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An Interesting Problem in Acoustics

N this number we publish an article by

Dr. McLachlan on “ Sound Waves of

Finite Amplitude,”” in which he discusses
a most interesting problem. The ordinary
theory of the propagation of a sound wave
assumes that the variations of pressure and
volume are linearly related, which is only
strictly true if the amplitude is infinitely
small.” With very loud sounds the ampli-
tude will be so large that there will be an
appreciable departure from this assumed
linearity. A sinusoidal movement of a
piston will not produce a sinusoidal variation
of pressure. At first sight one might expect
that any effects of this distortion would be
minimised as the sound waves of a loud
speaker moved away irom the diaphragm,
but according to Dr. McLachlan, if the sound
wave travels down a horn or tube the
distortion of the wave increases with the
distance from the diaphragm.

The reason given for this is that the crest
of the wave 7.e., the high pressure pulse,
travels faster than the trough or low pres-
sure pulse. If this be so, there will obviously
be an increasing distortion of the wave,
causing the original sinusoidal form to
approximate to a saw tooth form. Dr.
McLachlan assumes that the wave front
gets progressively steeper and steeper until
the wave front is vertical “when a dis-
continuity is presumed to occur.” As a
crude analogy he mentions the breaking
of waves on the sea shore.

This result of the mathematical analysis
is so startling that one cannot but wonder

if something has been overlooked. So far
as we know there is, as vet, no experimental
confirmation of the phenomenon. There
is one assumption made in the paper which
cannot possibly hold up to the breaking
point of the wave. It is stated that ‘‘ the
variation in velocity may be regarded in
another way by considering the temperature
difference between a crest and a trough due
to compression and rarefaction under adia-
batic conditions,” and ‘it is clear that the
temperature at a crest exceeds that at a
point of zero pressure, which in turn exceeds
that at a trough. Thus a crest travels
faster than a point of zero pressure in the
ratio V/To/T, whilst a trough travels
more slowly in the ratio VTT,, where
T, T, and 1, are the respective absolute
temperatures.” These assumptions would
appear to become untenable, however, as
the wave-front approaches the vertical,
because of the large temperature differences
between contiguous points. It is doubtful
whether the adiabatic condition can then be
assumed. In the limit, when the wave-
front became vertical, the same point
would be simultaneously the hottest and
the coldest in the wave. Is it not possible
that the distortion reaches some limit at
which stability is maintained by a transfer
of heat from the closely contiguous regions
of high and low pressure ? We trust Dr.
McLachlan will continue his researches into
this problem, although we fear that 1its
complexity will be largely increased by the
consideration of heat transfer.  G. W. O. H.
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Sound Waves of Finite Amplitude®
By N. W. McLachlan

1. Distortion due to Curvature of Pressure/
Volume Relationship for Air

LINEAR response from a system

having a curved characteristic can be
obtained only if the working arc of

the curve 1is sufficiently small. In the
language of the mathematician, the ampli-
tude must be infinitesimal, so that the

tangent to the curve is used at the operating

point. Fig. 1 illustrates the well-known
w

5
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adiabatic pressure/volume relationship for a
gas. Here pvr = const. where P is pressure,
v is volume and y is the ratio of the specific
heat at constant pressure to that at constant
volume. If M is the operating point on the
adiabatic curve during the transmission of
sound waves, MN represents the normal
atmospheric pressure p,. To avoid distortion
in working at the point M, a finite portion
of the curve cannot be used. This means
that the variation in pressure above and
below M must be infinitesimal in extent.
The classical theory of sound is based upon
this hypothesis.

Since an infinitesimal pressure is below the
lower threshold of audibility, it appears that
the wave form of any audible sound differs
from that in an ideal medium where pressure
and volume are linearly related. The
relationship in question is illustrated in
Iig. 2, the equation being p —a — bV. A
medium having a characteristic defined by
this formula is impracticable, and must be
regarded as being purely hypothetical.
Despite the fact that all audible sounds are
distorted due to the normal medium, the

* MS. accepted by the Editor, July, r935.

degree of distortion of most of them is of
little consequence. When, however, a power
of thirty watts is radiated from a horn type
of loud speaker, it is appropriate to make
calculations to ascertain whether the dis-
tortion is likely to be serious or not. Some
idea of the matter can be gleaned from simple
numerical data. A pressure of 5 dynes per
square centimetre in the ear canal is per-
ceived as quite a loud sound. In radiating
30 watts from a loud speaker having a small
throat, the pressure in the throat chamber
may reach 100,000 dynes per square centi-
metre or 0.1 of an atmosphere. This can
hardly be regarded as *‘ infinitesimal,” and
a finite part of the pressure/volume curve is
involved.

Although the distortion arises from the
p/v curve being non-linear, it cannot be
computed from this curve alone, owing to
the fact that sound is propagated outwards
from the throat chamber of the horn as
waves. In I'ig. 3 suppose ON represents the
volume of air at atmospheric pressure M N in
the throat chamber when the diaphragm is
at rest. If the entrance to the throat is

Fig. 2. Pressuwe
volume vrelationship
for gaseous wmedium
th which plane
sound waves of finite
amplitude would be
propagaled withou!
distortion.

P = PRESSURE

V = VOLUME

closed by a plug and the diaphragm vibrates
to and fro about its mean position, the
volume changes from OP to OQ. Taking the
volumes on each side of A/ to be equal, we
get PN = NQ. The rise in pressure RS on
the backward swing will exceed the fall in
pressure M7 on the forward swing. Thus
if the diaphragm executes a simple harmonic
motion, the pressure on the plug will consist
of a {fundamental sine wave and a retinue
of harmonics. In practice, however, the
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horn throat is not closed, and the creation
of distortion is somewhat different. Suppose
for simplicity that the horn is replaced by an
extremely long tube of equal diameter to the
throat and diaphragm. The air particles in

pvY = CONSTANT

o PN=NQ
z MN = p(ATMOSPHERIC
3 R PRESSURE)
9]
wl
& M

It S
Q.

T
o PN @
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N\

'THROAT
GHAMBER

Fig. 3.

contact with the diaphragm execute a simple
harmonic motion, and although there is now
no throat chamber with a closed throat, it
is evident that since a finite portion of the
pressure/volume curve is used, there must be
distortion of the sound pressure wave form.
In fact the throat pressure consists of a
fundamental frequency and harmonics,
although the latter are relatively small. To
understand how distortion arises, we must
trace the history of the wave as it passes
down the tube. We find that although the
relationship between particle displacement
and time is sinusoidal at the diaphragm, it
steadily departs from this form as the
distance increases. In other words distortion
due to non-linearity of the medium increases
with increase in the distance from the
diaphragm. This isillustrated by the curves
in IFigs. 4 and 5. That in Fig. 4 shows the
approximate shape of the pressure curve
near the diaphragm, whilst I'ig. 5 gives the
shape of the curve some distance down
the tube after cumulative distortion has
occurred.
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2. Variable Velocity of Propagaticn : How
Distortion Arises

Whatever form the gas law may take,
e.g. pv = const., pvv = const., the velocity
of propagation of small disturbances is

given by the formula ¢’ —\/22 where ¢ is
P
the pressure and p the corresponding density

of the gas. During the transmission of
sound waves, the adiabatic condition obtains,
so the law pwy = const., t.e., p/p? = const.,
must be used in analytical work. From
the latter formula we have

plor = polpar or p = po (plpo)r . - (1)
where p, and p, are the normal pressure
and density, respectively. By differentiating
(r) we get

dp Po

or ¢ =L =cpparer, @

where ¢ = ypo/po-

For infinitesimal amplitudes p = p,, so
the formula for the velocity of propagation
takes the well known form

plpo)Y ' = c® (plpo)™ ",

¢ ==\ B

Po

If we assume that formula (2) is applicable
to finite pressure amplitudes which are

A

Fig. 4.-—Diagram
showing shape of
sound wave neav
the diaphvagm at
begimwing of very
long wniform tube.

B8 D/
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o

e x 6

not unduly large, it is possible to explain
how the wave form gradually alters with
increase in the distance from the diaphragm
at the near end of the tube considered
in §1.

The proportionate increase (or decrease)
in density during wave transmission is
given by s = (p—po)/po, and is termed the
condensation. This relationship can also
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be written p = po(1 + s), which if inserted
in (2) gives the velocity at the crest of a
wave as

¢ =c(@ + sVl 4+ 3(y — )8} (4)
provided s < < 1.

At a trough s is negative since p<p,, so
the velocity there is

¢ =i —Hy—1)s} .. .. (5)

At a point of zero pressure between a
crest and a trough s is zero, so the velocity
of propagation is ¢ =¢. Thus due to
variation in density there is a progressive
reduction in velocity from a crest to the
succeeding trough.

The variation in velocity may be regarded
In another way, by considering the tempera-
ture difference between a crest and a trough
due to compression and rarefaction under
adiabatic conditions. From above we have

v \

0
pibe — (2
where T and T ane the absolute temperatures
corresponding to pressures ¢ and p, From
the two latter relationships, we obtain
v P T_0
G e .. (6)
Substituting above for vy/v, we find that
e :
o/ \T. po’
T /pyrzt
= | . a0 ‘%
T, = \p) " 7)

Using (1), expression (7) can be written

so that from (2) it follows that the velocity
of propagation can be expressed in the form

c’=C\/TTo Ay "y ()]

From (7) and (8) it is clear that the
temperature at a crest exceeds that at a
point of zero pressure, which in turn exceeds
that at a trough. Thus a crest travels
faster than a point of zero pressure in the

", also pv = RT and pyw, — RT,,

or

. T .
ratio \/T‘, whilst a trough travels more
0 p—
slowly in the ratio \/]7:;, where 7', and T,

are the respective absolute temperatures.
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In addition to the variation in velocity
due to change in temperature, there is also
the velocity of the air particles to be taken
into account, since it is not negligible when
the pressure amplitude is finite. The
particle velocity is in the direction of pro-
pagation at the crest of a wave, but in the
opposite direction at the trough. Hence
if the particle velocity at the crest is i, the
total velocity of propagation of the crest in
space is ¢{1 4 4(y — 1)s} -~ «. Inlike manner
we find the total velocity of the trough is
¢{1—3{y —1)s} —u. The velocity of the crest
exceeds that of the trough by an amount
which is equal to the difference between
these two quantities, namely cs(y — 1) - 2u.
Consequently if the initial waveform is that
of Fig. 4, as it travels along the tube
mentioned in § 1, the wave gradually assumes
the shape illustrated in Fig. 5. The
slope at Y'Y’ steadily gets steeper and
steceper until the line is vertical, when a
discontinuity is presumed to occur. The
effect in question can be illustrated in a
crude way by comparison with the breaking
of waves on the sea shore. The conditions

\
\
\
\
\

DISTANCE J
X !
\

\
M= Xy —4>

\‘Y,
Fig. 5.—Diagram llustrating distortion of a

sound wave of finite amplitude as it lvavels alone
a long frictionless tube.

are, of course, rather different owing to
friction between the water and the beach,
also to the rising gradient of the latter.
Beyond the point of discontinuity the
mathematical analysis, by aid of which the
shape of the wave can be calculated nearer
the diaphragm, ceases to have any physical
significance. The only method of investiga-
tion would then be an empirical one.

In Fig. 5 the second harmonic of the
fundamental frequency is more prominent
than the higher harmonics, and this is readily
seen by aid of a graph of the form illustrated
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in Fig. 6 where arbitrary amplitudes are
chosen. The formula for the sound pressure
at a distance x from the diaphragm is, to a
second approximation,

p = asin § — bx sin 24 (10)
In this formula a and b are constants,
= (wt — kx), &k = wfc, w = 27 frequency,

and it holds provided 2Zx>>1. It is seen

from the second term in (10} that the

amplitude of the second harmonic, namely,

o
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Fig. 6. (a) Diagram showing the fundamenial
and second harmonic sound waves 13 0pposition.
(b) Resultant of the curves iv (a).

bx increases with increase in the distance
from the diaphragm. This suggests that the
formula must be restricted so far as x is
concerned. Tt cannot be used beyond the
point of discontinuity, but owing to the
approximate nature of the analysis its use
is limited to even smaller values of x than
this. A discussion on the limitations of the
formula is outside our present purpose, but
has been given clsewhere.!? We see, therefore,
that as the sound passes down the tube,
power is drawn from the fundamental, and
harmonics are created. The total power is
the same at any value of x, although this is
not shown by (10), owing to the differential
equation having been solved by a method
of approximation.

3. Numerical Example illustrating Distortion
in a Long Uniform Tube

To give some idea of the magnitude of
the distortion in plane wave propagation,
we shall take the case of a very long friction-
less tube 2.5 cm. radius devoid of reflection
at the far end. We shall calculate the level
of the second harmonic 600 cm. from a
diaphragm at the transmitting end, supplying
26 watts of acoustical power at a frequency
of 200 ~. Assuming absence of transmission
loss down the tube, the required formula for
the ratio of the power P, i the second

1 McLachlan and Meyers, _Proc. Phys. Soc.,
17, 644, 1935; Llektrische Nachrichten-Technik,
12, 259, 1935.
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harmonic to that in the fundamental P, is,*
¢, = P[P, = 5.14 X 10712P x4, .. (11)

where x is. the distance from the diaphragm
in cm., » is the frequency, A, the cross-
sectional arca of the tube in square cm., and
the power is expressed in watts. Using
formula (11) and the above data, we find that
¢, =—0.1. Thus the level of the second
harmonic is 10 log 0.1 = — 10 decibels
relative to that of the fundamental, and this
would be detected aurally. TFor high-class
reproduction the level of the second har-
monic should be at least 30 db. below that of
the fundamental.

From formula (11) we see that with a
constant power input to a tube of given
diameter, the relative power in the second
harmonic at a specified distance from the
diaphragm, incrcases as the square of the
frequency. This can be explained in the
following way. The higher the frequency
the shorter the wavelength and the smaller
the distance X from crest to trough in Iig. 4
(near the diaphragm). Thus the time taken
for X to contract to X, of Fig. 5, as the wave
travels down the tube, will decrease with rise
in frequency. Thus when the ratio ¢ = P,/P,
has attained a certain value, a short wave
will not have travelled so far from the
diaphragm as a long one. Hence when the
short and long waves have travelled over
equal distances, the value of ¢ will be greater
in the former than in the latter case. We
also infer from formula (11) that the degree
of distortion at a given distance down the
tube can be reduced by increasing the cross-
sectional area A, The reduction in distor-
tion is due to the smaller sound pressure
necessitated at the diaphragm for a given
input power to the tube.

4. Exponential Horn

Since the cross-sectional area of an ¢xpand-
ing horn increases with increase in distance
from the throat, the sound pressure decreases.
as the wave passes down the horn towards
the mouth. Hence at a given distance %
from the throat, the distortion for a given
input power is less than that in a uniform
tube whose cross-section is equal to that at
the throat. The degree of distortion for a
given input power depends upon the type

¢ The formula was deduced  from Lamb,
Dynamical Theory of Sound, p. 183 (1925).
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of horn, its length and throat area. Formulae
for exponential? and conicalt horns have
been obtained, and these can be used for
calculating the distortion. These formulae
are the outcome of solving somewhat com-
plicated differential equations. An analysis
of the differential equation, for a horn of any
cross-section, throws light upon the physical
processes involved in the transmission of
sound waves of finite amplitude. In an
expanding horn there are several causes of
distortion : (1) non-linearity of the medium,
(2) variation in arca of the cross-section as
the wave travels outwards from the throat,
(3) a combination of (1) and (2), this
being represented by a hybrid term in the
differential equation. The first and most
important cause of distortion has already
been ecxplained in connection with the
propagation of plane waves in a tube, so we
pass on to the second. Referring to Fig. 7,
which represents a longitudinal section of a
conical horn, the air particles at abscissa x
execute a finite amplitude £, on cach side of
their mean position. Obviously the volumes

MEAN
POSITION

SOURCE

Fig. 7. Ilustrating propagaiion of sound waves

1 a conical horn.

swept out on either side of this position are
unequal and non-linear distortion ensues.
This effect is represented by terms in the
differential equation.  The influence of
attenuation of pressure as the wave expands
down the horn, is, however, large enough
to swamp the varying area effect. If,
however, the medium were linear, the
distortion due to varying area would still
be present.

® Goldstein and Mclachlan, Wireless Ingineers
11, 427, 1934, Journal Acous. Soc. Amer., 6, 275
1935

+ McLachlan and Mevers, loc. cit.
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To illustrate the influence of expansion
in reducing distortion in waves of finite
amplitude, we can calculate the ratio
én = P,/P; for an exponential horn with
zero transmission loss using the numerical
data given above for a tube. The throat
of the horn is to be equal in area to that
of the tube, and a lower cut-off frequency
of 50~ will be taken. Then from reference
(3) we have,

b= P[Py = 148 X T0-4(Py/A ) (n/n)?  (12)

provided £2>>18, e #<<1, where B8 is
the flaring index in the formula Area —
Agef*, A, being the throat area, and s, is
the cut-off frequency, Now B8 = ymn,/c
0.018, and & = 2mn/c = 0.037, so k> >}
Also x = 600 cm., 4Bx = 5.4 which makes
e - -1, so that both of the conditions
for validity of the formula are satisfied.
Formula (12) gives the ultimate value of
¢, As the wave expands fron1 the throat
outwards, the level of the second harmonic
steadily increases with reference to that of
the fundamental. A point is reached,
however, beyond which its growth is arrested
due to the rapid rate of expansion of area
causing a large drop in sound pressure, 1.e.,
by virtue of approach to the condition of
infinitesimal amplitude.  Formula (12)
applies to distances from the throat at
which this condition is substantially fulfilled,
but it does not apply to values of x where
the harmonic is growing appreciably, t.e.,
near the throat.

From the above data we find that
é,=3.14 X 1073, so the level of the second
harmonic is 10 log 3.14 X 1073 = — 25 deci-
bels relative to that of the {undamental.
It is, therefore, 15 decibels below the level
of the harmonic in the tube, so this repre-
sents the reduction in distortion resulting
from expansion of the wave. Formula (12)
indicates that the lower the cut-off {requency,
the greater is the distortion under given
conditions. This is due to the fact that a
low cut-off frequency necessitates a small
value of B, the flaring index of the horn.
Thus in the formula 4 = A4,ef, if B is
small, the horn flares but slowly at first
and there is a relatively long tube like
portion from the throat outwards. The
major part of the distortion occurs here,
since the wave cannot expand appreciably.
The distortion can, however, be mitigated by
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making the throat of ample radius thereby
reducing the sound pressure-amplitude. If
the level of the second harmonics is to be not
less than 30 decibels below that of the
fundamental, formula (12) gives for the
throat area

Ay = 0.148P(n/n,)? sq. cm. (13)

where P, is expressed in watts.

5. Conical Horn (Spherical Wave
Propagation)

Finally we turn to spherical waves of
finite amplitude which are exemplified in
the case of a conical horn or in a siren.
To illustrate the degree of distortion in
spherical wave propagation, suppose we
take the case of a simple source of sound
close to the ground, the power radiated
being g kilowatts at 500~. Since the source
is near the ground, we may take the solid

angle into which it discharges as 2. For

zero transmission loss, the dJormula for
$, = P,/P, is given in reference (1). Itis

20 2 2

¢, = Py/Py = 495 X g \:log. ﬁ}
Aq Xo.

(14)

where x is the distance fromi the apex of
the cone, and x, is the distance of the source
therefrom as shown in FFig. 7. 1n the present
case the cone is a hemisphere, although the
source is not. We shall assume for simplicity,
however, that the source is equivalent to a
pulsating hemisphere 30 cm. radius, the
power radiated therefrom being 9 kilowatts.
Taking ¥ — 600 metres and remembering
that the superficial area of the hemisphere is
A, = 2m%,® = 2m X 30% we obtain ¢, = 0.1,
so the level of the second harmonic is I0
decibels below that of the fundamental.

In formula (14), it appears that owing to

2
the factor ‘:logc ’—?] the ratio ¢, = P,/P,,
0

increases indefinitely with the distance from
the source. This, however, is due to the
differential equation being solved approxi-
mately, since an exact solution is out of the
question. The difficulty can be removed
by restricting all calculations using formulae
given herein so that ¢ = P,/P; 0.1 and
£,/¢, b 0.25, where ¢, and £, are the particle
amplitudes corresponding to the fundamental
and the second harmonic. respectively.
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The method of calculating £, and £, 1s
beyond our present purpose, but it 1s given
in the references already cited.

It is comforting to know that distortion
due to non-linearity of the medium is of
no practical importance in hornless loud
speakers (so far constructed), owing to the
relatively small value of the sound pressure
at the diaphragm and to expansion into a
large solid angle. Even at high audio-
frequencies where the sound is propagated
as a narrow beam, the distortion due to the
medium is usually negligible compared with
that due to other causes.

Book Review

Practical Radio Communication

By ArtHUR R. NiLson, U.SN.R. (Retireq),
M.I.RE. and J. L. Horxvxe, MT.RE. Dp. 754
xxxiii and 434 illustrations.  McGraw Hill Publish
ing Company, I.td., Aldwych House, Aldwych,
London, W.C.2. Price 30s. net.

This is a highly authoritative work of outstanding
merit and represents an important addition to
serious radio literature. It is planned to meet
the needs of those whose intention it is to become
thoroughly qualiticd on the technical side of radio
communication, whether they are already actively
engaged ov preparing to take up a responsible
position.

As the authors point out, the book is divided
into two sections, the first six chapters being
devoted to a thorough treatment of fundamental
principles, and the remaining nine cbapters to
modern practice.

1t is noteworthy that the authors have broken
away [rom the old notation of the direction of
current flow. Throughout the volume the direction
of flow is indicated as the direction in which the
{negative) eclectrons travel, that is, from negative
to positive in a circuit receiving clectrical cnergv.
This of course necessitates the reversal of Fleming's
left and right hand rules in electromagnetism. The
authors are to be congratulated on adopting entirely
the strictly correct notation, which is  reolly
essential in the study of thermionics. There is a
likelihood. however, that students who have become
accustomed to the old notation may experience
some confusion, especially as the authors apply
the reversed rules without any refercnce to the
older but more usual system,

The main part of the book deals with broadcast
transmitters, studio acoustics, control room equip-
ment, etc., commercial transmitters, receivers and
aids to navigation. Short wave and ultra-short
wave operation are also included. The last three
chapters deal very fully with rectitier units, electrical
machinery, meters and storage batteries.

The work is beyond criticism and may eventually
rank as a standard textbook on the more practical
side of radio communication. O.P.
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A Portable Programme Meter*

By E. L. Payne, B.Eng., and J. G. Story

(Of the Engineering Staff, British Braadcaxling Carporation)

HE desirability of introducing some

means for controlling the general level

of speech or music, in a broadcast
chain or sound amplifying system is well
known, and various methods for providing
a visual indication of these variations of the
controlled level are used by different organi-
sations.

One such instrument which has given
satisfactory results, and is due to C. H.
Smitht has been used in the control rooms
of the B.B.C. for some time.

This device, which is termed a *‘ Pro-
gramme Meter,” gives a direct reading, over
a certain range, of the logarithm of the
audio-frequency voltage applied to its ter-
minals. This indication was achieved by
applying the programme voltages to the
anodes of two pentode valves operating as
push-pull rectifiers, and having a suitable
D.C. potential applied to the outer screen
grid only. The resultant rectification char-
acteristic is practically logarithmic over the
range used.

Although this instrument fultils its {unc-
tions when situated in a control room where
bulk is comparatively unimportant, and ade-
quate H.T. and L.T. supplies are available,
1t is unsuitable on these same grounds as a
transportable instrument.

It was with the object of providing a more
portable form of *Programme Meter,”
chiefly for outside broadcast use, that the
instrument to be described was developed.

Although hardly any continuous con-
trolling is carried out at the source of an
outside broadcast it is desirable for the
engineer to know at what voltage level
programme is being supplied to the sending
end of the line to headquarters. This is
necessary, first, to prevent cross-talk occur-
ring on adjacent lines and, secondly, in
order to maintain the general level of pro-
gramme at the sending end at a sufficiently

high level to avoid, as far as possible, line
noise and interference becoming troublesome.

Obviously any instrument designed to
measure programme voltages at this point
must cover a very wide range of levels since,
in general, the programme voltages are un-
controlled after the initial setting at the
commencement of the broadcast. Further,
the desired sending level will vary consider-
ably according to the loss and noise of the
line.

In the instrument to be described the
substantially lincar
relationship between
the meter reading and
the logarithm of the
applied voltage has
been retained. The
desired result is at-
tained, however, by
the use of a different
principle.

Considering the circuit arrangement given
in Fig. 1, which shows a resistance R in
series with the grid of a triode valve ; then

V=IL{®R+R).. .. .. (@

where V' is a direct voltage applied to the
resistance R and the grid-cathode resistance
of the valve, R,, in series, and 1, is the grid
current.
From (1) we get
log,V = log,l, +-log,(R+ R,) .. (2)
Now Colebrook} pointed out that, over
quite an extensive range, the logarithm of
the grid current bears a practically linear
relationship to the grid voltage, shown as
V,in Fig. 1; or—
1, = act"

Fig. 1.

and hence,

log.l, = log,a + 8V, .. . (3)
when 7, and ¥V, have the significance given

* 1:’[3 accepted by the Editor, July, 1935.
t World Radio, 26th February, 1932.

b Experimen_tal Wireless and Wireless Engineer,
November, 1925.



November, 1935 THE
above, e is the base of the Naperian loga-
rithms, and @ and b are constants determined
by the geometry and characteristics of the
valves used.

Substituting this equivalent relationship
for log,/, in equation (2) we have-

log,V =log,a - bV, +log,(R+ R,) {4)

Equation (4) shows that, if log, (R 4 R,) is
a constant, a linear relationship exists
between log,V and V.

By making R of the same order or greater
than R, it can be arranged in practice that,
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log VIV e« A, (7)
where AI, is the change in anode current
for two applied voltages V and V',

This equation indicates that the anode
current change represents a linear voltage
decibel scale which is the relationship
desired.

To obtain the best results a valve having
a high mutual conductance and a low grid-
cathode resistance when grid current flows
is desirable. Curve (a) Fig. 3 shows the
grid volts-grid current characteristics of

or

over a certain range, log, (R + R,) is and such a valve »
remains sufficiently constant for equation together with je
(4) to be rewritten— the corrzspond- ]
N ing anode cur-
%o.g,V = K + bV, (5) rent-grid volts
where K 1s a constant. characteristic 20 il 14
11, during the assumptions already enume-  yrye () The
rated, the anode current, 7, bears a linear | ¢ter is in- o "
- = 5 g 4 w w
relationship to t,he grid voltage, then— cluded to show / e
log, V =K' + kI, .. (0) that I, is pro- 3 15 /1] 3
where K’ and % are new constants deter- g />( | 3
mined by the valve characteristics. g o I s
2 . . 53 ~/ 1 =
Recapitulating then, equation (6) holds (Bejow) Fig. 2. Z k| 12 2
if Jog,(R - R,) is constant over the range . o - L,JI E
for which £, — a¢'?s and if I, is lincar with (0 &3 = o = g
respect to V. £ = E]
These three conditions are easily capable 3 ] LA
of fulfilment, especially if R, rapidly de- c / ] 8
creases with increasing V', and R is greater s 1] | z
1/
0 S T / o
[ I
n | A~ /
b5 = il
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| [ ' COMMENGEMENT OF GRID
S oS 0%8 2 2982 2 88%3 8 B gses CURRENT AND ACTUAL

1g - MICROAMPERES

than, or of a similar order to, K, for minute
values of grid current.

Fig. 2 shows the variation of I, (plotted
to a logarithmic base) with ¥, for a modern
indirectly heated valve. It will be scen that
for values of grid current between 1 and 100
microamps equation (3) holds. Above 100
microamps, however, the approximate loga-
rithmic relationship is not maintained and
this equation no longer applies.

Irom equation (6)

log,V — log, V' = kI, — I,)

NEGATIVE GRID VOLTS

portional to v, over the range where log,t,
1s also proportional to v,.
Curves (2) to (s), Iig. 4, are calculated
curves showing the logarithm of the applied
voltage V plotted against the anode current
I, for various assigned values of series
resistance R. Curve (1), Fig. 4, is obtained
by taking the actual values shown in Fig. 3
and replotting as [, against logv,, since,
in this case, R = 0 and therefore v, = V.
I'rom the values of grid current and grid
voltage given by curve (1), curves (2) to
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(3) are rcadily obtained from the equation
V = (1,R 4+ v,) for the various values of
R and from the value of I, corresponding
to v,.

It is seen that the larger R becomes, the
more nearly does I, become proportional to
log V, as is to be expected.

It will also be noted that linearity ccases
at the lower end of
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out so that only the change in anode current
is indicated by the meter. This is accom-
plished in the programme meter by means of
a Wheatstone bridge network, of which the
valve forms one arm, whilst the meter is
connected across the diagonal.

Balancing is carried out by adjustment
of the potentiometer, P, until the meter

the curves. This is @ T I [ r
e o “ 1
due,  first, to the § 1) R=0 0y @) @ W]
increase in value of 3 152 R=o01mc
I with R iy / AT 7L
R, compared with 3 48 R=s0Ma ] 5 e
and, secondly, to a § | —®R=10Ma [ L] ~
slight departure from =z 3 —
the logarithmic rela- &£ 12 L RS ™. o
tionship between grid E N A - el
current and grid volts 3 L | A
which 1s plainly shown 10— . »
in Fig. 2. Prelimin- § e =
ary bias may, how- % 007 01 10 10 100 500

ever, be employed in
order to ensure work-
ing over the linear
portion of the curves.

The upper limit to the linearity, marked
“ X" in Fig. }, depends upon the range of
the logarithmic relationship between grid
current and grid volts and also upon the
anode current-grid voltage characteristics
of the particular valve used. The position
of point “ X" varies in different valves,
even of the same type. It is always possible,
however, to rely upon a certain amount of
the curve being straight provided the value
of R is sufficiently large.

A very useful feature of the device is that
the change in anode current for two given
applied voltages can be varied by simply
increasing or decreasing the value of R ;
providing, of course, R is not made so small
as to upset the linear conditions. In other
words, the anode current meter may be
calibrated in any convenient number of
decibels per division, so long as the relation
of equation (6) holds.

A complete circuit diagram of a pro-
gramme meter embodying these principles
is shown in Fig. 5.

The instrument is designed to work from
a 250 volts high tension and a 6 volts low
tension supply.

In order to provide a direct reading of the
logarithm of the applied voltage, the standing
feed to the anode of the last valve is balanced

APPLIED VOLTS V — CONSIDERED POSITIVE
FROM COMMENCEMENT OF GRID CURRENT

Fig. 4.

indication is zero. The meter is such that
reverse current is detectable. By splitting
up the resistances r,, », and £, in the wav
shown, a very critical balance may be
obtained. P, is made just large enough to
allow for differences in resistance from valve
to valve of the same type and manufacture.

Although it is not essential to use a special
meter, actually a critically damped milli-
ammeter giving a full scale reading for a
current of 2 milliamps is employed. The
reasons for either electrical or mechanical
damping at some point in the circuit are
discussed later.

The scale of the meter is divided into
eight divisions, each division being equiva-
lent to a change in applied voltage of four
decibels—except that from 0 to 1 an infinite
change of level is indicated.

A double diode rectifier is employed to
supply the positive impulses to the logarith-
mic stage, the rectifier load being a non-
inductive resistance R, virtually in series
with the grid series resistance R. The
circuit may be readily modified, however,
to work in conjunction with a single wave
rectifier.

1t should be borne in mind that the rectifier
Is not linear for small applied voltages. It
is therefore necessary, to ensure the accuracy
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of the instrument, to arrange that the alter-
nating voltages which are applied to the
rectifier, and which give D.C. pulses suffi-
cient to deflect the meter over the working
range of from 1 to 8 divisions, sweep well into
the straight portion of the rectifier char-
acteristic.

Indirectly heated valves, having 4 volt
Leaters, are employed throughout. As a 6
volts low tension supply is available, bias
for the logarithmic valve, v, is conveniently
obtained by normally connecting the nega-
tive end ol the rectifier load resistance to the
negative side of the filament voltage drop-
ping resistance of 1.1 ohms for the valves
v, and v, This connection is made through
the calibrating key when in its normal
operating position. In itself this would
give a bias of a little under 2 volts to the
grid of v,

Actually, however, there is always a small
current flowing from the cathode to the
anodes of the diode, even when no signal is

y——o—

]
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provide a variable bias for an instriument in
production and a compromise has to be
effected. Fortunately this does not seriously
detract from the accuracy of the instrument.

Bias for the logarithmic valve obtained
in this way has an additional advantage.
It has been found that the correct perform-
ance of the instrument over a period of a
few hours depends, to a very great extent,
on the constancy of the bias to this valve.
Advantage has heen taken of the fact that,
if the voltage across the heater of an in-
directly heated valve be increased, the cur-
rent increases to a less extent.

A supply voltage-heater current curve
for two typical valves, the heaters of which
are connected in parallel and one side joined
directly, and the other through a 1.1 ohm
resistance, to the supply is shown in Fig. 6.

1t will be noticed that there is a small part
of the curve, X — Y, where there is prac-
tically no increase in current for an increase
in voltage. This kink in the curve seems

0IMQ
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J

FRAME
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Fig. 5.—Circuil diagram
of the programmme wmeler.
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CALIBRATING
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applied, and this current sets up a voltage
across the rectifier load resistance, R,, in
opposition to the bias. Thus the negative
bias actually applied to the logarithmic
valve is of the order of 1 volt. It is at
round about this point that grid current
just commences to flow.

In practice the point of commencement
of grid current varies from valve to valve,
and thus there is an optimum bias for every
valve. It is not practical, however, to

HT.+
U v

A
FRAME HATe=

to occur regularly in several types of valves
of different manufacture, though its position
varies according to the make of valve. The
precise cause of this is not fully understood
but the kink conveniently occurs at the
normal supply voltage for the valves used ;—-
a piece of unusual good fortune. However,
the curve is sufficiently flat about the work-
ing point, apart from this kink, to ensure

B
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an adequate constancy in performance of
the instrument.

Across the bias resistance of 1.1 ohms is
connected a high resistance potentiometer,
P,, the slider of which is pre-set to give a
predetermined lesser amount of negative
bias to the valve v, by operation of the cali-
brating key. The reason for this is as
follows: When the negative bias applied to
this valve is changed,

THE WIRELESS ENGINEER

November, 1935

set up across Iy as mentioned before. As
this voltage is in opposition to the bias, a
consequent change in the operating con-
ditions of the valve v; may be expected :
hence the necessity of readjusting P, after
a change of rectifier valve.

Whilst referring to routine calibration, it
may not be out of place to mention again
that the resistance of the valve v, varies

the value of the grid 3

T
.

voltage V, is altered
by an amount de-
pending on the value
of R plus K, in series
and the grid current
flowing. lfurthermore,

1T

\

as the anode current

AMPERES

is dependent upon the

grid voltage, it will
also change and can

therefore be varied by | | | r 1|

adjustment of R.

N
A

This gives a useful

means ol routine cali- 0
bration. As has been
shown before, the
amount of the change
in the anode current
to the logarithmic stage for a given change
in the applied voltage is, within certain
limits, a function of K. The value of
R is therefore adjusted in the test room
so that a change in deflection of one division
of the meter corresponds with the required
change of level in decibels of the applied
voltage—in this case, four decibels.

Assuming R to be correctly adjusted, a
change of bias may then be introduced by
operation of the calibrating key resulting
in a deflection being obtained on the meter.
This change of bias may be regulated by
P, until a certain known deflection is ob-
tained which only corresponds with the
correct value of K.

For subsequent calibration, therefore, it
is only necessary to re-obtain this deflection
by operation of the calibrating key and
making adjustments to R.

The potentiometer P, is pre-set and
locked in position in the test room. Once
set there is no need for readjustment unless
either of the valves v, or v, fail. A replace-
ment of the valve v, might cause a slight,
though not negligible, change in the voltage

VOLTS
Tig. 6.

with the actual value of the grid voltage.
Thus, if R is varied appreciably during the
calibration process, the bridge circuit will
become unbalanced. If this occurs, it is
necessary to rebalance and repeat the cali-
bration.

It might appear that routine calibration
is a lengthy process, but actually it is only
a matter ol ten or fifteen seconds.

It may happen in practice that it is in-
convenient to make R sufficiently large
compared with the grid-cathode resistance
R,. Slight departures in the linearity of
the log V — I, characteristic due to this
may sometimes be offset by a judicious
choice of the effective resistance in the anode
circuit, that is of »;, 7, and P;. It must,
however, be borne in mind that any change
in anode voltage slightly shifts the point of
grid current commencement. Hence the
change of anode voltage over the working
range must not be large, otherwise another
error may be introduced.

The resistance in the anode circuit of the
logarithmic stage is arranged to be as large
as possible, in order to minimise the drain
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on the high tension supply, without appre-
clably altering the accuracy of the instrument.

Preceding the rectifier and coupled to it
by means of a transformer is a single stage
of amplification. The gain of this stage is
continuously adjustable by means of a high
resistance potentiometer, P,, connected
across the secondary of the input trans-
former. Adjustment of this forms a part
of the initial setting up of the instrument in
the test room, after which it is locked in
position. Alteration to this setting is only
necessary if the amplifying valve v; should
fail.

To the slider of this potentiometer is
connected a second potentiometer of o.1
megohm. The grid of the amplifying valve
is taken to one of a series of tappings on this
latter potentiometer Dby means of keys.
The tappings arc arranged to give standard
variations in the gain of the amplifier, the
keys being engraved so as to indicate the
levels, applied to the input terminals, re-
lative to an arbitrary zero level.

The initial method of standardisation of
the instrument is therefore as follows :

The standing feed to the logarithmic stage
is first balanced out by adjustment of the
control P,.

A sinusoidal voltage at any convenient
frequency and of r.m.s. value corresponding
with the desired input as specified by the
setting of the level keys is applied to the
input terminals. The potentiometer P, is
adjusted such that a detlection of 7 divisions
is obtained on the meter. The input voltage
is then reduced to a quarter of its original
value, that is attenuated by 12 decibels.
It is required that the instrument shall
indicate a voltage level change of 4 decibels
per division, therefore, if it 1s properly
aligned, a reading of 4 on the meter should
result. If not, the resistance R is varied
until a deflection of 4 is obtained.

This latter operation will change the
overall sensitivity of the instrnment and
upset the balance of the bridge circuit. It
is essential, therefore, for all these adjust-
ments, that is of P, P; and R, to be re-
peated until deflections of 7 and 4 are ob-
tained for a wvariation of input level of 12
decibels.

When the correct seitings for these have
been obtained the potentiometer P; is
locked in position.
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It is now necessary to provide for routine
calibration, that is for calibration when
neither tone source, attenuator nor other
measuring devices are available, as in the
case of programme origins such as outside
broadcasts.

IFor this the alternating voltage is dis-
connected from the input terminals and,
after it has been ascertained that the stand-
ing feed to the valve vy is balanced out, the
calibrating key is depressed. This will give
rise to & meter deflection dependent on the
position of the slider of P,, due to the effect
of the change of bias voltage as previously
describeil. The potentiometer, P,, is mani-
pulated until this deflection is 4 divisions
and is then locked in position.

For subsequent routine calibration it is
onlv necessary to re-obtain this meter
reading by adjustment of the resistance R
to the correct value.

The programme meter is then ready for
use.

Tests made on the instruments so far
designed show that the meter reading is
correct to within plus or minus ore decibel
over a irequency range of 50 to 10,000 cfs,
this acenracy being sufficient for the purpose
for which the device was intended.

The programme meter is capable of
measuring programme levels over a range
of 44 decibels, and, when used as an A.C.
voltmeter, will measure a voltage as low as
0.025 volt r.m.s. with a fair degree of accu-
racy.

Since the gain of the amplifier and the
correct working of the logarithmic stage
are, at least to some extent, related to the
correct voltages of the supplies, it might
be supposed that but a little variation in
these would completely upset the perform-
ance of the instrument. Actually this is
not the case. A variation of 4-4 per cent.
in the high tension and 4 5 per cent. in
the low tension supply, after routine cali-
bration has been carried out, gives rise to
a maximum error in the meter reading of
1.7 and 2.5 decibels respectively. These
errors occur at the lower end of the meter
scale.

As, however, the instrument is likely to
be in use for only two or three hours at a
time, these comparatively large errors and
variations in the supply voltages are not to
be expected in practice.

B 2
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Providing routine calibration is carried
out under the actual conditions of opera-
tion, the supply voltages may differ from
their correct value by as much as 5 per cent.
without causing serious discrepancies. This
is the state of affairs usually encountered
in practice.

It has been mentioned that the
ammeter is critically damped.

Practical experience has shown that it is
very tiring to control by a meter that
responds to more than four variations of
programme level per second. What is
really required, then, is a meter which
responds to changes in level occurring at
frequencies up to 4 c/s but gives a steady
mean reading for more rapid variations.
Alternatively, a low pass filter having a
cut-off frequency of 4 c/s together with a
meter having a flat response up to any fre-
quency higher than this could theoretically
be used. A low pass filter of this nature may
not be considered in practice on account of
the bulk and cost.

Most direct current milliammeters on
the market will respond to higher frequencies
than 4 ¢/s and, furthermore, tend to over-
swing when a sudden impulse is applied
to them.

The difficulty can be overcome by making
the movement of the meter as light as
possible and by applying electrical damping
to the meter. This is effected in the pro-
gramme meter described by shunting the
neter with a low resistance, the meter
actually being a o — 1 milliammeter shunted
to read o — 2 milliamps for full scale de-
flection.

An alternative procedure is to smooth
the circuit previous to the logarithmic stage.
This is readily accomplished by connecting
a condenser of about 2 microfarads capacity
across the diode load resistance K.

1t is not possible, however, to discuss the
merits of these two alternative circuits in
the present article.

Although the instrument so far described
was designed as a programme meter for
outside broadcast use, the principles in-

milli-
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volved may be, and indeed have been,
employed in other connections.

It may be used in conjunction with a
microphone and amplifier to measure the
intensity of industrial and traffic noises.
Its use for obtaining a direct reading of the
frequency characteristics in decibels of other
apparatus is obvious.

As the instrument is essentially a voltage
operated device it is arranged that the
minimum input impedance is not less than
5,500 ohms. Thus no appreciable diminu-
tion in level will result by connecting the
programme meter at any point where the
impedance, across which the voltage is to be
measured, does not exceed 600 ohms.

In conclusion, the authors expresstheir
thanks to various members of the engineering
staff for assistance given in the work de-
scribed in this article.

The Industry

HE Dubilier ** Radio Iingineering Catalogue '’
(No. 835) is now available. This publica-
tion is especially intended for designers,

technicians and manufacturers.

To cope with the growing demand for special
batteries sutable for use in “* midget '~ receivers,
a scries of miniature Drydex HT batteries with
voltages between 18 and 75 are now being pro-
duced.

Small and inexpensive electric furnaces suitable
for laboratory work are described in a catalogue
issued by Wild-Barfield Flectric l'urnaces, Ltd.,
Elecfurn Works, North Road, Holloway, N.7.

To cope with developments in marine and geo-
physical apparatus, Burne-Jones & Co., Ltd,
have moved into more modern premises at 309/317,
Borough High Street, London, S.i<.1.

An important catalogue of Llectrical Standards
for research and industry has just been produced
by H. W. Sullivan, L.td,, and copies are available
to readers of The Wireless I-ngineer.
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The Detector Input

THE WIRELESS ENGINELR

Circuit”

By W. T. Cocking

HE practice of operating a diode
detector at a large input is receiving
considerable attention, for under such

conditions the detector is almost perfectly
Jinear and but little low-frequency amplifica-
tion is necessary. Moreover, a large de-
tector input is advantageous in assisting the
design of a satisfactory and simple A.V.C.
system. It is quite feasible to drive a large
output stage directly from a diode detector
with resistance capacity coupling, and in
theory it is even possible to operate a loud
speaker directly from the detector. Such a
course, however, is practically uneconomical,
for to obtain a given volume of sound from
the loud speaker, the power dissipated in the
valve preceding the detector must be four
times that which is needed for the same
volume with a conventional low-frequency
output stage. This assumes a perfect de-
tector and no losses in the coupling.

In practice no one wishes to go to this
extreme. The desire to avoid amplification
between the detector and the output stage
is fairly common, however, and the attempt
often leads to difficultics in the preceding
stage. Let us consider first the arrangement
of Fig. 1, in which a pentode or tetrode valve
feeds a tuned circuit of dynamic resistance
R, through a transformer of ratio I — #,,
and this in turn feeds a detector of input
resistance R through a ratio of 1 — #,.
The cffective dynamic resistance of the tuned
circuit becomes

RoRing®

R, + R/n,?
and the load on V is

R, R/n*n,?

R,, == R/n22
and when this is small compared with the
A.C. resistance of 17,, the voltage £ applied
to the detector becomes

E_ egR R 1y,

R, -~ Rjn,?

* MS. acceptcdh_ythe at_or, July, 1935.

where ¢ 1s the voltage applied to the grid
of ¥V, and g is its mutual conductance. There
is obviously no optimum value for #,, the
value of I increasing as n, decreases. We
cannot normally employ a value of #; much
smaller than unity without running into

+H.T.

L
T
m

Fig. 1.

serious trouble through the self-capacity
of the primary winding, so let us say #, = T.
Then
N egRR,,

n,R, -+ R/n,

The denominator is a maximum when
1., = R/ny, and we then have

o

E_ egR*my®  egR
2R/n, 21,
egVRR,
2

Lor a given value of operating voltage, the
maximum value of ¢ which can be handled
by V, without distortion is a constant
depending only on its static characteristics,
for the load on the valve is assumed always
to be low enough for this to be true. The
voltage available for operating the detector,
therefore, depends on the dynamic resistance
of the tuned circuit and upon the input
resistance of the detector. The voltage is
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in fact directly proportional to the square
root of either.

Now let us consider the case of a push-
pull detector as shown in Fig. 2, and let the
total input resistance across the tertiarvy
winding become R’. Writing £’ for the
total detector input we find by a similar
argument to before

_egVR'R,
2

El

If R, has the same value for both single and
push-pull detectors, R' = 2R, so that

E' = eszz?RD X V2
E'=+/2E

The use of the push-pull connection, there-

fore, enables us to obtain V2 times the total
detector input owing to the higher total
input resistance of the detector. TFor a
given input, however, the output of a push-
pull detector is one-half of that from a
single diode, so that for the same input to
V1 in the two cases, and adjusting the value

of 7, suitably, we obtain 1/V'2 times the
detector output with push-pull. There is,
however, one alleviating circumstance. The
by-pass condenser C of Fig. 1 need not be
used with push-pull and we can then increase
R, appreciably and so obtain a higher
detector input resistance. C, is usually
of the order of 100 uuF effective value, and
in push-pull the stray capacities may total
10-20 puk., so that R, can be increased
from 5 to 1o times for the same degree of
frequency distortion. Assume that it can
be increased by § times, the input impedance
of the detector is 16 times as great as that
of a single diode, so that R’ = 16 R

2

so that e

The total input voltage is four times that
with a single valve, and the rectified output
is consequently double. The use of push-
pull is thus amply justified in this case.
For equal outputs from the two detector
systems, the H.I. input must be twice as
great for the push-pull detector as for a single
diode. If the load resistance R, for push-
pull be made twice that for one detector,
however, the input resistance is four times
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as large and as shown by the preceding
equations the tuned circuit conditions are
so changed that the gain of the preceding
stage of amplification is doubled. Thus
when the load resistance of the push-pull
detector is twice that of a single diode, the
ratio of detector L.F. output to H.F. valve
carrier input is the same for both types of
detector. As this condition can always be
met in practice owing to the possibility of
reducing the value of C or eliminating it
altogether, we can conclude that push-pull
dctection offers considerable advantage over
the single valve circuit where a large output
is required.

The tetrode or pentode, however, is not
necessarily the best valve to employ pre-
ceding the detector, for at large detector
inputs an appreciable amount of power is
needed. A neutralised triode, or a pair of
triodes employed in the scheme described by
Colebrook? is often more suitable, therefore.

+H.T.
E
S e
= S Ro 5%
\"Z
! | \Z3
% J
e 2
l A 3Ry A
>
Fig. 2.

o

The essential circuit connections remain
as in Figs. 1 and 2 save that V, is now a
triode. Its internal resistance is important
and its load cannot be neglected. As before
the load on V, is

RR,/n,%n,
R, + R/ny?
r— o euRR,nm,
and £ =pm Rny2) + RRyjn,*ny?

* A Study of the Possibilities of Radio-I'requency
Voltage Amplification with Screen-Grid and with
Triode Valves, by F. M. Colebrook, J.I.E..E., vol.
74, Pp. 187-1qg8.
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There is no optimum value for #, and #,,
although if either be fixed from some other
consideration an optimum for the other can
be found. This has already been pointed
out by Colebrook? and is clearly seen when
it is remembered that the function of the
tuned circuit is merely to couple the primary
and tertiary circuits, and although it does
this, it introduces a loss which is very
appreciable if a circuit of high dynamic
resistance is not used.

For maximum voltage amplification with
a triode valve, it is well known that the load
on the valve should equal its internal re-
sistance, and this is also the condition for
maximum power output if no regard be paid
to distortion. For maximum power output
at a given degree of distortion, the load must
be higher. The conditions are similar to
those existing in an output valve, for the
detector is essentially a power-operated
device, and it is well known that the load
should be about twice to three times the
valve resistance under normal conditions.
The relation varies considerably with different
valves, particularly with those capable of a
Jarge output. Considering small triodes of
the MLy, MHL4, and MH4 type, however,
the maximum output is obtained when the
load is about twice the valve resistance.

For present purposes, therefore, we can
write
 RR,/n,*ny?
2R, - Ry + R/ny?
and E — 0.6 eunyn,
where " =T RR,
17 N2R 2R, + Rny?)

If we take ny — 1

My, = Al 5 VIER"
L V2R,(R + Ry)
and E B O()i}f\_]jlel _

V2R, (R + Ry)

If n, < 1 the value of E is smaller and
we cannot normally use a larger value than
unity for #, on account of the self-capacity
of the winding.

2 The Detector as a Radio-Frequency Load,
by F. M. Colebrook, The Wireless World, Ieb. 22nd,
1935
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If we write n; = 1
E — 0.6 eun,
’IT(RD _ ZRa)
m=NTRR,
Oé Cp '\/R(RD E_-Q’Ra)

V2R,R,

It is not possible to fulfil the conditions
unless 12, > 2R, but if this relation is kept
there is no difierence in the value of E
obtained in the two different ways. Thus
for the greatest output we can make 7, = I
and choose the optimum value of %, or make
n, — 1 and choose the best ratio of #,. In
general, however, it is more convenient to
make #, = I.

With a push-pull detector, the detector
input resistance R’ = 2R for the same values
of load resistance R, so that when #, =1

 0buVRR,
" V2R,(R + Ry)
0.6 e,u'\/ZRRD
V2R,(2R + Ry)
The condition for equality of output from
single and push-pull detectors is obtained

’

when E’ = 2F or
) R’ - 4R
R+R, R+ R,
7 4'RRD
whence R R—————D Y

to which there is no general solution in-
volving R’ and R only.

When R, == o0, R' = 4R as in the case
when V,; is of infinite internal resistance,
but with finite values of R, the increasc of
input resistance for equality between the
two systems must be greater. A common
value for both R and R, is 125,000 £, and
for equality R’ = — 1 M. In other words,
the detector input resistance with push-
pull must be negative, which is impossible.
Equality, therefore, cannot be achieved and
the push-pull circuit is inferior to the single
valve. It can be seen that this must always
be the case unless R, > 3R, and with
R — 125,000 £ this means that ths dynamic
resistance of the tuned circuit alone must
be greater than 375,000 £2. Normally, it is
only in the intermediate frequency circuits
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of a superheterodyne that such a high
dynamic resistance is possible, and it is not
unduly difficult to obtain it at 110 ke/s
and within the bounds of possibility at
465 ke/s.

Let us take, therefore, R = 125,000 £2 and
R, =0.5 M2 Wethen have R’ — 2 MQ.
The load resistance R,, therefore, must
be 2 M as compared with o0.25 MQ
for the single detector, and this represents
about the greatest possible increase if dis-
tortion is to be avoided. There is then
nothing to choose between the two systems
and the push-pull system cannot be made to
give a larger output than the single detector
unless R’ can still further be increased. It
1s clear, therefore, that while it may be
advantageous to employ a push-pull diode
detector when it is fed from a pentode or
tetrode valve, it is usually inadvisable to do
so when a triode is used. The formule
clearly show the wisdom of using a tuned
circuit of high dynamic resistance, whatever
type ot valve be used before the detector.
One is often tempted to use a poor coil at
this point, for it is usually heavily damped
by the detector and so contributes little to
sclectivity. A poor coil, however, will
seriously limit the maximum undistorted
detector input which can be obtained. The
input required is greater than is often
realised and if the detector efficiency be 90
per cent. the maximum peak input V during
8o per cent. modulation for a given output v
(peak) across the load resistance is for a
single detector

18v N
08 X 0g 5%
and with push-pull V' = 5 4.

The RM.S. carrier voltages involved are,
of course, much less.

One of the commonest arrangements used
in a superheterodyne is a pair of coupled
circuits between a pentode 1.F. valve and a
diode detector, as shown in Fig. 3, and it is
consequently important to determine the
conditions for this form of coupling. Assum-
ing that the two tuned circuits are identical
so that we can write R, for the dynamic
resistance ol either, and that R, <<R,,
we have
, | RR,

E ” VR, R R,
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provided that the coupling between the
circuits is optimum, that is

@M% = 4R, + R)/RR 2
where I = primary = secondary inductance.
For the push-pull case, we have
“RE
R + R,
and equality between the two is reached
when

E’=%g>< VR, X

E' = 2F
R’ 4R
or =
R'+R, R-+R,
4RR,

therefore R' = -

: R, — 3R ~
result as in the case of a triode valve already
investigated. The conclusion there reached
regarding the relative advantages of push-
pull and plain detectors thus apply here
also.

‘hich is the same
p Which

Vo

Cs= R, A
1]

Comparing the siugle tuned and coupled
tuned circuits as regards detector input
with a pentode and writing E, for the former
and £, for the latter, we find

Thus the single circuit coupling enables a
larger detector input to be obtained and the
disparity is greater with a high ratio of
detector input resistance to dynamic re-
sistance than with a low.

We can, therefore, draw the following
conclusions which apply to cases where it is
desired to obtain the largest possible de-
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tector output for a given input to the valve
preceding the detector, that input being
timited only by considerations of overloading.

For pentode and tetrode I.J7. stages:

(1) A push-pull detector is better than a
single one provided that the detector load
resistance can be made more than twice as
great as the value used for one detector, a
single tuned circuit be used for the interstage
coupling, the detector load be adjusted to
the optimum by means of a suitable second-
ary winding, and this secondary is possible
m practice.

(2) Where two tuned circuits coupled
with optimum coupling are employed, a
single detector is preferable to push-pull.

For a triode I.F. stage:

(3) With normal circuit values, a single
detector is better than push-pull, but there
are exceptional cases where the latter may
give a slightly larger output.

It should be remarked, however, that
even in the one case where push-pull de-

Correspondence

Letters of technical intevest ave always welcome.

In publishing such communications the Iditors do

not mecessarily endorse awny techwical ov gemeral
statements which they may contain.

Frequency and Phase Distortion
To the Editov, The Wiveless Engineey

S1R,—Referring to Mr. T. Tanasescu’s letter in
your September issue, commenting on my article,
“* Frequency and Phase Distortion,”” I should like
to point out that, contrary to Mr. T. Tanasescu’s
contention, the method described in the article
referred to, compensates also for irequency dis-
tortion due to the fact that self-induction and
effective resistance are not constant in practice,
but vary with frequency.

1 beg to call Mr. T. Tanasescu’s attention to
page 377, where this is indeed fully demonstrated.

Bucharest. M. MARINESCO

Resonant Functions
To the I:ditor, The Wireless Engineey

SIR,—The Wiveless Engineer, Vol. X1I, Nr. 143.
:\.ugus.t, 1935, contains an article called ‘“ Resonant
Yunctions,” by W. Baggally. This article describes
a lu_n(l of reactance transformation, which is a
special branch of the well-known * frequency
transformations,” published by me in the following
articles :

" Théorie et application pratique des demi-
cellules & trois branches pour filtres électriques,”
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tection is definitely superior to the single
detector circumstances may not always
permit it to be used. Owing to the higher
input resistance of the detector a different
ratio is needed in the feeding transformer and
the analysis given in this article assumes
that any ratio can be used. If theratio with
a single detector be #,, then forcquality
between the two systems the ratio for push-
pull n, = 2n,. It will usually be difficult
to make %', greater than unity, on account
of the self-capacity of the secondary which
will begin to play an important part and
will tend to turn the system into one em-
bodying a pair of coupled tuned circuits.
The argument only holds, therefore, for
cases in which the secondary winding for a
single detector has less than half the turns
of the tuned coil, or R/R, < o0.25. The
dynamic resistance of the tuned circuit must
be more than four times the detector input
resistance (one valve) for push-pull to have
any advantage, and this necessitates a very
good coil and condenser.

Ericsson Technics, Nr. 5, 1934, appearing in print
on the gth October, 1934.

“ Translormation {réquentiellc des lignes arti-
ficiclles correctrices d’affaiblissement.”’ Ericsson
Technics, Nr.2, 1935, appeared in print on the
oth of April, 1935. Swedish Patent Nr. 83923.
Convention date, 17th of November, 1933.

As the frequency transformations present many
interesting possibilitics and great practical values,
which do not appear from Baggally’s article, 1
should be very thank{ul if you would kindly attract
attention to these articles in The Wireless Engineer.

L. M. Ericcson, TorBEN LAURENT,

Stockholm. Dr. of Technology.

Contrast Expansion
To the Lditor, The Wireless Engineer.

Sir,—It will be acknowledged that the problem
of practical contrast expansion is likely to engage
the immediate attention of manv wireless engineers.
Exactly how near the ultimate form will approach
the original one would not dare to prophesy except
to hope that a critical musician may be satisfied
with a perfect illusion.

Much is expected from the sound portion of
ultra short wave television transmissions in that
they make practically possible for the first time
the emission of a full [requency band. Also an
adjacent band is reserved for picture frequencies,
but it is hardly likely that there will be enough
material to occupy the latter for more than a few
hours a day.

Tt has been pointed out that power would be
saved if a programme werce radiated at a constant
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percentage modulation and that the whole average
level were automatically adjusted to this. Here
now is a use for the idle transmitter, it can give
the reciprocal of the arrangement which levels the
first broadcast and leave it to reception designers
to utilise part of the idle television receiver for a
level control arranged, within certain limits, to give a
very full contrast expansion ; further, a way would
secm to be indicated towards a solution of the
companion problem of tone control where as in
the usual case the intensity level of the reproducer
is not the same as the original.

This suggestion could hardly be made without
regard to a number of attendant difficulties but
it might appear that experimental transmission on
these lines is warranted. GERALD SAYERS.

Ware, Herts.

International
Electrotechnical Commission

I: have been asked by the Secretary of the

Commission to draw the attention of our

readers to the following notice. This we
do very readily for it is a matter which cannot
fail to interest all who are concerned with electro-
magnetic units and measurements. The statement
deals with two different features of the Giorgi
system. One is concerned with the magnitudes of
the three fundamental units C, G and S, whilst the
other is concerned with the introduction of a fourth
fundamental unit. A centimetre and a gramme are
no more fundamental than a metre and a kilo-
gramme ; in fact, they are really less fundamental,
because the latter are represented by the actual
concrete standards maintained in France, and thesc
are the real fundamental units and not something
which they are, or were, supposed to represent.
Giorgi showed 34 years ago that by taking the
metre, kilogramme and second as the fundamental
absolute units, the practical clectric wunits are
obtained directly without any 107, 108 or 10"
His other suggestion is that a fourth fundamental
unit should be adopted of an electrical nature, such
as a quantity of electricity or a resistance. The
confusion of having two systems of units, the
electromagnetic and the electrostatic, in one of
which resistance has the dimensions of a velocity,
whercas in the other it has the diinensions of the
reciprocal of a velocity, arises from the assumption
that everything in nature, including electric and
magnetic phenomena must be expressible in terms
of L, M and T. To do this, some assumption has
to be made, and different assumptions lead to
different systems of units. Giorgi's system avoids
these assumptions and the resulting confusion, but
a paper read at the recent meeting of the British
Association by Sir J. B. Henderson shows that
there are those who would preter to abolish the
electrostatic system and regard the assumption on
which the electromagnetic system is based as a
recognised fact, viz., that the magnetic induction
or flux density in space is not merely caused by
the magnetising force or ampere-turns per con,
but that they are both one and the same thing,
viewed perhaps from different standpoints.
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Actions of the LE.C. at the June, 1935, Meetings in
The Hague and Brussels Concerning Electrical Units

Up to this time (June, 1935) science has employed
the c.g.s. systems of physical units. FElectrical
units have been established in the c.g.s. system on
the electrostatic and clectro-magnetic schemes of
Maxwell. There have been also published numerous
papers employing electrical units departing in some
measure from the classical c.g.s. svstems.

The International Electrical Congresses including
the International FKlectrotechnical Commission
(LLE.C.) have adopted at various dates since 1581
certain so-called practical electrical units, obm,
volt, ampere, farad, coulomb, henry, joule, watt
and weber; these did not form an independent
system, but were all based upon and defined from
the c.g.s. electro-magnetic units, through numerical
factors (10", 108, 10!, 10% 10-!, 10%, 107, 107, and
108 respectively).

As a result of the decisions taken at the I.E.C.
meetings just past, all these practical units, without
being in any way altered, become connected into
a new coherent and absolute system based upon
the proposals of Prof. Giorgi, first published in
1gor.  The system is known as the Giorgi-MKS
(Metric, Kilogram-mass, Second) system. In this
system the above-mentioned practical units are
essential constituent clements in one to one relation,
so that the conversion factors above-mentioned
need no longer be lecarned and memorised by
students.

The Giorgi system :

(@) 1s essentially composed of units already in
practical use,

(h) avoids the need for the complicated dimen-
sional formula with fractional exponents,

(¢) recognises the need for a fourth fundamental
unit, to be sclected from the existing practical
electrical units,

(d) leaves the C.G.S. systems and all systems
used by physicists undisturbed. All these systems.
may be explained simply in terms of the new
system,

(¢) it permits the use of either ‘‘ rationalised
or ““ unrationalised ”’ formule.

I-or the present, the I.E.C. has avoided a decision
on the question of " rationalisation,” thus leaving
each author frec to use the formule which he
prefers.

In addition to the above-mentioned decision on
the adoption of the Giorgi svstem, three derived
units were pointed out by way of example. These
were

(@) the unit of electric gradient, the volt per metre,

(6) the unit of magnetic flux density, the weber
per square metre,

(¢) the unit of volume energy, the joule per cubic
metre.

The I.LE.C. meeting decided to endorse the 1.E.C
Oslo convention of 1930 that the permeability of
vacuum/ug be retained in magnetic formule as a
physical quantity and not as a mere numeric. This
is a fundamental part of the Giorgi System.

It was decided by the I.LL.C. that the system b
known as the “ Giorgi System.”

25 June, 1935.
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A Trigger Peak Voltmeter Using
“Hard” Valves*

By A. T. Starr, M.A., Ph.D., AMILE.E.

Introduction

T is clear that any arrangement, that

triggers at a certain voltage and has a

finite back-lash, can be used for the
measurement of peak voltage. There are
two well-known devices that trigger and have
a satisfactory back-lash, viz., the ncon lamp
and the thyratron ; they, therefore, form the
basis of some recent peak voltmeters.
The author experimented with a neon
trigger peak voltmeter some years ago and
decided that the characteristics were un-
desirably variable. The thyratron was con-
sidered, but it was a new valve, very ex-
pensive, and the types available (in 1932)
unsuitable. Moreover, both the neon lamp
and the thyratron possess an appreciable
time lag, which render them useless for
pulses of duration less than one-tenth of a
millisecond.

4

m
>

4|—‘r-’n—|}———||———

Fig. 1.

It is clear that a trigger device without
an appreciable time lag is a very valuable
tool, and there happens to be such a device
which is not as well known as it should be.
This paper describes this device and shows
how a most satisfactory peak voltmeter
can be made with its help. Incidentally it

* MS. -accepted by the Editor, April, 1935.

is so reliable and cheap as to render the
thyratron peak voltmeter an unnecessary

I1+iy I+l

VN

rq ro
ANODE 1 ANODE 2
i1 P/ P2 Yio
s
R1 L Ro
T
Eg
GRID 2 o GRID 1
—
Ry Ry
Fig. 2.

luxury, even though the thyratron is now
cheaver than it was two years ago and there
are more types available.

The Trigger Device

Iig. 1 shows the essential parts of the
device, and it is seen that it is the dead-beat
form of the multivibrator. VI and V2 are
“thard ”’ triodes; in the first experimental
form they were PMz2’s.

It will be shown that, if the resistances
71, 72, Ry, Ry, Ry and R, and the batteries
E, and E, have suitable values, there are
{wo stable positions of the svstem. In one
position V1 takes anode current and V2
takes none or very little, in the other V2
takes anode current and Vi none or very
little.

Let the valves have anode-filament re-
sistances p; and p,, and suppose that neither
has grid current ; this latter condition can
be obtained but it is not essential for the
operation and the explanation is simplified
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by this assumption. Fig. 2 represents the
circuit. I, and I, are the anode currents
and 7, and 1, the currents through R, and
R,', R, and R/, respectively. The equa-
tions for the left-hand side of the circuit are
Iy + py) + 47y = Ey,
Iy +0(r + R+ RY) = E, + E,

E(:z = —E; + 1'1R2/,
where F,, is the grid potential of wvalve 2.
Eliminating ¢, from these equations we
obtain

Ipy + 7)) = E, - <o (1)
and Eg, = ¢, — "I, .. . (21)
where r;"= (R, +R,)/(r; + R, +R,"),
_ R, + Ry £}
El"'EA;: R;%RZI G"]‘*‘Rl—f’rR;’
E,R, — E¢{ry + Ry)

7+ R+ Ry

and 7" = 7 R,)/(r, + Ry + Ry

and

31

(3.1)

We obtain similarly
Iylps + 1)) = E, (1.2)
and  E, = e, — 1y'I,, (2.2)

rr

where 7,’, E,, e, and »,” are obtained from
equations (3.1) by replacing 1 by 2 and 2
1.
It follows from equation (1.1) that the
current I; in VI is that which flows when

Iig. 3.

an anode voltage £ acts in series with a
resistance 7,’, the grid voltage being the
actual voltage Eg,. The physical meanings
of £, and ;" are seen from their algebraic
forms in equations (3.1) ; E, is the voltage
between the anode and filament of V1 when

Fig. 4.
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py is infinite, and r,’ is the parallel combina-
tion of »; and R, 4- R,’. 1In fact, equation
(1.1) expresses Thévénin's Theorem* for
the circuit external to VI, E; and r," being
the open-circuit EM.F. and resistance.

¢, 1s the grid bias of V2 when I, is zero
and e, that of V1 when I, is zero.

In order to give some idea of the quan-
tities involved, it may be said that in the
practical arrangement £, and E, arc nearly
equal (about 6o volts), »; and 7, are of the
order of 6,000 to 10,000 ohms, and R, R,,
R;"and R, of the order of a hundred thou-
sand ohms. It follows from equations
(3.1) and the unstated sct (3.2), that »,” and
7y’ are nearly equal to #; and r, and are
constant, ¥, and £, are constant and nearly
equal to E,, whilst »,” and »,” are nearly
equal to } 7, and 47, respectively. The
voltages ¢; and e, are constant for a given
arrangement and may be positive or nega-
tive. These approximations are not used
in what follows.

In Fig. 3, curve A represents the anode
current, I;, in Vi, with E,, as abscissa ;
by what has been said above the value of
I, 1s that in the valve produced by a voltage
Ey acting in series with the resistance #," so
that equation (1.1) is satisfied. Equation
(2.1) shows how E;, varies with I, and thus
with Eg, ; curve B represents FEg, us
Ly, as calculated by this method, assuming
that e, is positive. Curve B has the same

Fig. 5.

shape as curve A, but is inverted. Curve C
represents the anode current in V2 with an
anode voltage E, acting in series with a
resistance r,” (so that (1.2) is satisfied) and
" * See “ Electric Circuits and Wave Filters,”
by the author, page 78.
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for the grid-bias values of Eg, as given on
the curve B. Finally the straight line D
represents equation (2.2). The positions of
equilibrium of the system are given by the
intersections of curves C and D), since both
represent the values of I, against gy It
is easy to see that the position given by the
point M is unstable and these by points
I. and N are stable. At L, [, is small and
I, (point L') is large, whilst at N /, is large
and I, is small. In the case shown VI
takes grid current in the former case, but
this is not necessarily the case even when
e, is positive. Thus if the resistance 7,”
were such that the line represented by (2.2)
were the line D,, the equilibrium position
denoted by L, would be such that neither
valve takes any appreciable grid current.

Fig. 4 shows a case of suitable arrange-
ment when e, and e, are both negative.
No grid current flows at any time. It is
possible to have suitable arrangements with
e, and e, positive or negative in any com-
bination, and grid current may or may not
flow at any stage according to the values
of », and 7,”; but, as shown, no grid
current will flow at any stage if both e, and
¢, are negative.

Fig. 5 explains an unexpected result that
was discovered in the experimental work.
The trigger effect is curiously sensitive to
certain variations in £, and E, under some
conditions. A symmetrical arrangement
was used in which 7, =7, etc. It was
found that the trigger effect was unaffected
by large variations in £, and E,, provided
E, was greater than I, but the action
became blurred and both valves took nearly
equal currents when E, was greater than
E,. In the arrangement the valves were
PMz’s, and the resistances had the values
ry = 7, = 6,000 ohms, R, = R, = R;" = R’
— 100,000 ohms. Satisfactory triggering
occurred for E, = 60 volts and E, = 60,
E,=062 and E, =59, and E, = 72 and
E, = 60 : no triggering occurred for £, == 59
and FE, = 62. (It may be mentioned, as
a matter of interest, that there was no grid
current in the first two successful arrange-
ments, but there was in the third) The
explanation is that when ¢, and e, are nega-
tive and large enough the line D may lie
under the curve C, as shown in Fig. 5, so
that there is only one position of equilibrium
given by M. When the system is sym-
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metrical, the line is D’ and the point M’ so
that I, = I,.

The Trigger Effect

Fig. 6 shows a symmetrical form of the
trigger peak voltmeter. K and Kr are
make or break keys and A1 a milliammeter
whicli measures the current through Vi.
Let us ignore the wave to be measured : a

6,0000 [ 6,000 ¢
100,000 0 100,000 @
. KX
L
n .
-
-
5]
>
[=]
w0
M
<l
w
— e J w
WAVE TO BE e
MEASURED 3 T
w> |
< S 8 oL U
100,0009% %100.0000 Vi ']'

Fig. 6.

variable grid voltage can be inserted be-
tween A and B.  Suppose that the arrange-
ment is such that the curves for I; and I,
are given by curves A and C in Fig. 4, 1,
being reproduced in Fig. 7. Varying the
grid bias between the points A and B in
Fig. 6 has the effect of moving the line D
(which represents the curve I, vs Egy)
parallel to itself. Suppose that the bias
applicd is large and negative, then the line
becomes D, and the position of equilibrium
is represented by N, at which 7, is small
and I, has a normal value. As this bias is
increased (algebraically) the line becomes
D,, and then there is a stable position of
equilibrium represented by N, and a neutral
position by L,M,. A further increase shifts
the line to Dy, at which there are the stable
positions L and N and the unstable position
M,. The position N, will be maintained
unless a surge occurs which shifts D further
to the right; but this will be described as
we proceed. A further increase of bias
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shifts the line to D,, at which there is the
neutral position M,;N, and the stable posi-
tion L,. The slightest further increase shifts
the line to Dy, at which there is only one posi-
tion of equilibrium (stable, of course). Thus
when the system is biased to the condition
rcpresented by the line D,, the slightest
increase causes a triggering, in which the
current I, falls from the value PM, to the
small value QL,; the current 7, jumps
simultaneously from a small value (com-
parable with QL,) to a high value (com-
parable with P ).

If the bias is now reduced, I, does not
recover its large value until the line passes
the position D,. The lorizontal distance
between D, and D, on the axis of I, repre-
sents the finite back-lash.

Suppose the line is in the position D,,
having come from the triggered position
D;, I, will have its large value and the
equilibrium  position is indicated by I,
For the purpose of triggering we want the
position to be N, which can be rcached in
two ways. We can either decrease the bias
between A and B to a sufficiently large
value, or we can break the anode circuit
of Vi by means of the key Kr and then
remake the circuit. The first method is
not generally desirable as it may require a
large bias battery; the second method is
quick and convenient, especially if the key

(Below) Yig. 7.

(Right) Fig. 8.

Pl Q Eor
BACK-LASH
is a depress-break release-make key, when

a single push shifts the equilibrium position
from L, to N,

Use of the Trigger Device as a Peak
Voltmeter
I'ig. 6 shows the device and Fig. 8 shows
a simple arrangement for supplying the grid
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of V1 with a variable bias. The terminals,
to which the wave to be measured is applied,
are shorted, the bias between A and B is
reduced to the algebraic minimum, and the
system is triggered to the position N, by a
push of K1. (The battery in Fig. 8 is not
sufficient to shift the line to the left of D,.)
The bias is then increased until the system
triggers and the moving-coil voltmeter,
DCV, gives the value of the bias required,
vy say. This is the zero measurement of
the system, 7.e., the bias voltage required
for triggering with zero applied wave. The
bias is reduced to the minimum and the
system switched back to position N, by
means of Kx. The wave terminals are un-
shorted and the wave applicd. Then the
bias is increased until triggering occurs.
Let the bias voltage now be v, Then
vy —— vy is the peak of the wave. A check
measurement of v; may be made.

Actually it is found that the trigger
voltage is extraordinarily definite and keeps
constant over considerable intervals of
time.

Practical Design

In order to calculate suitable values of
E, Eg vy, 75, Ry, R,, Ry and R, for a
given type of valve, it is accurate enough to
assume that I, or I, is zero in a stable
position, although in practice the robbing
action may not be complete. We will find
a symmetrical arrangement in which », = r,,
R,=R,—=R, and R, =R, =R'. Let
I, = o. Equations (2.2) and (3.2) give

ELR' — L4(r + R)
r+ R+ R
Equations (1.1), (2.1) and (3.1) give
_ER — (R+ v+ Rrfp)E,
7+ R+ R +rR+R)/p,

1t was decided to use PM2’s and a convenient
battery of 150 volts enables us to take
E,= Eg; = 60 volts. There is sufficient
sparc voltage to allow for the natural de-
crease with time. It is found that when
7 = 6,000 £ and R = R = 100,000 2,
Eqy = — 1.8 volts. The anode current and
voltage of VI are 4 mA and 36 volts, so
that p, is about 9,000 2. These values
give gy = — 12.8 volts and then I, = o.
The practical arrangement with these

Lol = gy =

Ly
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valves, batteries and resistances gave
I,=138 in A and I, =0.05 mA in one
stable position and I, =o0.05 mA and
I, = 3.8 mA in the other. The valve with
the larger anode current had a grid current
of 0.5uA, and the other had none. The
latter ensures that there is no error by a
drop along the o0.25 M£.

It is impossible to get the case when
7, and I, are equal to the normal value,
but it is easy to start with /, = I, = o by
opening K. It is then a matter of chance
which valve takes the current when K is
closed. As a matter of interest it may be
stated that in twenty trials, one valve took
the current eleven times and the other nine
times ; it may be noted also that no etfort
was made to choose carefully balanced
valves for this test, but the resistances were
balanced f{fairly well (within % per cent.
about). Another test was made with am-
meters of approximately cqual resistance
but unequal inductance. AI has an in-
ductance of 8uH and A2 28ouH. Then
VI always took the current. It was calcu-
lated that the time constant of the circuit
of Vz was only % microsecond, and it seems
that this was long enough to let the quicker
circuit rob the slower.

It is difficult to estimate the time of
action of the circuit, but it is thought (sce
Knoll and Freundlich, quoted later) that
the main lag is due to the time of charge or
discharge of the grid-capacities. This time
is greatly diminished by placing capacities
of about o.25ul’ across R, and R, A
quantitative analysis of this action and of
the time of build-up of the anode current
is being made.

The 5,000 2 in Fig. 8 is a coarse adjusting
potentiometer and the 400 £ a fine adjust-

ing. K3 is a make or break key, so that
the 18V battery nced not give current
when the set is not in use.
RMS Peak
(Substandard). Calculated. Uy — Uy
o | o] (o)
36.1 0.269 0.27
59.0 0.418 0.41
119.5 0.845 0.84
145.7 1.026 1.02
176.5 1.246 1.24
206.5 1.48 1.44
227.8 1.61 1.58
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Test of the Peak Voltmeier

To test the pcak voltmeter, the mains
voltage was put across a potentiometer, the
output measured by a substandard A.C.
voltmeter and stepped down by a volt-box
of 2o0:1 ratio, and the peak was then
measured by the trigger device.

The errors, which occur in the last two
measurements, may have been as much in
the substandard instrument as in the peak
voltmeter. In fact, later tests seemed to
confirm the opinion that the peak voltmeter
is as accurate as the moving-coil voltmeter
DCV, which was accurate within about § per
cent. The difficulty in obtaining a very
accurate test is to obtain a supply with a
harmonic content of less than 1 per cent.
for the RMS voltmeter will ignore completely
a third harmonic of 1 per cent., whilst the
trigger peak voltmeter will be affected by
it, if the third harmonic is not zero at the
moment when the fundamental passes
through its maximum.

A Modification of the Circuit

1t can be shown that the trigger voltage
is increased if 7, is increased, and so an un-
balanced arrangement was emploved with

7, — 6,000 2 and 7, = 18,000 L. With
£,=62V and FE;=59V, the trigger
voltage is about 10V. Furthermore, if

the voltage drops to about 4V, the system
triggers back to Vz; there is thus a back-
lash of 6V. This system has the advantage
that we can determine the back-lash very
much more easily than in the balanced case,
so that we may know whether the negative
part of the wave is likely to cause a back
trigger effect in each cycle. Unless the back
triggec occurs very early after the forward
trigger it is of no importance. What will
happen then is that, to begin with, V2 will
have all the current and VI none, but when
the trigger voltage is reached both will have
current at different parts of the cycle. The
ammeter A1 will register, however. If the
back trigger occurs too early, A1 will read
only a small current, which may be mistaken
for its residual value.

In practice, this should not catch us un-
awares. For if we suspect a large negative
peak soon aftcér the positive peak, we reverse
the wave and mcasure the negative peak
and know what to expect. Suppose, for
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instance, that the positive peak is 2V
and the negative is gV, we need a back-lash
of IIV to avoid difficulties. As we have
only 6V back-lash at our disposal, we apply
only half of the wave voltage (by means
of a high resistance potentiometer) and all
difficulties are avoided.

\We can increase the back-lash by making
E, =75V and E; = 60V, whenv, = 12.4V
and the back-lash is 8.1V.

The sensitivity of
the voltmeter is
limited, not in the
least by the sudden-

itk
sv. A

ness of the trigger
effect, but by the
fineness of the po-
tentiometer and the

sensitivity of the
moving-coil voltmeter
DCV. As we do not
wish to vary the bias
the full 12.4V, it is
sufficient that DCV have a full scale de-
flection corresponding to about 7 wvolts.
We achieve this by the use of a grid-bias
system of the form shown in Fig. g, in which
6 volts of the grid bias are outside the voltage
measurement. This external voltage should
not vary during the measurement, as these
batteries give no current at all. A check
test of v; will verify this in practical
measurements.

¥ig. 9.

Advantages of the Trigger Peak Voltmeter

Cheapness and the extraordinarily clean
character of the trigger effect are two of the
most striking advantages. Furthermore, the
absence of time lag in *“ hard ” valves makes
the arrangement suitable for the measure-
ment of the peak values of high frequency
waves. As the rcadings are taken on a
D.C. voltmeter, the accuracy and sensitivity
of the measurement are good. Although
the instrument is not direct reading, in
that the slide-back principle is employed,
yet the wave to be measured need not
be periodic as it must be for the recti-
[ying peak voltmeter method. 1f the wave
can be repeated at will, it may be
transient and still be measured with great
accuracy.
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Comments on the Trigger Device

The author considers that the trigger
device is so useful and at the same time so
little known that some comments will not
be out of place.

The carliest accounts of the device, which
is sometimes called the “flip-flop,” are by
Eccles and Jordan, British Patent 149018
and Radio Review, vol. 1, No. 3. L. B.
Turner has written on the device in a special
form, which he calls the Kallirotron (see
British Patents 139867 and 169845 ; Radio
Review, Vol. 1, p. 317; and Wireless, p. 260).

A. H. Reeves has used the principle of the
device to make a frequency halver and valve
relays (British Patent 15895). If R, and
R, are replaced by shunted diodes in series
with inductances, the times of switching
from one stable position to the other are
different ; in this way the valve relay can
be made to make quickly and Dreak slowly
or make slowly and break quickly.

The circuit of Fig. 1 contains resistances
only, so that the tune of switching from one
position to the other is very small. This
enables us to produce square waves from
distorted telegraph waves.

D. A. Ley has suggested that, if R, is
replaced by a condenser, then a pulse applied
to AB will cause the device to trigger from
valve 2 to valve 1; but the device will
trigger back to valve 2 of its own accord
after a time depending on the values of the
resistances and the condenser. In this way
the time of a pulse can be magnified.

C. R. Dunham has made an extensive
study of the possibilities of the device
(British Patent 357532) as a distributor for
very high-speed telegraphy.

Bedford and Puckle have found the device
a great improvement over the thyratron as
a trigger instrument for television scanning
(" A velocity-modulation television system,”
Journal I.EE. vol. 75, No. 451, p. 68 ; and
British Patent 39940g).

Knoll and Freundlich have used the circuit
as a trigger relay for use with the high-speed
cathode-ray oscillograph (Elektrotechnische
Zeutschrift, volume 28, July 1y, 1932).

The writer wishes to thank Callender’s
Cables and Construction Co., Ltd., for per-
mission to publish this work.
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PROPAGATION OF WAVES

3749. INTERACTION oF Rapro Wavrs. II [Résumé
of Results of Special Luxembourg Tests for
U.RSI, 1935].—B. van der Pol. (Tijdschr.
Nederlandsch Radiogenool., September, 1935,
Vol. 7, No. 3, pp- 93-97 : in English.)

For Part 1 see 2549 of August. Among the con-
clusions are the following :—the effect due to a
long-wave station is of the same order for wanted
long-wave and wanted medium-wave stations.
The effect diminishes steadily with the distance
between the unwanted station and the mid-point
{or, in the case of very distant reception, the
quarter-point) of the wave trajectory, and prac-
tically vanishes when this distance exceeds about
600 kin. The cause of the interaction is defi-
nitely found to lie in non-linear properties of the
ionosphere. The same changes which produce
the variable absorption responsible for the effect
may be expected to react on the propagation of
the interfering wave itself, so that a sufficiently
powerful station would be left with an excessive
modulation percentage of the higher modulation
frequencies (cf. 2168 of July and 330g of October).
““ A further research along the above lines might
enable one to locate more precisely the horizontal
extension of the region of the ionosphere which is
effective in ‘ reflecting’ a wave from a transmitter
to a given receiving station.”

3750. MEASUREMENTS OF THE ABSORPTION OF
WIRELESS WAVES IN THE [ONOSPHERE.—
F. T. Farmer and J. A. Ratcliffe. (/voc.
Roy. Soc., Series A, 2nd Sept. 1935, Vol
151, No. 873, pp. 370-383.)

For references to apparatus used see Ratcliffe
and White, Abstracts, 1933, pp. 495 and 559
(Lh. column), and Farmer, 2165 of July. Measure-
ments are here described of the reflection coefti-
cients of the two magneto-ionic components of
ionospheric echoes, reflected at vertical incidence
at different times of day, of pulses on wavelengths
from 50 to 500m. The writers interpret their
results on the basis of the magneto-ionic theory
and arrive at ‘“ the following description of the
ionosphere as an absorbing medium. In the day-
time considerable absorption occurs in a region in

which the refractive index is nearly unity, and
which is situated below the maximum of the E
region (the D region of Appleton and Ratcliffe
[1930 Abstracts, p. 561]).

‘“ At night there is very little absorption except
near the top of the wave trajectory, and the magni-
tude of this absorption is consistent with an elec-
tron collisional frequency of 1.5 X 10% per second
in the IF region. The ordinary wave is appreciably
absorbed only when it is group-retarded. The
absorption of the extraordinary wave reflected
from the I© region takes place in the E region and
increases as the magneto-ionic wavelength,
2I14m, 1s approached.”

3751. DISPERSION IN AN ELECTRON-ION MIXTURE,
UNDER THE INFLUENCE OF AN EXTERNAL
MagyeTic Fiirp  (CONTRIBUTION TO THE
DiSPERSION THEORY OF THE IONOSPHERE).—
G. Goubau. (Hochf.tech. u. Eleh:akus.,
August, 1935, Vol. 46, No. 2, pp. 37-49))

For previous work see 2921 of September. The
present paper discusses the influence of ions on
propagation phenomena; §1 contains an estimate

of the ratio between the ions and electrons in E

region. A ‘ mixture ratio” %k is defined, which

is the quantity 8,/Z38;, where 8 = 4wNe?/m [usual
notation] and suffixes ¢ and ¢ denote electrons
and ions respectively. 4 decreases with the fre-
quency, so that the influence of the ions will be

greatest in the propagation of long waves. Tig. 1

shows %k as a function of &8(= 38§, + §,); the

effect of the ions may be considerable in E region

but will rapidly decrease with height. In §2

the dispersion formula for a mixture of electrons

and ions in an external magnetic field is derived
from the cquations of motion; the effect of the
magnetic field on the motion of the ions may be
neglected and eqn. 20 gives the formula. This
is discussed in §3 under the assumption that all
the ions have the same mass and collision frequency
and are singly charged. The discussion applies
only to reflection measurements for vertical in-
cidence on the ionosphere in mean geographical

latitudes. Various special cases are considered
in §31B3; a wave whose electric vector is parallel

to the magnetic field is not affected by it. In
C
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§ 3C the effect of collisions is neglected ; the zeros
and infinities of the refractive index are worked
out and dispersion curves for constant values of
k are drawn (examples in Figs. 3, 4, 5) and shortly
discussed. § 3D contains a discussion of the effect
of collisions; two critical collision frequencies are
found, one for electrons and one for ions. The
influence of collision frequency on the dispersion
curve is discussed first for the case when electrons
alone are present, by considering the behaviour
in the complex plane of the quantity under the
square root sign in the dispersion formula; this
is then extended to the electron-ion mixture and
a graphical determination of critical collision fre-
quencies for mixtures is given in Fig. 8. These are
always smaller than the value for an electron gas
and depend on the frequency; there may under
certain conditions be three critical collision fre-
quencies.

Dispersion curves for various frequencies, col-
lision frequencies and mixture ratios are given in
Figs. 9-14. When v < v, the reflection points
are found to be more clearly marked for a mixture
than for an electron gas; the reflection points of
the extraordinary wave are ncarer to that of the
ordinary wave and, in the region of propagation
of a wave, its index of attenuation is smaller.
Special points about the curves are also discussed
in detail. The case v > v, is similarly considered.
§ 4 deals with the polarisation of the waves; this
is given for reflected waves by eqn. 37 and is deter-
mined by the electrons alone. The influence of
the ions on propagation is considered in §35; (a)
the reflection points are changed and partial and
multiple reflections occur; (b) the absorption of
the waves is smaller. §6 indicates the possibilities
for determining the jon content of the ionosphere
by measuring the critical frequency or the polarisa-
tion ; the ditficulties and limitations of these deter-
minations are shortly discussed.

3752. THE STRUCTURE OF THE IoXOSPHERE [Ionisa-
tion in Space between E and I Regions
estimated from Relative Group Retardation
of Magneto-lonic Components of Echo, one
reflected from E and one from F Region :
Probable Uniform Distribution of Inter-
Region Ionisation, slightly below Maximum
of E Region].—]. Hollingworth. (Froc.
Phys. Soc., 1st Sept. 1935, Vol. 47, Part s,
No. 262, pp. 843-851.)

Calculations based on the magneto-ionic disper-
sion formula and the usual formula for group
velocity, assuming independent travel of the
magneto-ionic components, are given which enable
estimates to be made of the time-lag between the
components under various ionisation conditions and
thence, by comparison with experimental results
(sce Appleton and Builder, 1933 Abstracts, p. 262),
of an approximate value of the intensity of ionisa-
tion in the space between I and I' regions. This
is found to be “ fairly uniformly distributed over
the space between ’’ the regions, and ““ only a few
per cent less in value’ than that at the top of
E region. 1t is pointed out that the value of the
inter-region ionisation ‘‘is of the utmost impor-
tance in determining the path of long-distance
transmissions.”’

WIRELESS ENGINEER

November, 1935

3753. PERIODIC AND IRREGULAR PHENOMENA IN
THE IoNoSPHERE [Results of Tromss Obser-
vations : Sunrise and Sunset Phenomena :
Directional Variations : Effect of Alagnetic
Storms and Auroras].--K. W. Wagner and
K. Franz. (E.N.T., July, 1935, Vol. 12,
No. 7, pp. 201-213))

A short account of some typical results of the
German Polar Year expedition to Tromso, December
1932—October 1934. For a previous report and
description of apparatus used see 1934 Abstracts,
p. 259 (Wagner), and 367 of February (Stoftregen).
Here, Tig. 1 shows the regular phenomena (for
ionospheric sunrise and sunset) in F region for a
frequency of 2 Mc/s. Behaviour at sunrise was
very regular and the curve gives the time at which
the sun is 7.5° below the horizon. The sunset
phenomena were much more scattered and the
ionospheric sunrise and sunset were found to be
asymmetrically placed with respect to true noon.
Sudden onset of ionisation during the early hours
of the morning was frequently observed.

Fig. 2 shows the annual curve for the onset of
variations in direction of various European broad-
casting stations. These variations could not be
explained as interference between a linearly polar-
ised ground wave and an elliptically polarised space
wave, as no ground wave was received at Tromso.
I'ig. 3 shows typical records of disturbed conditions
in the ionosphere, in particular a sudden inrush of
corpuscular radiation. F¥ig. 4 demonstrates the
relation between terrestrial magnetic activity, the
reflecting power of the ionosphere and the onset of
directional variations during 1933. Magnetic dis-
turbances were found to be connected with sudden
development of high evening vatues of ionisation
in E region (Fig. 3). I region was very selective
towards small differences in frequency. The
phenomena can be satisfactorily explained by the
effects of auroral corpuscular radiation (see Appleton,
Builder and Naismith, 1933 Abstracts, p. 613).
During magnetic storms, vertical-incidence echoes
frequently vanished completely, but broadcast
reception was rarely impossible. Ionisation pro-
duced by corpuscular radiation appeared to be
very irregular.

3754. MULTI-FREQUENCY IONOSPHERE KRECORDING
AND I1s SigNIFIcaNceE.—T. R. Gilliland.
(Proc. Inst. Rad. Emg., September, 1933,
Vol. 23, No. g9, pp. 1076-1101.) See 2160
of July.

3755. REFLECTING HEIGHTS OF THE IONOSPHERE
[Oct. 1934/April 1935: on Waves between
60 and 100 m]—FElias, de Bruine and
Deurvorst  (Tijdschr. Nedevlandsch Radio-
genoot., September, 1935, Vol. 7, No. 3,
pp. 85 92: in Dutch) TFor 1932/1933
results see 1934 Abstracts, p. 29.

3756. SOME EXPERIMENTAL STUDIES oN ELECTRON
DENSITY 1N THE JoNosPHERE [by Pulse
Method :  Occasional Increase of I Layer
Density during Night: Simultaneous E
and I’ Echoes explicable by Partial Retlection
Theory : etc.].—Maeda and Konomi.
(Journ. I.E.L. Japan, May, 1935, Vol. 55
{No. 5], No. 562, p. 465 : English summary
p. 62.)
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3757. ON THE ATTENUATION EQUATIONS OF SHORT
\WAVES TRAVELLING IN THE JONOSPHERE
[by Geometrical Optics, assuming Electron
Distribution as ot Iarabolic Form and
Collision Frequency as Exponential I'unction
of Height]—T. Nakai. (fourn. I.E.IL.
Japan, May, 1935, Vol. 55 [No. 5], No. 502,
P. 463 : English summary p. 62.)
Equations are derived for the attenuation making
the wave return after refraction and for that
permitting the wave to pass through (in the second
case the electron distribution is assumed to be of
the form of Chapman’s equation). It is shown that
both equations agree well with the results of field-
strength measurements.

3758. THE REFRACTION OF A \WavE GrouPr [at
Interface bhetween Two Dispersive Media :
Generalisation of Classical Theory of Group
Velocity].—R. Stoneley. (Proc. Camb. Phil.
Soc., July, 1935, Vol. 31, Part 3, pp. 3060—
367.)

The change in direction of a wave front on
refraction at an interface between two dispersive
media will be determined by the ratio of the wave
velocities, but the time of transit of a group of
waves will depend on the group velocities. The
wave front and the amplitude front of the refracted
wave will difter in direction, so that the amplitude
of a wave varies along the crest of the waves and
the amplitude front is arranged en échelon. A
theoretical prediction of the éckelon wave pattern
is here made and illustrated graphically by general-
ising the classical theory of group velocity to the
case of two wave trains, both travelling before
refraction in the same direction. The law of
refraction of the amplitude front is established.
Rayleigh’s theory (Scientific Papers, Vol. 1, p. 540)
is generalised and an expression found for the
amplitude of the disturbance for large values of
the time. The geophysical implications of the
theory arc shortly discussed.

3759. THEORY OF THE REFLECTION OF THE LIGHT

FROM A PoINT SOURrRCE BY A IINITELY
CONDUCTING IFLAT DMIRROR : WITH AN

APPLICATION TO RADIOTELEGRAPHY.—B. van
der Pol. (Physica, August, 1935, Vol. z,
No. 8, pp. 843-853: in English.)

The classic expressions of Sommerfeld and of
Weyl have been the subject of many investigations
by different writers, whose results, however, were
not as a rule very clear physically, because the
approximations or developments used were more
mathematical than physical in character. The
present paper shows that the problem, without any
approximations whatever, is capable of being devel-
oped in a different way, leading to a solution in the
form of a simple space integral (15 and 17) which
admits of a direct physical interpretation.

3760. DIFFRACTION OF A PROGRESSIVE WAVE BY A
SCREEN IN THE I'orM 0OF HALF-PLANE
[Complete Solution by Extension of Carson’s
Method].—L. Cagniard. (Journ. de Phys.
et le Radiwm, July, 1935, Vol. 6, No. 7,
pp. 310-318) ‘" An important application
of these formulae will be developed in a
paper appearing very shortly.”
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PropagaTioN oF [Material] Waves IN Wave
MECHANICS © ExaMPLE or ErLasTic WAVES
[Rigorous Treatment, extensible to Llectro-
magnetic Waves].—L. Brillouin. (Journ.
de Phys. et le Radium, May, 1935, Vol. 6,
No. 5, pp. 185-193.)

ZoNEs OF SILENCE [lying in Belts parallel
to Magnetic Equator ?J.—R. Stranger.
(World-Radio, zoth and 27th Sept. 1935,
p. 18: p. 18) See 3317 of October.

EXPERIMENTAL DETERMINATION OF THE
INFLUENCE OF GEOGRAPHICAL LOCATION ON
THE RECEIVED STRENGTH OF SHORT WAVES
[over Sea-Water, on Cornfields, Sands,
Meadows, etc.].—Nakai, Kamoshita and
Endo. (Journ. I.E.E. Japan, May, 1935,
Vol. 55 [No. 5], No. 562, p. 464: English
summary p. 62.)

3761.

3762.

3763.

THE ELECTRICAL 1’ROPERTIES OF SOIL AT
FREQUENCIES UP TO 100 MEGACYCLES PER
SECOND : WITH A NOTE ON THE RESISTIVITY
oF GrouxD IN THE U~NITED KINGDOM.—
R. L. Smith-Rose. (Proc. Phys. Soc.,
1st Sept. 1935, Vol. 47, Part 5, No. 262,
Pp. 923-931 : Discussion p. 931.)

For previous work see Abstracts, 1933, p. 382,
and 1934, p. 609. The measurements are here
extended to 100Mc/s; the conductivity is found
to be of “ the order of 10 e.s.u. at all frequencies
up to 1Mc/s, rising to twice this value at
100 Mc/s the dielectric constant decreases
from about 10° at a frequency of 50¢/s to about
15 at 100 Mc/s.”” Cf. also 16 and 17 of [anuary.

3764

3765. F1ive-METRE SIGNALS DO THE [MPOSSIBLE
[Ranges up to goo Miles: chiefly during
Middle of Day]—R. A. Hull. (QST,
August, 1935, Vol. 19, No. 8, ». 17) "It
is very important, we think, to differentiate
between this sort of five-metre DX and that
made possible by atmospheric conditions in
the lower atmosphere . . .”

3766. ULTRA-SHORT-WAVE SERVICE BETWEEN BLUE
Hire AND DMoUNT WASHINGTON @ [142.5

Miles].—McKenzie. (See 4097.)

CRUFT LABORATORY’S MOBILE LABORATORY
FOR ULTRA-SHORT-WAVE PrRoPAGATION
TrsTs AND IONOSPHERE MEASUREMENTS. —
H. Selvidge. (QST, July, 1935, Vol. 19,
No. 7, pp. 25 and 80, 82.) Sez also 2534
of August.

3767.

3768. TEN-METRE AcCTIVITY INCREASING.—(QST,
August, 1935, Vol. 19, No. & pp. 20-21

and 34.)

. ON THE ACOUSTICS OF THE ATMOSPHERE [and
the Maximum-Range Formula allowing for
Refraction].—L. Gutin. (Physik. Zeitschr.
dev Sowietunion, No. 1, Vol. 8, 1933, pp. 71—
80 : in German.)

As an example, the range of a 500-watt all-round
sound source, giving s500c¢/s and raised 1om
from the ground, is calculated from equation 10.
The range is found to be 7.5 km, instead of the
1.5 km given by the geometrical method on an
optical analogy.

Cc 2
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. THE LIGHT OF THE NIGHT SKY :

THE

. E¥rEcT oF TEMPERATURE ON THE ABSORP-

TION SPECTRUM OF ATMOSPHERIC OzZONE.
Barbier, Chalonge and Vassy. (Journ. de
Phys. et le Radium, June, 1935, Vol. 6,
No. 6, pp. 91-92s.)

LIGHT ABSORPTION AND DISTRIBUTION OF
ATMoOsPHERIC OzoxNE [Survey]. — R. W.
l.adenburg. (Journ. Opt. Soc. Am.,
September, 1935, Vol. 25, No. 9, pp. 259—
269.)

. FacTors AFFECTING ULTRA-VIOLET SOLAR-

RapiaTioN INTENSITIES.—W. W. Coblentz
and R. Stair. (Journ. of Res. of Nat. Bur.
of Stds., August, 1935, Vol. 15 No. 2,
pp. 123-150.)

ANALYSIS
OF THE INTENSITY VARIATIONS AT THREE
Stations [Terling, Canberra, the Cape:
Period 1923-34: Details of Periodic Varia-
tions and Slow Variation with Irregular
Fluctuations].—Rayleigh and H. S. Jones.
(Proc. Roy. Soc., Series A, 1st Aug. 1933,
Vol. 151, No. 872, pp. 22—55.)

74. THE LIGHT OF THE NIGHT SKY, FROM THE

3775-

SPECTROGRAPHIC KRESEARCHES OF Duray
AND CABANNES (AUG. 1933—APRIL 1935).—
J. Cabannes. (Helvetica Phys. Acta, Fasc. 5,
Vol. 8, 1935, pp- 405—-420: in French.)

THE Lunar TIDE 1IN THE EARTH'S ATMO-
sPHERE [Present Knowledge summarised by
Diagram @ Connection with Lunar Semi-
Diurnal Variation of Atmospheric Tem-
perature].-——S. Chapman. (Proc. Roy. Soc.,
Series A, 1st Aug. 1935, Vol. 151, No. 872,
pPp. 105-117.)

. ELECTROMAGNETIC WAVES ON A WIRE, WITH

CONCENTRATED SOURCE OF ENERGY [Mathe-
matical Investigation of Space and Surface
Waves : Concentration of Energy in Cone
filled with Surface Waves].—I". Noether.
(Physik. Zeitschv. der Sowietunion, No. 1,
Vol. 8, 1935, pp. 124 : in German.)

A theoretical discussion is given of the electro-
magnetic field surrounding a wire of infinite length

and finite conductivity ;

the source of energy is

taken as the alternating magnetic field of a ring

coil surrounding the wire.

The work is a develop-

ment of that by Kessenich (1934 Abstracts, pp. 30—
31) and follows lines similar to those of Sommerfeld’s
treatment of the field due to a vertical dipole above
a plane earth. The existence of space and surface
waves is discussed and it is found that the main
part of the energy is propagated in a cone-shaped
region, filled with surface waves.

3777-

3778

ON THE YUNDAMENTAL OPTICAL INVARIANT,
THE OPTICAL TETRALITY PRINCIPLE, AND ON
THE NEw DEVELOPMENT OF GAUSSIAN
Ortics BASED oN Tuis Law.—M. Herz-
berger. (Journ. Opt. Soc. Am., September,
1935, Vol. 25, No. 9, pp. 295-304.)

ON THE PROPAGATION OF LIGHT IN SEa
Water.—L. I. Katsaurov. (Journ. of Tech.
Phys. (in Russian], No. 1, Vol. 5, 1935,
pp. 169-173.)

An account of measurements of the volume
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intensity of the diffused light taken by means of a
spectrophotometer lowered into the water of the
Black Sea, showing an increase in the volume
intensity with increased depth of submersion of
the instrument.

ATMOSPHERICS AND ATMOSPHERIC

3779-

3780.

3781.

3782.

3783.

3784.

3785.

3786.

3787

3788.

ELECTRICITY

DikectioN FINDING OF ATMOSPHERICS [and
Its Use for Weather IForecasting : Canadian
Observations with the British Radio
Research Board C.R.D.F.].—]. T. Henderson.
(Canadian Journ. of Res., August, 1933,
Vol. 13, No. 2, pp. 34-44.)

ELECTRICAL AND ATMOSPHERIC PHENOMENA
AT CLouDp HEIGHTS IN THE MALABAR Dis-
TRICT, Java [Long-Wave Aerial and Long
Triatic about 6000 {t above Sea Level:
1923/1925 Results].—D. C. Noppen. (Radio-
Centrum, 16th Aug. 1935, pp. 291-293.)

LicHTNING CURRENTS IN FIELD AND LABORA-
Tory [Current Values, the Diameter of the
“Core” of the Lightning Stroke Channel,
etc.].—P. L. Bellaschi. (Elec. Engineering,
August, 1935, Vol. 54, No. 8, pp. 837
843.)

MurtipiE LIGHTNING STROKES [as a Cause of
the Tusing of Wires apparently Capable of
Carrying the Current].—P. 1.. Bellaschi.
(Science, 16th Aug. 1935, Supp. pp. 0-7.)

DiSCHARGE PROCESSES IN GASES BEFORE THE
BreakpowN [Cloud-Chamber Photographs
show Multi-Canal Pre-Discharges even with
Uniform Field].—E. I'legler and H. Raether.
(Naturwiss., 23rd Aug. 1935, p. 591.)

F1iLD STRENGTH AND SURFACE DISCHARGES
FROM A [Plane] DirLECTRIC TO A POINT
ELEcTrODE [Calculation of Lines of Force
in Jonised Region surrounding Electrode
and lilectron Avalanches from Dielectric].
J. Muller. (Arch. f. Clektrot., 1st Aug. 1935,
Vol. 29, No. 8, pp. 568—570.)

SPARK DISCHARGES BETWEEN RESISTANCE
PraTes [Calculation of Voltages Required].
—D. Mauller-Hillebrand. (Avch. f. Elektrot.,
1st Aug. 1935, Vol. 29, No. 8, pp. 513-529.)

SPARK LaAG or THE SPHERE GaP [measured by
a Special Timing Instrument].—A. Tilles.
(Elec. Engineering, August, 1935, Vol. 54,
No. 8, pp. 868-876.)

“ DIRECT MEASUREMENT oOfF SURGE CUR-
RENTS "' : DiscussioN.—Foust and Hender-
son. (Elec. Lngineering, September, 1935,
Vol. 54, No. 9, pp. 9890-992.) See 1771 of
June.

COMPOSITION OF AIR IN THE STRATOSPHERE
[Gases in Same Proportions as at Earth's
Surface].—A. l.epape and G. Colange.
(Comptes Rendus, 27th May, 1935, Vol. 200,
No. 22, pp. 1871-1873.)
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3789.

3790.

3791

3792.

3793

3794

3795-

3796.

3797-

No

THE

INVESTIGATION or THE ATMOSPHERIC
FELECTRICITY POTENTIAL GRADIENT IN THE
ARrcTic [Russian Polar Year Expedition :
Vertical Current reduced on appearance of
Auroras: etc.].—]. Scholz. (E.T.Z., 29th
Aug. 1935, Vol. 50, No. 35, p. gbo: sum-
mary only.)

“ PHYSICAL AND DYNaAMICAL METEOROLOGY
[Book Review].——D. Brunt. (Science, 30th
Aug. 1935, pp. 197-198.)

“ THROUGH THE WEATHER House’ [Book
Review].—R. A. Watson Watt. (W iveless
Lungineer, September, 1935, Vol. 12, No. 144,
p- 495

ON THE ELECTRICAL NATURE OF SNOW
ParTicLes [Tend to be Negatively Charged
when No Water Droplet is attached,
Positively when Numerous Droplets are
attached :  etc.].—Nakaya and Terada.

(Jap. Journ. of Phys., July, 1935, Vol. 10,
No. 2, Abstracts pp. 48—49.)

ToTraL FORMATION OF CARRIERS OF SLOW
CATHODE RAvYs IN AIR [at Various Pressures :
Different Velocity Groups].—L. Freund.
(Ann. der Physik, Series 5, No. 8, Vol. 22,
1935, pp. 748-760.)

THE RADIOACTIVITY OF THE EARTH’S CRUST
AND ITs INFLUENCE ON Cosmic-RAY ELECTRO-
scOPE OBSERVATIONS MADE NEAR GROUND
Lever [All Terrestrial Radiation due to
Gamma-Rays from Earth’s Crust]—R. D.
Evans and R. W. Raitt. (Phys. Review,
ist Aug. 1935, Series 2, Vol. 48, No. 3,
pp. 171-1706.)

VARIATION OF SMALL-ION PRODUCTION NEAR
THE EARTH’S SURFACE [Existence of Diurnal
Variation due to Diminution of Radium-
Emanation Content].-—-A. G. McNish and
G. R. Wait. (Phys. Review, 15th May,
1935, Series 2, Vol. 47, No. 10, pp. 785-786 :
abstract only.)

THE DISTINCTION BETWEEN LANGEVIN lONS
AND DusT PARTICLES IN THE ATMOSPHERE,
and TONISATION BALANCE OF THE ATMO-
SPHERE NEAR THE EARTH’S SURFACE [Lange-
vin Jlon not predominant as Remover of
Small Tons).—G. R. Wait. (Phys. Review,
15th May, 1935, Series 2, Vol. 47, No. 10,
p. 786 pp. 810-811: abstracts only.)

THE INTERMEDIATE ION OF THE ATMOSPHERE.
—G. R. Wait. (Phys. Review, 15th Aug.
1935, Series 2, Vol. 48, No. 4, p. 383.)

critical vapour pressure : mobility decreases

in accordance with Blanc’s Law : number undergoes

diurnal variation :

value of recombination co-

efficient : numerous during  thunderstorms :
mobility spectrum : errors in small-ion counts
arising from non-differentiation between small

and intermediate ions.

3798.

THE ANNUAL AND DI1URNAL VARIATIONS OF
lons 1x UrBaN Communtrizs [Two Finite
Mobility Values].—A. P. Gagge. (Phvs.
Review, 15th May, 1935, Series 2, Vol. 47,
No. 10, p. 786 : abstract only.)
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On THE CosMmic CORPUSCULAR RADIATION
in THE EARTH'S MAGNETIC FIELp [Exact
Definitions of Terrestrial Magnetic Quantities,
etc]—E. M. Bruins. (Physica, August,
1935, Vol. 2, No. 8, pp. 879-891 : in German.)

ON THE INFLUENCE OF THE EARTH’S MAGNETIC
FizLp oN THE CORPUSCLES OF THE CosMIc
RADIATION IN THE LATITUDE OF IFLORENCE.
— Bernardini and Bocciarelli. (La Ricerca
Scient., 15/31 July, 1935, 6th Year, Vol. 2,
No. 1/2, pp. 36-37.)

THE TONISATION IN A GAS AT VARIOUS PRES-
SURES UNDER THE ACTION OF IPHOTONS AND
or CorrPUSCULAR Ravs.—]. Clay. (Physica,
August, 1935, Vol. 2, No. 8, pp. 811-816 :
in German.)

A Rarip METHOD OF DETERMINING THE
SATURATION CURRENT, ON JAFFE'S THEORY
oF COLUMNAR [ONISATION, and IONISATION
MEASUREMENTS IN AIR AT HIGH PRESSURES.
__H. Zanstra : Clay and van Tijn, (Physica,
August, 1935, Vol. 2, No. 8, pp. 817-324:
825-832 : in German.)

ResuLTs oF THE Durtcu Cosmic Ray Ex-
PEDITION 1933. VII. Positive AND NEGA-
ASYM-

TIVE DPRIMARIES. NORTH-SOUTH
METRY. DIFFERENCE OF [DECREASE IN
Leap AT DIFFERENT LaTiTupEs.—]. Clay.
(Physica, August, 1935, Val. 2, No. 8,
pp. 861-869: in Lnglish)

Tue NATURE oF Cosmic Ravys.—]. Clay.
(Proc. Roy. Soc., Series A, 1st Aug. 1935,
Vol. 151, No. 872, pp. 202-210.) See also
3344 of October.

A HyPoTHESIS ON THE NATURE AND PRo-
THE CORPUSCULAR CosMIC

PERTIES OF
Rays [on Entry into Atmosphere, 50
Electrons to 1 [Proton], and ABSORPTION

AND SECONDARY EFFECTS OF CosmiC Ravs.—
P. Auger: Auger and Rosenberg. (Journ.
de Phys. et le Radiwm, May, 1935, Vol. 6,
No. 5, pp. 220-228: 229-232.) See also
3353 of October.

PROGRESS OF THE DIRECTIONAL SURVEY OF
Cosmic-RAY INTENSITIES AND ITS APPLICA-
TION TO THE ANALYSIS OF THE PRIMARY
Cosyic RapiaTion [Description of Auto-
matic Multi-Directional Intensity Compara-
tor - Anomalies in Latitude and Longitude
Effects].—T. H. Johnson. {Phys. Review,
15th Aug. 1935, Series 2, Vol 48, No. 4,
pp. 287-299.)

O~ THE LonciTupE L¥rrect ofF CosMIC
RapiaTioN [Comparison of Theory with
iixperiment :  Good Agreement].—M. S.
Vallarta. (Phys. Review, 15t May, 1935,
Series 2, Vol. 47, No. 9, pp 047-651.)
ABSORPTION OF THE SOFT COMPONENT OF
CorPUSCULAR CosMIiC RADIATION [Separa-
tion of Lffects of Planctary Electrons and
Nuclear Charges: Llectronic Nature of
Soft Component].—P. Auger, L. Leprince-
Ringuet and P. Threnfest. (Comples
Rendus, 20th May, 1935, Vol. z00, No. 21,
PP 1747-1749.)
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3809. A NEW SgcoNDARY Errect or Cosmic
Rapration [Second Maximum in Absorp-
tion Curve].—M. Ackemann. (Zeilschr. i
Physik, No. 5/6, Vol. 94, 1935, pPp. 303-316.)
See 1934 Abstracts, p. 263 (Hummell,
Ackemann).

THE SECONDARY AND TERTIARY PARTICLES
PRODUCED BY Cosmic Ravs.—]. H. Sawyer,
Jr. (Phys. Review, 1st April, 1935, Series 2,
Vol. 47, No. 7, pp. 515-521.)
SHOWER-PRODUCING CosMIic-RAY PRIMARIES
[Absorption Measurements].—J. H. Sawyer,
Jr. (Phys. Review, 15th April, 1935, Scries
2, Vol. 47, No. 8, p. 635.)

3810.

3811,

PRODUCTION OF INDUCED RADIOACTIVITY BY
THE Cosmic RaDpiaTION ([Correction of
Error]l—]J. E. 1. Cairns. (Phys. Review,
15th April, 1935, Series 2, Vol. 47, No. 8§,
P- 631.) See 1353 of May.

ELECTRICAL DEVIATION OF
ParticLes [Coincidence Apparatus and
Measurements].—E. Lenz. (Ann.  der
Physik, Series 5, No. 3, Vol 23, 1935,
pp. 207-239.)

A CIRCUIT FOR THE DETECTION OF CoINCI-
DENCES IN MULTIPLYING COUNTERS.—
Bernardini and Oppenheimer. (La Ricerca
Scient., 15/31 July, 1935, 6th Year, Vol. 2,
No. 1/2, pp. 34-36.)

AN IMPROVED CoUNTING CIRCUIT {using
Pentode : Improved Discrimination between
Total and Partial Coincidences, e.g. with
Cosmic TRays].—H. P. Barasch. (Proc.
Phys. Soc., 1st Sept. 1935, Vol. 47, Part 5,
No. 262, pp. 824-834))

3812,

3813. CosMmic-RAYy

3814.

3815.

PROPERTIES OF CIRCUITS

3816. SymMMETRICAL F-FILTERS.—F. Selach and
M. Zimbalisty. (E.N.T., August, 1933,
Vol. 12, No. 8, pp. 243-250.)

The filters here described (fundamental circuit
Fig. 1) are similar to the so-called *“ double filters **
(see Matsumae & Matsumoto, 1934 Abstracts,
DPP- 435436, and Laurent, Evicsson Technics, 1935,

0. 5) but contain fewer elements. §2.—The
matrix system of the circuit in Fig. 1 is set up;
the impedance and propagation constant are given
by eqns. 4 and 5 resp. § 3.—Physically realisable
F-circuits are found theoretically (l'ig. 3, giving
equivalent circuits: Fig. 4, reciprocal circuits to
Fig. 3). §4.-The F-filters are compared with other
filters; Figs. 7, 8 show equivalent band-pass
filters. The F-filters do not contain expensive
transformers with fixed coupling and are less
sensitive than bridge circuits to deviations of their
elements from the theoretically correct values.
§ 5.—Symmetrical filters of Zobel's “ derived
m-type ”’ are assumed to take the place of the
elements in Figs. 3a, 4a, and the circuits of Figs.
9a—12a are obtained ; their impedances are worked
out (eqns. 18-22). The propagation constant is the
same as that of Zobel’s }/-filter : the attenuation
is found to be more favourable. §6.  The general
case of the symmetrical F-circuit is discussed, giving
the circuit of Fig. 13 and its reciprocal in Iig. 14 ;
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the impedance is similar to that of Zobel's MAI’
type, the propagation constant to that of his
type M. §7.—LExamples of composite filters with
members of the F-type are given (Figs. 15-18).
3817. DIssIPATION IN PHASE-COMPENSATING NET-
wORKs [Its Three Effects and Its Correction].

—A. T. Starr. (Proc. Insi. Rad. Eng.,
September, 1935, Vol. 23, No. 9, pp. 1102
1115.)

‘ The third effect [image impedance variation] is
most important as it causes highly inconvenient
reflections. Two methods are described for avoiding
this effect, onc of the methods having the special
advantage that it avoids the first effect [change of
phase shift from ideal calculated value] at the
same time.”

3818. RELATION BETWEEN THE ATTENUATION AND
THE PHASE DISPLACEMENT IN A LINEAR
TransumissioN SysTem.-—R. Leroy. (Ann.
des P.T.T., August, 1935, Vol. 24, No. 8,
Pp. 733-740.)

3819. APPLICATION OF A THEOREM ON THE DEVELOP-
MENT OF OPERATORS IN SERIES TO THE
THrory orF TRANSIENT PPHENOMENA ON
HoMmoGENEOUs CoNDUcTORs.-—L. Kosten.
(LL.N.T., August, 1935, Vol. 12, No. 8,
Pp. 231-236.)

See 2073 of June. Operational solution of
differential equations under given initial con-
ditions : general series giving voltages and current,
when ohmic losses are present, in terms of loss-free
voltages and current.

3820. SwiTcH-ON PHENOMENA 1IN IrON-CORED
Chnoke CoiLs wItH Eppy CURRENTS
[Theoretical Investigation of Rise of Current
when Direct Voltage Impulse is applied to
Coil] —G. Eckart. (IZN.T., August, 1935,
Vol. 12, No. 8, pp. 250-256.)

After preliminary remarks on phenomena known
from previous work (Kneschke, 1930 Abstracts,
PP. 39—40) the writer considers the cases of an iron
sheet of given width but otherwise unlimited, and
a core of circular cross section but infinite length.
He integrates the appropriate differential equations
first for the quasi-stationary state (§3) and then
applies operational methods to obtain the solution
for the sudden application of a direct voltage
impulse (§§4, 35); the rise of current is shown
graphically in Fig. 6 and its time derivative in
Fig. 7.

3821. A THEOREM IN ELECTRICITY DEDUCED FROM
THE GENERALISED MAXWELL RECIPROCITY
Tueorem [and Its Application to Bridge
Circuits with Ballistic Galvanometers, to
Transients in Networks, etc.].—van den
Meersche. (Rev. Gén. de I'Elec., 24th Aug.
1935, Vol. 38, No. 8, pp. 259-263.)

3822. Ox THE BUILDING UpP OF OSCILLATIONS IN
AN AUTO-OSCILLATING SYSTEM WITH PARTIAL

OR COMPLETE ““ PULLING-IN >’ OF THE FRE-
QUENCY.—P. Riazin. (Jowrn. of Tech. Phys.

[in Russian], No. 1, Vol. 5, 1935, pp. 38-52.)

A mathematical investigation, confirmed cxperi-
mentally, of the operation of a valve oscillator to
whose grid circuit an external e.m.f. is applied of
a frequency differing from that of the oscillating
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circuit. A theory of the operation of the system,
as proposed by van der Pol, is briefly outlined, and
a method is suggested for solving the non-linear
differential equations of the amplitudes. The
processes of building up oscillations in the system
are examined in detail both for the case of complete
and partial ‘** pulling-in”’ In the latter case the
frequency of the system is brought nearer to the
frequency of the applied em.f, and it shows that
the resuitant frequency is of a complex character
and contains a whole range of frequencies. The
main conclusion reached is that the operation of
the system can be adequately represented only by
the use of the non-linear theory. An account is
also given of experiments in which two af.
oscillators were used, and some of the oscillograms
obtained are shown.

3823. THE BaranciNG oF VALVE Circuits [Ultra-
Micrometer Circuits using Ordinary Valves:
Elimination of Effects of Valve and Battery
Fluctuation]. —J. . Dowling and C.
O'Ceallaigh. (Phil. Mag., September, 1935,
Series 7, Vol. 20, No. 133, pp. 532-542.)

Yor previous work see Soller, Abstracts, 1932,
p. 654; Du Bridge & Hart Brown, 1934, p. 50;
Turner, 1934, p. 164 ; Donzelet, Pierret and Divoux,
1934, p. 270. Du Bridge (loc. cit.) designed a
circuit (here Fig. 1) to compensate for irregular
emission effects on the assumption that, when
emission changes in a valve, equal percentage
changes occur in both anode current and space-
charge grid current; this is not quite generally
valid but may be made to hold by connecting
resistances externally to the valve circuits (anode
and grid). The present writers have adopted this
as the principle of a method of ‘“ matched charac-
teristic  balance,” which is here discussed on the
basis of the valve characteristics. A practical
circuit is given (Figs. 7, 8) employing directly
heated valves, and numerical data for an ultra-
micrometer circuit are given. The working schedule
for balancing the circuit is described.

In another method, ‘‘ emission effects and h.t.
battery changes are separately compensated by
independent adjustments of suitable cxternal
circuits.”  These * zero balance circuits” are
discussed. The writers use ordinary valves, running
under normal conditions, for all their circuits, and
the conclusions are found to be ‘‘applicable to
almost any valve circuit using space-charge
tetrodes and to many with triodes or pentodes.”

3%24. THE NATURAL OSCILLATIONS AND DAMPINGS
ofF CoupLtp OscirLatory Circuirs [Elec-
trical and Mechanical Systems: Instruc-
tional Article] —K. W. Wagner. (T.F.T,
August, 1935, Vol. 24, No. 8, pp. 191-203.)

3825. A MucHANICAL MopEL OF CoUPLED ELEC-
tricaL Circuits [giving Magnetic- or Electro-
static-Type Coupling alone, and Other
Advantages].—E. L. Chaffee. (Review
Scient. Imstr., August, 1935, Vol. 6, No. 8,
pp. 231-238))

3826. ** Lus CiRcuITs OSCILLANTS *' [Book Review].
~J. Mercier. (Electronics, August, 1935,
p. 251.)
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3827. AN INVESTIGATION OF AN [Ultra-Short-Wave]
OSCILLATOR WITH DISTRIBUTED CONSTANTS.
—Maibaum and Osipov. (See 3841.)

ON THE PERIODIC TIME OF THE I'LASHES OF
A NeoN Lamp [Reasons for Discrepancies
between Observation and Theory: a New
Formula].—T. Terada. (Jap.  Journ. of
Phys., July, 1935, Vol. 10, No. 2, Abstracts
P-51)

. TREQUENCY AND Puase DisTorTiON [and
the Use of L.F. Retroaction].—T. Tanasescu :
Marinesco.  (Wireless Iingineer, September,
1935, Vol. 12, No. 144, p. 496.) Criticism
of Marinesco's conclusions (3492 of October).

3828.

S0ME METHODS FOR MAKING RESONANT-
CIRCUIT RESPONSE AND IMPEDANCE CALCU-
raTioNs [ Short-Cut ’ Methods using *“ Q ”
and “ W ” as FFundamental Parameters].—
H. T. Budenbom. (Rad. Engineering,
August, 1935, Vol. 15, No. & pp. 7—13.)
Q is wLj/R and W is (1 — fo*;f%). The
methods avoid all use of “ a + jb” calcula-
tions.

3831. A FreEQUENCY-Lock  MULTI-VIDER [for
Multiplying or Dividing High Radio Fre-
quencies].—De Young. (Se¢ 3347.)

TRANSMISSION

A Loop TransmiTrER [with Single Loop
serving both as Generator and as Directional
Radiator of Electromagnetic Waves : Possi-
bilities of Construction of Compact, Powerful
and Strongly Directional Portable Ultra-
Short-Wave Transmitter]—R. King. (Phil.
Mag., September, 1935, Series 7, Vol. 20,
No. 133, pp. 514—-523.) )

The essential part of the oscillating and radiating
circuit is a square of brass tubing with a triode
connected at each corner (Fig. 1: circuit diagram
¥ig. 2). Undamped oscillations are sustained
whose irequency is determined by the dimensions
of the square and any other impedances in series
with it. The mathematical theory is discussed
with special reference to a working model operating
at a carrier frequency of 1.0z x 1a®¢/s. TIig. 3
shows the nearly sinusoidal current amplitude
distribution along the conductors forming the
square. The electromagnetic field of a square
carrying a uniform current is worked out and
shown diagrammatically in Yig. 7; it is that of a
magnetic dipole. The radiation resistance is also
found Generalisations of the transmitter and its
possible applications are shortly discussed. The
loop may be adapted to either directional or non-
directional transmission by placing it in a hori-
zonta! or vertical position respectively : its greatest
physical dimension is in the plane of maximum
radiation. It is suggested that the transmitter
might have special advantages in aeroplane work
of all kinds. Only working laboratory models
have so far been constructed.

3833. A NEw TypE ULTRA-HIGH-FREQUENCY
TransmitTER.—R.  King. (ST, Sep-
tember, 1935, Vol. 19, No. 9, pp. 30-31 and
41 [not 39 as given]). Practical details of
the transmitter dealt with in 3332.

3830.

3832.
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3334. DEVELOPMENT oOF [Micro-Wave] Trans-
MITTERS FOR I'REQUENCIES ABOVE 300
MeGacycLEs [and the Rocky Point Propa-
gation Tests]—N. E. Lindenblad. (Proc.
Inst. Rad. Eng., September, 1935, Vol. 23,
No. 9, pp. 1013-1047.) The full paper, a
summary of which was dealt with in 1934
Abstracts, p. 378. Tor the propagation
tests see also Trevor and George, 2916 of
September.

3835. ON AN ELECTRON-OSCILLATION CIRCUIT USING
A~ODE BaLANCE [compensating for Potential
Drop along Directly-Heated Cathode].
S. Ohtaka. (Journ. I.L.E. Japan, June,
1935, Vol. 55 [No. 6], No. 503, pp. 518-520:
English summary p. 68.)

The ‘' synchronising power loss” due to this
potential drop and the consequent lack of uni-
formity of field “is remarkably reduced by con-
necting a suitably resonant circuit, including the
total length of the anode as a part, to the valve.
In addition to this anode resonant circuit, a [.echer-
wire system shall be attached to the valve as load
circuit. . . . The writer reports that he has
obtained a constant saving of 24 to 27w of grid
input for a wide range of oscillation currents from
several hundred milliamperes up to nearly
2000 ma for valves of 100w rated grid input.”

3836. OX 111E CHARACTERISTICS AND APPLICATIONS
OF THE ' MODULATION-GRID”’ Vacuum
TuBE FOR ULTRA-SHORT WAVES—S. Nishi-
mura. (Jowrn. I.E.E. Japan, Junc, 1935,
Vol. 55 [No. 6], No. 563, pPpP. 515-518:
English summary p. 68.)

This valve (due to Okabe and Hisida) requires
a comparatively large modulating voltage, ** though
no power is consumed in it.” Practically no fre-
quency modulation is produced. The writer also
finds the valve useful for super-regenerative recep-
tion of ultra-short waves, the quenching voltage
being applied to the modulation grid.

3837. A NEW SYSTEM oF MODULATING ELECTRON
OSCILLATION wiTHOUT UNDUE FrEQUENCY
Moburation.—T. Hayasi. (Jowrn. I LE.
Japan, June, 1935, Vol. 55, [No. 6], No.
563, pp. 511-515: English summary pp.
67-68.)

By suitable use of a tetrode. The inner grid is
kept at a high positive potential with respect to
the filament; the outer is kept negative and acts
as the retarding electrode, turning back the elec-
trons ; the anode, acting as modulating electrode,
varics the oscillation amplitude almost linearly
when its voltage changes from o to + 30 V.

3838. VALVE EMITTER ¥OR ULTRA-SHORT WavEs
[Multiple-Valve Arrangement, extending
Holborn ” Circuit].—— Telefunken. (German
Pat. 602 764, pub. 18.9.1934 : Hochf:tech.
u. Elek:alus., August, 1935, Vol. 46, No. 2,
p. 69.)
3839. MAGNETRON
gram  of
Transmitter :

OSCILLATORS

[including Dia-
Philips  Type

XDC 100 L/2
70—200cm  Wave Range,
75-100 W Aerial Power ~—Philips  Com-
pany. (Bull. dssoc. suisse des Elec, 3oth
Aug. 1935, Pp. 515-517 : in German.)
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3840. MAGNETRONS For DECIMETRE WAVES.
V. M. Bovsheverov and M. T. Grechowa.
(Jowrn. of Tech. Phys. [in Russian], No. 1,
Vol. 5, 1935, pp. 69-74.)

An experimental investigation of a split-anode
magnetron with the oscillating circuit connected
to the segments of the anode and mounted inside
the magnetron bulb. The oscillating circuit is
of a rectangular shape and is made of a wide metal
ribbon, a type found experimentally to be most
suitable for operation on wavelengths between 1o
and 40cm.

A number of such magnetrons of various dimen-
sions were tested and their natural wavelengths
determined. Curves based on these experiments
are plotted and approximate equations deduced
enabling the natural wavelength of a magnetron
to be calculated.

The operation of the magnetron at the upper
and lower bends of the cut-off characteristic was
next investigated, and & number of curves are
shown. One of the conclusions reached is that
the operating wavelength is practically independent
of the anode voltage and emission current, i.e.
that the oscillations are not electronic.

3841. AN INVESTIGATION OF AN [Ultra-Short-
\Wave] OSCILLATOR WITH DISTRIBUTED CON-
STANTS.—B. K. Maibaum and N. V. Osipov.
(Journ. of Tech. Phys. [in Russian], No. 1,
Vol. 5, 1935, pp. 53-62.)

When the short-circuiting bridge is moved along
the TLecher conductors of an ultra-short-wave
oscillator, the system starts to oscillate for certain
equidistant positions of the bridge. The intensity
curve of oscillations for these positions passes
through two maxima, and it has been suggested
that two frequency ranges, lying close to each
other, are generated in the system. The author
proves in the present paper that this is not the
case, and that in order to explain the appearance
of a trough in the intensity curve the remaining
sections of the lecher conductors beyond the
bridge should be taken into consideration. In
fact, it is shown that when the bridge passes
through an excitation region, a position is reached
for which the Lecher svstem becomes equivalent
to an open-circuited transmission line. This
position is determined by the following formula :
by — 1, = k.X4, where [, is the total length of
the conductor, /, is the length of the conductor
from the input terminal to the bridge, A is the
wavelength, and 2 is 1, 3,5, 7. . . . I xperiments
confirming these conclusions are described.

3842. Tur LrrEct or Gas PrEssurr oN ULTrA-
HiGcH-FrREQUENCY  OsciLLaTions.—A. V.
Saveliev. (Jowrn. of Tech. Phys. [in Rus-
sian], No. 1, Vol. 5, 1935, pp. 63-6%.)

An account of experiments carried out with
valves filled with mercury vapour whose pressure
was varied by changes in the ambient temperature.
Two separate series of experiments were conducted -
(a) in which the anode/grid capacity was utilised
as a part of the oscillating circuit (the Lecher wires
were connected one to the anode and the other to
the grid—Barkhausen and Kurz, Physik. Zeitschr.,
1920) ; and (b) in which the capacity of the spiral
grid was utilised (Lecher wires connected to the
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ends of the grid—Grechowa, Zeitschr. f. Phys.,
Vol. 35, 1920). The pressure of the vapour was
raised approximately between the limits of 1 X 1078
to 1 X 10-*mmuHg. The wavelengths used were
of the order of 1oocm. The following two main
conclusions are reached - (1) The effect of the
gas pressure on the oscillating system is similar
to the effect of the operating constants of the
valve, and (2) while for case (b) there is an opti-
mum pressure for which the intensity of the oscilla-
tions increases several times, there is no such
optimum for case (a).

3843. THE VARIATION OF VOLTAGE-DISTRIBUTION
AND or ErectroN TransIT-TIME WITH
CURRENT IN THE Praxar Diopr [with
Application to Micro-Wave Oscillations].
Cockburn. (See 3894.)

3844. OrTiMUum DEsiGN or [Single-Turn] ToroOIDAL
Inpuctances [for “* High-)*’ LC Circuits
for Ultra-Short-Wave Transmitters: Char-
acleristics also useful for Tuned R.I%.
Receivers, Image and Noise Suppression,
etc.]—G. Reber. (Proc. Inst. Rad. Eng.,
September, 1935, Vol. 23, No. 9, pp. 1050—
1068.) TFor Kolster's use of these induct-
ances, for frequency stability at ultra-high
frequencies, see 988 of April.

3845. SOME PossiBILITIES FOR Low-Loss CoiLs
[Toroidal Coils wound with Strip Conductor
shaped to follow Surface ¢f Revolution:
Theoretical ' Q" Values of 1000-10000:
Possibility of Multi-Layered Coils: Fre-
quency Stabilisation, even for Broadcasting
Stations].—F. ¥. Terman. (Proc. Inst. Rad.
I'ng., September, 1935, Val. 23, No. o,
Pp. 1069-1075.)

ResoNANT LINES FOR FREQUENCY CONTROL
[for High-Precision Ultra-Short-Wave Trans-
mitters and, with Short Waves, for Larger
Power Output than is obtainable with
Crystal Oscillators].—C. W. Hansell. (Ilec.
Ingineering, August, 1935, Vol. 54, No. 8,
pp- 852-857.)

See also 2968 of September. ‘* The general
principles of the design of concentric conductor
lines, and mecans for compensating temperature
changes, are discussed. Line-controlled oscillators
may be used with frequency multipliers, or to
control oscillators at lower frequencies.”

3846.

3847. A FreEgQuixcy-Lock MULTI-VIDER : AN
INTERESTING CIRCUIT FOR MULTIPLYING AND
Diviping Hign Raplo FREQUENCIES.-
J. A. De Young. (QS7, September, 1933,
Vol. 19, No. 9, pp. 32-33.)

With the circuit described a crystal (or electron-
coupled or magnetostriction) generator on 4o1n
gives harmonics down to 8m or sub-harmonics
up to 200m. With two or maore ' frequency
locks’’ in cascade the range could be extended.

3848. STUDIES oN VERY SLOW ELECTRICAL OSCIL-
LATIONS [2 ¢/s: the Relations between Grid,
Inductance and Condenser Currents in-
vestigated Oscillographically].—W. Bindseil.
(Zeitschr. f. Unterv., No. 2, Vol. 68, 1935,
pp. 78-80.)
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3849. TuE Grip-CourLED DyxaTroN [Power Out-
put of Tetrode Dynatron Oscillator increased
50% by Feeding Back some of Output to
Inner Grid : Use as A.F. or R.I". Generator :
etc.]—F. M. Gager. (Proc. Inst. Rad. Eng.,
September, 1935, Vol. 23, No. 9, pp. 1043~
1055.)

3850. Parasives anNp  INstasiLITY 1IN Rapio
TRANSMITTERS [Nature, Detection and
Elimination] —G. W. Tyler. (Proc. Insi.

Rad. IEng., September, 1935, Vol. 23, No. g,
pPp. 985-1012)

3851. PLATE MODULATION OF PENTODES [Linearity :
Operating Conditions : Modulator Require-
ments].—G. Grammer. (QST, September,
1935, Vol. 19, No. 9, pp. 13-16 and 33.)

Modulation of plate and screen in proper pro-

portion gives a characteristic as good as that of a

plate-modulated triode, and has certain advantages

over the latter.

3852. Furtizr  CONTROLLED-CARRIER  'PHONE
SysTEMS : SUPPRESSOR-GRID axD Crass C
ExcitaTioN MetHoDps [Unmodulated Aerial
Current One-Tenth of Modulated : Improved
Reception : etc.].—(QST, Tuly, 1935
Vol. 19, No. 7, pp. 37-33.)

THe DETERMINATION OF
VaLve EMITTER.—Plisch.

3853. THE DATA OF A
(See 3897.)

RECEPTION

3854. DETERMINATION OF THE LFFECTIVENESS OF
“ ANTI-FADING " DEVICES [Analytical and
Graphical Methods].—P. Mandel. (L’Onde
Elec., August, 1935, Vol. 14, No. 164, pp.
531-539.)

The writer's mathematical treatment leads to the
general equation 8, giving the relation between the
input voltage e, and the output voltage e, of an
amplifier of (#-1) stages provided with automatic
fading regulation. The coetlicients abe . . . af . . .
depend on the method employved. As an example,
the case is taken of a r.if. amplifier of 3 identical
stages, with diode rectification of tke regulating
voltage, and no delay action (I'ig. 4}. lor com-
plicated circuits it is troublesome to calculate the
various coefficients, and the graphical method is
then conveniently used.

Grow-DiscHarGE INpicaTorR TUBE
WITH THREE AND [FOUR LELECTRODES, AS
OrticaL TuNING DEVICE FOR BROADCAST
Recrivers.—W. Heinze and W. Pohle.
(E.T.Z., 15th Aug. 1935, Vol. 56, No. 33,
pp.- 917 920)

YTurther development of the work dealt with in
1934 Abstracts, p. 322. The advantage of the
third (ring) electrode, which can be used either as
an auxiliary anode or as an auxiliary cathode
(preferably, in general, the former —Fig. 1) is to
give a more uniform and smoother action : it lies
between the main ring anode and the tube base.
When a fourth electrode is used, this lies about
16 mm above the anode and is led out through the
top cap. It can be used to give " silent tuning ™
between stations, the a.f. part of the amplifier being
put out of action except when the luminous column

3855. THE
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is high enough to make contact with this electrode.
Two ways of doing this are described, the blocking
being accomplished through the screen grid in the
one case and through the control grid in the other.
The limitations of both methods are discussed, and
an improved method is given in which a dry-plate
rectifier is paralleled with the discharge tube
(Figs. 5 and 6). \With this arrangement the action
is satisfactory even with valves with high amplifica-
tion factor.

3856. RESONANCE INDICATION BY CATHODE-RAY
Tuse [Tuning Device for Broadcast Re-
ceivers].—H. W. Parker. (U.S.A. Pat.
1951 036 . Funhtech. Monatshefte, August,
1935, No. 8, p. 320) Cf. ‘‘ micromesh
tunograph,” Wiveless Worid, 1oth August,

1934, pPp. 108-109.

3857. THE RCA-6E5 ErLectroN-Ray TuBe as
Tu~xiNnG INpicATOR.—(See 4030.)

3858. EXPANDING-VOLUME AMPLIFIERS [and a
Relay DMethod avoiding the Defects of
Variable-Amplification-Valve = Methods].—
T. S. E. Thomas. (Wireless Engineer,
September, 1935, Vol. 12, No. 144, pp.
493-495.)

3859. VoLuME [or ‘ Contrast’”] FXPANSION—aA

NEwW AGENCY FOR REeaLism.—(Llectvonics,
August, 1935, p. 259.) See also 3004 of
September.

To~xe CoMPENSATION.—M. G. Scroggie. (Wive-
less World, 3oth Aug. 1935, Vol. 37, pp.
252-255.)

Tone compensation cannot be treated as a simple
fitment to the modern receiver which will correct
for variations in intensity at all frequencies in such
proportions as o maintain correct relative loud-
ness. This article discusses some of the ditticulties
which have to be taken into account.

3860.

3861. DETECTION AT LARGE INPUTs [Advantages:
Special Emphasis on Detector feeding
Push-Pull Output Stage directly: a New
Circuit : Cathode-Heater Capacity Assym-
metry : etc.]—W. F. Cope. (Wireless
Lngineer, August, 1935, Vol. 12, No. 143,
PP 437-438)

3862. EFFECT OF THE DETECTOR 1.0AD oN TRANS-
FORMER DesIGN [Analysis and Practical
Conclusions].—F. M. Colebrook. (Wireless
Engineer, August, 1935, Vol. 12, No. 143,
Pp. 415-420.) For a preliminary com-
munication see 1046 of April.

3863. THr DETECTOR LoaD: SoME EXPERIMENTS
ix OpTimum  AMPLIFIER/DETECTOR  CoOUP-
LING.—W. F. Cope: Colebrook. (Wireless
I'ngineer, September, 1935, Vol. 12, No. 144,
PP- 478-480.) Experimental confirmation
of the theoretical results in 3862.

3864. RETROACTION AUDION WITH DECREASED
Nox~-LiNnearR  DistorTION.—W. Nestel.
(I.T.Z., 12th Sept. 1935, Vol. 56, No. 37,
p. 1021))

See also 3025 of September. ‘‘ Thanks to its
high amplification the audion circuit with retro-
action is indispensable for cheap receivers. Its
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disadvantage is a high * klirr ’ factor, which has a
bad effect on the quality. A method of reducing
this non-linear distortion is given.” The method
consists in shunting the grid cathode path by a
diode and inserting a condenser-shunted resistance
(some 100 ohms) in the cathode circuit, so as to
give the audion grid a small negative bias. The
result is to diminish the * klirr* factor to about a
quarter. Moreover, the grid leak can be decreased
(¢.g. to o.1 instead of 2 megohms) which considerably
improves high-note reproduction and decreases the
sensitivity to hum.

3865. DESIGN FOR HIGHER PERFORMANCE IN THE
SUPLER-REGENERATIVE RECEIVER : DETAILS
AND CHARACTERISTICS OF A New-TYPE
Turee-TuBe U-H-F Circuit [Mobile Re-
ceiver for Police Communication].—G. W.
Iyler. (QST, July, 1935, Vol. 19, No. 7,
pPp.- 11-14.)

Tue OpTiMUM DECREMENT OF BaND-Pass
FILTERS FOR THE RECEPTION OF TELEPHONY.
—D. A.Bell. (Wiveless -ngineer, September,
1935, Vol. 12, No. 144, Pp. 491—492.) Further
development of the work dealt with in 1933
Abstracts, pp. 503-504.

3866.

PERMEABILITY TUNING INTRODUCED IN I.F.
TrANSFORMERS [for Trimming].—(Electronics,
August, 1935, p. 260.)

3867.

3868. IrRoN-CoRrE [ Polyiron "] I.F. TRANSFORMERS
[also for Other Frequencies].—A. Crossley.
(QST, August, 1935, Vol. 19, No. 8, pp. 22-23
and 8o, 82.)

With adjustable coupling. Very promising re-
sults are also being obtained at broadcast fre-
quencies. ‘‘ Sufficient investigation has not been
possible at this time on the use of iron at higher
frequencies. Creditable results have been obtained
up to 4000 ke/s, however, and it is reasonable
to expect that, with proper iron core and coil
design, good results will be possible at still higher
frequencies.”

3869. CrysTaL CoUPLING FOR HIGH-QuaLity I'L.
Circuits.—Bell Laboratories.  (Electronics,
August, 1935, pp. 256-257.)

SUPERHETERODYNE MWHISTLES [especially
those due to Harmonics of the I.F., and the
Necessary Remedies].—M. G. Scroggie.
(Wiveless World, 13th Sept. 1935, Vol. 37,
pp- 302-304.)

NOVELTIES IN RECEIVER DESIGN AT THE
1935 BERLIN Rabpro ExuisitTioN.—]J. Gross.
(Radio, B., F. fur Alle, September, 1935,
PP 149-156)

AN ALL-PURPOSE SINGLE-SIGNAL SUPERHET
wiTH TurreT-TyPE AuToMAaTIC ColL CHANG-
NG [Efficiency of Plug-In  Coils with
Convenience of Switching].--C. Fisher.
(QST, Aug. and Sept. 1935, Vol. 19, Nos.
8 and 9, pp. 13-16: 1720, 64, 66, 68.)

3870.

3871,

3872.

AN Aubpio OUTPUT STAGE rorR THE REGENE-
RATIVE SINGLE-SIGNAL SUPERHET [without
Additional Socket].—Van Arsdale. (QST,
September, 1935, Vol. 19, No. 9, p. 42.)

3873.
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3874. REsistancke CoupLED PusH-PULL AMPLI-
FicatioN.—W. T. Cocking. (Wireless World,
16th Aug. 1935, Vol. 37, pp. 164-165.)
Describing a feeder unit for coupling a conven-
tional detector system to the * Push-Pull Quality
Amplifier 7’ dealt with in 1934 Abstracts, p. 445.

3875. HIGHLY SENSITIVE QUALITY RECEIVER.—
W. T. Cocking. (Wireless World, 20th Sept.
1935, Vol. 37, pp. 318-320)

Describing a coupling unit for linking the receiver
described in 3427 of October to the amplifier
described in 1934 Abstracts, p. 445.

3876. CovmpracT BATTERY Two [with Headphones :
especially for Small Yachts].-—(Wiveless
World, 30th Aug. 1935, pp- 242—244.)

3877. THE THREE-IN-ONE PoORTABLE [with Head-

phones].—(Wireless World, 13th Sept. 1935,

Vol. 37, pp. 292-295 )

Rapio INTERFERENCE FrROM HiIGH-TENSION

TransmissioN LiNes.—S. A. Prentice, J. R.

3878.

Callow and W. W. Miller. (Jousn. Inst.
Engineers, Austvalia, July, 1935, Vol. 7,
No. 7, pp. 253-260.)

Authors’ summary .—The problem . . . is being

examined both in the field and in the laboratory.
Results which have been so far obtained indicate
that, with proper insulator design and careful
erection and maintenance, the area over which
objectionabie interference is produced may be
limited to within a few yards of the line. YFrom
laboratory experiments, information has been
obtained which indicates certain alteration in
insulator design which mav be expected to lead to
further suppression of interference.

3879. NoTx oN THE TRACING AND SUPPRESSION OF
RADIO INTERFERENCE PRODUCED BY POWER
Linus [Successful Treatment of H.T. In-
sulators with Coating of Special Beeswax
Solution : etc.].—I. Boyer. (Ann. des
P.T.T., August, 1935, Vol. 24, No. 8, pp.
771-775)

ProTECTION oF TRAXNSPACIFIC RECEIVING
STATION FROM INTERFERENCE FROM NEIGH-
BOURING HigH-Texsioxn LiNne.—H. N. Kalb.
(LElec. World, 2nd March, 1935, Vol. 103,
PP. 482-483.

ThAr PrRESENT PosITioN OF THE TECHNIQUE
FOR THE ELIMINATION OF BROADCAST INTER-
FERENCE DUE TO TELEPHONE SYSTEMS.—
F. Seelemann. (T.F.T., June, 1935, Vol. 24,
No. 6, pp. 146-152.)

A RApio INTERFERENCE MEASURING IN-
STRUMENT [for Crest and R.M.S. Values of
Field Strength : High Ratio of these Values,
for Many Tvpes of Interference, explains
Discrepancies in  Interference Investiga-
tions].—F. O. MclMillan and H. G. Barnett.
(Ilec. Lngineering, August, 1935, Vol. 54,
No. 8, pp. 857-862.)

3880.

3881.

3852,

‘““ HANDBUCH DER FUNKTECHNIK UND [HRER
GRENZGEBIETE ' :  INDUSTRIAL INTERFER-
ENCE, ITS MEASUREMENT AND SUPPRIESSION.

(Radio, B., F. fiir Alle, Aug. and Sept.
1935, Pp- 130-136 and 137-166.) Tor
previous instalments see 3276 of September.

3883,
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3884. MEASURING RaDIO INTERFERENCE.—David :
Dick. (Electronics, August, 1935, pp. 261—
262.) Based on the papers dealt with in
1829 and 1833 of June.

THE MEASURING TECHNIQUE OF BROADCAST
INTERFERENCE SUPPRESSION, AND ITs EQUip-
MENT.—H. Reppisch. (T.F.T., August,
1935, Vol. 24, No. 8, pp. 203-208.)

APPROXIMATE METHOD OF CALCULATING THE
MINIMUM VALUE FOR INTERFERENCE-SUP-
PRESSING CONDENSERS FOR D.C. MACHINES.
K. Heinrich. (E.T.Z., 22nd Aug. 1935,
Vol. 56, No. 34, PP. 943-944.)
A CATHODE-RAY OSCILLOSCOPE LQUIPMENT
roR TErsTING RECEIVERS.—Berger. (See
3993.)
DATA OoF BROADCAST LISTENERS OVER THE
WORLD IN THE YEARS 1930 TO 1935.
(E.T.Z., 15th Aug. 1935, Vol. 56, No. 33,
p- 930.)
THE SpaNisH Rapio MARKET.—A. W. Cruse.
(Rad. I'ngineering, August, 1935, Vol. 15,
No. 8, pp. 16-17.)

AERIALS AND AERIAL SYSTEMS

NEw ANTENNA System Deveropep [ V-
Doublet Antenna System’ as Completely
Assembled Kit for All-Wave Receivers].—
(Gen. Llec. Review, August, 1935, Vol. 38,
No. 8, p. 395.)

Tur “ DousLE-DousLET ”’ KiT [Interference
Reducing Aerial].—(Scient. American, August,
19335, Vol. 153, No. 2, pp. 108-1¢9.)
UrTtra-HIGH-FREQUENCY ANTENNA  TER-
MINATIONS, USING CONCENTRIC LINES.—W.
C. Tinus. (Llectvonics, August, 1935, pp-
239-241.) Including the design and use of
the “ quarter-wave” transformer (see 3240
of September).

Tow-CapaciTy AIR-INSULATED CABLE [with
Conductor centred by Kinks at Intervals].—
Geoffroy-Delore.  (French Pat. 781 803, pub.
22.5.1935: Rev. Gén. de I’Elec., 315t Aug.
1935, p. 72D.)

VALVES AND THERMIONICS

THE VARIATION OF VOLTAGE DISTRIBUTION
AND oF ELEcCTRON TransiT TiME WITH
CURRENT IN THE PLaNak Diopt [Theory
applicable to Electron Oscillations].—R.
Cockburn. (Proc. Phys. Soc., 1st Sept. 1933,
Vol. 47, Part 5, No. 262, pp. 816-817.)

The differential equation of motion of the elec-

trons in a planar diode is solved to give the general
solution for the voltage distribution and electron
transit time. Increase of space charge is found to
increase the transit time, which is however reduced
by the effect of initial emission velocities. The
application of the theory to electron oscillations is
shortly discussed.
3895. MAGNETRONS FOR MICRO-WAVES BETWEEN
10 AND 40 cm [with Ribbon Oscillatory
Circuit within Bulbl.--Bovsheverov and
Grechowa. (See 3840.)

3883.

3886.

3887.

3888.

3889.

38go.

3891.

3892.

3893.

3894.
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3896. InvEsTIGATIONS oON CoNTINUOUsLY CoNn-
TROLLABLE GASEOUS DISCHARGES AND THEIR
APPLICATION TO AMPLIFYING PURPOSES.—
H. Rothe and W. Kleen. (Telefunken-Zeit.,
August, 1935, Vol. 16, No. 71, pp. 44-52.)

‘It has been repeatedly suggested that continu-
ously controllable gaseous discharges should be used
for amplification in order to steepen the slope and
thus increasc the amplification in comparison with
the high-vacuum valve.”” Methods of doing this are
divided into two classes. In the first, a self-main-
tained or semi-self-maintained discharge (with or
without a hot cathode) merely provides a plasma and
thus acts like a hot cathode in a high-vacuum valve :
the gas filling is necessary for the formation of the
discharge, but has no importance in the actual
amplifying system (se, for example, Runge,
1076 of April). In the second class, with which the
present paper deals exclusively, the ordinary
electrode system of hot cathode, control grid and
anode, and perhaps auxiliary electrodes, is pro-
vided with a slight filling of gas, but the ionisation
1s kept so low that no semi-sclf-sustained discharge
can occur.

The paper, after a preliminary discussion and
literature references, gives a theorctical treatment of
the static behaviour of un-self-sustained discharges,
and then describes the experimental plotting of
characteristics of valves with helium and argon
fillings. Slopes of 20-30ma/v  were obtained
with hellum, but with suitable clectrode systems
these could be increased to about 60 ma/v.
Argon did not give such good results. Bombard-
ment phenomena, destroying the oxide cathodes,
limit the anode voltage for a helium-filled triode to
4ov, but in a screen-grid valve (screen grid at
4ov) this can be raised to 7ov, or ioov if a
collector grid is added, without the cathode deter-
ioration spoiling a life of 1000 hours.

Investigation of the variation of amplification
with frequency shows, however, that even at 104
to 10%c/s the dynamic characteristics of such valves
begin to depart from the form of the static curves,
and the writer concludes: ‘‘ the use of gas-filled
valves is therefore limited to 1f. amplification.
Yor this purpose, however, there are the objections
of anode-voltage limitation, the negative resistance
of the grid/cathode space (leading to great circuit
disadvantages) and the considerably higher level
of background noise compared with high-vacuum
valves; so that, in the present position, valves of
this type have no practical importance.”

3897. THE DETERMINATION OF THE DATA OF A VALVE
Emitrer  (ConNcrusion)—H. H. Plisch.
(Hochi:tech. w. Llek:akus., August, 1935,
Vol. 46, No. 2, pp. 55-62.)

Tor Part 1 see 3445 of October. The present
part discusses (§12) the grid current and its in-
fluence ; the most favourable value of grid current
is found to be between 15 and 209% of the anode
direct current. The efficiency when the applied
voltage is too large (§12e) and too small (§13) is
formulated ; the load on the grid (§14), the limita-
tion of the anode current by saturation (§15), the
determination of the external resistances (§16),
the load on the electrode leads (§17), measurements
of efficiency (§18) and some numerical examples
(§ 19), are also considered.
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3898. PHOTOTURES 1'OR TESTING PowkR TUBES.
Westinghouse Company. (Llectvonics,

August, 1935, p- 253.)

3899. THE RCA - pE ForesT 803 HIGH-PowER
PENTODE [R.I'. Output about 210 \Watts].
(QST, August, 1935, Vol. 19, No. 8, pp.

30-31.) With graphite anode. ** Plate vol-
tage [2000v] and input power should
be reduced at frequencies higher than
20 Mc/s.”

3900. NEw HIGH-PowER TRANSMITTING PENTODE :
THE RK-28 [about 250 Watts R.I'. Output].

(QST, July, 1935, Vol. 19, No. 7, pp.
28-29 and 47.)
3901. AMPLIFIER AND OSCILLATOR VALVES FOR

BROADCASTING STATIONS.
(Naturwiss., 16th

Hicu-PowEr
A. Gehrts and A. Semm.
Aug. 1935, pp- 567-577)
“The reliability and economy of broadcast
transmitters, especially those of high power, have
been considerably increased by the latest develop-
ments of water-cooled and of air-cooled valves.
With the water-cooled type thisis attained by the
development of ever larger valve units; with the
air-cooled type, by an increase of the maximum
anode dissipation and above all by the introduction
of thoriated tungsten cathodes instead of the
ordinary tungsten. The development of the
300 kw  water-cooled valve with large-surface
cathode has, moreover, made possible an improved
transmission quality (decrease of non-linear dis-
tortion) thanks to its straight-line characteristic.
Another contribution to this unprovement has
been the construction of water-cooled valves with
characteristics lying completely in the region of
negative grid potentials.”

MEASUREMENTS OF OUTPUT AND DISTORTION
IN Broapcast RECEIVING VALVES [Simple
Practical Method : Oscillographic Investiga-
tion : Combination Tones frequently more
Distorting than Harmonics: etc.|.—Graf-
funder, Kleen and \Wehnert. (Telefunken-
Réhre, No. 4, 1935, pp. 142-163.)

3902.

DEVELOPMENT OF THE BROADCAST RECEIVING
VaLve [including a Quick-Heating Cathode
and Pin-less Valves].—A. Mainka. (Zeilschy.
V.D.I., 17th Aug. 1935, Vol. 79, No. 33,
PP- 999-1004.)

ConsTRUCTION OF A Top-Cap SHIELD FOR
MeTaL Tunrs [for Additional Stability in
Certain Very Sensitive Receivers].—RCA.
(Rad. Engineeving, August, 1935, Vol. I3,
No. 8, p. 19))

3903

3904.

THE NEw VaLvE PROGRaMME [at Berlin
Radio Show : with Explanation of Type
Symbols and Table of Old and New Nomen-
claturel.——(Radio, B., F. fir Alle, September,
1935, pp- 157-162))

Tue New [German] VALVE PROGRAMME.
. Schwandt. (Funhktech. Monalshefie,
August, 1935, No. 8, pp. 291-298.)

3905.

3906.
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3907. CURRENT DisTRIBUTION [near Cathode and
Grid of Triodes: Calculation an:l Experi-
mental Confirmation : a Method of Testing
the Uniformity of Emissive Pcwer of a
Cathode : etc.].—W. Rothe. (Telefunken-
Rohre, No. 4, 1935, pp. 130-141.)

3908. MEASUREMENT OF THE SATURATION CURRENT
or Hicu-Emission Hot CatHopes [Direct
Method using Condenser Discharge] —E.
Patai and G. Frank. (Zeitschr. f. tech. Phys.,
No. g, Vol. 16, 1935, pp. 254—262.)

A short-time method avoiding damage to the
valve and the errors due to heating of the cathode
or anode by the emission current. If the anode
potential is applied only just long enough to ensure
that the emission reaches its saturation value, the
problem resolves itself into the accurate and con-
venient measurement of the maximum value of a
current pulse. The method adopted (Tig. 1) is
to discharge a condenser C, of suitable size, through
the test valve : the emission current passes through
a non-inductive resistance R, and the voltage-drop
produced is used to charge the measuring condenser
¢ through the rectifying path of the cathode/control-
grid gap of the electrometer valve B. The conse-
quent change in the anode current of B is measured
by a compensation method, the circnit being
derived from the well-known modulation-measuring
(“ impulse-meter "’} circuit.

The duration of the surge must be considerably
greater than the time constant of the condenser ¢,
and the grid/cathode insulation of the electrometer
valve must be so good that the anode-current
change can be carefully measured. A special ** low
grid current’ tetrode (Vatea EM 430) developed
by DPatai was used : it has particularly uniform
emission and very high insulation (Fig. 2). Speci-
men results are given for various types of cathode,
and the final section deals with work in plotting
Richardson-constant curves for tungsten and alkali-
earth oxides over a wide temperature range.

3909. Ox THE DESIGN AND CONSTRUCTION OF
InpirRECTLY HEATED OXIpE CaTHODES [for
Thyratrons].—N. S. lvanchenko, A. V.
Jelehovsky, and E. M. Sinelnikov. (/ourn.
of Tech. Phys. [in Russian], No. 1, Vol. 5,
1935, pp. 101—108.)

The development was undertaken mainly with
a view to establishing the fundamental principles
of design of such cathodes, since there is very little
information published on the subject. The cathode
developed consists essentially of a nickel cylinder
containing a tungsten heater and is surrounded
by two further cylinders which prevent excessive
loss of heat by radiation. The advantages of this
type of cathode are stated in detail, and a method
is indicated for calculating the required heating
power for a predetermined strength of the emission
current. A description is given of the apparatus
used for measuring the emission cocfficients of
pure and oxide-coated nickel surfaces for various
temperatures, and the results obtained are shown
in a number of tables and curves. Several
thyratrons using these cathodes were constructed
for various currents varying from o0.5 to 10
amperes.
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3910. CATHODE-RAY OSCILLOGRAPHY OF (as Ap-
SORPTION PHENOMENA. I.—A METHOD ¥OR
MEASURING HIGH-VELOCITY APPROACH TO
CERTAIN P’HysicaL AND CHEMICAL EQUILI-
BRIA : 1[.—DURATIONS OF AN ADSORBED
STATE oF OXYGEN oN TuxGsTEN.—M. C.
Johnson and T. A. Vick. (Proc. Roy. Soc.,
Series A, 2nd Sept. 1935, Vol. 151, No. 873,
pp- 290-307 © 308-316.)

Part T: Oscillograms of the progress of gas
reactions which modify the electron emission from
a solid surface are obtained by connecting the plates
of a cathode-ray oscillograph across a resistance
carrying a thermionic current. A special time base
using a pentode is described, with circuit diagram ;
‘ a theoretical and experimental analysis is made of
the transient thermal and pressure instabilities
which occur when gas is admitted to a high vacuum
or the temperature of a solid suddenly raised.”
Tllustrative oscillograms of the behaviour of oxygen
at a tungsten surface are given. Part II. The
average lengths of time betwcen deposition and re-
evaporation of oxygen on tungsten at given high
temperatures are determined. Therc is a linear
relation between the logarithm of these time
intervals and reciprocal temperatures, from which
the heat of evaporation is deducible. This is
raised by ageing of the tungsten and lowered by
contamination with certain added vapours.

3911. TuerMIioNIC EMISSION FrOM PLATINUM IN
ATMOSPHERES OF CHLORINE AND IPROMINE.
—S. Kalandyk. (Acta Phys. Polonica, Vol
3, 1934, pp. 165-178: in German.)) For
previous work see Abstracts, 1930, p. 101,
and 1931, p. 270.

3912. THE RELATION BETWEEN THE KLECTRON
Freip EmisstoN AND THE WORK FUNCTION
or Liguip Mercury [Variation of Field
with Work Function more PPronounced than
That Forecast by lFowler-Nordheim Theory].

L. R. Quarles. (PPhys. Review, 1st Aug.
1935, Series 2, Vol. 48, No. 3, pp. 260-264.)
A summary was referred to in 1899 of June.

3913. A NEwW MATERIAL WITH APPLICATIONS IN
RADIOELECTRICITY : COLLOIDAL GRAPHITE
IN  WaTer [ Aquadag ’}].—P. Vincent.
(L’Onde Elec., August, 1935, Vol. 14, No.
164, pp. 547-550.) Cf. 3472 of October.

DIRECTIONAL WIRELESS

3914. SIMULTANEOUS SPEECH AND DIRECTIONAL
SIGNALS FROM PITTSBURG RaDio BeEaconN. —
(Engineer, 30th Aug. 1935, p. 219.)

“In bad weather a pilot can hold his machine
on the beam by means of a dash-board indicator,
whilst receiving aural instructions. . . .” The
interlocking ““a’’ and ‘“i” signals are more easily
distinguishable than the usual “a’” and “n.” The
transmission ‘‘ registers on a d.f. ncedle without
the fluctuation which is inevitable with the standard
beam signals.”

3915, AN ULTRA-SHORT-WAVE Loop  Trans-
MITTER [and Its Advantages for Afrcraft].—
King. (See 3832 and 3533.)
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3916, SENDER ARRANGEMENT FOR BLIND LANDING
OF AIRCRAFT [Rays reflected from Mirror on

Ground give Path for Landing].——A. Leib.
(German Pat. 608 440:  Hochf:tech. u.
Elek:akus., July, 1935, Vol. 46, No. 1,
p- 30.)

ACOUSTICS AND AUDIO-FREQUENCIES
3917. IRON-CORED RESONANCE COILS FOR AUDIO-
FRrREQUENCIES [Measurements of Logarithmic
Decrement for Various Core Materials.]—
K. Dannehl and P. Kotowski. (E.N.T,,
July, 1935, Vol. 12, No. 7, pp. 200-204.)
Measurements are given of the minimum attain-
able logarithmic decrements for some small iron-
cored coils. The circuit used is shown in Fig. 1
and the coils in ¥ig. 2; the results are shown in
Fig. 3, which gives the ‘' relative resistance”
(i.e. the ratio of iron loss resistance to inductance of
coil: H. Jordan, E.N.T., Vol. 1, p. 7, 1924) as a
function of frequency for various core materials.
Fig. 4 shows the logarithmic decrement as a function
of frequency; this could be made less than o.oj5
throughout almost the whole range of audio-
frequencies. The steepness of the separate hysteresis
loops, and thus the inductance, decreases as pre-
magnetisation increases (Fig. 5). The temperature
coefficient of permeability was also measured
(Fig. 6) ; the permeability decreases with the tem-
perature. It is found that an air gap may Dbe
necessary, not only to decrease the damping and the
effect of pre-magnetisation, but also the tem-
perature coefficient of inductance.

3918. A NEw FILTER SPEAKER [Loudspeaker with
Mechanical Resonator giving Very Sharp
“ Peaking”’ at 1000 c/s: for Telegraphy
Reception.]. —(QST, September, 1935, Vol
19, No. g, pp. 80 and 82.)

A ComMoN DEFECT IN CONE LOUDSPEAKERS
[Sub-harmonic  Oscillation]. — G.W.O.H. :
Schaffstein. (Wireless Engineer, September,
1935. Vol. 12, No. 144, pp. 469-4170.) Dis-
cussion of §1V of Schaffstein’s paper (3081
of September).

LOUDSPEAKER BAFFLES [Fundamental
Principles].—N. W. McLachlan. (Wireless
World, 13th Sept. 1935, Vol. 37, pp. 296-299.)

MotioNAL IMPEDANCE [and Its Iffect on
Loudspeaker Performance].-—F. R. W. Straf-
ford. (Wireless World, 6th Sept. 1935, Vol.
37, pp- 285-286.)

THE PERMANENT MAGNET INDUSTRY. —
(Wireless World, 16th Aug. 1935, Vol. 37, pp.
204—205 : conclusion.) See 3480 of October.

AN EXPERIMENTAL DETERMINATION OF THE
FrREQUENCIES OF FFREE CIRCULAR PLATES
[of Various Diameters and Thicknesses :
Determination of Velocity of Sound in Mater-
ial available in Small Quantities].—A. B.
Wood. (Proc. Phys. Soc., 1st Sept. 1935,
Vol. 47, Part 5, No. 262, pp. 794-799.)

CrysTAL MICROPHONE DESIGN FOR SINGLE-

3919.

3920.

3921.

3922.

3923.

3924.

DirecrioN Pick-Up [Brush UD-3 Uni-
directional Type]—A. L. Williams and J. P.
Arndt.  (Electronics, August, 1935, pp.
242-243.)
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3925. AN INTERFERENCE LIGHT RELAY [forming an
Optical Microphone].—von Ohain.  (See
3981.)

3926. THEORY OF THE PROPAGATION OF ACOUSTIC
OSCILLATIONS IN GRANULAR SUBSTANCES
AND EXPERIMENTAL INVESTIGATIONS ON
CarBox I’owpER [Influence of Mechanical
Resonance of Carbon Powder on Micro-
phone Behaviour].—G. Hara. (EN.T,
July, 1935, Vol. 12, No. 7, pp. 191-200.)

The first, theoretical part of this paper contains
an investigation of the propagation of sound
in granular substances. §1A. A sound wave is
assumed to enter the substance from a plane
oscillating membrane (Fig. 1) ; the grains are sup-
posed to be uniformly arranged spheres (Fig. 2)
of diameter small compared to the acoustic wave-
length. Fig. 3a shows the scheme by which the
sound is propagated and Fig. 3b the electrical
analogy, a low-pass filter. The velocity of propaga-
tion (eqn. g) for frequencies lower than the cut-off
is found; consideration of the elastic properties
of the grains (I'ig. 4) leads to eqn. 15 for the velocity
of propagation, which depends on the size of the
grains, the mechanical pressure, and the elasticity
and density of the granular material. Closer
packing of the grains (Fig. 5) gives eqn. 19 for the
velocity of propagation. This is found to increase
with the packing density, the pressure, and the
square root of the grain radius, but to decrease with
increasing frequency. Eqns. 20a and 21a give the
mean values of the velocity over the whole granular
column for loose and close packing respectively.

§1B contains a calculation of the acoustic im-
pedance and attenuation, using the analogy of
cable theory; §1C discusses the effect of the air
enclosed on the mechanical impedance of the grains
when the sound passes (1) through the grains and
(2) through the air (eqns. 30, 31 resp.).

Part II describes experiments for the measure-
ment of the acoustic impedance. §1IA gives
the experimental arrangement and method of
measurenient ; a loudspeaker is used as the source
of sound and an a.c. bridge measures the electrical
impedance of the loudspeaker coil when different
amounts of carbon powder are placed on the mem
brane, at various frequencies. Measurements with
and without field excitation give the reaction of
the membrane movement, referred to the coil
impedance. The results are discussed and shown
in diagrammatic form (§ 1) ; Fig. 6 gives the coil
impedance of the driving system with and without
field excitation, as a function of frequency, Fig. 7a
the circle diagram of the electrical reaction of the
membrane motion, Fig. 7b the corresponding
resonance curve, Fig. 8 the circle of Yig. 7a for
different thicknesses of the carbon layer (numerical
data Table 1), kig. 9 the effective mechanical
impedance and the resonance frequency of the
membrane as a function of the layer thickness,
Fig. 10 the same quantities for large grains. The
acoustic impedance, the attenuation and the velo-
city of sound are calculated from the results. It is
found that carbon microphones show marked effects
of the mechanical resonance of the carbon powder ;
this explains Madia's results (468 of February).

Oscillograms of propagation of sound are given in
§11C, Fig. 11; Fig. 12 shows the time of travel of
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an oscillation to different distances in the carbon
powder, deduced from the oscillograms. A value
for the velocity of sound is thus obtained which is
in good agreement with theory and with the experi-
mental value previously obtained. §1D finally
discusses shortly the behaviour of the powder as
a porous material : this was investigated with a
Kundt’s tube apparatus.

3927. ELEMENTARY RULES FOrR THE CALCULATION
orF THE LENS-AND-SLIT COMBINATIONS,
ESPECIALLY FOR SOUND-ON-FILM AMPLITUDE
RecorpiNGg.—P. Hatschek. (Funktech.
Monatshefte, August, 1935, 8, Supp.
Pp- 56-58)

3928. THE Sounp Fiim [Survey, chiefly the
Klangfilm Sound-on-Iilm System].—von
Lolhoffel.  (Telefunken-Zeit., August, 1935,
Vol. 16, No. 71, pp. 5-16 : to be continued.)
The present instalment deals with the taking
of the fum.

No.

3929. A Sounp-onN-FirM REPRODUCING UNIT FOR
Use wiTH A BRroapcast RECEIVER.—E.
Nesper : Arndt. (E.T.Z., 5th Sept. 1935,
Vol. 56, No. 36, p. 996.}

The small barrier-layer cell is so placed that the
light ray strikes the sensitive layer edgeways :
this allows the optical arrangements to be simplified
and cheapened. The cell is so comparatively
efficient that no pre-amplification is required for
ordinary use, though a single stage is actually
provided for reproduction in very large rooms or
in the open air.

3930. ELECTROGRAPHY, A NEwW ELECTROSTATIC
REcOrRDING PP’rociss [applicable to Sound
Recording].—Selényi. (See 3983.)

HoME RECORDING 0 GRAMOPHONE RECORDS
AT THE BERLIN RaDIO Siniow.—(Radio, B.,
I°. fiir Alle, September, 1935, pp. 156-157.)
Including the AEG ‘‘ Magnctophone,” using
6.5mm film with iron coating ; also
‘“ Alupliaphone ** discs, kept soft until
recorded and then dried out.

3931.

A NEw Wax rorR ELECTRICAL TRANSCRIP-
TiIoNs [Gramophone Recording: ‘ Velva-
lac '].—(Rad. Ewngineeving, August, 1935,
Vol. 13, No. 8, p. 24.)

3932.

THE IMPROVEMENT OF QUALITY IN THE
ELEcTRICAL REPRODUCTION OF GRAMO-
PHONE Rucorps: ParT Il.—Kalmeijer.
(Radio-Centrum, 3o0th Aug. 1935, pp. 305—
307)

A Crass B AMPLIFIER FOR 800 WATTS
SpEECH OvutpuT [in Tempelhofer Tield
Installation].—(Funktech. Monatshefle, Aug-
ust, 1935, No. 8, pp. 318-319.)

3933-

3934-

GRID-COMPENSATED POWER AMPLIFIERS : THE
OPTIMUM WORKING CoONDITIONS.—W. Bag-
gally. (Wireless I-ngineer, September, 1935,
Vol. 12, No. 144, p. 496.) Further develop-
ment of the work dealt with in 1933 Ab-
stracts, pp. 217-218.

3935
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3936. LosT MirLiwarts.—M. S. Graham. (Wireless
World, 16th Aug. 1935, Vol. 37, pp. 193-194.)
It is shown that non-uniform amplifier char-
acteristics are responsible for more than distortion ;
even if the departure from the ideal * straight-
line ”* response curve is too small to be appreciable
by ear, it will considerably reduce the average
output otherwise obtainable.

3937. FREQUENCY AND PHASE DisTorRTiON [and
the Use of L.I°. Retroaction].—Tanasescu :
Marinesco. (See 3829.)

‘e

3938. Ox Acoustic ‘‘* RougHNEss”’ [due to Non-
Linear Distortion].—G. von Békésy. (Zeit-
schr. f. tech. Phys., No. 9, Vol. 16, 1935,
pp. 276—282.)

Author’s summary :(—As a foundation for the
investigation of the sensation of roughness pro-
duced by non-linear distortion, the roughness of
beating and modulated notes is first examined, and
it is shown that the strength of the roughness can
be measured by comparison with a ‘‘standard ”’
roughness. [Thus a 200c¢/s note completely
modulated at s0c/s, and a 500c/s note modulated
at go c¢/s just deeply enough to produce a noticeable
roughness, were compared, the former being
weakened until its roughness was equal to that of
the latter; this adjustment to equal roughness
was not rendered difficult by the large difference
in the two strengths. A ‘ standard”’ roughness
was produced by beating a 3o000c¢/s note with
an equally strong 3050c¢/s note, and comparison
of this roughness with the two equalised rough-
nesses agreed, as a rule, within 3 db].

The roughness of musical sounds was then
measured, for varying ratios of the frequencies of
the fundamental notes, and the results compared
with Helmholtz’ calculation (Tig. 5). The rough-
ness of a pure note was also measured. [A pure
notc of even 1o00o0c/s appears less ‘ smooth”
than one of 3000c¢/s, and notes below 300c/s
show a distinct roughness—Fig. 6]. It is shown
that the fatigue effects of rough notes are as a
rule very slight (Fig. 7), and it is suggested that
for this reason rough notes might well be used as
standards of loudness, to avoid the discrepancies
arising, with most observers, as a result of such
effects.

3939. CHARACTERISTICS OF VIOLIN TONE [with
Oscillograms : Effect of Varnish].—C. E. S.
Phillips. (Nature, 7th Sept. 1935, Vol
136, pp. 362—-363 : Note on Royal Institu-
tion discourse.)

3940. ON THE EFFECT OF SURROUNDING SOLID
MATTER ON THE OsCILLATING AIR CURRENT
[Influence of DMaterials on Wind Instru-
ments].—K. V. Struve. (Journ. of Tech.
Phys. [in Russian}, No. 1, Vol. 5, 1935,
pp. 88 100)

The main object of this theoretical and experi-
mental investigation was to find the absorption
of sound cnergy due to the following factors:—
(a) elasticity of material, (b) thickness of material,
(c) quality of the inner surface, and (d) vibration
of the instrument at the resonant frequency.
The results of the investigation are as follows :—
(a) Materials with elasticity of the order of
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10°kg/cm? can be regarded as non-absorbent of
sound energy. (b) The thickness of material
within wide limits has no effect on the properties
of the instrument. (c) The inner surface of the
instruinent should be made as smooth as possible.
(d) A series of experiments were conducted with a
trumpet but no vibration of the trumpet due to
resonance was detected.

394I. REVERBERATION TiMEs oF ConcCErT HaLLs
AND ABSORPTION OFSOUND BY THE AUDIENCE.
‘E. Meyer and V. jordan. (L.N.T., July,

1935, Vol. 12, No. 7, pp. 213-—220))

A method of measurement of reverberation times
and sound absorption has already been described
(2006 of June) and curves of measured values of
the absorption of sound in a small hall by different
kinds of chairs (Fig. 2), and the additional absorp-
tion per person when they are occupied (lig. 3),
are here given. The apparatus used in a concert
hall itself is shown schematically in ¥ig. 4. The
sound is received through a microphone, amplified,
and passed through a band filter in a bridge
circuit (IFig. 5) to cut out a desired frequency range.
The amplifier and the rectifier with logarithmic
regulation (loc. ¢it.) then follow ; the reading of the
output milliammeter is recorded by phosphores-
cence on a rotating drum and the slope of the
decay curve measured. Fig. 6 shows the frequency
curves of the apparatus including the filter. The
apparatus was tested by two methods in a small hall
with satisfactory agrecment (Fig. 7) ; Fig. 8 shows
examples of records obtained during actual concerts.
Fig. ¢ shows records of the reverberation of a
revolver shot in two empty concert halls ; the same
measured values are given by an impulse as when a
continuous tone suddenly ceascs.

Experiments in the Philharmonic Hall and the
State Opera House, Berlin, are then described.
Table 1 gives measurements of reverberation
times ; Fig. 10 shows them as a function of fre-
quency, with the hall (a) full and (b} empty. Lig.
11 shows the additional absorption of sound per
person when the hall is (a) full and (b) half empty.
The additional absorption at low frequencies is
very small and may even become negative. Fig. 12
gives reverberation-time curves for the State Opera
House ; the reverberation times are small com-
pared with those of a concert hall. Fig. 13 shows
curves for other buildings, measured from gramo-
phone records taken there or from broadcasts
from the building, as received in Berlin. It is found
throughout that the reverberation time increases as
the frequency decreases; the reverberation times
of actual concert halls are never independent of
frequency.

3942. DramMaTic UsE oF CONTROLLED SOUND
[and the Hoboken ‘‘ Sound Show > Demon-
strations].—N.  Urguhart. (Electromics,
August, 1935, pp. 252-253.) Cf. 3484 of
October.

3943. ON THE LIMITS OF THE ANALYSING SPEED FOR
I"'REQUENCY MIXTURES, and ON A RECORDING
FREQUENCY ANALYSER [2-8 Minutes per

Record].—C. H. Walter: Walter and
Freystedt. (Wiss. Veréff. Siemens-Kon-
zern, No. 1, Vol. 14, 1935, pp. 56-62:

03-77.)
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3944. A RECORDING, MEASURING AND CONTROL
APPARATUS OF MaNy Uses ror ELECTRO-
ACOUSTICAL PURPOSES.—H. J. von Braun-
mithl and W. Weber. (E.N.T., August, 1933,
Vol. 12, No. 8, pp. 223-231.)

Apparatus with logarithmic scales is desirable in
clectroacoustics and previous designs have been
referred to in Abstracts, 1934, p. 212 (13allantine) ;
1932, p. 352 (Stanton and Tweeddale); 2006 of
June; and 1103 of April. The apparatus here
described is said to be of simple construction, to
be very reliable and easily transportable; it is an
amplifying arrangement whose output is auto-
matically adjusted to a constant value by the input
potentiometer ; the position of the latter measures
the magnitude of the input voltage. Photographs
are given in Tig 1, and I'ig. 2 shows the scheme in
principle, with its magnetic coupling, controlled
potentiometer, and recording and amplifying
arrangements. 1ts construction is described in §2;
Fig. 3 gives a view of the potentiometer, which can
easily be changed for another giving a different
range. In §3 the measuring ranges and the
rapidity of response of the apparatus are dis-
cussed ; Yig. 4 shows records of audio-frequency
impulses. The registration is aperiodic. The mode
of control of the input voltage of an ordinary
loudspeaker to radiate a constant amount of
acoustic energy at all frequencies is also discussed.
Examples of the measurements which can be made
with the apparatus are given in §4: Fig. 5 shows
loudspeaker frequency curves, measured with pure
sinusoidal tones; ¥ig. 6 gives the frequency curve
of a working condenser microphone, I'ig. 7 records
of reverberation time in a room with very little
damping, Fig. 8 a record of speech vibrations,
Fig. 9 one of the intensity of noise disturbances, and
Vigs. 10 and 11 records of the ratio between the
highest and lowest values of sound intensity
[ Durchmodulation ] throughout a speech in
rooms with different degrees of damping, for
different frequencies.

3945. A CORRECTION TO THE THEORY OF THE Ray-
LEIGH DISC AS APPLIED TO THE MEASURE-
MENT OF SOUND-INTENSITY IN WATER.—
A. B. Wood. (Proc. Phys. Soc., 1st Sept.
1935, Vol. 47, Part 35, No. 262, pp. 779~
793-)

3946. AN  ELECTROSTATIC AuUDIO GENERATOR
[Multi-Harmonic : with Shielded Segmented
Disc rotating near Stationary Wave-Pat-
tern Plate: for Various Applications|.—
. B. Kurtz and M. J. Larsen. (Elec.
Engincering, September, 1935, Vol. 54, No.
9, PP- 950-955.) Cf. 3098 of September.

3947. Tur [Audio] TeST-FREQUENCY GENERATOR
TMM 33 oF THE GERMAN P0ST OFFICE.—
K. Gunther. (7T.F.T., June, 1935, Vol. 24,
No. 6, pp. 142-146.) Driven by a syn-
chronous motor, the machine gives 20
frequencies (150-4 800 c/s).

3948. NoI1SE MEASUREMENT : THE CASE OF ROTAT-
ING ELECTRICAL MACHINERY.—B. B. Ray.
(Llectviciam, 23rd Aug. 1935, pp. 219-222.)
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3949. ON THE QUANTITATIVE APPRECIATION OF
THE LOUDNESs or SouNp.—S. N. Rjevkin
and A. V. Rabinovich. (Jowrn. of Tech.
Phys. [in Russian], No. 1, Vol: 5. 1935, pp-
75-87.)

A critical survey is given of the methods used by
various authors to establish a quantitative re-
lationship between changes in the intensity of
sound (in db) and the corresponding sensations of
loudness. This is followed by an account of ex-
periments which were carried out by the author
with the same object in view. The main conclusions
reached are as follows :

1. TFatiguc of the ear, when the original sound
Jasts for more than about one second, reduces the
changes in the intensity of sound required to pro-
duce the same eftect. This phenomenon was not
taken into account by other authors. 2. Only
comparatively small changes in loudness (2, 3 or 4
times) are judged with certainty by an average
person. 3. When an increase in loudness is
followed by an equal decrease, the original level of
sound is not reached : there is a certain hysteresis of
loudness.

4. Yor a frequency of 1000 c¢/s and changes
between the levels of 35 and 100 db, the follow-
ing relationship exists :—log G 0.0218 L 4 K,
where L is the level of sound in db, G the loudness
in certain units, and K a constant depending on
these units. 5. The results obtained approximate
those given by laird, Taylor & Wille {Abstracts,
1932. p. 352), but show a divergence from the in-
vestigations of I'letcher & Munson (1934, p. 99).

(Funk-
No. 8,

3950. SUPERSONIC WAVEs IN INDUSTRY.
tech. Monatshefte, August, 1935,
pp- 289-290.)

SOME EXPERIENCES IN THE CONSTRUCTION
OF AN EQUIPMENT FOR THE GENERATION
OF SUPERSONIC WAVES.—M. von Ardenne.
(Funktech. Monatshefte, August, 1935, No.
8, pp. 285-288.)

395T1.

A NEw METHOD OF MEASURING THE IELASTIC
CONSTANTS OF TRANSPARENT 1SOTROPIC
SoLips [by Supersonic Waves].—Hiedemann
and Hoesch. (Naturwiss., 16th Aug. 1935,
pPp- 577—-578: Nature, 31st Aug. 1935,
Vol 130, p. 337.)

. A NEw PrECISION METHOD OF DETERMINING
THE KrLasTic CONSTANTS OF ISOTROPIC
TRANSPARENT Sorip Bobpies [by Measure-
ments of Supersonic Wave Grating].—E.
Hiedemann. (Zeitschr. f. Physik, No. 3/4,
Vol. g6, 1935, pp. 273—276.)

MAKING STANDING SUPERSONIC WAVES
VISIBLE IN TRANSPARENT SoLiD Bobirs.
II. OprICAL INVESTIGATIONS WITH A GLASS
Brock.—I. Hiedemann and 5. H. Hoesch.
(Zeitschr. f. Physik, No. 3/4, Vol. 96, 1933,
pp. 268-272) See also 3544 of October
and many other past abstracts. Direct
measurement of constants of supersonic
wave grating : measurements with polarised
light show that observed grating distances
depend on position of plane of polarisation
of light incident on block: transverse
oscillations.

3952.

3954-
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3955. LocaTiNG WRECKs [by Supersonic Sounding].
—(Wireless World, 2oth Sept. 1935, Vol. 37,

pp. 326-327.)

3956. PIEZOELECTRIC QUARTZ CRYSTALS WITH FRE-
QUENCIES DOWN TO 86.6 ¢/s.—Gruetzmacher,
(See 4016.)

3957. ON THE ACOUSTICS OF THE ATMOSPHERE
[and the Maximum-Range Formula allow-
ing for Refraction].—Gutin. (See 3769.)

PHOTOTELEGRAPHY AND TELEVISION

3958. THE FACTORS INFLUENCING PICTURE QUALITY
[and Their Estimation].—R. Thun. (Funk-
tech. Monatshefte, August, 1935, No. 8, Supp.
PP- 54-55.)

The first 3 curves show the variation of the per-
centage of pictures (of a number of different kinds)
which can be viewed satisfactorily as the con-
ditions arec changed as regards number of lines
(Fig. 1), brightness of illumination (Fig. 2), and
contrast (Fig. 3: based on Goldberg’s results).
In Ifig. 1 there is a pronounced bend at about 60
lines and another at 240. ¥ig. 4 shows the variation
of flicker as the number of brightness-changes per
second is increased from 10 to 8o, for values of
illumination from 1.5 to 200 lux. This diagram
is based on the results of Marbe and of Porter and
Arndt, and on the writer's own tests; the lower
bend represents the point when the flicker quickly
tires the eyes, the upper bend the point where there
is still an appreciable flicker which, however, does
not tire the eyes after prolonged watching. Fig. 5
represents the variation of the quality of motion-
reproduction as the framing frequency is increased :
it shows that at 50-60 per sec. all ordinary motions
are reproduced naturally if the illumination time is
equal to the framing time, as it is, for instance, in
the iconoscope. I'ig. 6 shows the quality of motion-
reproduction as a function of the * framing-
numbers ratio” (ratio of recording framing fre-
quency to reproducing framing frequency). Re-
production is natural if this ratio is 1:1, but
the “ hump *’ is fairly broad. If the scenes change
so rapidly that the picture content has to be taken
in as a whole, and there is no time to examine
details, a picture angle of 12-24° is suitable (curve
“ Film” of Fig. 7). If therc is time (as in a stage
play) to examine the scene bit by bit, the angle must
be much greater (curve ‘' Bithne” of Fig. 7).
For television the former condition should apply.
Iig. 8 is meant to show how the effectiveness of a
picture varies with its size if the picture angle is
kept constant. The improvement for the larger
sizes is chiefly due to the fact that at the corre-
spondingly longer distances the conditions for the
eyes are better as regards the plastic effect.

3959. THE PHYSIOLOGICAL ASPECT OF CONTRAST
DisTRIBUTION IN TELEVISION IMAGES.-—
P.  Hatschek. (Funktech.  Monalshefte,
August, 1935, No. 8, Supp. pp. 58-59.)
Comparison of the television difficulty, that the
contrast range of the image is much smaller (in
many cases) than the contrast range of the subject,
with the well-known problem in photography due
to the different contrast ranges of negative and
positive materials, leads to the following ** pointer ”’

b
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for the television engineer :(—the subjectively best
results for the observer will be obtained if amplifier
technique is so used that the image characteristic
ts not linear but has such a double curvature
(Fig. 5) that its slope is steep at low and high
tlluminations and tlatter at medium illuminations.

3960. AN EXPERIMENTAL DETERMINATION OI° THE
VisuaL THRESHOLDS AT Low VALUES OF
IrLuMinaTiON.—Conner  and  Ganoung.
(Journ. Opt. Soc. Am., September, 1935, Vol.
25, No. 9, pp. 287-294.)

3961. SCANNING-APERTURE DIsTORTION [Phase Dis-
tortion as well as Amplitude Distortion :
Mathematical Analysis].—E. E. Wright.
(Jowrn. Television Soc., June, 1935, Series 2,
Vol 2, Part 2, p. 32.)

3962. ‘“ INFLUENCE OF A SCREEN SURROUNDING A
TrrerHoNE Circurt. . . . ERrRrRaTA —
Fargeas. (Rev. Gén. de I'Elec., 10oth Aug.
1935, Vol. 38, No. 6, p. 208) See 3584 of
October.

3963. DISSIPATION IN PHask-COMPLENSATING NET-
WORKS.—Starr.  (See 3817))

3964. THE STaTUs or TELEVISION IN LUROPE.
A. W. Cruse. (llec. Ingineceving, Sep-
tember, 1935, Vol. 54, No. g, pp. 966-969.)

3965. HiGH-DEFINITION TELEVISION SERVICE IN

JENGLAND : VIEWS ON THE TwO STANDARDS
or DEFINITION.—{Journ. Television Soc.
June, 1935, Series 2, Vol. 2, Part 2, pp.
34-43.)

Giving the views of wvon Ardenne, Gardiner,
Lance, Traub and \Wikkenhauser on the decision
to have ‘interlaced ’’ scanning transmissions as
well as ““ straight.”

3966. TIME BASES AND INTERLACED SCANNING :
THE T'irRsT  PUBLISHED DeTatLs.—J.
McPherson. (Television, September, 1935,
Vol. 8, No. g1, pp. 505-500.)

3967. REcErTiON oF THE B.B.C. 30-l.INE TELE-
VISION TRANSMISSIONS IN MADEIRA [and
the Lftects of Two Types of Atmospherics].
~W. L. Wraight. (Journ. Television Soc.,
June, 1935, Series 2, Vol. 2, Part 2, pp.
25-28.)
Two-Way TELEVISION By THE STATE PosT
Orrick —G.  \Veiss. (Funktech. Monats-
hefte, August, 1935, No. 8, Supp. pp.
5354
THE ULTRA-SHORT-\WWAVE TELEVISION TRANS-
MITTER AT BERLIN.—R. Moller. (Tele-
vision, September, 1935, Vol. 8, No. 91, p.
532—-533.) Summary of the article referred
to in 2332 of July.

3968.

3969.

FErNSEHEN UND BiLprunNk ” [Television
and Phototelegraphy. IFundamental Prin-
ciples and Present Position : 13ook Review].
—R. Thun. (E.T.Z., 15th Aug. 1935, Vol
56, No. 33, p. 931)

Tue PPositioNn or TELEVISiON DEVELOP-
MENT IN FRANCE.—(Funktech. Monatshefte,
August, 1935, No. 8, Supp. pp. 59-60.)

3970. '

3971,
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3972. TELEVISION ExpeEriMENTS [High-Definition
Experimental Transmitter].—]. H. Reyner.

(Waireless World, 20th Sept. 1935, 37, p. 331.)

THE FArNSWORTH RECEIVER.—Farnsworth.

(Television, September, 1935, Vol. 8, No.

91, pp. 528 and 530.)

A SiMPLE EXPLANATION OF THE ICONOSCOPE.
-Zworykin. (Television, September, 1935,

Vol. 8, No. g1, pp. 507—509.)

3973-

3974-

THE ParaxiaL EQUATIONS OF [SLECTRON
Orrics.— L. C. Martin.  (Journ. Ielevision
Soc., December, 1934, Vol. 1, Part 12, pp.
377-383.)

. IMPORTANT SCOPHONY DEVELOPMENTS | F'IRST
DETAILS OF THE SCOPHONY DOUBLE-IMAGE
Kierrk CELL @ THE TEKADE MIRKOR SCREW.
~—(Television, September, 1935, Vol. 8. No.
9. pp- 502-503 and 504.)

3975-

. Kerr Cerr DEesigN rorR HiGH DEFINITION.
—L. M. Myers. (Journ. Television Soc.,
June, 1935, Series 2, Vol. 2, Part 2, pp.
29-31.) See 1977 of June and 3573 of
October.

THE ErLecTricaL KERR EFFECT 1IN NITRO-
Comrounps [and the High Value in Orthoni-

3978.

troaniline].-C. Zakrzewski. (Acta Phvs.
Polonica, Vol. 3, 1934, pp. 29I-295: in
German.)

3979. THE PockiLs LrrecT [and lts Application
to the Crystal Light-Modulating Cell:

Comparison with IKerr Cell: Mathematical

Analysis of Harmonic Distortion] —E. E.
Wright : Okolicsanyi. (Journ. Television
Soc., June, 1935, Series 2, Vol. 2, Part 2,

p- 33

It is the relative phase retardation between
ordinary and extraordinary rays that is proportional
to the voltage in the Pockels effect and to the square
of the voltage in the Kerr eflect; »of the change
of illumination, as assumed in papers on Okolic-
sanyi’s work. The harmonic distortion due to the
curvature of the characteristic is therefore not
zero. For the papers quoted on the corresponding
analysis of the Kerr cell see Abstracts, 1032, p.
285 (Narath) and 1933, p. 512 (Wright)

3980. RECENT DEVELOPMENTS IN LIGHT-VALVES
FOR TELEVISION [Zinc Sulphide Cells and
the Question of Their Linear Response : the
Colloid Cell and the Suitability of ** Oildag’’].
—(Rad. Engineering, August, 1935, Vol. 15,
No. 8, p. 21)

AN INTERFERENCE LIGHT RELAY FOR WHITE
Licer ([Pressure Variations transformed
directly into Light Variations: Use as
Optical Microphone and Electrical Apparatus
for Light Control].-—H. J. Pabst von Ohain.
(Ann. dev Physik, Series 5, No. 5, Vol. 23.
1935, PP. 431-441.)

Periodical variations of pressure have hitherto
been converted into light variations (e.g. in sound-
films) by using as an intermediate stage the varia-
tions of an electric current. This stage is cut out
in the light relay here described (§2) which is,
optically considcred, an interferometer with abso-

3981,
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lutely symmetrical ray paths (I'ig. 1).  The incident
beam of light 2 falls on the semi-transparent glass
plate /1 and is divided at ¢ into two halt-beains of
equal intensity. These join again at @ and the
issuing complete beam .J is measured by a photo-
cell. The interference band of zero order can
easily be adjusted and the apparatus can therefore
be used with white light. The plate /// is the
movable one which is subjected to the pressure
variations ; its zero position is chosen as the one
which gives the mean brightness in the transition
from the centre black spot to the first bright
maximum in the interference band system. The
variations of light intensity are proportional to
the displacements of [/I; these however musi
not exceed a value of A/ro (measurements in §3).

In the experiments described, frequency inde-
pendence was attained throughout the range
to-10*c/s ; the interfcrometer and photocell to-

gether were thus equivalent to a microphone free

from selectivity in this range. The technical con-

struction of the interferometer for this purpose is
described (Fig. 2). In §3 the theory is discussed

and a series of measurements is shown in Iig. 4

(scheme of apparatus, Fig. 3) which shows the

illumination of the field of view (measured by the

photocell current) as a function of the path differ-
ence between the interfering beams. I'ig. 5 gives

a comparison of the characteristic curve of the

light relay with that of a I{err cell; the latter

does not give such a high degree of linearity as the

light relay, the output ratio of both being 10: 1.

In §4 the effect of varying the frequency is
investigated ; Tig. 6 shows a comparison of the
frequency characteristic of the light relay (J.L.)
with that of various microphones. §35 describes
the apparatus used in this investigation; Fig. 7
shows (a) the optical siren which gave sinusoidal
voltage wvariations of constant amplitude and
variable frequency, and (b) the transference of
these to the light relay through a condenser tele-
phone. The theoretical bases for the independence
of frequency are discussed in §6.

3082, [P0SSIBILITIES OF FURTHER DEVELOPMENT
IN Pictore TELEGRAPHY.  Part 2.—F.
Schroter.  (Telefunken-Zeit.,, August, 1935,
Vol. 16, No. 71, pp. 17-36.)

For Part 1 see 2732 of August. The present part
includes discussions of synchronising methods ;
" time modulation ' (particularly the Alexanderson
system) giving half-tone pictures in spite of short-
wave fading; frequency modulation, for the same
purpose ; and the ‘ harmonic canal” process
suggested by Stahl and Lockemann (see Part 1,
loc. ¢it,, and 1982 of June); the problem of in-
creasing the speed of transmission (particularly
the Thun variable-velocity principle to avoid waste
of time over the blank spaces : the use of amplitude
filters to eliminate the spced-reducing effect of
echoes : the author’s ** detuning "’ method : cathode-
ray method) ; and systems for simultaneous picture
and telegraphy transmissions.

3983. ELECTROGRAPHY, A NEw ELECTROSTATIC
RECORDING PROCESS AND IT$S APPLICATIONS
[to Picture Telegraphy, etc.]—P. Selényi.
(E.T.Z., 20th Aug. 1935, Vol. 56, No. 33,
pp. 961-963.) ) )

An oxide-coated platinum filament in open air
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cmits an ion stream which passes through the
aperture in a metal screen (some tenths of a milli-
metre distant) on to the insulating coating of a
moving metal anode (e.g. a metal drum coated with
ebonite). The perforated metal screen also acts as
the control grid or \Wehnelt cviinder. The anode
potential is 500-1000v. The record is made
visible by a fine powder sprayved over the insulating
coating : if lycopodium powder is used, the line
thickness can be as little as 0.03 mm. An interval
of 5-10 minutes may elapsc before the powder is
sprayed on. Examples are given of picture and
facsimile recording and of sound recording. In
the latter, no amplification is needed for the micro-
phone currents, since the ion-stream modulation
requires only a few volts.

3934. AMPLIFICATION OF PHOTOCURRENTS BY THE
EMissioN oF SEcoONDARY ELECTRONS [from
a Third Electrode of Same Material as
Cathode]..—F. M. Penning and A. A.
Kruithot. (Physica, August, 1935, Vol. 2,
No. 8, pp. 793-804 : in German.)

A ' secondary-emission '’ photocell of the vacuum
class, with a grid-tvpe anode between the cathode
and the third electrode, gives a current multiplica-
tion of about 7, and shows a practically constant
dynamic response to light variations up to at least
20 ke/s. A gas-filled ' secondary-emission
cell at very low gas pressures gives very large
amplification (the ctfect is ascribed to the to-and-
fro motion of the secondary electrons) which is,
however, very sensitive to slight changes in work-
ing conditions. Dcterioration of the cathode by
ion bombardment, in such a cell, may be decreased
by the use of a fourth electrode (H in Fig. 2, Type
v

).

3985. A MULTI-STAGE PHOTOCELL CURRENT AMPLI-
rier [ Difficulties avoided by Superposing
A.C. Potential at Grid of First Valve]. —
W. Richter. (Flectromics, August, 1933,

PP 245 and 247)

3986. THE MEASUREMENT oF THE TIME LAG or

TaaLoFIiDE [and Other] PHOTOCELLS.
V. Balakov. (Jousn. of Tech. Phys. [in
Russian], No. r, Vol. 5, 1935, pp. 109
117.)

A method was developed by the State Optical
Institute of Leningrad for measuring the time lag
of photocells without the use of amplifiers. This
method enables oscillograms to be plotted of the
current flowing through the cell when the light
falling on it is interrupted 200 times per second.
The method employed for taking these oscillograms
is similar to that proposed by Bonn for studying
the current curve of a 1000-cycle alternator
(Abstracts, 1929, pp. 163—-164) and is based essen-
tially on making instantaneous electrical contacts
at exactly the same phase of every cycle.

A description of the experiments is given and
the necessary corrections for taking into account
the inertia of the¢ measuring apparatus are dis-
cussed. It was found that the time lag of thalofide
cells for a rising current varies from 2.5 X 107%

D 2
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to 7 x 107! second, while the corresponding values
for a falling current are about 1.5 times higher.
These figures show a considerable discrepancy
when compared with the results obtained by
Sewig (1930, p. 510). As was expected, no time
lag was detected in the case of caesium vacuum
cells, and similar results were obtained with argon-
filled calcium cells. The accuracy of these measure-
ments is within 5 x 107% sec.

3987. ON THE PHOTOELECTRIC EFFECT AT SELENIUM
Barricr Lavers.—P. Gorlich.  (Zeiischy.
f. tech. Phys., No. g, Vol. 16, 1935, pp.
263-271.)

So much of the research on barrier-layer pro-
cesses has been carried out on copper-oxide cells
(owing to the simpler conditions holding for these
—such as the fact that the oxide does not occur
in scveral modifications) that the writer has now
investigated the processes in cells using selenium
as the semi-conductor, taking into account the
results already obtained by Barnard (2346 of
July). He finds the following conditions for
maximum current output :—The optimum thick-
ness of the layer of semi-conductor is 0.08 + 0.01
mm (Fig. 1). Tor pure selenium the best ““ form-
ing " temperature is 218-219°C (Fig. 2). The
barrier electrode must be a good conductor and
transparent to light; if it is too thin it will have
too high a transverse resistance, if too thick it will
absorb too much light. For maximum current
output a definite ratio of transparency to trans-
verse resistance must be satisfied. Silver foils,
of the same order of thickness as the usual platinum
barrier electrodes, show spontaneous transparency
variations (Jagersberger, 1934 Abstracts, p. 515)
connected with gas absorption, chemical changes,
etc. These variations are accompanied by elec-
trical changes, and it is possible that the ageing
phenomena noticed with selenium cells are partly
due to such changes.

It was also found that the barrier electrode
should not make complete surface contact with the
selenium layer, but should allow enclosed gas atoms
to produce regions of high resistance. 1f the gas
absorption at the selenium surface is reduced by
heating the selenium while the barrier layer is
being sputtered on to it, the current output is
diminished. The ecftect of the absorbed gas varies
with the nature of the gas: the highest current
output was obtained when the sputtering took
place in rarefied air (Fig. 3). Preliminary bom-
bardment of the selenium surface by electrons
did not improve results with all cells; but a few
thus treated gave surprisingly high current output.
Other results arc discussed, such as the effects of
roughening the surface of the carrier for the selenium
layer.

3988. PHOTOELECTRIC CELLS WITH ARTIFICIALLY
DEePoSITED BarrIER LAYER [Artificial Resin,
MgO, or CaF, as Barrier Layer, with
Selenium as Semi-Conductor]—van Geel and
de Boer. (Physica, August, 1935, Vol. 2,
No. 8, pp- 892—900 : in French.) For papers
by Jusé and by van Geel, on similar barrier
layers in rectifiers, see 2048 of June and
1934 Abstracts, p. 106.
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3989. THE TEMPERATURE DEPENDENCE OF THE
PuoToELECcTRIC EFrrcT [Calculation of
Photoelectric Emission from Image Field
Form of Surface Potential Barrier, for Fre-
quencies near the Threshold : Comparison of
Resulting Formula with Previous Formulae :
Discussion of Methods ot Threshold Deter-
mination]..—K. Mitchell. (Proc. Camb.
Phil. Soc., July, 1935, Vol. 31, Part 3, pp.
416—428.) For previous work see 230 of
January.

3990. SOME REMARKS ON THE ENERGY LEVEL
SCHEME OF THE ELECTRONS IN CRYSTALS
[NaCl, KCl, Diamond : Levels deduced from
Optical and Internal and External P’hoto-
electric Effects].—P. Tartakowsky. (Zeit-
schr. f. Physik, No. 3/4, Vol. 96, 1935, pp.
191-197.)

Tue RErFLECTION oF SoME METALs {Cu, Zn,
Ni, Ag, Hochheim's Alloy} IN THE SPECTRAL
REGION 300-186mpu [Short-Wave Ultra-
Violet : Correlation  between  Selective
Photoelectric Maxima and Optical Anoma-
lies].—I". Hicka. (Zeitschr. f. Physik,
No. 3/4, Vol. 96, 1935, pp. 230-235.) See
also 1933 Abstracts, p. 335 (three), and 818 of
March.

3991.

3992. A NEw VacuuMm DONOCHROMATOR AND
SPECTROGRAPH WITH QUARTZ OR FLUORITE
OpTICAL PPARTS FOR THE KEGION 700mpu to
160mp  (QUARTZ) OR 700mu TO I130mpu
(FFLuoriTE) [of Possible Use in PPhotoelectric
Investigations].—C. Leiss. (Zeitschy. f.
Physik, No. 11/12, Vol. 95, 1935, pp.
778-780.)

MEASUREMENTS AND STANDARDS

3993. SIGNAL GENERATOR [and Associated Lquip-
ment] FOR RECEIVER MEASUREMENTS WITH
THE CATHODE-RAY OscCILLOSCOPE.—G. Ber-
ger. (Telefunken-Zeit.,, August, 1935, Vol.
16, No. 71, pp- 37-43.)

The apparatus embodies a number of new devices.
Amplitude regulation is continuous between 1 and
100000uv. The wave range of the generator
itself is 18-23500 m. Anode-voltage modulation
is provided from 10 to 6000c/s, in two stages.
The motor-driven ‘' detuning’ condenser (for
resonance curve production) repeats the detuning
process 10—20 times per second so as to give, by
persistence of vision, a standing image on the
screen : it is provided with an adjustable gap
between rotor and stator plates, so that over a
frequency range of 120-13500 kc/s it can give the
same detuning, e.g. of o kc/s. The dithculties
in the way of a satisfactory connection of this
rotating condenser to the circuit condenser (slip-
rings, mercury contacts, etc., all producing noises
in the receiver) are overcome by the use of a capaci-
tive coupling (rotating disc close to a fixed disc).
The ‘‘ orthodox "’ method of linking the detuning
device to the cathode-ray time base, by a rotating
potentiometer, is also discarded as unsatisfactory,
and the cathode-ray deflection is controlled by way
of a photocell whose illumination is varied (by a
disc on the axle of the motor-driven condenser)
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so as to be proportional to the angle of rotation of
the condenser. Special precautions are taken to
prevent mains hum reaching the cathode-ray
tube. This tube is of the television type with
electron lens and electrostatic deflection; its
anode voltage is 2000v. A number of resonance
curves are given, illustrating the use of the appa-
ratus; they are ordinary photographs of the
screen images.

3994. MEASUREMENTS OF Loss IN CorLs AT HIGH
Freguencies [Critical Discussion of Avail-
able Data: Methods of DMeasurement :
Experimental Curves].—-H. Schwarz. (Hochf:
tech. w. Flek:akus., August, 1935, Vol. 46,
No. 2, pp. 50-55.)

A practical discussion of the daita which are
necessary for the characterisation of losses in h.f.
coils, and of the naterial which is available in
published papers and may be used for purposes
of comparing the coils. The methods of measure-
ment and the possible sources of error are reviewed
and measurements on various coils are described
and discussed. Curves are given of the logarith-
mic decrement of an oscillating circuit as a function
of the frequency, with and without insulating
materials giving dielectric losses (I'ig. 3) ; of the h {.
resistance of a single-layer cylindrical coil, con-
structed (1) of solid wire and (2) of “litz " wire
(Fig. 4); of the loss angle of single-layer coils of
constant geometrical dimensions but constructed
of wire of various thicknesses (Fig. 5); of the loss
angle of porcelain coils as a function of frequency
(Fig. 6) ; of the h.f. resistance of different “litz
coils as a function of frequency (Fig. 7)—here the
relatively large rise in resistance at very high
frequencies is thought to be due to the mutual
action of the component wires in compressing the
current into narrow surface channels , of the loss
angle of coils as a function of the frequency for
various coil-former materials, () “ calan” and (2)
pertinax (Fig. 8), and for coils with and without
iron cores (Fig. 9). A list of literature references
is appended.

3995. THi MAGNETIC FORCE AT A PoixT oN ITS
Axis DUE 10 A CURRENT IN A HELicaL CoIL
or O~ Turn [Calculation]—G. F. C.
Searle. (Proc. Phys. Soc., 1st Sept. 1935,
Vol. 47, Part 5, No. 262, pp. 900—903.)

3996. THE ELECTRICAL PROPERTIES OF SolL AT
FREQUENCIES UP TO 100 Mc/s: WITH A

NoTE ON THE RESISTIVITY OF GROUND
N THE UNITED KiNcpoM.—Smith-Rose.
(See 3704

3997. A HIGHLY SENSITIVE INSTRUMENT FOR
MEASURING ATTENUATION [of Oscillating
Circuits].—O. Schiitte and G. Weiss. (E.N.T.,
July, 1935, Vol. 12, No. 7, pp- 204-210.)

The apparatus consists of a quartz-controlled

emitter and a valve voltmeter as indicator. §1

describes the method of measurement ; the oscilla-

ting circuit whose attenuation is to be measured

is coupled capacitatively to the emitter through a

very small condenser, so that there is no reaction

on the emitter (Fig. 1). The voltage across the
oscillating circuit is measured with a valve volt-
meter, used in an anode-rectification circuit. The
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circuit is tuned to resonance, the voltage and con-
denser value read off ; the circuit is then detuned
towards both sides till the voltage is half its reson-
ance value and the detuning capacity determined.
The theory of the measurement is given; Fig. 2
shows the resonance curve, with notation. The
final expression for the decrement is given in eqmn.
10 and the (negligible) error in eqn. 11. §2 gives
details of the apparatus; Fig. 3 shows the emitter
circuit, Fig. 4 details of a capacitative potentio-
meter used to couple the measuring circuit to the
amplifier, Fig. 5 the circuit of the valve voltmeter,
and Fig. 6 a photograph of the whole arrangement,
which is mains-driven and can be used over a
wavelength range of 200-2 000 m, with possible
further extension by using a second emitter.

Possible sources o0f error, and their elimination,
are discussed in § 3; the measurements which can
be made with the apparatus are described in §4.
They are measurements of (1) coil quality, (2)
loss angles of condensers, (3) attenuation in oscilla-
ting circuits, and (4) high ohmic resistances at high
frequencies. Reference is made to the degree of
accuracy of the measurements in § 5, with examples.
Fig. 7 shows the influence of frequency on the
quality factor wL[R of some coils : Fig. 8 shows
the increasc of losses in solid-cored coils as the
voltage across the oscillating circuit increases,
owing to hysteresis. Tig. 9 gives the results of
measurements of loss angle in a Pertinax plate
2 mm thick.

3998. ON THE BARRETTER MeTHOD OF PrOF. M.
WiEn [Increasc of Sensitivity, for Short
Waves especially, by Series Condenser to
compensate for Self-Inductance of Bar-
retter-Bridge Circuit].—P. Mortier. (Physik.

Berichte, No. 16, Vol. 16, 1935, p. 1440.)

3999. THERMIONIC DPEAK VOLTMETERS FoR Ust
AT VERY HIGH FREQUENCIES [Estimation
of Errors due to Resonance and Ilectron
Flight Time : Greater Importance of Latter
Type, and the Choice of Diodes: a Portable
Voltmeter].—C. L. Fortescue. (fourn.
I.L.E., September, 1935, Vol. 77, No. 4035,
PP- 429-432)

4000. R.I*. INDICATORS FOR Urrtra-HigH IRE-
QUENCIES.——(QST, July, 1935, Vol. 19, No. 7,
PP 49-50.)

4001. RADIO-FREQUENCY MurTi-RANGE  MILLI-
AMMETER [accurate to 1 in 1o0oo for Fre-
(uencies up to 6% Mc/s].~—Barlow. ([ourn.
Scient. Instv., September, 1935, Vol. 12,
No. 9, pp. 300-302.)

4002. THE UTILISATION OF FoucauLT CURRENTS
AND HYSTERESIS PHENOMENA FOR MEASURE-
MENTS AT HigH LFREQUENCY: THERMO-
GAUSSMETERS AND  THERMO-\AMMETERS.—
M. Laporte and V. Vasilesco. (Journ. de
Phys. el le Radium, July, 1935, Vol. 6,
No. 7, pp. 289-294)

4003. ON THE CONSTRUCTION OF A SENSITIVE

Vacuum THERMOELEMENT [using  Thin
Metallic Films instead of Wires].—Dicker
and Rudinger. (Zeitschr. f. tech. Phys.,
No. 9, Vol. 16, 1935, pp. 265—268.)
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1004.

4003,

4000,

4007.

4008,

4009.

4010.

40T1.

4012.

4013,

4014.

THE

AN IMPROVED ELECTROTHERMIC INSTRU-
MENT : Discussion.—Lincoln. (Elec.
Lngincering, September, 1935, Vol. 54, No. 9,
PP 987-989.) See 2361 of July.

THE SIMULTANEOUS ERROR-FREE MEASURE-
MENT OF VOLTAGE AND CURRENT [Circuits
avoiding Corrections for Voltage Drop in
Current Meter and Current Consumption
in Voltage Meter].—W. Bader. (E.T.Z.,
8th Aug. 1935, Vol. 56, No. 32, pp. 889-89g1.)

A RECENT IMPROVEMENT 1N PRECISION
PoTEXTIOMETERS [overcoming Residual
Potential above Zero].—D. C. Gall. (Journ.

Scient. Instr., September, 1935, Vol. 12,
No. 9, pp. 284-285.)

Tue CoNSTRUCTION OF SENSITIVE MOVING-
CoiL  GALVANOMETERS.—A. C. Downing.
(Journ. Scient. Instr., September, 1935,
Vol. 12, No. g, pp. 277--281.)

CURRENT MEASUREMENT WITH THE CATHODE-

Ray Tusr : CorrecTioN.-—Holzer. (Bull.
Assoc. suisse des Elec., No. 19, Vol. 26,
1935, P- 543.) See 2774 of August.

LErreECT or ULTRA-VIOLET LIGHT ON BREAK-
DOWN VoLTaGE [and Its Application to
Sphere Gaps for Impulse Voltage Measure-
ment].-—G. 1. Nord. (Llec. Engineering,
September, 1935, Vol. 54, No. g, PP- 955
958.)

Coi. TustING METHODS FOR Ust IN Rabio
PLaNTS.-—E. Messing. (Electromics, August,
1935, pp. 248-250)

A DYNAMOMETER NULL METHOD or MEas-
URING THE INDUCTANCE AND THE liFFEC-
TIVE Rusistancy or TRON-CoreEbp CHOKES
CARRYING DIrECT CURRENT—G. D. Pegler.
(Proc. Phys. Soc., 1st Sept. 1935, Vol. 47,
Part 5, No. 262, pp. 964—971 :  Discussion
PpP- 972 973.)

A R.F. MEASUREMENT OF RESISTANCE, R¥%-
ACTANCE AND IMPEDANCE [Direct Method
by Injection].—T. C. Macnamara. (Wire-
less  Emgineer, September, 1935, Vol. 12,
No. 144, pp. 471—477.) The r.f. generator
15 so esigned that its frequency cannot be
“ pulled” by adjustment of output circuit,
and great attention is paid to screening.

USE or A FREQUENCY-DOUBLING STAGE AS
Burrekr For FREQUENCY-STABILISATION OF
R.F. OsciiLator, T0o avoin PuLring
BY OuTrut CIRCUIT CHANGES. —Macnamara.
(See 4012.)

Tur Threory, DESIGN AND CALIBRATION
OF ABSORPTION \WAVEMETER FOR ONE-
METRE RANGE [Micro-Wave DMeter with

Accuracy 4% on 0.4-1.4m Waves: Tubnlar
Ring with Micrometric Air Gapl.-—Ts’en and
Tsai.  (Physik. Bevichie, No. 16, Vol. 16,
1935, P 1447)
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4015. INFLUENCE oF TEMPERATURE ON THE ELEC-
TRICAL CONDUCTIVITY OF ()UARTZ.—R. Rad-
manéche. (Comptes Rendus, 19th Aug. 1935,
Vol. 201, No. 8, pp. 448-449.)

The law of variation was found to be expon-
ential betwcen --64°C and 300°C, above which
temperature the curve of the logarithm of the
current showed an "‘elbow” (Fig. 1). Fig. 2
shows the result of an cxperiment with a closed
cycle of temperature; a fatigue effect is evident.

4016. PIEZOELECTRIC CRYSTAL WITH VERY Low
NATURAL TFREQUENCY.—]. Gruetzmacher.
(£.N.T., August, 1935, Vol. 12, No. 8§,

A quartz crystal can be made to oscillate with a

natural {requency below 1000 c/s if it is cut in the
form shown in Fig. 1 the transversal oscillation
giving this frequency is shown schematically in
Fig. 2. The ratio of the crystal dimeunsions for the
minimum frequency is given. Still lower fre-
quencies may be attained by loading the ends of the
crystal. The method of mounting the crystal for
optimum results is described. Natural frequencies
down to 806.6c/s may be obtained by appropriate
cutting.

4017. A METHOD FOR DETERMINING THE ORIENTA-

TION OF A CRYSTAL UNDER A MICROSCOPE.

Wood and Ayliffe. (Journ. Scient. Instr.,
September, 1935, Vol. 12, No. g, p. 299.)

DILATATIONS IN RocHELLE SALT [Inverse
Piezoelectric Effect studied with Mechanical
Dilatometers : Permanent Electric Polar-
isation : Fatigue Effect : Relaxation Times :
Thermal Expansion through Upper Critical
Temperature]—1I. Vigness. (Phys. Review,
1st Aug. 1935, Series 2, Vol. 48, No. 3,
pp. 198-202.) For previous work see 168
of Jannary.

4018,

THE DEPENDENCE OF THE DIELECTRIC
PROPERTIES OF ROCHELLE SALT CRYSTALS
OoX MECHANICAL STRAINS.—R. David. (Hel-
vetica Phys. Acta, Fasc. 5, Vol. 8, 1935,
PP- 431—484 . in German).

4019.

MEASUREMENT 0F DIELECTRIC CONSTANTS
oF SoLID BobDIES BY THE METHOD oOF
MixinG [Immersion of the Solid in Liquids
forming Condenser Dielectric : Theory of
Method |.-—Else Kleinke. (Physik. Zeitschr.,
15th Aug. 1935, Vol. 36, No. 16, pp. 565-566.)
For the limitations of this method sece 331

4020.

of March.

4021. ON THE RESONANCE METHOD OF MEASURING
Dizrecrric Constants [Simple Practical
Variation giving Great Accuracy, using a
Broadcast Signal as Generator and an Audion
Receiver as Resonance Circuit].—F. Hummel.
(Zeitschr. f. tech. Phys., No. 9, Vol. 16, 1933,
pPp. 264-265.)

4022. UNIT oF Forct 1N THE M.K.S. SysTEm

“ Newton ”
horn and P. Vigoureux.

1935, Vol. 136, p. 397)

suggested as Name]..—L. Harts-
(Nature, 7th Sept.
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AEF LisT oF ELkcTrRICAL, MAGNETIC AND
ATHER SYMBOLS IN LELECTRICAL MACHINE
DrsiGN. and GENERAL PHYSICAL CONSTANTS.

(I:.T.Z., 22nd Aug. and 5th Sept. 1935.
Vol. 56, Nos. 34 and 36, pp. 952954 and
1007-1011.)

4023,

SUBSIDIARY APPARATUS AND MATERIALS
4024, THE SENSITIVITY AND LIMITING FREQUENCY
oF THE SexsiTIVE HIGH-VAcuUM CATHODIL-
Ray OSCILLOGRAPH WITH INCANDESCENT
FiLaMENT.— Graupner.  (Arch. f. Ilehtvol.,
1st \ug. 1935, Vol. 29, No. 8, pp. 520-530.)
A theoretical example is given to show that, 1n
the cathode-rav oscillograph with simple con-
centration (Fig. 1), " the product of relative sensi-
tivity and limiting {requency depends essentially
only on the properties of the electron source
employed.” Toragiven value of beam intensity, the
source should be designed so that the product
of beam velocity, diameter of emitting surface and
angle of heam divergence is as small as possible.

A SENSITIVE CoLp-Cathobni CATHODE-RAY
OsCILLOGRAPH OF HiGH PERFORMANCE FOR
Low Exciring VorTagis.-—\¥estermann.
Zeitschr. f. tech. Phvs., No. 9, Vol. 16, 1933,
pp. 202-264.)

Further development of the work dealt with in
1934 Abstracts, pp. 626-627. The new tube here
described is designed to combine high sensitivity
(0.0t to 1 mm/v) and very high recording speed
(1ot km/s), in spite of the low voltage (413 kv).
It is of the all-metal type, of overall length
110 cm, and is suitable for internal and external
recording. An example of internal recording is
Fig. 3, an oscillogram of a single process (break-
down of a spark-gap by a surge voltage), the
resulting  oscillations  having a frequency of
go Mc/s ; Fig. 4 is an external rccord of 1 Mcfs
oscillations. A footnote mentions that the advan-
tages of the discharge tube of small dimensions
(high recording performance with low exciting
voltages) can be obtained with the cold-cathode
oscillograph with single vacuum if the suggestion
of IRogowski and Malsch 1s adopted, according
to which the discharge voltage is considerably
reduced by artiticial ionisation by an auxiliary
discharge. = Results on these lines have already
been obtained at the Aix-la-Chapelie Institute.

4023,

4026. THE CaTHODE-RAY OSCILLOGRAPH OF THE
[LABORATOIRE AMPERE.— Schuep and
Sollima. (Rev. Gén. de U'Elec., 17th Aug.
1935, Vol. 38, No. 7, pp. 241-246.)

. Tur RECORDING OF TRANSIENTS ON OVER-
HEAD TransamisstoN Lings  [High-Speed
Cathode-Ray Oscillograph and Associated
Equipment : including Special Condenser
for Purely Capacitive Coupling].—Whelpton
and Edwards. (Met.-Vickers Gazelle, Sep-
tember, 1935, Vol. 15, No. 269, pp. 371-376.)

4028. THE CaTHODE-RAY OSCILLOGRAPH AND Irs
AprLicatioNs 1N Rapio ReEsEarcH.—Herd.
(Journ. Television Soc., March, 1935, Vol. 2,
Part 1, pp. 12-14: lecture summary.)
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4029.

4030.

4031.

4032.

4033.

4034.

4035.

40306.

4037.

4038.

40390.

4040.
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Tue Siemens OsciLLoscopt  [Photograph,
with Circuit Diagram and Paths of Light
Rays].——(Hochf:tech. . Elek:akus., August,
1935, Vol. 46, No. 2, pp. 68-69.)

Tue RCA-6E5 ELECTRON-RAY INDICATOR
Ture [High-Vacuaum Heater-Cathode Tube
with Fluorescent Target, for Voltage Indica-
tion, ec.g. for Receiver Tuning].—(Rad.
Engineering, August, 1933, Vol. 15, No. 8,
pp. 20-21.)

Tui PRODUCTION AND I'OCUSING OF INTENSE
Positive lox Brams [with Gaseous Low
Voltage Arc: Llectrostatic Lens Arrange-
ments], and HicH VOLTAGE TECHNIQUE
For NUCLEAR PHysics Stupiks [IElectro-
static Generators : Apparatus for focusing
Positive lon Currents].——Tuve, Dahl and
Hafstad. (Phvs. Review, 1st and 15th Aug.
19335, Series 2, Vol. 48, Nos. 3 and 4, pp.
241-256 and 315-337.)
NoTE oN L. TUMERMANN'S PAPER * ON THX
DEPENDENCE OF THE IFLUORESCENT Sric-
TRUM ON THE VISCOSITY OF THE SOLVENT.”
Jablonski : Tumermann. (Phvsik. Zeitschr.

der Sowictumion, No. 1, Vol. 8, 1935, pp.
105—108 : in Germar.)
THe AnrsorLUTE COLOUR SENSITIVITY OF

PuoTtoGrAPHIC iLMs [using Spectrograph
with Thermoelement : Graphs of Results
for Various Iilms .——Biltz. (Physik.Zeitschr.,
15th Aug. 1935, Vol. 36, No. 16, pp- 559
563

A VaLvE FOR THE FINE REGULATION OF
Gas PRESSURES, AND ITs APPLICATION TO
Jonic Disciiarge  Tupes.-— Kunzl and
Slavik. (Zeitschr. f. tech. Phys., No. g, Vol.
16, 1935, pp- 272-276.)

A Nrw MATERIAL WITH APPLICATIONS IN
RADIOELECTRICITY @ COLLOIDAL GRAPHITE
In WaTER [ Aquadag '] —Vincent. (L'Onde
Elec., August, 1935, Vol. 14, No. 104, pp-
547-550.) Cf. 3472 of October.

ProGRESS 1IN THE FIELD or HIGH-SPEED
CixrEMATOGRAPHY. —Cranz  and Schardin.
(Zeitschr. 1".D.I., 7th Sept. 1935, pp. 1075
1079

An Ersctricar Trst RECORDER {for Re-
cording Continuance or Discontinuance of
a Number of Separate Events].—Chelioti.
(G.I:.C. Journal, May, 1935, Vol. 6, No. 2,
pp. 107-111.)

Tuxr CvcLe Rrcorprr [with Inkless Record
ing on Thin Paper Tape].—Gardner and
Newell. (Gen. Ilec. Review, August, 1933,
Vol. 38, No. 8, pp. 384 385.)

RADIO RELAYING DEVICES USING SUPER
REGENERATION.—Ataka. (Jowrn. T.IL.
Japan, May, 1935, Vol. 55 [No. 5], No. 562,
p. 448 1 Japanese only.)

A SivpLE TECHNIQUE FOR PREPARATION OF
PHOTON COUNTERS FOR VISIBLE ligur.
Kolin. (Review Scienl. Insty. August, 1933,
Vol. 6, No. 8, pp. 230-231))
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4041.

4042.

4043.

4044

4045.

4046.

4047.

4048.

4049.

THE

IoNISING PARTICLE COUNTERS [Improved
Technique].-—Dunning and Skinner. (Re-
view Scient. Instr., August, 1935, Vol. 6,

No. 8, pp. 243-246.)

“ PACKET " SWITCHES : A CONTRIBUTION TO
THE THEORY OF SWITCHING AND OF SYSTEMS
OF “ PACKET"” SWITCHES [with Examples].
—Edler. (Avch. f Elehirot,, 1st Aug. 1935,
Vol. 29, No. 8, PP- 531-555.)

Hicu-Vortage Cut-Ours anD Fuszs.
Lohausen.  (Elektrot. u. Masch:bau, 18th
Aug. 1935, pp. 385390,

OpTiMUM DESIGN OF [Single-Turn] ToroipaL
INDUCTANCES, and SOME ’OSSIBILITIES FOR
Low-Loss CoiLs.—Reber : Terman. (See
3844 and 3845.)

MuLTi-BaAND R.F. CrOKE CoOIL DESIGN [and
an  Improved Type of ‘ Pie-\Wound ”
Choke].-—Miller. (Electvomics, August, 1935,
PP- 254-255.)

IroN-CorED REsonance Corrs FOR AUDIO-

FrEQUENCIES [Measurements of Logarith-
mic Decrement for Various Core Materials].

Dannehl and Kotowski. (See 3917.)
SWITCH-ON PHENOMENA  IN IRON-CORED
CHokE CoILs wITH EDDY CURRENTS.—
Eckart. (See 3820.)

THE VARIATION WITH MAGNETIC FIELD AND
TEMPERATURE OF THE THERMOELECTRIC
PROPERTIES OF FERROMAGNETICS. —Low-
ance and Constant. (Phys. Review, 1st
Aug. 1935, Series 2, Vol. 48, No. 3, pp.
257-260.)

CONTRIBUTION TO THE THEORY OF MAGNETIC
HvsTERESIS [Hysteresis superposes Sinall
Free Phenomenon, with Exponential Decay,
on Transient Switch-On  Phenomena in
D.C. Circuits].—Wittke. (Ann. der Physik,
Series 5, No. 5, Vol. 23, 1935, Pp. 442—458.)

50. MAGNETIC HYSTERESIS AT Low FrLux DEeN-

4O51I.

4052.

4953

SITIES [Measurements confirming and ex-
tending  Rayleigh’s Findings]-—Ellwood.
(Physics, July, 1935, Vol. 6, No. 7, pp.
215-226.)

MAGNETIC INVESTIGATIONS oN PUpIN CorEs
OF A NeEw Tvypr [Highly  Anisotropic
Nickel-Iron  Alloys produced by Special
Treatment].—Snoek. (Physica, April, 1935,
Vol. 2, No. 4, PP. 403—4i2: in German.)

INFLUENCE or RecrYsTALLISATION TEXTURE
AND COOLING IN MAGNETIC FIELD ON Mag-
NETIC PROPERTIES [of Fe/Ni Alloys].-—Dahl
and Pawlek. (Zestschr. f. Physik, No. 7/8,
Vol. 94, 1935, pp. 504-522.)

ON THE RELATION BETWEEN PERMEABILITY
AND  MAGNETOSTRICTION IN IRON-NICKEL
ALLOYS or HIGH PERMEABILITY. Mihara.
(Jowrn. I.I' L. Japan, May, 1935, Vol. 55
[No. 5], No. 562, p. 384 : English summary
pp- 52-53.)
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4054.

4055.

4056.

4057.

4050.

40060.

40061.

4062.

4063.

4064.

40635,
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THE MEcHANICAL THEORY OF TEXTURAL
IRREVERSIBILITIES AND ITs APPLICATION
TO RECENT DISCOVERIES [of Methods of
obtaining Very High Magnetic Permea

bilities].—Perrier.  (Helvetica Phys. Acta,
Fasc. 5, Vol. 8, 1935, pp. 421-430: in
French.)

METHODS OF INCREASING THE USErur FLux
Oor MAGNETS AND ELECTRO-MAGNETS {Prin-
ciples of “ Longitudinal Joints,” ** Apolar

Orientation,” and Pseudodiamagnetic
Gap "'].—Perrier.  (Helvetica Phys. Acta
Fasc. 4, Vol. 8, 1935, pp. 327~329: in
French.)

DI1AGRAM OF STATES AND MAGNETIC Pro-
PERTIES OF PLATINUM-IRON ALLovs [Hys-
teresis Curves: FEffect of Temperature and
Composition of Alloy].—Graf and Kuss.
mann.  (Physik. Zeitschr., 15th Aug. 1935
Vol. 36, No. 16, pp. 544- -551.)

ABNORMAL MAGNETIC BEHAVIOUR OF TREATED

CoBaLT WIRE [Different (B,H) curves
obtained after Heating for Various Periods
and Cooling].—Wall. ~ (Nature, 7th  Sept
1935, Vol. 136, p. 397.)

. ““ DER KUPFERARME TRANSFORMATOR " [Low

Copper Content Transformer: Book Re-
view].—Vidmar. (Gen. I'lec. Review, August,
1935, Vol. 38, No. 8, p. 398.)

WIRELESS [Broadcast Reception] anp THE
SMALL LIGHTING PLANT.— Beatt. (World-
Radio, 6th Sept. 1933, p- 11}

THE * STABILOVOLT ’ VOLTAGE STABILISER
[including the ‘* Reflex ™ Connection].
Higonnet. (Rev. Gén. de I'Elec., 17th Aug.
1935, Vol. 38, No. 7, pp. 247-251.) See
also 2415 of July.

A NEw THERMIONIC MOTOR SPEED REGU-
LATOR [using Small Magneto Tachometer
coupled to Shaft].-—Boyd Norris. (Elec-
tronics, August, 1935, p. 244.)

SMALL SELF-STARTING SYNCHRONOUS TIME
Morors.—Holmes and Grundy. (Journ.
I.E.E., September, 1935, Vol. 77, No. 465
PP 3790-406.)

SoME NEwW DESIGNS OF THE VALVE MoTor.

—Tikhmenev. (Elektrichestvo, No. 12,
1935, PP- 39-46.)
Harr CycrLeEs [Use and Advantages of

Half-Wave Rectification for Power Supply in
Rectifier-Controlled Systems: Basic Cir-

cuits, Equations, etc.].—Cockrell. (Gen.
Elec. Review, August, 1935, Vol. 38, No. 8,
ppP- 367-372.)

DEVELOPMENT PROSPECTS OF THE GRID-

CONTROLLED VACUUM RECTIFIER ¥OR HEAVY
CURRENTS.—Gaudenzi. (Bull. Assoc. suisse
des Elec., 16th Aug. 1933, pPp. 465—472
in German.)
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4066. THE CONTROL OF RECTIFIERS BY BLOCKING
THE ANODES [particularly by Magnetic
Field, after weakening the Anode Iield by
a Special Grid].—Risch. (Bull. Assoc. siisse
des Elec., 3oth Aug. 1935, pp. 507—35II:
in German.)

ANaLysis oF RecCTiFIER FILTER CIRCUITS
[Solution on Basis of Hypothetical Perfect
Rectifier, and Corrections for Departures
from This].—Stout. (Elec. Emgincering,
September, 1935, Vol. 54, No. 9, pp. 977—
984.)

FirinG TiME or AN IgN1TER TvPe or [Mer
cury Rectifier] Tupe.—Dow and DPowers.
(Elec. Ingincering, September, 1933, Vol
54, No. 9, pp. 942-949)

ARC RECTIFIERS USING GAS AT ATMOSPHERIC
PRESSURE AND CoMPRESSED Gas.—Di Pieri.
(L’Elettrotec., 25th Aug. 1935, Vol. 22, No.
16, pp. 574-582.)

LumiNoUs IiMISSION FROM HIGH-PRESSURE
MERCURY ARcs [measured with Photocell].
—Waguet. (Comptes Remdus, 19th Aug.
1935, Vol. 201, No. 8, pp. 450-451.)

4007.

4008.

4069.

4070.

4071. ON TtHE Dgsigy AND CONSTRUCTION OF
InpirRECTLY HEATED OXIDE CATHODES [for
Thyratrons].—Ivanchenko and others. (See
3909.)

Hign TENSION ARC-IN-AIR RECTIFIER [Sur-
vey].—Marx. (£-.T.Z., 15th Aug. 1935,
Vol. 56, No. 33, p. 922 : summary only.)

4072.

SKIN EfreEcT 1x CyLINDRICAL CONDUCTORS
wit LErviericar Cross-SecTioN [Calcula-
tion from Vector I’otential: Solution for
Low Frequencies].—Lettowsky.  (dvch. f.
Elektrot., 1st Aug. 1935, Vol. 29, No. 3,
pp. 556-567.)

4073.

VARIATIONS 1IN THE RESISTANCE oF Tnix
CarBox IiLums [due to Load, Temperature
and Resistance Values: Investigation of
Commercial Resistances].—Meyer and Thiede.
(E.N.T., August, 1935, Vol. 32, No. 8, pp.
237-242.)

Commercial carbon resistances of ditferent types
and sizes were investigated to find how the change
of resistance and the “ rustle” voltage depended
on the resistance value, the d.c. load and the tem-
perature, and to determine the spectrum of the
“ rustle.”” The measuring apparatus is shown in
Fig. 1 and described in § 2. The frequency response
of the amplifier is given in Fig. 2. l'or spectrum
analysis (§3) a Griitzmacher apparatus (1928
Abstracts, p. 168) was used instead of the filter
choke of Fig. 1. Fig. 3 shows spectra of resistances
under different loads; the behaviour of all was
fundamentally similar. The “ rustle” voltage
rapidly falls as the frequency increases, in contrast
to the '‘ shot effect ”’ spectrum (Fig. 4) where the
voltage is practically independent of frequency.
At high frequencies the “ rustle”” voltage is negli-
gible.

Variation of

4074.

“rustle”” voltage with load is
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shown in Fig. 5 (§4); the voltage increases as the
sjquare root of the load. Ior heavy loads the
““rustie ”’ voltage increases with the time for which
the load is applied. “ Rustle” wvoltage shows
linear increase with temperature, for constant load
(Fig. 6). Tig. 7 gives a comparison of the be-
haviour of 25 resistances under various loads.
Table I compares the various types of resistance ;
the ‘“rustle” wvoltage decreases as the carbon
film thickness increases and is always greater than
that due to electron movement. A short theoretical
explanation is attempted. lfor papers on similar
lines see 1445 of May and 3091 of September.

4075. TESTS ON RESISTANCES WHICH VARY WITH
VoLtaGE [Over-Voltage Leaks] —Vieweg
and Pfestorf. (Physik. Zeitschy., 15th Aug
1935, Vol. 36, No. 16, pp. 539 544.)

Over-voltage protecting shunts consist of a

spark-gap and a resistance, which is essentially a
semi-conductor. Tests of semi-conductors as to
their suitability for this purpose are here described ;
the three chiel points are (1) the determination of
the value of the resistance for a given voltage, (2)
the determination of its variation with voltage,
and (3) tests for its ability to carry current when
subjected to a high impulsive voltage. Fig. 1
shows a circuit with a spark gap and Fig. 2 one
using a cathode-ray oscillograph for obtaining
current/voltage characteristics; Fig. 3 gives the
beam-locking circuit. Details of the experiment
are given ; characteristics of various resistances
are shown in Iig. 6. The general nature and eftects
of high-voltage conditions are discussed.

4076. A FURTHER NOTE ON HiGH RESISTANCES AT
HiGH I'REQUENCIEs [New Simple Approxi-
mation for R/R’: Comparison with Various
Experimental Values].—G.W.O.H. (Wire-
less Engineer, August, 1935, Vol. 12,
No. 143, pp. 413-4T74.) See 3694 of October.

THE SIZE AND ARRANGEMENT ov BISMUTH
MICROCRYSTALS FORMED FROM VAPOUR [Dis-
continuity in Magneto-Resistance at Critical
Film Thickness: Bearing of Results on
Structure of Metallic Films].—Lane. (Phys.
Review, 1st Aug. 1935, Series 2, Vol. 48, No.
3, Pp. 193-198.)

4077.

AIR CONDENSER, INDEPENDENT OF TEM-
PERATURE.—Runge. (German l’at. 606 094 :
Hochf:tech. u. Elek:akus., July, 1935, Vol.
46, No. 1, p. 34) The coatings of the
plates are made of a material with a suitable
coefticient of expansion, to compensate for
variations of the dielectric constant of the
air.

4078.

TantaLUuM  [Electrolytic]  CAPACITORS.—
Porter. (Rad. Engineering, August, 1935, Vol.
15, No. S, pp. 14-15.)

4079.

EMPIRICAL FORMULAE FOR DISCHARGE P’ERIOD
Curves [Voltage/Time Characteristics of
Insulators and Spark Gaps].—Gorev and
Mashkileison. (Elektrichestvo, No. 13, 1935,
pp- 32-36: in Russian.)

4080.



THE

- Tur BREAKDOWN OF DIELECTRICS UNDER
Hign VoLrrack, wiITH PARTICULAR REFER-
ENCE TO THERMAL INSTABILITY [Thermal and
Non-Thermal Breakdown : Theory of Ilec
tric  Strength for Thermal Breakdown :
Theory of lonisation Coefficients: Experi-
mental Results for Non-Thermal Breakdown].
—S. Whitehead and W. Nethercot. (Proc.
Phys. Soc., 1st Sept. 1935, Vol. 47, Part 5,
No. 262, pp. 974-997.)

4082, TuE NATURE OF THE CONDUCTIVITY OF

Sorip Dirrrcrrics. I —Tue ELEcTROLY-

$1S OF I'ILMs oF VaRrNISH.—Quittner and

Pruschinina. (Physik. Zeiisch. de Sowiel

union, No. 1, Vol. 8, 1935, pp. 41-58.)

TABULATED PRrOPERTIES OF CrRAMIC IN
SULATING MATERIALS [in Five Main Groups :
Mechanical and Electrical Data].—Weicker,
Kunstmann and Demuth. (/7.7.Z., 15th
Aug. 1935, Vol. 56, No. 33, pp. 915917.)

4083.

CERAMIC INSULATING MATERIALS AT HIGH
TEMPERATURES [200-600°C : Test Method and
Curves]—Weicker. (E.T.7Z., 22nd Aug.
1935, Vol. 56, No. 34, pPp. 937-939.)

4084.

4085. CONIUSION ENISTS IN RATING oF LOw-LOSS
IxsuLaTION [especially for Ultra-High-Tre-
quency Apparatus: lirroneous *“ Loss Fac
tors’ given by Manufacturers|.—Bjérndal.
(Ilec. I'ngineering, August, 1935, Vol. 54,
No. 8, p. g11.)

4086. THE LLIMINATION OF EFFECT OF EDGE
DiscHArGEs 1x BrEaxpownN TEsts [and
the Use of Xylene under High Pressure for
Testing Thin Dielectrics in Shect Form].
Morris Thomas. (World Power, September,
1935, Vol. 24, No. 141, pp. 125-133.) Report
L/T59 of the British E.R.A.

4087. [Humidity] TesTs oN R.F. Circuir Hook
Ur \Wire.-—Zender. (FElectronics, August,
1935, p- 257.)

4088. DETERMINATION OF THE REFRACTIVE INDEX
OF AQUEOUS SOLUTIONS OF LLECTROLYTES
wity FrER  ELECTrRIC WAvES.—Dember.
(Ann. der Physik, Scries 5, No. 6, Vol. 23,
1935, Pp- 507-528.)

The principle of the method used is that plane
waves (air wavelength g92.5 cm) are projected by a
parabolic reflector into a trough containing the
aqueous solution ; they are reflected from a mov-
able mirror at the back of the trough and the
standing waves formed are received bv a fixed
aerial in the trough. The mirror is adjusted for
resonance, so that the wavelength in the electro-
lyte is measured (Fig. 1). The apparatus is de-
scribed in detail, with the sources of error and
their magnitudes. The apparatus was tested by
measuring the temperature variation of the re
iractive index of water. The measurements made
were in good agreement with the Debye-Falken-
hagen theory.
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4089. [Absolute] MEASUREMENTS OF THE DIELEC
TRIC CONSTANTS OF AQUEOUS SOLUTIONS OF
STRONG LELECTROLYTES BY MEANS OF A
HicH-FrREQUERCY BrIDGE [Variation with
Concentration and I'requency : Description
and Diagrams of Bridge and Method :
Sources of Error: Agreement with Debye-
Falkenhagen Theory]. -Fischer. (Phvsik
Zeitschr., 1st Sept. 1935, Vol. 36, No. 17
PP- 585-593.)

T ErectricaL CoONDUCTIVITY OF SOME
STRONG ELECTROLYTES IN DILUTE SOLuU-
TION AND ITS VARIATION OVER THE TEM-
PERATURE RANGE 18°C to 85°C [Agreement
with Debye-Huckel Theory :  Some Anoma-
lies].-—Clews. (Proc. Phys. Soc., 1st Sept.
1935, Vol. 47, Part 5, No. 262, pp. 818-823.)

" Das FLUSSIGE DieLexkTrIKUM 7 [Book
Review].  Nikuradse. (Electronics, August
1935, p- 251.)

THr WELDING oOF WIRES 0F CHROMIUM
NickeEL AND Hign TEMPERATURE RESIST-
ING ALLOYS BY CONDENSER DISCHARGES.
Wrana. (L.T.Z., s5th Sept. 1935, Vol. 506,
No. 36, pp. 991-993.) For previous work
see 2502 of July.

4090.

4091

4092.

ELECTRIC CHARGES FROM STRETCHED Run-
KER Baxps [for charging Electroscopes, etc.].

Larson. (Review Scient. Instr., August,
1935, Vol. 6, No. 8, p. 242.

A NeEw  [Tungsten-Nickel-Copper] ALLoOY
SPTCIALLY SUITABLE FOR [Protective] Usk
1N Rapriuym BeaMm THERAPY.—McLennan and
Smithells. (Journ. Scient. Instr., May,
1935, Vol. 12, No. 5, pp. 159-160.)

4093.

409,

STATIONS, DESIGN AND OPERATION

4095. THE HAwAnAN RADIOTELEPHONE SYSTEM
[Ultra-High Frequencies 30/6o Mc/s, and a
New [ixperimental Circuit on 220/230
Mc/sj.——Harrington and Hansell. (Llec.
Lngincering, August, 1935, Vol. 54, No. 8,
pp. 822-828))

Post OFFICE AcCTIVITIES ON ULTRA-SHORT
WavEs [including the 110-Mile Glastonbury
Channel Islands Link].—(Television, Sep-
tember, 1935, Vol. 8, No. 91, pp. 551-552.)

4096.

WIXR: THE StorRY OF NEW ENGLAND'S
HigHeEsT Rapio StatioN [Mount Washing-
ton Observatory : Results on s5m and
2.5m Waves].-—McKenzie. (QST, July,
1935, Vol. 19, No. 7, pp. 33-34 and 74, 76.)
Tue iLispoN ReuNION or THE C.C.I.R.-

Picault. (L’Onde Elec., August, 1935, Vol
L4, No. 164, pp. 487—510.)

1097.

4008.

THE PHysicaL PROCESSES IN THE INTER
FERENCE ZONE OF A CoMMON-WAVE Broan-
CASTING NrTwork.—I. Vilbig. (T.F.T.
July, 1935, Vol. 24, No. 7, pp. 163-174.)
l'or the writer’s treatment of a pair of common-
wave stations see 1934 \bstracts, p. 166. Author’s
summary : The receiving conditions in the

1099.
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interference zone of a common-wave system is
investigated. The current is calculated which
occurs, after rectification, in a receiver situated in
this zone. IFFrom the equation it is possible to
draw conclusions as to the possibility of avoiding
distortions in the interference zone. The influence
of the number of stations and of the synchronism
of their frequencies on the quality of reception is
next examined. In this wayv ‘loss’ curves are
obtained which can be used to give curves of
“equal loss” for the individual stations: by ' loss’
is here meant the ratio of time of bad reception to
the total time of transmission. The mean beat
period of a common-wave network is determined
as a junction of the mean beat period of each pair
of stations. Tinally, the variation of the quality
of reception with the ‘loss’ and with the mean
interference time (and thus with the mean Dbeat
period) is found. From this the quality of recep-
tion to be expected in the interferemce zone can
be calculated.”

4100. RADIOFLECTRIC COMMUNICATIONS :  VARIA-
TIONS OF THE PACTORS INFLUENCING CoM-
smunicaTioN.de Bellescize. (L'Onde Elec.,
August, 1935, Vol. 14, No. 104, pp. 511-530.)

Conclusion of the paper referred to in 3699 of

October. The present part includes sections
on :—-curves representing the variations of a field
as a function of one parameter--range, {requency,
etc.; dispersion of a result which depends on
several purameters varving at random ; and a long
section on the mechanism of selective fading.

Ntw BROADCASTING SrtaTioy AT DELHI
Main Points already Settled]|.—(Current

Science, Bangalore, August, 1935, Vol. 4
p-121)

No. 2,

AIRCRAFT Rapio EguipsmexT For Usk ox
EturoPEAN Ak Lings [for Commercial and
Private Aircraft : with Electrical Remote
Tuning, AVC, ctc. : Plessey Company, Eng-
land]—Hodgson. (Proc. Inst. Rad. Ewng.
September, 1635, Vol. 23, No. 9, pp. 979
984.)

SuIP-TO-SHORE Rapio 1N PuGer SoUND

ArEA.—Hansen. (Elec. I:ngineeving, August,
1935, Vol. 54, No. 8, pp. 828-831))

4101,

4102,

4103

GENERAL PHYSICAL ARTICLES

Tue OPTICAL PROPERTIES OF SOLIDS.—
Wilson. {Proc. Rov. Soc., Series A, 2nd Sept.
1935, Vol. 151, No. 873, pp. 274 295)

Theorctical discussion of phenomena in visible
and ultra-violet regions : generalisaticn of Kramers-
Heisenbery dispersion formula : dispersion formula
for metals, particularly silver: reasonable agree-
ment with experiment for threshold for internal
photoelectric absorption : dispersion formula for
mnsulators : relation between absorption and  dis-
persiun.

4104,

4105. A Mopern CoxcrprioN OF THE ELECTRO
py~NAMIC ErrECTS oF AN ELECTRIC CURRENT.
—Guery. (Rev. Gén. de I'Elec., toth Aug.
1935, Vol. 38, No. 6. pp. 197 207 : to be
continued.)

THE WIRLELLESS

ENGINEER 633

4106, Tur NUCLEAR PHOTOLLECTRIC ErFEcT [Dis-
integration of Deuterium and Beryllium
Nuclei by Gamma Rays]-—Chadwick and
Goldhaber. (Proc. Royv. Soc., Series A, 2nd
Sept. 1935, Vol. 151, No. 873, pp. 479- 493.)

4107. THE NEWLY DISCOVERED ELEMENTARY PAR-
TicLES [Survey| —Darrow. (Flec. Engineey-
ing, August, 1935, Vol. 54, No. 8, pp. 808-
816.)

4108. A THEORY OF ELECTROMAGNETIC PARTICLES.
Part I. [Models in the Form of Systems of
Electromagnetic Waves in lree Space :
Electromagnetic ** Whirls "’ and Their D’ro-
perties : Principle of Relativity explained
on Basis of Maxwell's Equations] — Japolsky.
(Phil. Mag., September, 1935, Series 7,
Vol. 20, No. 133, pp. 417-468)  lor pre-
liminary work see 2176 of July.

4109. COMMUNICATION re PAPERS BY RUPP. Ram-
sauer. (Zeitschy. f. Physik, No. 3/4, Vol. 96,
1935, p. 278.) Arising out of the incident
relerred to in 3709 of October.

4110. ON THE VELOCITY DISTRIBUTION OF ELEC-
TRONS MOVING IN AN ELECTRIC FIELD.
Davydov. (Physik. Zeitschy. dev Sowietunion,
No. 1, Vol. 8, 1935, pp. 5970 : in German.)

The electrons are considered to be diffusing in a

{not necessarily small) clectric field and to be under-
going elastic collisions with molecules whose
velocity distribution follows  Maxwell's law.
Theorctical expressions are found for the magnitude
and direction of the electron velocity distribution,
and formulae arc given for the mean energy and
mobility of the electrons. The writer is of the
opinion that the formulae are probably valid for
arc discharges at atmospheric pressure.

4111, NEw FORMULA FOR THE PROBABILITY OF
ProDUCTION OF AN ELECTRON PAIR BY
CoLLisION OF A LIGHT QQUANTUM WITH A
NucLEus.—Stueckelberg.  (Helvetica Phys.
icta, Fasc. 4. Vol. 8, 1935, Pp. 324-320:
in French.)

ON THE THEORY OF lONIC RECOMBINATION !
A CorricrioN [of Numerical Error].
Harper. (Proc. Cawmb. Phil. Soc., July,
1035, Vol. 31, Part 3, pp. 429-430) See
1933 Abstracts, p. 210.

4112

INITIATION OF THE HIGH-I'RiQUENCY Dis-
cuargE [Curve of Varation of Spark
Potential with Pressure explained by fonisa-
tion by Positive Tons at Cathode and Elec-
tronic Impact in Gas|.—Thomson. (Nature,
24th Aug. 1935, Vol. 136, p. 300.)

TuHeE DvNAMICS oF NON-STATIONARY Gas
DiscHarRGES. IT: HYSTERESIS PHENOMENA
FOR DyNaMicaL CHARACTERISTICS OF THE
Grow DisciiakGeE [analvsed as Distortions
of Curves in Current/Voltage DPlane].—
Gawehn and Valle. (4nn. dev Physik, Series
5, No. 5, Vol. 23, 1935, pp. 381 412) For
previous work see 898 of March and 1704
of May.

4115. * THEORETICAL PHYSICS 7 Book Review].
Joos. (Electronics, August. 1935, P 251.)

4113,

4114,
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4116.

4117.

THE WIRELESS ENGINEER

MISCELLANEQUS

ON SoME PPROPERTIES OF THE K-I'UNCTION

2
[defined as k,(x) = (2/n) | cos (vtan §— nB)db:

Function occurring in Ciorcuit Theory, dis-
cussed by Operational Methods).—Shastri.
(Phil. Mag., September, 1935, Series 7
Vol. 20, No. 133, pp. 468—478.)

REsonaNT FUNCTIONS : NoTeEs oN THEIR
Use 1N ELectric CircuiT CALCULATIONS.
—Baggally.  (Wireless Engineer, August,
1935, Vol. 12, No. 143, pp. 430-436.)

The principle can be applied to entire networks

or parts thereof,
algebra and

out is

with much saving in both
arithmetic.” An example worked
the calculation of the response curve of an

equalising network for correcting the side-band
cutting in a broadcast receiver.

4118.

4119.

“ SYMMETRICAL COMPONENTS *’ [Book IRRe-
view].—Wagner and Evans. (World Power,
September, 1935, Vol. 24, No. 141, p- 146.)

THE STATISTICAL THEORY OF ERRORS [General
Arguments for the Thesis that the Adjust-
ment of Observations is #ot a Statistical
Problem].—Campbell.  (Proc. Phys. Soc.,
1st Sept. 1935, Vol. 47, Part 5, No. 262, PP-
800-809.)

20. NEwW METHOD OF GEOPHYSICAL I’ROSPECTING

4121,

4122,

4123,

4124.

4125.

4126.

[using A.C. of 0.1 to 5¢/s Frequency : based
on Electrolytic Effects].—Hecker.  (E.T.Z.,
15t Aug. 1935, Vol. 56, No. 31, pp. 871-872 :
summary only.)

A VALVE GENERATOR [4 kW Output] ror
INpucTiON FurNaCES.—Fischer. (ET.Z.,
15t Aug. 1935, Vol. 56, No. 31, pp. 870-871 :
summary only.)

A NEw METHOD OF TESTING PHOTOGRAPHIC
SNAP SHUTTERs [using Photocell and
Cathode-Ray Tube].—van Liempt and de
Vriend. (Zeitschr. f. Physik, No. 3/4, Vol. 95,
1935, pp- 198-201.)

TesTING ' Car’s EvEs ”’ [Road-Sign Button
Reflectors] wita PHoTOCELLS.—(Electronics,
June, 1935, p. 186.)

INFRA-RED PHOTO-TELEPHONY [Table of
Systems and Ranges obtained].—Guasco.
(La Ricerca Scient., 15/31 May, 1935, 6th
Year, Vol. 1, No. g/10, pp. 483 and 484.)
In a survey by Todesco of the applications
of infra-red rays.

ELONGATION OF PATTERN, IN AUTOMATIC
STEEL-STRIP STAMPING, NOTIFIED BY PHOTO-
CELL.—(Electronics, July, 1935, p. 221.)

A PHOTOCELL TEMPERATURE REGULATOR. —
Weinland. (Llectronics, July, 1935, pp. 224—
225.)

4127.

4128.

4129.

4130.

4131.

4132.

4133

4134.

4135.

4136.

4137.

4138.

4139.

4140.
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O~ THE TECHNIQUE OF PHOTOELECTRIC
Anarysis [Titrations, etc.] WITH INTER-
MITTENT LiGHT.—DMiiller and Diirichen.
(Die Chemische Fabrik, 17th July, 1935,
Vol. 8, No. 27-28, pp. 267—269.) To permit
amplification, particularly when feeble light
sources are necessary (e.g. with strictly
monochromatic light). For the amplifier

used see 3171 of September. Cf. 3985.
CoMMENTS oON A SiMPLE RECORDING
MICROPHOTOMETER.” —Brentano.  (Journ.

Scient. Insty., August, 1935, Vol. 12, No. 8,
pp. 269-270.) Prompted by Bhatt and
Jatkar’s paper (2908 of August).

THE EMPLOYMENT OF PHOTOELECTRIC CELLS
IN  PHOTOMETRY.—Gouffé.  (Génie Civil,
27th July, 1935, Vol. ro7, No. 4, p. 98:
summary only.)

ErrcrricaL DEVICE AIDS IN MEASURING
SpEEDps OF Cars [Condenser Charging
Circuit, using Two Light Beams 18 Inches
Apart].—De Silva. (Sci. News Letter, 27th
July, 1935, pp. 51-52)

“Erectric EYE" [Photocell] 1MPROVES
RECORDING OF  EARTHQUAKEsS.—Wolfe.
(Sci. News Letter, 27th July, 1935, p. 56.)
WHEN SMELTER BAG TEARS [wasting Metal
up Flue] PHOoTOCELL soUND Horx.—(Flec-
tromics, July, 1935, p. 221.)

SAVINGS WITH PHOTOELECTRIC COLOUR-
CoNTROL 1IN BAKERY.—(Electronics, July
1935, p. 220)

ProroELECTRIC CountER [Two Types, for
Counting Speeds up to 10 per Second and
from 10 to 50 per Second].—Sato and
others. (Jowrn. I.E.E. Japan, May, 1935,
Vol. 55 [No. 5], No. 562, p. 254 : English
summary p. 50.)

INDUSTRIAL PHOTOELECTRIC CONTROLS.—
Wilfart. (dnun. des P.T.T., July, 1935,
Vol. 24, No. 7, pp. 648-685.)

THE So-CALLED ‘‘ BArRIER-LAYER '’ CELLS

AND THEIR UrtiLisaTiox [Report to Inter-
national Illumination Commission].—Cohu.
(Rev. Gén. de I'Elec., 27th July, 1935, Vol. 38,
No. 4, pp. 123-127))

“ PHOTOELECTRIC AND SEeLENIUM CELLS "
[and Their Applications: Book Review].—
Fielding. (Journ. Scient. Instr., August,
1935, Vol. 12, No. 8, p. 273.)

A MULTI-STAGE PHOTOCELL CURRENT AMPLI-
FIER, APPLIED TO FURNACE TEMPERATURE

ConrTrOL.—Richter. (See 3985.)
ProroTuBEs ror TEsTING PowERrR TUBES.
Westinghouse Company. (Electronics,

August, 1935, p. 253.)

PHoTOELECTROLYTIC CELLS [Short Survey
with Particular Reference to Photometry],
and PHOTOCONDUCTIVE CELLS.—]Jouaust :
Roy-Pochon.  (Rev. Gén. de I'Elec., 24th
and 31st Aug. 1935, Vol. 38, No. 8, pp.
263-266 : 305-307.)
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Some Recent Patents

The following abstracts ave preparzd, with the permission of the Contvolley of H.M. Stationery Office, from
Specifications obtainable at the Palent Office, 25, Southamplon Buildings, London, W.C.2, price 1[- each

DIRECTIVE AERIAL SYSTEMS

Convention dates (Poland), 4th and 17th November,
1933. No. 424310

The field characteristic of a directive aerial is
improved by a system of inter-aerial ‘“ reaction.”
The figure shows, in elevation and plan, an array
of aerials At . . . An, backed by corresponding
reflectors Rt . . . Rm and associated with a
“forward "’ line of aerials and reflectors marked
RAr . .. RAn and KRRt . . . RRn, respectively.

ELEVATION

RA1 F Al

RR1e oR1
RA2
RR2e F A2) Jho K
} B

RRne

No. 424310

Incoming signals are picked up on the first-
mentioned aerial array, and from there are fed
through an amplifier V and feed-lines I to the
forward line of aerials KA1 . . . Rdn, by which
they are radiated through the ether back to the
first set of aerials. Finally they are passed to the
receiver K. The aerial ‘ reaction” serves to
sharpen the directive effect by emphasising the
phase-differcnce in the currents picked up from
““ off-line "’ stations. Phase-differences may also be
deliberately introduced in order to swing the axis
of sensitivity of the aerial into a desired direction.

Patent issued to Marconi’s Wireless Telegraph
Co., T.td.

FLUORESCENT SCREENS
Convention date (U.S.A.), 30th August, 1932.
No. 424893
To produce a fluorescent screen having a uniform
structure which improves in brilliance under
clectronic bombardment, fine crystals of zinc
sulphide are first sifted over a semi-molten backing-
plate of beryllium glass so as to form a uniform
layer two or three grains in thickness. The lower-

most grains partly sink into the molten glass and
form a foundation lor the upper layers. As cooling
and contraction take place, the whole mass of
crystals settles down, each grain being jammed
firmly in position by mutual pressurc and friction.
The beryllium backing-plate is practically non-
transparent to X-rays produced by the bombard-
ment.

Patent issued to Marconi's Wireless Telegraph
Co., Ltd.

CATHODE-RAY TUBES
Application date, 6th November, 1933. No. 425493

\When the cathode-ray tube of a television receiver
is burnt out, or otherwise requires replacement, it
is often a matter of some difticulty to align the new
tube correctly with relation to the external
deflecting-coils or magnets. In order to facilitate
this operation, the tubc and coils are made as one
integral unit, the coils being mounted on a metal
screen which encloses the whole of the tube except
the flared end containing the tluorescent screen.

Patent issued to General Electric Co., I.td., and
L. C. Jesty.

SHORT-WAVE MODULATORS

Convention date (U.S.A) 315t August, 1933.
No 425571.

In order to overcome the known difficulty of
sending ultra-short wave signals by amplitude
modulation alone, ie., free trom any admixture of
frequency-modulation, a region containing {ree

electrons is interposed in the path of the carrier-
waxye, and the electronic density within that region
is controlled by the signals to be transmitted,
so that it acts as a variable refracting medium upon
the carrier.

FIG. 1A
No. 425571
radiation

instance, short-wave

In Fig. 1, for
from a transmitter 7" is concentrated by a reflector
R into a beam, which passes through a prism P

containing ionised gas. The prism, as shown in
Fig. 1A, consists of a convcluted neon or argon
filled tube, the degree of ionisation inside the tube
being controlled by the signal voltage from a
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microphone /. The prism ‘‘ modulates” the
carrier by deflecting it in and out of the path of
the receiver R.

Patent issued to Marconi’s Wircless Telegraph
Co., Ltd.

SCANNING CIRCUITS

Convention date (Germany) 27th Sepiember, 19372.
No. 425085,

In order to prevent the slowing-up of the return
or ““idle "’ stroke of the scanning spot, in a cathode-
ray tube, from making its presence visible on the
screen, an extra control voltage is brought into
play at the required moment.

\2|

']‘:01
: 1
No. 425685

As shown in the Figure the saw-toothed oscillator
circuit V, C is charged from a source of potential B.
which also supplies veltage to the anode of an
auxiliary valve V1. A network R, C1 introduces a
delay which corresponds to the first part of the
back-traverse of the scanning spot, but towards
the end, as the spot is slowing down, an impulse
ifrom the coil /L suddenly renders the discharge-
tube ¥V non-conducting and so throws the spot
off the screen.

Patent issued to Radio Akt. D. S. Loewe and
K. Schlesinger.

COLOUR TELEVISION

Convention dates (Germany) 1st October, 1932, and
8th September, 1933. No. 426133.

A cathode-ray tube is fitted with two sets of
electrodes, cach comprising a heated cathode,
wehnelt cylinder, and first and second anodes,
so that two independent clectron streams are
produced. These are passed through separate
pairs of scanning electrodes so arranged as to
confine the resulting ‘‘ rasters ”’ to opposite halves
of the fluorescent screen. When using the arrange-
ment for reproducing television effects in natural
colours, two separate pictures are projected on
to a two-part screen, one half of which gives off
say a red and the other a green tluorescence. The
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two pictures are then superposed or merged to-
gether on a common viewing-screen by means of
two inclined mirrors mounted outside the flared
end of the tube.

Patent issued to Radio Akt. D. S. T.oewe and
K. Schlesinger.

SHORT-WAVE SIGNALLING

Convention date (U.S.A.) 24th January, 1033
No. 426228

The system of frequency-modulation outlined
in the previous patent is applied to signalling on
ultra-short waves of the order of 50 megacycles.
The effective range of such waves depends in
some measure upon the extent to which they
can be amplified at the receiver and this is normally
limited by tube noise, due to irregular electron
emission from the heating-filaments. As a remedy,
the degree of frequency-modulation is increased
by passing the modulated carrier through a series
of frequency-multipliers until it spreads over a
side-band width of 30 Kilocycles, as compared
with the normal 10 K.C. side-band used in rdinary
amplitude-modulation.

It is practicable to do this (a) because there is
plenty of room available in the ether below 1o
metres, and (b) because the amount of static is
negligible on the ultra-short wave band. The
second factor makes it possible to use broadly
tuned receiving circuits without running the risk
of atmospherics masking the desired signal.

The receiving circuits are *“ paired ” so as to
rectify the wide band of frequency-modulated
signals cumulatively. The comparatively narrow
bands due to tube noise, representing an amplitude
modulated disturbance, are rectified in push-pull,
and are therefore eliminated.

Patent issued to 11 H. \rmstrong.

DIRECTION-FINDING

Application date 2nd August, 1933. No. 420324

The pick-up voltages from two frame acrials
aligned on two distant beacon stations, are switched
over in rapid alternation to the two pairs of de-
flecting electrodes in a cathode-ray indicator, so
as to cause the clectron stream to trace two inde-
pendent paths over the fluorescent screen. Owing
to persistence-of-vision, these appear as two
continuous straight lines intersecting at a point
on the screen. By suitably adjusting the biasing
potentials on the tube, this point of intersection
is made to coincide with the position of the receiver
relative to the two beacon stations.

For usc on aircraft, the fluorescent screen of the
cathode-ray tube carries a map, say of the aero-
drome, and the pilot can observe his path of approach
in foggy weather by noting the movement of the
point of intersection over the map. A different
map is supplied for each aerodrome, and the
necessary readjustment of the biasing voltages is
cffected automatically by causing projections on
the under surface of the map to engage a series of
movable contacts.

Patent issued to R.
Herd ;

A, Watson Watt J.
and L. H. Bainbridge-Bell.



