935, Vol. 15, No. II, pp. 18-19
and 23.)

223. POWER SUPPLY FILTER CURVES . -Waltz .
(Electronics, December, 1935, Vol. 8, pp.
29-3o.)

1224. ON A METHOD OF REMOVING RIPPLE VOLT-
AGE.-Dote and Miyazaki. (Journ. I.E.E.
Japan, August, 1935, Vol. 55 [No. 8], No.
565, p. 767 : Japanese only, with circuit
diagram.)

1225. THE CATHODE AS A CURRENT LIMITER [Limit-
ing Action of a Mercury Cathode with Very
Small Surface confined by Tungsten. Walls].
-Nikivorov and Sviridov. (Elektritchestvo,
No. 23, 1935, pp. 28-31.)

1226. THE MELTING -TIME OF PROTECTIVE FUSES.
II [for Large Currents : Measurements and
Formulae].-van Liempt and de Vriend.
(Zeitschr. f. Physik, No. I / 2, VOL 98, 1935,
pp. 133-14o.) For I see 2433 of 1935.

1227. AN ELECTRONIC INTERRUPTER [Plate Current
opens Relay, thus interrupting Filament
Current].-Hanly. (Electronics, November,
1935, Vol. 8, pp. 35-36.) Useful, for
example, for producing h.t. impulses for
cable tests, and for safeguarding the life of a
valve in emission tests.

1228. NEW CONSTANT -CURRENT DEVICE [Barretter
with Separate Heating Element gives Much
Greater Constancy].-Ledward. (Wireless
World, loth. Jan. 2936, Vol. 38, p. 45.) For
another new barretter see 730 of February.

1229. A NEW CONTINUOUS ELECTRICAL REGULATOR
[Various Methods of Regulation : Amplifi-
cation : Requirements : Circuit Diagrams
and Tests of Optical Regulator using Photo-
cell].-Himraler. (Arch. f. Elektrot., loth
Sept. 1935, Vol. 29, No. 9, pp. 577-599.)

1230. A.C. VOLTAGE STABILISER UNIT [Iron -Core
Choke Coil with Auxiliary Winding for Direct
Current of Variable Magnitude : Automatic
Regulation].-White and Gardner. (Phys.
Review, 1St Sept. 1935, Series 2, Vol. 48,
No. 5, p. 48o : abstract only.)

1231. THE STABILISATOR ND ITS APPLICATIONS .-
Schroter and KOros. (Telefunken-Rohre,
April, 1935, No. 4, pp. 164-175.)

I232. CURRENT SUPPLY FOR METER CALIBRATING
PLANT BY VALVE -CONTROLLED SYNCHRON-
OUS GENERATORS, USING GLOW -DISCHARGE
POTENTIAL DIVIDE RS. -Reese. (E.T.Z., 3rd
Oct. 1935, Vol. 56, No. 4o, pp. 1095-1099 :
contd. from No. 39.)
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1233. VOLTAGE REGULATOR FOR CONSTANT LIGHT
SOURCE.-Hughes and Hurka. (Review
Scient. Instr., September, 1935, Vol. 6,
No. 9, p. 289.)

1234. OSCILLATIONS IN [Valve] VOLTAGE -REGU-
LATOR CIRCUITS [Defect generally Over-
looked : Its Cure].-Larkin. (Review Scient.
Instr., October, 1935, Vol. 6, No. 10, pp.
314-315.)

1235. REGULATION OF D.C. MOTORS USING GRID -
CONTROLLED RECTIFIERS . -Schilling. (Arch.
f. Elektrot., loth Sept. 1935, Vol. 29, No. 9,
pp. 622-631.)

1236. FULLY AUTOMATIC ACCUMULATOR CHARGING
WITH VERY CLOSE VOLTAGE LIMITS [using
A.G. Choke Coils with Parallel Condensers].
-Bohm. (E.T.Z., loth Oct. 1935, Vol. 56,
No. 41, pp. 1117-1119.)

1237. AN IMPULSE GENERATOR USING A GLOW -
DISCHARGE TUBE . -N. A. Livshits. (Izvestia
Elektroprom. Slab. Toka, No. II, 1935,
PP 45-55)

After a brief survey of various systems used for
the generation of d.c. impulses of constant shape
and spacing, a detailed theoretical investigation is
presented of an impulse generator consisting of a
glow -discharge tube and relay connected across a
condenser C. The theory of the glow -discharge
tube is given and an equation (2) is derived for the
currents in the circuit when the tube is discharging.
Methods are indicated for calculating the duration
of the discharge and the time interval between two
consecutive discharges. It is shown that by varying
the resistance r in series with the impulse generator,
and the capacity C, it is possible to alter the
frequency of the discharge from a few per hour to
several thousand per second. In conclusion,
formulae are derived for determining the maximum
current flowing through the relay winding, and the
time required for this to build up.
1238. [Preliminary Experiments] TOWARDS AN

IONIC GENERATOR FOR HIGH POTENTIALS
[Charges carried by High Velocity Particles
from Corona Discharge borne along in
Gaseous Current in Closed Circuit].-
Pauthenier and Moreau-Hanot. (Comptes
Rendus, 23rd Dec. 1935, Vol. 201, No. 26,
pp. 1332-1334.)

-1239. A VAN DE GRAAFF ELECTROSTATIC
GENERATOR OPERATING UNDER HIGH AIR
PRESSURE.-Herb and others. (Review
Scient. Instr., September, 1935, Vol. 6,
No. 9, pp. 261-265.)

1240. A SIMPLE METHOD FOR THE PRODUCTION OF
HIGH ALTERNATING VOLTAGES [Excitation
of Tuned Circuit by H.F. Transformer].-
Hasselbeck and Danzer. (Ann. der 'Physik,
Series 5, No. 1, Vol. 25, 1936, pp. 74-76.)

The method uses the over -voltage occurring at
resonance ; a h.f. transformer excites a tuned
oscillating circuit consisting of condensers and
inductances connected in series (Fig. 1) ; the over -
voltage is taken off at P. The advantage of the
method is said to be the control of the voltage

obtained by good insulation. The effects of
external loads and dielectric losses on the voltage
obtained are considered. The value of the voltage
is deduced as the product of the resonance current
and the inductive impedance.
1241. NOVEL ACCUMULATOR CONSTRUCTION [Fuller

Rechargeable Dry Cell].-Hallows : Fuller.
(Wireless World, 17th Jan. 1936, VOL 38,
p. 67.)

1242. NEW 3 -VOLT AND 4k -VOLT MINIATURE
MOTORS.-(E.T.Z., 26th Sept. 1935, Vol. 56,
No. 39, p. 1073.)

1243. THE [Mallory] GRID -BIAS CELL [for providing
Bias to High -Mu A.F. Valves : 21 Years
without Change in Characteristics].-(Rad.
Engineering, December, 1935, Vol. 15,
No. 12, pp. 16 and 2o.) For reference to this
cell see 1047, under " Acoustics and Audio -
Frequencies."
THE DESIGN OF IRON -CORED INDUCTANCE
COILS AND TRANSFORMERS TO CARRY D.C.
[Practical Method of Calculating Turns,
Optimum Gap Length, etc.].-Baggally.
(Wireless Engineer, January, 1936, Vol. 13,
No. 148, pp. 7-9.)

1245. INDUCTANCE OF A CHOKE COIL MAGNETISED
BY DIRECT CURRENT [Method of Estimating,
for Sinusoidal Voltage and Current].-
Gussakov. (Elektritchestvo, No. 19, 1935,
PP. 47-50)

1246. SOME MEASUREMENTS ON IRON -CORED
TUNING COILS . -Kaschke : Vogt. (See 974.)

1247. CORES-DESIGN, PRODUCTION : PART 2.-
(Rad. Engineering, December, 1935, Vol. 15,
No. 12, pp. 21-23.) For Part I see 735 of
February.

1248. MULTI -LAMELLAR CYLINDRICAL MAGNETIC
SHIELDS: NOTE ON THE SOLUTION OF THE
DIFFERENCE EQUATIONS INVOLVED.-
Walker : Sterne. (Review Scient. Instr.,
December, 1935, Vol. 6, No. 12, p. 416.)
See 75o of February.

1249. A THEORETICAL EXPRESSION FOR THE MAG-
NETISING CURVE OF A MACHINE. -Carr:
van Niekerk. (Metropolitan -Vickers Gazette,
January, 1936, Vol. 16, No. 273, p. 21.)
Extension of method referred to in 1934
Abstracts, p. 629.

1250. MAGNETIC INVESTIGATION OF PRECIPITATION
HARDENING.-Auer. (Zeitschr. f. tech. Phys.,
No. II, Vol. 16, 1935, pp. 486-488.)

1251. MAGNETIC PROPERTIES AND ORIENTATION OF
FERROMAGNETIC PARTICLES [with Effect of
Heat Treatment]. II-PYRRHOTITE.-Davis.
(Physics, December, 1935, Vol. 6, No. 12,
pp. 376-379.) For previous papers see 2079
and 3233 of 1935.

1252. LATTICE DISTORTION AND COERCIVE FORCE
IN SINGLE CRYSTALS OF NICKEL -IRON -
ALUMINIUM [Mishima Alloys].-Burgers' and
Snoek. (Physica, December, 1935, Vol. 2,
No. to, pp. 1064-1073: in English.)

1244
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1253. DETERMINATION OF MAGNETIC HYSTERESIS
WITH THE FAHY SIMPLEX PERMEAMETER.-
Sanford and Bennett. ( Journ. of Res. of
Nat. Bur. of Stds., November, 1935, Vol. 15,
No. 5, pp. 517-522.)

1254. CRYSTALLINE PROPERTIES AND MAGNETIC
ANISOTROPIES OF DISTILLED BISMUTH
[Microcrystalline Film beneath Macro -
crystalline Conglomerate : Distillation not a
Suitable Purification Process]. - Goetz,
Stierstadt and Focke. (Zeitschr. f. Physik,
No. 1/2, Vol. 98, 1935, pp. 118-127.)

1255. THE ADJUSTMENT OF SPIN IN FERROMAGNETIC
CRYSTALS UNDER THE INFLUENCE OF MECHA-
NICAL TENSIONS [Theory without Assump-
tion of Isotropy : Effect on Magnetisation
Curves].-Gans. (Ann. der Physik, Series 5,
No. 8, Vol. 24, 1935, pp. 68o-696.)

1256. THE MAGNETIC EWIAVIOUR OF A NICKEL
WIRE UNDER STRONG TORSION [Theory
Matteucci Effect : Magnetisation Curves].-
Gans. (Ann. der Physik, Series 5, No. 1,
Vol. 25, 1936, pp. 77-91.)

1257. - PHYSICAL PRINCIPLES AND APPLICATIONS
OF MAGNETO -CHEMISTRY " [Book Review].-
Bhatnagar and Mathur. (Current Science,
Bangalore, September, 1935, Vol. 4, No. 3,
PP. 184-185.)

1258. DISPLACEMENT OF THE CURIE POINT BY
TENSION [Too Small to be Detected].-
Englert. (Zeitschr. f. Physik, No. 1/2,
Vol. 97, 1935, pp 94-96.)

1259. THE DIFFRACTION OF X-RAYS BY LIQUID
Na-K ALLOY IN A MAGNETIC FIELD [NO
Change due to Field : No Magnetostriction
detected in Alloy : Magnetoresistance in
Liquid not due to Magnetic Field].-Heaps.
(Phys. Review, 15th Sept. 1935, Series 2,
Vol. 48, No. 6, pp. 491-493.) See Fakidow
& Kikoin, 1933 Abstracts, p. 579 ; also
2472 of 1935.

1260. THE NEON LAMP AS A COUNTER : PART II.-
Valle. (Nuovo Cimento, July, 1935, Vol. 12,
No. 7, pp. 426-440.) For Part I see 2066 of
1935.

1261. [Theory Of] DISTRIBUTION OF COUNTS IN A
COUNTER [of Ionising Particles] WITH CON-
STANT RECOVERY TIME .-Ruark. (Phys.
Review, 1St Sept. 1935, Series 2, VOL 48,
No. 5, p. 477: abstract only.)

1262. SIMPLE APPARATUS FOR THE COUNTING OF
TUBE COUNTER IMPULSES. - Madsen.
(Naturwiss., 25th Oct. 1935, Vol. 23,
PP. 738-739.)

1263. A SIMPLE [Electrostatic -Mechanical] RELAY
FOR GREINACHER " SPARK COUNTERS."-
Teichmann. (Physik. Zeitschr., 1st Dec.
1935, Vol. 36, No. 22/23, pp. 843-845:
Zeitschr. f. tech. Phys., No. II, Vol. 16, 1935,
PP. 414-416.) To replace the hydraulic
relays used by Greinacher in conjunction
with his counters (2862 of 1935). For a
preliminary letter see Nature, 3oth Nov.
1935, Vol. 136, pp. 871-872.

1264. SPECIAL GLOW -DISCHARGE LAMP [with Ring
and Crossed Electrodes] AS SWITCH -POSITION
INDICATOR.-Pflier. (E.T.Z., 28th Nov.
1935, Vol. 56, No. 48, p. 1303.)

1265. THE HEATING OF SLIDING -CONTACT RESIST-
ANCES.-Moeller. (E.T.Z., 17th Oct. 1935,
Vol. 56, No. 42, pp. 1143-1146.)

1266. THE RESISTANCE OF VERY THIN EXTRANEOUS
LAYERS IN METAL CONTACTS.-Holm and
Kirschstein. (Physik. Zeitschr., 1st Dec.
1935, Vol. 36, No. 22/23, pp. 882-888:
Zeitschr. f. tech. Phys., No. 11, Vol. 16, 1935,
pp. 488-494.) For previous work on con-
tacts see Abstracts, 1932, p. 237 ; 1929,
p. 588 ; also 1669, 2085 and 2851 of 1935.

1267. ELECTRICAL CONDUCTANCE OF SHORT GAPS
IN AIR [Reference to Closing Switch Con-
tacts].-Hutchisson, Osgood and Fearon.
(Elec. Communication, September, 1935,
Vol. 21, No. 9, pp. 542-548.)

1268. CONTACT IN VACUUM [and the Design of
Vacuum Switches giving roo Interruptions
per Second].-Ostroumov. (Izvestia Elek-
troprom. Slab. Toka, No. 9, 1935, p. 68.)
Cf. 1931 Abstracts, p. 628 (Siemens &
Halske).

1269. A NEW VACUUM SWITCH [10 A at 250 V ;
Speeds above 3o Times per Second].-Kling.
(Gen. Elec. Review, November, 1935, Vol.
38, No. II, pp. 525-526.)

1270. ELECTRO-MAGNETIC RELAY AND COPPER -
OXIDE RECTIFIER COMBINATION AS TELE-
PHONE RELAY : CORRECTIONS.-Vitenberg.
(Izvestia Elektroprom. Slab. Toka, No. 12,
1935, p. 76.) See 751 of February.

1271. GAS -FILLED [Thyratron] RELAY APPLICA-
noNs.-Noble. (Journ. I.E.E., October,
1935, Vol. 77, No. 466, pp. 569-570: ab-
stract only.) For Davidson's double -wave
oscillograph device, here mentioned, see
857 of 1935.

1272. A GLOW DISCHARGE TUBE COOLED WITH
LIQUID AIR [with Diagram of Construction
and Cooling Arrangements].-Schuler and
Schmidt. (Zeitschr. f. Physik, No. 7/8,
Vol. 96, 1935, pp. 485-488.)

1273. A CABLE CODE TRANSLATOR SYSTEM [for
Conversion of 3 -Element to 2 -Element
Signals and vice versa].-Connery. (Elec.
Engineering, November, 1935, Vol. 54, No.
II, pp. 1162-1166.)

1274. A SIMPLE [Bimetallic -Type] THERMO-REGU-
LATOR.-Bloxam. (Journ. Scient. Instr.,
November, 1935, Vol. 12, No. II, pp.
361-363.)

1275. THE PRODUCTION OF VERY SHORT ELECTRIC
SPARKS [for Projectile Photography].-
Libessart. (Ann. des Postes T. et T., Nov-
ember, 1935, Vol. 24, No. II, pp. 1030-
1035.)
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1276. CONSTRUCTION AND BEHAVIOUR OF A HIGH -
VOLTAGE CYLINDRICAL CONDENSER [Of
Lumite Glass, withstanding Steady Vol-
tages over roo kV].-Bundy and Pool.
(Review Scient. Instr., December, 1935, Vol.
6, No. 12, pp. 404-408.)

1277. PROBLEMS OF MODERN [Paper] CONDENSER
CONSTRUCTION.-Nauk. (Funktech. Monats-
hefte, December, 1935, No. 12, pp. 476-
477: summary of lecture.)

1278. TABLE OF GERMAN MANUFACTURERS OF
RUBBERLESS INSULATING MOULDING MA-
TERIALS AND THEIR PRODUCTS.-(E.T.Z.,
28th Nov. 1935, Vol. 56, No. 48, pp. 1312-
1314.)

1279. XM-262 : A NEW MINERAL -FILLED MOULD-
ING MATERIAL DESIGNED PARTICULARLY FOR
ELECTRICAL INSULATION REQUIRING Low
DIELECTRIC LOSSES [Power Factor 0.75%
at Mcis].-Bakelite Laboratories. (Rad.
Engineering, December, 1935, Vol. 15,
No. 12, p. 17.)

1280. R.F. INSULATOR VOLTAGE LIMITS [Tempera-
ture -Rise Investigation : the Use of Corona
Shields : etc.].-Lee. (Electronics, October,
1935, Vol. 8, pp. 11-12 and 42.)

1281. THE THERMAL CONDUCTIVITY OF GRANULAR
MATERIALS.-Krischer. (Zeitschr. V.D.I.,
26th Oct. 1935, Vol. 79, No. 43, pp. 1315-
1316.)

1282. INVESTIGATIONS OF SOME OPTICAL AND
ELECTRICAL PROPERTIES OF DIDYMIUM
GLASS [Photoelectric Conductivity : Fluo-
escence Bands].-Prosad, Bhattacharya and
Chatterjee. (Zeitschr. f. Physik, No. 5/6,
Vol. 98, 1935, pp. 324-335.)

1283. [Theory of] THE INFLUENCE OF ATTACHMENT
[of Electricity Carriers in Dielectric] ON
FIELD DISTRIBUTION AND CONDUCTIVITY.-
Schumann. (Zeitschr. f. Physik, No. 1/2,
Vol. 98, 1935, pp. 72-74.)

1284. CALCULATION OF VARIOUS PHYSICAL CON-
STANTS OF HETEROGENEOUS SUBSTANCES.
I. DIELECTRIC CONSTANTS AND CONDUC-
TIVITIES OF MIXTURES OF ISOTROPIC SUB-
STANCES [with Experimental Verifications].
-Bruggeman. (Ann. der Physik, Series
5, Nos. 7 and 8, Vol. 24, 1935, pp. 636-664 :
665-679.)

1285. THE INFLUENCE OF THERMAL AND ME-
CHANICAL TREATMENT ON THE OPPOSING
VOLTAGE AND THE CURRENT/VOLTAGE
VARIATION IN NACL CRYSTALS [Deviation
from Ohm's Law in Dielectrics connected
with Polarisation Formation].-Wendero-
witsch and Drisina. (Zeitschr. f. Physik,
No. 1/2, Vol. 98, 1935, pp. 108-117.)

1286. ON THE CHANGE OF PHYSICAL PROPERTY
OF THE ELECTRICAL INSULATOR BY HEAT
[Thermo -Balance Tests].-Shimizu and
Nishifuji. (Journ. I.E.E. Japan, November,
1935, Vol. 55 [No. No. 568, pp. 922-928 :
short English summary p. 117.)

1287. BREAKDOWN WITH INTERNAL PHOTOELECTRIC
EFFECT [Tests on Rock Salt].-Goldman
and Wul. (Physik. Zeitschr. der Sow-
jetunion, No. 4, Vol. 8, 1935, pp. 369-377:
in English.)

1288. EFFECT OF X-RAYS ON SOLID INSULATORS.-
Shimizu. (Journ. I.E.E. Japan, November,
1935, Vol. 55 [No. Jr], No. 568, pp. 950-957 :
English summary p. 118.)

1289. DEMONSTRATION OF SPACE CHARGES AND
IONISATION PROCESSES IN [Transformer]
OIL WITH A STREAM ARRANGEMENT [of the
Liquid Dielectric :. Positive Charge at
Metal/Liquid Dielectric Surface : Measure-
ment of Ionic Mobility].-Christ. (Zeitschr.
f. Physik, No. 1/2, Vol. 98, 1935, pp. 23-65.)

1290. SPACE CHARGE IN LIQUID DIELECTRICS
[Potential Distribution between Parallel

 Plates measured in Insulating Oils : Space
Charge involves Ions of High and Low
Mobility].-Whitehead and Minor. (Physics,
December, 1935, Vol. 6, No. 12, pp. 380-
388.)

1291. THE DIELECTRIC PROPERTIES OF ALUMINIUM
OXIDE FILMS PRODUCED ELECTROLYTICALLY.
-Zauscher. (Ann. der Physik, Series 5,
No. 7, Vol. 23, 1935, pp. 597-626.)

The aluminium oxide films were produced by
anodic polarisation of aluminium electrodes in
solutions of oxalic acid ; they are used for insula-
tion and protection from corrosion. The hygro-
scopic, dielectric and break -down properties of dry
and oil -saturated films are here described, with
experimental curves ; samples of oil -saturated
films gave smaller dielectric losses at higher alter-
nating voltages.
1292. DIELECTRIC PROPERTIES OF ANODIC LAYERS

IN ALUMINIUM ELECTROLYTIC CONDENSERS
[Lagging and Non -Lagging Variations :
Oscillographic Study of Harmonics].-
Lilienfeld, Chandler and Goldman. (Physics,
December, 1935, Vol. 6, No. 12, pp. 416-425.)

1293. ELECTROLYTIC CONDUCTION OF A SOLID
INSULATOR AT HIGH FIELDS: THE FORMA-
TION OF THE ANODIC OXIDE FILM ON
ALUMINIUM.-Verwey. (Physica, December,
1935, Vol. 2, No. ro, pp. 10$9-1063: in
English.)

1294. DIELECTRIC LOSSES IN ELECTROLYTIC
BARRIER LAYERS [On Al and Ta] AT Ex-
TREME FIELD -STRENGTHS UP TO I07 Volt/
cm.--Giintherschulze and Betz. (Zeitschr.
f. Physik, No. 9/10, Vol. 96, 1935, pp. 686-
690.)

For previous work see 338 of 1935. The electro-
lytic cell used to produce satisfactory oxide films
on the metals Al and Ta is shown in Fig. I and the
bridge circuit for measurement of dielectric loss
in Fig. 2. Curves are given showing the variation
of the tangent of the loss angle with duration of the
measurement (Fig. 3), formation voltage (Fig. 4),
alternating voltage (Fig. 5), direct voltage (Fig. 6),
formation time (Fig. 7), temperature (Fig. 8), and
frequency (Fig. 9).
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1295. A NEW METHOD OF MAKING EXTREMELY
THIN FiLms.-Lark-Horovitz, Howe and
Purcell. (Review Scient. Instr., December,
1935, Vol. 6, No. 12, pp. 401-403.)

1296. VARIATION IN ELECTRICAL RESISTANCE AND
REFLECTING POWER OF METALLIC MIRRORS
CONDENSED AT LOW TEMPERATURES.-
Suhrmann and Barth. (Physik. Zeitschr.,
1st Dec. 1935, Vol. 36, No. 22/23. pp. 843-
845 : Zeitschr. f. tech. Phys., Na. II, Vol.
16, 1935, PP. 449-451.)

1297. SELECTIVE X-RAY DIFFRACTION 'FROM ARTI-
FICIALLY STRATIFIED METAL FILMS DE-
POSITED BY EVAPORATION [Method of Study-
ing Atomic Diffusion in Solid State].-
Du Mond and Youtz. (Phys. Review,
15th Oct. 1935, Series 2, Vol. 48, No. 8,
P. 703.)

1298. DIFFRACTION OF ELECTRONS BY METAL
CRYSTALS AND BY MICA [Spot Patterns
yielded by Oxide Films are due to Pure
Metal Crystals. caught up on the Films].-
Darbyshire and Cooper. (Proc. Roy. Soc.,
Series A, 15th Oct. 1935, Vol. 152, No. 875,
pp. 104-123.)

1299. METHOD FOR COMPENSATING NON-LINEAR
DISTORTION [Use of Constant Auxiliary
Voltage Whose Working Point is Displaced
in Synchronism with the Input Frequency].
-Siemens & Halske. (German Pat.
611652, pub. 12.7.33: Hock...tech. u. Elek:
akus., September, 1935, Vol. 46, No. 3,
P. 107.)

1300. THE PENETRATION OF TRANSIENTS INTO
ELECTRICAL MACHINES AND PROTECTION
OF MACHINES CONNECTED DIRECTLY TO
CABLES IN THE OPEN [Protective Action of
Condensers against Atmospheric Distur-
bances].-Neuhaus and Strigel. (Arch. f.
Elektrot., 5th Oct. 1935, Vol. 29, No. Io,
pp. 702-721.)

1301. CARRIER -FREQUENCY HETERODYNE OSCIL-
LATOR [I-loo kc/s].-Slonczewski. (Bell
Lab. Record, October, 1935, Vol. 14, No. 2,
pp. 6o-64.)

1302. THE EDDY CURRENTS IN A PLATE WITH A
CIRCULAR HOLE IN THE FIELD OF A SINGLE
COAXIAL CONDUCTOR [General Mathematical
Solution : Calculations of Energy Losses in
Special Cases of Practical Importance].-
Buchholz. (Ann. der Physik, Series 5,
No. 3, Vol. 24, 1935, pp. 231-252.)

1303. RADIO MANUFACTURERS' VARIED USES OF
NICKEL.-(Electrician, loth Jan. 1936, Vol.
116, p. 45.)

1304. SOFT SOLDERS.-Falk. (Bell Lab. Record,
November, 1935, Vol. 14, No. 3, pp. 89-93.)

1305. ELECTRIC CHARGES FROM STRETCHED RUBBER
BANDS [produced by Friction, not Stretch-
ing ?].-Coop : Larson. (Review Scient.
Instr., December, 1935, Vol. 6, No. 12, p.
418.) See 4093 of 1935.
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1306 A NEW STROBOSCOPIC SPEED INDICATOR
[with " Whirling -Light Gun "].-Ashdown.
(Television, December, 1935, Vol. 8, No. 94,
p. 727.) Based on the tuning -fork and
detent control dealt with in 1976 and of 1935.

STATIONS, DESIGN AND OPERATION
1307. ACCEPTANCE TESTS FOR BROADCASTING

STATIONS [based on CCIR and American
IRE Recommendations].-Gerber. (Bull.
Assoc. suisse des Elec., No. 1, Vol. 27, 1936,
pp. 14-18.)

1308. BROADCAST MAINTENANCE COSTS [Survey
of 86 United States Stations].-(Electronics,
November, 1935, Vol. 8, p. 25.)

1309. THE ENERGY CONSUMPTION OF THE SWISS
BROADCASTING STATIONS IN 1934.-(Bull.
Assoc. suisse des Elec., No. 26, Vol. 26, 1935,
P. 750)

1310. IMPORTANT BROADCASTING DEVELOPMENTS

1311. THE NEW FRENCH BROADCASTING STATIONS.

1312. THE ACTION OF AUTOMATIC REGULATING
APPARATUS [for Volume Control at Trans-
mitter or Receiver].-Bartels and Ulbricht.
(See 1054.)

GENERAL PHYSICAL ARTICLES
1313. [Direct] PROOF OF THE PLANCK -DE BROGLIE

RELATIONS [E = hv and p = h/,1].-Glaser.
(Zeitschr. f. tech. Phys., No. II, Vol. 16,
1935, pp. 481-484.)

1314. THE FORM OF THE ELECTROMAGNETIC EQUA-
TIONS [General Remarks : Presentation of
a Symmetrical Form with Constants in
Didactically Correct Position and Least
Possible Sensitivity to Change of Units].-
Fischer. (Physik. Zeitschr., 15th Dec. 1935,
Vol. 36, No. 24, pp. 914-916.)

1315. THE DIMENSIONS OF ELECTROMAGNETIC
QUANTITIES [Summary : Four Fundamental
Quantities].-Sommerfeld. (Physik. Zeitschr.,
1st Dec. 1935, Vol. 36, No. 22/23, pp. 814-
818: Discussion on practical units, pp.
818-820.)

1316. THE VALUE OF THE ELECTRONIC CHARGE
[Essential Correctness of Grating Value :
Reliable Determination of h/e needed].-
Birge. (Phys. Review, ist Dec. 1935, Series
2, Vol. 48, No. II, p. 918.)

1317. ANGULAR MOMENTUM OF CIRCULARLY
POLARISED LIGHT [Measured Value h/21r
per Quantum].-Holbourn. (Nature, 4th
Jan. 1936, Vol. 137, p. 31.) See also 347
of January.

1318. THE TEMPERATURE DEPENDENCE OF FREE
ELECTRON SPECIFIC HEAT [in Metals :
Application of Fermi-Dirac Statistics :
Numerical Values].-Stoner. (Phil. Mag.,
January, 1936, Series 7, Vol. 27, No. 138
pp. 145-160.)

IN BRAZIL.-(Marconi Review, Sept./Oct.
1935, No. 56, pp. 30-32.)

-Adam. (Genie Civil, 28th Dec. 1935,
Vol. 107, No. 26, pp. 603-609.)
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1319. THE DIFFUSION OF GASES THROUGH METALS.
II'-DIFFUSION OF HYDROGEN THROUGH
ALUMINIUM [Rate depends on State of
Surface : Oxygen Contamination reduces
Rate].-Smithells and Ransley. (Proc.
Roy. Soc., Series A, Vol. 152, No. 877, pp.
706-713.)

1320. THE SORPTION OF HYDROGEN AND DEUTE-
RIUM BY COPPER AND PALLADIUM. I.
THE BEHAVIOUR OF COPPER AND COPPER
OXIDES. II. THE SORPTION BY PALLADIUM
AND DIFFUSION THROUGH COPPER.-Melville
and Rideal. (Proc. Roy. Soc., Series A,
znd Dec. 1935, Vol. 153, No. 878, pp. 77-
88 : 89-103.)

1321. THE STRUCTURE AND PHYSICAL PROPERTIES
OF THIN FILMS OF METAL ON SOLID SURFACES
[Microscopic Examination of Structure of
Sputtered Films of Ag and Au].-Andrade
and Martindale. (Phil. Trans. Roy. Soc.,
Series A, 21st Aug. 1935, Vol. 235, No. 747
III, pp. 69-loo.)

1322. A DISCUSSION ON SUPRACONDUCTIVITY AND
OTHER LOW TEMPERATURE PHENOMENA
[including the Propagation of Electromag-
netic Waves in Metallic Conductor's and Its
Bearing upon the Problem of Supracon-
ductivity].-McLennan, Kronig and others.
(Proc. Roy. Soc., Series A, 15th Oct. 1935,
Vol. 152, No. 875, pp. 1-46.)

1323. THE ELECTRICAL RESISTANCE OF ALUMINIUM
AT LOW TEMPERATURES [Measurements
down to 2.2° K : Relation to Theories of
Metallic Conduction].-Boorse and Niewod-
niczanski. (Proc. Roy. Soc., Series A, 1st
Jan. 1936, Vol. 153, No. 879, pp. 463-475.)

1324. A THEORY OF LIQUID SURFACE RUPTURE
BY A UNIFORM ELECTRIC FIELD [Field
Emission from Liquid Surfaces at Lower
Field Strengths than from Solids : Ex-
planation of Lowered Sparking Potential
to Liquid Mercury].-Tonks. (Phys. Re-
view, 15th Sept. 1935, Series 2, Vol. 48, No.
6, pp. 562-568.)

1325. IONIC MOBILITY [in Electrolytic Solutions :
Exact Calculation of Born's Effect of Move-
ments of Dipoles with Ions].-Hermans.
(Zeitschr. f. Physik, NO. I I /I2, Vol. 97,
1935, pp. 681-689.)

1326. THE WIEN EFFECT IN ELECTROLYTES, IN-
VESTIGATED WITH THE CATHODE-RAY
OSCILLOGRAPH [Current/Voltage Character-
istics show Deviations from Ohm's Law].-
Miter. (Ann. der Physik, Series 5, No.
3, Vol. 24,1935, pp. 253-272.)

1327. STATISTICAL THEORY OF STRONG ELECTRO-
LYTES [with Modified Expression for Di-
electric Constant].-Levine. (Proc. Roy.
Soc., Series A, 15th Nov. 1935, Vol. 152,
No. 877, pp. 529-559.)
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MISCELLANEOUS
1328. NUMERICAL AND MECHANICAL METHODS IN

DOUBLE FOURIER SYNTHESIS.-Robertson.
(Phil. Mag., January, 1936, Series 7, VOL 21,
No. 138, pp. 176-187.)

1329. ON THE FUNDAMENTALS OF THE HEAVISIDE
OPERATIONAL CALCULUS.-Miyoshi. (Journ.
I.E.E. Japan, July, 1935, Vol. 55. [No. 7],
No. 564, pp. 599-606: English summary
PP. 77-79.)

1330. THE I I TH CONGRESS OF GERMAN PHYSICISTS
AND MATHEMATICIANS IN STUTTGART, 1935.
-(E.N.T., November, 1935, Vol. 12, No. II,
pp. 379-380: short note on lecture subjects
only.)
ON A METHOD FOR THE CALCULATION OF
VECTOR POTENTIAL FIELDS [and Application
to the Vector Potential of a Current -Carrying
Toroidal Coil].-Schlomka. (Zeitschr. f.
tech. Phy.k., No. II, Vol. 16, 1935, pp.
479-481.)

1332. ON THE EFFECT OF THE UNDERLYING CON-
DUCTOR ON THE MAGNETIC FIELD OF A THIN
CIRCULAR COIL [as used in Geophysical
Prospecting].-Ishibashi. (Journ. I.E.E.
Japan, September, 1935, Vol. 55 [No. 9],
No. 566, pp. 780-784: English summary pp.
98-99.)

1333. MEASUREMENT OF THE CONDUCTIVITY OF
BLOOD IN THE WAVELENGTH RANGE 6 -
25 111.-Graul. (Ann. der Physik, Series
5, No. 4, Vol. 24,1935, pp. 326-348.)

EXPERIMENTAL METHODS OF ELECTRODIAG-

1331.

1334.

1335.

Nosncs.-(Rev. Gen. de l'Elec., 16th Nov.
1935, Vol. 38, No. 20, pp. 659-660.)

THE INVESTIGATION OF MITOGENETIC RADIA-
TION WITH THE TUBE COUNTER.-Barth.
(Naturwiss., 4th Oct. 1935, Vol. 23, p. 688.)

1336. NERVE MESSAGES [Lecture].-Hill. (Elec-
trician, 13th Dec. 1935, PP. 743-744 and 745.)

RADIO -LIKE WAVES GUIDE HOMING PIGEONS
[Electrical Disturbances, rather than Re-
duced Visibility, cause Failure of Flights :
etc.].-Mayr. (Sci. News Letter, 9th Nov.
1935, p. 297.)

1338. " FOUNDATIONS OF SHORT-WAVE THERAPY "
[Book Review].-Holzer and Weissenberg.
(Electrician, 3rd Jan. 1935, Vol. 116, p. 15.)
English translation of the book referred to in
372 of January.

1339. ON THE QUESTION OF THE POWER OF
GENERATORS FOR SHORT-WAVE THERAPY
[Method of Measurement : Maximum Toler-
able Power : etc.].-Mittelmann. (Elektrot.
u. Masch:bau, 1st Dec. 1935, Vol. 53, No.
48, PP. 568-571.)

1340. A SIMPLE APPARATUS FOR THE STUDY OF THE
ABSORPTION OF ELECTRIC WAVES IN BODIES
[using 3-15 m Waves and a Very Small
Dipole/Detector Receiver completely Out of
Tune with Transmitter].-Petrucci. (Nuovo
Cimento, June, 1935, Vol. 12, No. 6, pp.
361-367.)

1337.
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Some Recent Patents
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
437 099.-Transmitting aerials with variable cap-
acity top for controlling the space -wave component
of radiation.

Compagnie. Generale de T.S.F. Convention date
(France) 9th June, 1934.
2 017 121.-Four half -wave aerials, arranged as
a horizontal square, insulated from each other at
the corners, and energized by diagonal feeders, to
give a uniform field of radiation for broadcasting.

M. Gouriaud (assignor to Cie Generale de T.S.F.).

TRANSMISSION CIRCUITS AND APPARATUS
436 641.-High-frequency transmission circuit
fitted with iron -cored intervalve couplings with the
object of maintaining a constant amplitude over a
wide frequency range.

C. Lorenz Akt. Convention date (Germany)
3rd May, 1934.
437 263.-Utilisation of telephone trunk lines as a
multiplex high -frequency carrier for sound and
picture signals.

J. J. Laub and F. Kirsch Stein. Convention
date (Germany) 18th February, 1933.

995 r64.-Generating oscillations partly by Dyna-
tron action and partly by the capacity coupling
between the grids of a valve of the pentode type.

J. N. Whitaker (assignor to Radio Corporation of
America).

RECEPTION CIRCUITS AND APPARATUS
436 482.-Variable selectivity receiver in which
the D.C. component of the rectified signals is used
to vary, differentially, the tuning of two of the
high -frequency circuits.

Marconi's W.T. Co. (assignees of R. A. Braden).
Convention date (U.S.A.) 16th October, 1933.
436 856.-Noise-suppressor circuit in which an
ohmic resistance is common to the anode -cathode
of a control valve and of an L.F. amplifier, and
also serves to bias the grid of the latter valve.

Ferranti and M. K. Taylor. Application date
15th February, 1934--
2 005 237.-The plates and filaments of a wireless
set are supplied with current of a super -audible
frequency, derived from A.G. mains. The set is of
the super -regenerative type.

F. A. Parsons.
2 101 566.-Means for regulating the phase and
amplitude of the feed -back in a regenerative
amplifier -circuit so as to reduce distortion or to
increase stability.

H. S. Black (assignor to Bell Telephone Labora-
tories).

DIRECTIONAL WIRELESS
436 839.-Radio navigation system in which the
receiver on an aeroplane is provided with A.V.C.

control regulated by the aerodrome boundary
marking signals alone.

C. Lorenz Akt. Convention date (Germany)
14th August, 1934.
439 714.-Directional aerial of the Adcock type
combined with a vertical aerial to remove the
usual 180° ambiguity.

R. H. L. Bevan and C. Crampton. Application
date 11th October, 1934.
2 014 732.-Rotating-beam beacon in which a
number of crossed frame aerials are fed with a
constant carrier but are separately modulated so
as to transmit a characteristic " course " along any
point of the compass.

C. W. Hansell (assignor to Radio Corporation of
America).

ACOUSTICS AND AUDIO FREQUENCY CIRCUITS
AND APPARATUS

438 No.-High-fidelity microphone in which a
ribbon -conductor is mounted in a magnetic field
and is backed by a labyrinth passage containing
felt or other suitable damping material.

Marconi's W.T. Co. (assignees of H. F. Olsen).
Convention date (U.S.A.) 21st November, 1933.
r 993 859.-Controlling the overall amplification of
reproduced sound and varying simultaneously the
relative intensities of the high and low notes.

W. van B. Roberts (assignor to Radio Corporation
of America).

TELEVISION AND PHOTOTELEGRAPHY
435 637.-Means for reducing the air -pressure on
a rotating scanning -disc as used for television.

J. D. Percy and Baird Television. Application
date, 5th July, 1934.
436 543.-Means for preventing " halo " effects on
the fluorescent screen of a cathode-ray tube.

A.C. Cossor (assignees of M. von Ardenne). Con-
vention date (Germany) 13th April, 1933.
436 622.-Means for neutralising capacity coupling
between the magnetic deflecting coils used in a
cathode-ray tube.

Telefunken Co. Convention date (Germany) 3oth
January, 1934-
436 650.-Producing synchronising -impulses having
a steep wave -front injected in correct phase -relation
with the picture signals in television.

G. B. Banks and Baird Television. Application
date 13th March, 1934.
436 734.-Television amplifier designed to amplify
the higher frequencies more than the lower
frequencies so that the latter can be kept at a
favourable signal-to-noise ratio.

A. D. Blumlein and C. 0. Browne. Application
date 17th April, 1934.
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BEAT TONE
OSCILLATOR
TYPE 3-A.

The illustration on the right is the same as that
shewn on page F-1 of Section 7 of our Catalogue.
Two pages are devoted to a full description and
specification of the Oscillator and much valuable
data is given. In the same way over 50 precision
instruments are dealt with in Section 7 and a copy
of this useful work of reference will be sent free to
any bona fide enquirer.

A Beat Tone Oscillator is the simplest and most
flexible source from which to determine audio
frequency characteristics of all types of equipment.

The Muirhead Beat Tone Oscillator Type 3-A is

calibrated from 10 to 10,000 c.p.s. and this range is
covered by one control. The output is 45 milliwatts,
or, with separate amplifier, 1.5 watts.

With the addition of a Mains' Unit Type 1-A, this
instrument can be operated direct from A.C. Mains.
Full details of this instrument will be supplied on
request.

MUIRHEAD & CO., LTD.
ELMERS END BECKENHAM : KENT

FOR MORE THAN 50 YEARS, MUIRHEADS
HAVE BEEN FOREMOST AMONG THE
MANUFACTURERS AND DESIGNERS OF
PRECISION INSTRUMENTS FOR THE

ELECTRICAL AND COMMUNICATION
INDUSTRIES.

Kindly mention " The Wireless Engineer " when replying to advertisers.
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Do your own Recording

IT IS a simple matter
to make records with
" PARMEKO " Record-
ing Equipment-no

processing is required, you
get direct recording and
instant playback. " PAR-
MEKO " Equipment is
being used by Broadcasting
Stations, Film Studios,
Private Recording Stations,
and for all purposes where
first class recording is
required.

EQUIPMENT

EMI

Please write for full particulars to: PARMEKO, LTD. (Dept. W.E.1.) Aylestone Park, LEICESTER.

A BRITISH -MADE STANDARD
SIGNAL GENERATOR

Completely self-contained-Mains-operated and portable

FEATURES --Frequency Range: 20kc - 25mc

by means of internal coil selector. Modula-

tion: Up to 80% accurately indicated. Out-

put : 1 microvolt to 1 volt con-

tinuously variable. Stray Field:

Less than 1 microvolt at 25mc.
195
N E T T.

E. K. Cole, Ltd., Government Contract

Precision equipment for factory and laboratory use
-designed and developed to meet exact neec:s
and extensively tested under working conditions.

STANDARD INSTRUMENTS.
Standard Signal Generator Special Amplifiers
Beat Frequency Oscillator Impedance Bridges
Distortion Factor Meter Valve Voltmeters
Output Meter Field St ength Measuring Sets
inductance Bridges Nois . Meters

Capacity Bridges
and allied apparatus designed for special requirements.

and Instrument Dept., Southend - on -Sea.

Kindly mention ' The Wireless Engineer - when replying to advertisers.
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TRANSFORMERS
Mains Transformers and Chokes.
Intervalve, Microphone and
Valve - to - Line Transformers

of the High Grade Miniature Type.
Transformers

82 2 S

FREQUENCY

Response curve of B.S.R. heavy-duty
Output transformer.
" WIRELESS WORLD "

(Reproduced by permission of REPRODUCERS LTD.'Phone Cradley Heath 6212-13.
'Grams: Electronic, Old Hill. CLAREMONT WORKS, OLD HILL, STAFFS.

iii

for Microphone Amplifiers, etc.
Special Transformers for Laboratory Work and
for Equipment for Film and Record Recording.

COMPLETE LISTS ON REQUEST.

HETERODYNE OSCILLATORS
for

LABORATORY, OUTDOOR & INSTALLATION WORK I

IR ELFSS

DIRECTION
FINDING
& Directional Reception

By R. Keen, B. Eng. (Hon.)

Second Edition (1927)

THIS volume describes the
principles of Direction and

Position Finding, and is
invaluable to wireless
engineers tackling this field
of work for the first time.
Well illustrated from
photographs and diagrams.

PRICE 21/- net.
By Post 21/9

From leading Book-
sellers or direct from

ILIFFE & SONS LIMITED
Dorset House

Stamford St., London, S E 1
W.1.2

BIRMINGHAM SOUND

Publishers'

BINDING
CASES
in Grey Cloth

for

VOLUME XII
Jan. -Dec., 1935

of
TM&

WIRELESS
ENGINEER
Price 3/- By post 3/3
Bound Volume Complete, £2

By Post £2 .1 .0

Earlier Volumes can be supplied.
Write for particulars to the

Publishers

ILIFFE & SONS LTD.
Dorset House, Stamford St., London, S.E.1

W.E.16.

AMPLIFIERS
AND ALL SOUND REPRODUCING
EQUIPMENT FOR ALL PURPOSES.
Individually made not man produced.

Full details or demonstration from

TA N N OY PRODUCTS
(Oar R. Fountain. Ltd.).

Canterbury Grove, WEST NORWOOD,
London, S.E.27

PIEZO QUARTZ
CRYSTALS

for all applications.
Price List of Commercial.
Broadcast, and Amateur Trans-
mission Crystals, free on request

THE QUARTZ CRYSTAL CO.,
13 & 71, Kingston Rd., NEW MALDEN, Surrey.

Yaiimbosis-Naidss 0154.

SITUATIONS VACANT.

Research Engineer for radio develop-
ment work, fully experienced in H.F.
and A.F. design, measurements, and
calculations. Philco Radio and Tele-
vision Corporation (of Gt. Britain)
Ltd., Perivale, Greenford. (313

WANTED.

Wanted-Electrostatic Voltmeter read-
ing 6o K.V. Full particulars to Box
No. 6861, c/o "The Wireless Engineer."

[312

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



iv THE WIRELESS ENGINEER

The

Wireles
THE Woe

PRACTICAL
RADIO & TELEVISION JOURNAL

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.

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, SI 1 8:

Other countries SI 3 10 per annum,
post free.

ILIFFE & SONS LTD., DORSET HOUSE, STAMFORD ST., LONDON, &E.1

Printed in England for the Publishers, ILIFFE & SONS LTD., Dorset House, Stamford Street, London, &Ea,
by The Cornwall Press Ltd., Paris Garden, Stamford Street, London, &E1.


