THE

WIRELESS
ENGINEER

AND

EXPERIMENTAL

WIRELESS

Vor. XI.

SEPTEMBER, 1934

No. 132

Editorial

Second Channel and Harmonic Reception in
Superheterodynes

N an article in Die Telefunken-Rihre—a
magazine devoted to valves, the tfirst
number of which has just been issued by

the Telefunken Company—reference is made
to the problem of the elimination of harmonic
production n superhets, and the suggestion
1s made that trouble that is sometimes
ascribed to the production of harmonics is
often due to back-coupling from the output
of the intermediate stages, especially when
the high frequency is an exact multiple of
the intermediate frequency.

As we possess a superhet which is very
rich in whistles and chirps and given to the
picking up of stations in most unexpected
points on the dial, we thought that it would
be interesting to examine these abnormal
receptions systematically and determine the
cause of each one. The set is a commercial
one of 1931 with no h.[. amplitying valve,
but with a separate oscillater which 1is
coupled to the first detector by a resistance
which 1s common to the cathode leads of the
two valves. Between the aerial and the grid
of the detector valve is a capacity-coupled
two-circuit tuner. The intermediate filters
are tuned to a frequency of 115 kilocycles
per sec. and the oscillator {requency is above
that of the h.f. filter by this amount.

The calibration curves on the medium and

long-wave ranges are reproduced in Figs. 1
and In the former there are only hive
abnormal receptions three of which are due
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to second channel, but in the long-wave
range there are muanyv more, only one of
which 1s due to second channel, the remainder
being due to the received station differing in
frequency bv 115 ke/sec. from a harmonic of
the oscillator. The table shows exactly how
each abnormal reception is caused. Only
those cases are plotied which were loud
enough to be identified with certainty.
There are two points, however, which should
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be emphasised ; firstly, the results obtained
in such a test depend on the locality ; the
results here given were obtained in Glasgow,
which is 23 miles from the Scottish trans-
mitter ; secondly, it is not suggested that
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the receiver could not be modified or adjusted
so as to reduce some of these abnormal
receptions below audibility.

There is another cause of abnormal recep-
tion which we have not included in the

table, and which might be called half-channel. -

In this set, for example, the Scottish National
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programme on 1,050 ke can be received
quite loudly at a reading corresponding to

g92.5 ke ; this appears somewhat mysterious
until one notices that the oscillator frequency
of 9g2.5 + 115 = 1,107.5 ke differs from the
received [requency by 57.5, which is exactly
half of 115. The first detector will not pro-
duce a pure 57.5 ke current but probably
one with a pronounced second harmonic
which will pass through the intermediate
tilter and cause the reception of the Scottish
National programme. Scottish Regional on
804 ke 1s similarly received at a rcading
corresponding to 746.5 kc. These examples
emphasise the importance of working the first
detector in such a manner that the inter-
mediate frequency is as free from harmonics
as possible.

When quickly turning the tuning dial of a
superhet one often notices a number of
sounds which, if not too loud, may best be
described as chirps; if they are very loud
this name hardly does them justice. 1f the
dial is slowly rotated a very high note be-
comes audible, the pitch of which falls to
zero and then, on further turning the dial,
rises again until it exceeds the limit of audi-
bility. To explain the cause of this pheno-
menon we shall consider one or two actual

Table Showing Abnormal Receptions.

MeDIUM WAVE RANGE.

Dial Frequency in kc/s of {

Read- Station : Iixplanation

ng. Received. Aerial I Oscilla- ' Intermediate Frequency = 113 kc/s.

Circuits. } tor. | Station. i
|
15.5 Fécamp o .. 1,226 1,341 1,456 { 1,456 —1,341 115 i 2nd channel
89 Scottish \Iatxonal -~ 820 935 1,050 1,050— 935 115 2nd .
153 Scottish Regional .. 574 | 689 804 804 — 689 115 2nd M
\
LonG WAVE RANGE.

7.5 | Scottish Regional .. | 345 ‘ 460 804 (2 X 460) -804 = 116 2nd harmonic
16 Athlone : 335 450 565 565 —450 = 115 2nd channel
18 Fécamp 1 o 332 447 1,456 1,456—(3X 447) 115 3rd harmonic
22 Midland Regxonal .. 326 441 767 (2X 441)— 767 115 2nd 0
25.5 | Newcastle 323 438 1,429 (3 X 438)—1,429 115 3rd .
14 Dublin 296 411 1,348 1,348—(3x 411) = 115 | 3rd ”
54 Hamburg 279-5| 3945 9% 904—(2X394.5) = 115 | 2nd .
35.5 Fécamp . .. 278 393 1,456 (4 X 393) —1,456 116 4th
59 ‘ Scottish National .. 273 388 1,050 (3 X388)—1,050 114 3rd
89.5 | Scottish Regional .. 230 345 804 804 —(2X345) = 114 2nd

115.5 Scottish National .. 197 312 1,050 1,050— (3 X 312) 114 3rd .
120 Scottish Regional .. 191 306 804 (3 X 306)— 804 = 114 3rd .
133 Scottish National .. 176 291 1,050 (4X291)—1,050 = II4 4th .
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cases. At 115.5 on the long-wave range
carrier waves are being received from
Daventry at 2ookc and from Scottish

National at 1,050 ke, and although the set
is tuned approximately to the former, the
latter station is about twice as powerful and
only 23 miles away. When the dial reading
is 117 the oscillator has a fundamental
frequency of 310 kc and a third harmonic of
930 kc. Daventry’s carrier will beat with
the former to produce an intermediate
frequency of 310 — 200 = 110 ke, whilst
the Scottish National carrier will beat with
the latter to produce an intermediate fre-
quency of 1,050 — 930 = 120 k¢. Both of
these intermediate frequencies will pass
through the 115 ke filter to produce at the
second detector a note of 120 — 110 = 10 ke,
1.e., a high piping note. What happens as
the dial is turned is best shown in the
following manner.

|
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! { 310—200 = 110 }
117 310 10
1,050—(3 X 3I0) = 120
‘{ 312—200 112 ‘
116 312 }' 2
1,050—(3 X 312) - 114

312.5—200 = 112.5
115.5 3125{ } o
| L 1,050—(3 X 312.5) = 112.5

313-—-200 = 113
115

313 \{
1,050—(3 X 313) = 11T

As the dial reading is reduced from 117 to
115.5 the pitch of the note changes from a
high piping whistle to a bass grewl, and by
careful adjustment at 115.5 it can be made
quite inaudible, although if very strong it is
almost impossible to eliminate a fluttering
effect ; on further reducing the dial reading
the pitch rushes up until it becomes
inaudibly high.

As another example we may mention
Moscow No. 1, working at 174 k¢, which when
accurately tuned has a dial reading of 136,
but is accompanied by a faint whistle which
can be reduced to zero pitch by detuning to
136.5. This is probably due to West Regional
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working at g77 kc and arises in the following
manner. When tuned to Moscow at 174 kc,
the oscillator frequency is 1744 115=28¢ k¢,
and it will produce a third harmonic of
867 kc which differs from West Regional by
110 ke.  The two intermediate frequencies
of 115 and 110 Will set up a 5 kc whistle, but
on slightly increasing the dial reading and
thus decreasing the oscillator frequency from
289 to 287.75 the two intermediate fre-
quencies become the same, viz., 11375, and
the difference tone vanishes. Thereis another
possible explanation, although the station is
probably too far away to cause an audible
chirp, and that is the other Moscow trans-
mitter, Moscow No. 3, which has a frequency
of 401 ke and therefore an apparent second
channel frequency of 401 — 230 = 171 ke
which differs by only 3 ke from Moscow No. 1.
This would also be reduced to zero frequency
by a slight increase in the dial reading.
These examples serve to illustrate the large
number of possibilities of producing chirps
if the oscillator has strongly pronounced
harmonics and if the high-frequency stage is
not sufficiently selective.

Although the larmonic content of the
oscillator current in this set could doubtless
be reduced by adjustment of the grid bias
and anode voltages, it should be noted that
the part of the anode circuit utilised for the
heterodyne mixing with the received wave in
this and in many other sets is the least
satisfactory from the point of view of
freedom from harmonics. The oscillatory or
flywheel circuit will have a much smaller
percentage of harmonics than the anode or
cathode lead, the current in which is known
to have a relatively bad wave-form. In the
set with which these tests were made the
cathode current is passed through a resist-
ance, the drop across which is injected into
the cathode circuit of the first detector ; no
use is made of the purifying effect of the
resonant circuit of the oscillator in building
up a large current of the resonant frequency
and thus reducing the relative importance
of the harmonics.

With regard to the suggestion referred to
in the opening paragraph, we can only say
that, in this set, every case of abnormal
reception could be explained without
reference to any back-coupling between the
second and first detector.

G. W. 0. H.

B 2
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The Grid-Anode Capacity of Valves®

Its Effect on the Associated Tuned Circuits
By M. O’Connor Horgan, M.Sc.

(Research Laboratories of the General Electric Campany, Wembley, England)

ABSTRACT.—The paper includes expressions for the variation of the damping and
capacity reflected onto the grid circuit from the anode circuit for all positions of the anode

tuning.

Expressions and curves are derived such that these effects can be at once deter-
mined when certain of the circuit constants of the amplifier are known.

From further

curves the magnitudes of several other effects can be found for any amplifier stage, whilst
the change of the overall response curve of the amplitier due to the grid-anode capacity

is evaluated.

I. Introduction

RIOR to the introduction of the Screen-

Grid valve, the question of the grid-

anode capacity of a valve, used as a
high-frequency amplifier, was of importance
due to the instability that it caused when the
overall amplification exceeded a certain
point. When steps had been taken partly
to ncutralise the feed-back effect, the maxi-
mum amplification was still limited by the
question of stability rather than the maxi-
mum amplifying power of the valve in
association with good tuned circuits.

With the introduction of the screen-grid
valve with its greatly reduced grid-anode
capacity, instability, when it occurred was
invariably produced by stray external coup-
lings, and the question of inter-electrode
capacity, becoming of minor importance,
rather faded to the background.

Since then, further research has produced
more efficient valves, having greater and
greater mutual conductances, and more
efficient tuning coils, so that, in spite of the
huge reduction in grid-anode capacities and
the Improvement in the external screening,
the point is again being reached when the in-
ternal coupling between the anode and grid
circuits is making its presence felt. In
some cases already, it is again the limiting
factor in the amplification attainable from
an amplifier stage.

There are three papers on this subject
that are worthy of note, namely :

(a) Beatty, ‘“ The Stability of the Tuned
Grid-Tuned Plate H.F. Amplifier,” E.W.
& W.E., Jan. 1928, Vol. 5, p. 3.

* MS. accepted by the liditor, May, 1934.

(b) Beatty, “ Stability of Valve Ampli-
fiers,”” Proc. Phys. Soc., Vol. 40, 1928, p. 261.

{(¢) Butterworth, E.W. & W.E., Vol. 6,
No. 69, 1929, p. 203.

These deal chiefly with the maximum
amplification that is attainable, and the
conditions for stability. But other results
follow from an appreciable anode-grid capa-
city, notably with regard to the tuning of
the anode and grid circuits. At the present
day, when the high selectivity of a set and
the accurate adjustment of its H.F. filters
are so dependent on the critical tuning of
its resonant circuits, the variations intro-
duced by the grid-anode capacity may be
serious.

In the following paper expressions are
derived for both the stability and the varia-
tions in the tuning conditions of the asso-
ciated anode and grid circuits, together with
their effect on the consequent response of
the amplifier. As far as possible, these are
expressed in such a form as to be casily
applied to any amplifier stage whose opera-
ting constants are known or can be easily
measured ; and from the expressions ob-
tained, curves are drawn so that the actual
effect for any circuit conditions can be read
off. Practical confirmation of all the ex-
pressions derived has been obtained to a
high degree of accuracy as will be mentioned
later in the text.

The circuit considered is that ofa single
stage high-frequency amplifier having reso-
nant tuned circuits in both its grid and anode
circuits as shown in Fig. 1. For the practical
measurements the grid and anode circuits
are elaborately screened, and provision is
made for injecting an H.F. voltage into the
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grid circuit by means of a small resistance
R, of less than 1 ohm. The output across
the anode tuned circuit can be measured
bv a valve-voltmeter.

The tuning of the anode circuit is carried
out firstly}by a fixed condenser C; of suitable
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Fig. 1.—The H.F. amplifier stage used in the
practical tests. The condenser Cy 1s a standard
10-75 upl condenser, whilst C. is a specially
constructed standard of small capacity diffevences
and 1s graduated to o.oxuul’. The comprehensive
screening eliminates all feed-back between the
anode and gvid civcuils except through the valve
itself.
size, and a parallel standard condenser
having a range of o — 75 uul".  On the grid
side besides the fixed condenser €, there is
a parallel condenser C, which has a scale of
15 wul’, divided into 1/100ths of a micro-
microfarad.t With such a condenser, change
of capacity of the order of 0.005 uul” could be
measured. In the present case, however,
a limit of 0.01 uulF was set by the sensitivity
of the resonance indicator.

2. The Fundamental Equations

The amplifier stage has an equivalent
circuit which may be drawn as shown in
Fig. 2. Here an injected voltage e is ampli-
fied by the grid tuned circuit, causing a
voltage e, on the grid of the valve. TFurther
amplification in the valve is equivalent to
having a second source of voltage ue; in the
valve, in series with the valve conductance
o ,, across the anode tuned circuit.

The fundamental formulae

7; A Standard of Small Capgty Differences,”
Bartlett, Journal of Scientific Instriuments, Vol. 8,
1931, p. 260.

connecting
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e, ¢, and e,, were derived by Beatty* for
such a circuit by considering a series of
“ circulating currents ”’ in the various loops.
Their derivation is straightforward and need
not be repeated here. They aref:

. . e
e,04(1 + jt;) — eyjwCo — — wJLI - (1)

ey0,(I + 7ty) + 6,8 =0 .. o (2)

By suitably eliminating one or other of

the three voltages we obtain the expression
for the interdependence of the other two.

3. The Variation of the H.F. Voltage on
the Grid as the Anode is Tuned

Owing to the mutual coupling of the grid
and anode circuits through the grid-anode
capacity, changes of tuning in the anode
circuit produce a variation in the magnifica-
tion of the grid tuned circuit.

By eliminating e, from equations (1) and
(2) we get the connection between the

Co
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Fig. 2.—The amplifier stage, shown in Fig. I,

may be represented completely by this equivalent

civcuit. 1The voltages ey, ey, elc., vesulting from

a small voltage e introduced into the grid civcuit,
ave indicated.

magnification of the tuned circuit, and the
anode tuning expressed as a phase tangent /,.

Y im F + ) N )
where
. . . ngO
F = 1/(1 + ji){1 +jl) +7Hand H
G109

This may be written

e I

My —3 =
] ljl_l_ le 1 77.7 , H
"1+t T P

— . )
+ 4

* Beatty, EW. & W.LE., Jan., 1928, Vol. 5, p. 3.
+ Ior list of symbols see Appendix.
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It will be seen that the magnification
varies with both ¢, and /,, 1.e., with both the
grid and anode tuning. As the grid tuning
is varied, the *‘ in-phase ”’ component in the
denominator of the above expression (4)
does not vary, being independent of i ;
and we may thus say at once that the
magnification of the tuned circuit will be
a maximum when

H

I+ 2,2
gwC,
0105
circuit with constant supply voltages to the
valve.

Thus for any setting of #,, we may adjust
the value of ¢, to give maximum amplifica-

by = - (5)

where H = is a constant for a given

tion. Under these conditions we may write :
ey . 1
=My .. ()
e I Hi,
I L 2,2

Jm K where K, is a function
of ¢,only for constant values
of H.

Now H —3Co

G109
grid capacity and o, and o, the conductances
of grid and anode tuned circuits respectively.
It will thus be constant for a given stage,
so long as g, the valve mutual conductance,
and the frequency w of the injected voltage
are constants. With constant applied vol-
tages and a small signal this will be true,
so that under these conditions H may be
assumed to have a steady value, and may be
regarded as a stage constant in a similar
way that g, the mutual conductance, is
regarded as a valve constant. It will be
used in this paper almost as a “ coupling
factor ”’ for the circuit, and as will be seen,
leads directly to such data as the extra gain
due to reaction.

Continuing our examination of equation
(6), it will be observed that if the anode
circuit Is at resonance, f, =0, and the
magnification is that of a tuned circuit, m,.
If the anode circuit is inductive, #, is nega-
tive and the magnification is greater than
that for a plain tuned circuit. Similarly, if
the anode circuit is capacitive, the value of
{, is positive and the circuit is damped,

where C, is the anode-
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giving a magnification below normal. Further,
. Ht, . .
the variable factor [ 72N equation (6) has
T ore

a maximum value when ¢, =71, and a

minimum value when £, == — 1. Thus the
greatest magnification occurs when f, = — 1,
and is equal to
, I
jy— g @)
—3)

2
whilst the lowest magnification occurs when
t, = + 1, and is equal to
e I
. (9)
2/

ny
i

For both maximum and minimum amplifi-
cation in the grid circuit the phase angle of
the tuned circuit is 45°.

Curves connecting the variation of grid
circuit voltages with anode tuning are shown
in I'ig. 3 for various values of H. In these
curves, /{; (see equation 6) is plotted against
¢y, the phase tangent. I'or anv given stage
we need to know the values of (¢) g, the
mutual conductance of the valve which can
usually be obtained from the maker’s curves
with sufficient accuracy, or can be readily
measured ; (d) w, the frequency of the in-
jected signal X 27 ; (c)C,, the grid-anode
capacity which can be obtained as explained
in Para. 6 of this paper ; (d) o, and o,, the
conductances of grid and anode circuits ;
and (¢) wm,, the grid circuit magnitication.
This can ecasily be found in this test by
shorting the anode load, so that there is no
reflected conductance, and measuring the
gain due to the grid circuit at resonance.

From these figures /{ is calculated, thus
giving the particular curve of the family
to be used. The connection between the
phase-tangent ¢, and the capacity change
C, is easily found :

wC,

/
ty = — L

or C, = — (7)
To w
When we have discovered H for any par-
ticular circuit we may read off from the
curve corresponding, the fraction of the
normal voltage ¢, that is obtained on the
grid for any capacity off tune C,.
Alternatively, the measurement of the
maximum, normal and minimum resonant
grid voltages that occur as the anode circuit
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is tuned through its resonant point may be
used to give an accurate value for H. As
the quantity H is used a good deal in later
measurements in this paper, this will be the
normal usage for this test.

407 September, 1934

of curves as shown in Fig. 3, the value of H
is at once determined.

Such a curve of K, against ¢, was plotted
out for a test amplifier stage and was found,
when compared with the family of curves
to be equivalent to a value of H ==0.30.
This figure is in close agreement with that
obtained by calculation from the formula
which came to 0.37.

4, The Limits of “ H.”

H — gwcﬂ

g0,

It is clear that H cannot be negative.
Beatty showed by a geometrical construction
that the upper limit for stability was a value
of H = 2.

This result follows at once from the equa-
tion (8) which becomes infinite when H = 2.
Infinite magnification infers an output vol-
tage with no input, .., self-oscillation.
Thus H = 2 and H = o form the limits for
stable operation.

In considering the quantity H it will be
seen that the circuits external to the valve
contribute the terms o, and o, whilst the
injected signal determines w. There remains
a factor gC, which depends on the valve
construction and working state.

Generally speaking, when C, is reduced
(by closer screening in the valve) the value
of g drops, but not necessarily in the same
ratio. It isatonce ohbvious

46 ’ ‘
| H=156
= L
|
1 | /'\
36 5 ] l“,./ 1
L |
T
L AR
pol—| f | //'XXJ/H—I
AT
A \ L
i

that the quantity g taken
from the manufacturer’s
curves, does not give the
whole story of the per-
formance of the valve as
an amplifier, since if the
valve has also a high value

of interclectrode capacity
C, which the user cannot
vary, the product gC,
may be sufficiently great

Fig. 3.—T he variation of the voltage on the grid of the valve as the anode
circuit is tuned through resonance is shown for various values of the
civcuit constant H. K, is given by the curves fov values of iy and H,
which ave themselves determined from the civcwil constants '—

(@ = jRym . (b)ty = — wCa

e o3,

The ratio of the maximum to normal
voltage = K, for the curve. Trom a family

§wCy

a0

() H =

to make H more than 2,
thus causing instability.
As the best possible coils
are necessarily retained to
give optimum selectivity,
g must be reduced by
raising the grid-bias on the
valve to such a value that
the stage is again stable, or by loosening the
coupling between the valve and its tuned
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circuits. We are thus unable to make full
use of the mutnal conductance, and the
figure for this, taken by itself has therefore
ceased to be of any value.
It would therefore be use-
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g C ’f2 \
(078 —.w . U T -0 II
T oy 0(_1 ) [22 ( )

Now g/o, Is the stage gain at resonance of

the valve.

1
ful to know the values of the 04— .j_+7._ — T\ — T Jl
grid-anode capacities of the 1 =T i I T
valves to be used in an ”7—4]?'; = L 4
amplifier, so that the pro- = | ‘ T
duct ¢Cy might be calcu- % © T T 1 : ]
lated, leading to the value i | T
of H o [ 1 L1
: |— o S _
It should be remarked — _g, ' : |
here that the limit of H = 2 ‘ | =l
-6 -5 -4 -3 =2 = { 0 1 2 3 4 5 6

only holds for a single stage
amplifier. It may be lairly
readily shown mathemati-
cally, as Beatty showed
graphically in the Proc.
Phys. Soc. (loc. cit) that the
limit is progressively lower
for more stages. The actual
figures are :

be obtained.

No. of stages. Limit of H
I 2
2 I
3 0.764
4 0.07

5. The Reflected Damping

The change of magnification of the grid
circuit may be represented by the assunip-
tion of a parallel conductance o, across the
tuned circuit, which may be positive or
negative according as the anode circuit is
capacitive or inductive. The value of this
conductance may be conveniently deduced
as under : Equation (6) gives :
Hi,

Jme

e I 2,2

But ;.7 . e is the normal grid voltage when
1, = 0, and there is no effect reflected from
the anode side, ¢.g., with no anode load or
with resonant load. We may thus replace
j.m.efey by the reciprocal ratio of the tuned
circuit conductances for the two cases :

(10)

gaCy /
s 2,98
g (s ] g0
it S el
(251 I+f2'

Ca
Note that t, — ¢

to

Tig. 3a.—From this curve the damping reflected on the grid civouit
Srom the anode civcuit as the latter is tuned through resonance, can
The constant Ko is given for values of iy, and the
damping conductance is then determined from the expression

o, — siage gain X wCqy X K,.

where C, s the capacity by which the anode

tuning condensey is detuned from its vesonant position.

So o, = stage gain at resonance . wC,. K,
f

! 2
AT

@

where N,

In Fig. 3a, a curve is drawn connecting ¢,
and /£,.  Thus to find the reflected damping
conductance we need only to measure the
stage gain under the test conditions, and the
value of C, the anode-grid capacity. For

¢ in which

any anode detuning C,, /,
(o3
2
expression o, is found from the stage gain
and the mutual conductance. Thence K,
and the damping conductance o, can be
found.

6. The Capacity Fed Back to the Grid Circuit

It has already been shown in Para 3 that
to give a maximum amplification in the
grid circuit, it is necessary to detune it from

its normal resonant condition at which
{; = 0, to a fresh position such that
H
b -——. .. (See Eq. 3)
1+ 4,

Since this expression is always negative,
it corresponds to a reduction of the grid
tuning capacity, and infers that the action
of a load in the anode circuit is to throw
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back to the grid circuit a capacity equal to
that by which we have to retune. let this
detuning capacity be C..

From the above equation we may calculate
the capacitv that is reflected

RO (N (ool
— | 1
L Oy . ¢ ‘“Ll)
wC, or
- — % since w0y == 7.
Oy
Thus :
wC, guC, I
gy 60y T - 1,0
c.=f%.¢c,. — (52)
or L Cy.—— 32
c oy ¢ 1 t22

Further, it will be observed that g/o, is
the stage gain at resonance of tbe anode
circuit, taken from the grid volts to volts
developed across the anode tuned circuit.
Hence :

C. - stage gain at resonance . (. K

1
A

In connection with this expression, I'ig. 4
is constructed connecting the term K, with
values of 1,, to which the anode circuit of

the stage is tuned. The further connection
ol t, and C, is given by the expression

where K, —
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circuit with the ratio of the reflected capacity
in the grid circuit to the anode-grid capacity.

If the anode-grid capacity is known, then
the reflected capacity can be found for all
values of the anode detuning C,.

When used from the reverse point of view
the result leads to a simple method for the
determination of the very small grid-anode
capacity of the valve, and, in fact, has been
used for this purpose by other investigators.
Its advantage is that the magnitude of the
interelectrode capacity is magnified by the
stage-gain when measured as the reflected
capacity on the grid circuit.  This magnifica-
tion may be of the order 300 or more, thus
converting a verv small capacity of some
0.005 pul to a more reasonable value in the
neighbourhood of 1.5 puuF, which may be
readily measured to soine degree of accuracy
on a standard condenser.

The practical details are as follows : The
grid circuit is tuned to the resonant volt-
peak with the anode load shorted, and the
retuning of the grid condenser necessary to
give a maximum grid voltage when the anode
circuit js at resonance is found. Resonance
of the anode circuit is readily indicated by
the fact that the maximum grid voltage on
retuning is the same as tbat obtained with
the anode load shorted.

In the practical case, carried out with the
apparatus already described,

the value of C,was determined
at two frequencies for a certain

experimental valve. At 110 ke,
the stage gain was 250 and the

ty — wC /oy, (See Eq. 7.
10
08— /lr\ ]
\

<

reflected capacity 3.90 unl,

04

02

giving a value of Cy==0.0155
pul. At 0oo kc., the fed-

Y

\

| back capacity was 2.3 ppF
and the stage-gain 100, giving

-
ok

Fig. 4.— Showing the veflected capacity constant, K, as the anode
The actual veflected capacity It

civcuit 1s {uned through vesonance.
is given by the expressions

Ca
ty =2
Gig
Reflected capacity K, x C, » stage gain al resonaice

when ty — 0).

Thus for a given circuit we can connect
K, with the circuit constants w and o,, and
the detuning C,. When the stage gain is
measured under the same working con-
ditions, we connect the detuning of the anode

C, — 0.0145 uul, showing a
reasonably good agreement
with the first measurement.

is iInteresting to com-
pare equations (11) and (12).
TFrom these we sec that for
any value of /5, 0, = w . C¢ . 1y,
or reflected conductance
— reflected capacity . wi,.

a4 5 8

(ie.,

This mav be further expressed as /, = woé ;

i.e., the magnitude of the phase angle of the
anode load 1s equal to that of the valve input
impedance, but it is displaced go".
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7. The Variation of the Output Voltage
with Circuit Constants

We now turn our attention to the con-
ditions holding in the anode circuit. As
Beatty has already done, we eliminate e,
from equations (1) and (2) giving us the
relation between e, the output voltage, and
e the injected voltage.

o g _ I -
e 7/ '<L1w0102> <(I + 711) (T + 7ty) ‘*‘jH)
=7.4.F (13)

When €, == 0, H = 0 and the maximum
amplification is obtained when ¢, == ¢, — o,
and is equal to A. As Beatty showed, 4 is
the maximum amplificalion without reac-
tion, and F the extra gain obtained by
reaction. The complete curves of this
function are very laborious to draw as
ty, ty, and H may all vary independently,
and further, since ¢, occurs in both the in-
phase and quadrature components, we are
not entitled to assume that the amplification
is maximum when ¢, = o.

We will thus deal with the maximum
values of the ratio only, as these are of the
greatest importance. Tt will be assumed
that the applied signal is of such a small
value that (for any given circuit conditions)
the value of g is constant, so that we may
call both 4 and H constant.

The minimum value of 1//7 is found by
differentiating (1 + j¢,) (1 + jt,) + sH and
equating the differential coefficients simul-
taneously to zero. l'or values of H less
than 2 there is only one real solution :

ly=1 =1t (say)
B4+t+H=o0 (14)
which are the conditions for maximum

amplification in the stage. This gain thus
has a value :

In Fig. 5, a curve is drawn connecting
! with H according to equation (14). It will
be understood that for any given stage H is
a constant quantity and has to be deter-
mined. From the curve the phase angle of
both the grid and anode circuits for maximum
output voltage is read off directly. These

470

THE WIRELESS ENGINEER &

phase-tangents arc readily convertible into
detuning capacities :

¢ L
C, = — 7% for the anode circuit,
w
oyl . —
¢, = for the grid circuit.
w

It will be seen from the curve that, for
maximum amplification for the stage, both
the grid and anode condensers have to be
detuned from their resonant conditions.

=10 T
|
08— T —— T —
|
! |
08— — —f—t— — O
H
o
-
[
Ny
J | — o/ . _— = |
{
-02 —
|
|
o L [
o5 10 15 20
H

Fig. 5.—This curve shows the amount of detune

. L . ey
necessavy in the anode civcuit so that the ratio
e

should be a maximum. The detune is expressed as
a phase angle ty which is veadily converted to a
detuning capacity, since wCa = — ty0,.

Consideration of the grid detuning equa-
tions (No. 5) shows that the necessary
capacity reduction is consistent with that
required for the cancellation of the reflected
capacity from the anode circuit, and the
grid circuit is thereby re-resonated to the in-
jected frequency. In the case of the anode
circuit, however, no such cancellation takes
place, and it follows that when a stage such
as, for example, an intermediate frequency
amplifier, is tuned so as to give maximum
output, the grid circuit will be resonant at
the correct frequency, but the anode will be
resonant at some neighbouring frequency.
The selectivity or the cut-off of band-
filtering arrangements will thus be affected.

Moreover, the greater the value of the
constant H for the circuit, the greater will
be the amount of detune.



EXPERIMENTAL WIRELESS

For a certain test stage at 300 kc. the
value of H was found to be 1.2 under the
operating conditions, whilst the anode circuit
dynamic resistance, including the wvalve
internal path, was 3 X 10° ohms. From
the curve Fig. 5, this gives a value of { equal
to 0.70, or a phase-angle of 37.5°.

0.76 X 0.33 X 1073

300,000 X 27

- 1.35 ppF.

Since the tuning capacity was about
100 upl” this is a detuning of 1.35 per cent.,
representing a frequency detuning of 0.67 per
cent. or 2z kc. With the present station
separation of only g kc., this may become
& serious matter.

8. The Extra Stage-Gain Due

Reference may be made
magnitude of the reaction amplification
factor F,. Beatty (loc. cit.) in his paper
derived a curve by geometrical means con-
necting F, with H. We are in a position
to derive a similar and rather more convenient
curve dircctly from equation (15) since the
connection between ¢ and H has already been

Whence C, =

to Reaction
here to the

10 e :
og—————
o6l N
e
o4l —— i—_T —
02— — = N
i

9 i 6
H

Fig. 6 —The extra gain on any stage Fo, which

is due to the veaction vesulling from a grid-anode

capacity Cq, can be obtained from the curve above
gwcq>

established for the conditions of maximum
amplification. Such a curve is plotted in
Fig. 6 and from it the gain due to reaction

[X] 20

for diffevent civcuit constanis H<
0,0,
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can be read off at once for any value of H.
It will be noticed that the actual ordinates
represented are the reciprocals of Fo. This
is merely for convenience owing to the rapid
increase in the value of F, as H approaches
the value 2.

As an example of the use of this curve,
the test valve mentioned in para. 7 had an
H-value of 1.2. From the curve the corre-
sponding figure for 1/F; is 0.53 and hence
F,=1.9.

The overall stage-gain was 160 as measured
under the working conditions. Thus the
stage gain without any reaction would be 85.

9. The Response Curve of the Stage.
The output voltage variation with change
of frequency.
The magnification of the stage is given by
equation (13)
. : i l
¢ 7 “wLyo,0, (T A+ ) (T = jts) + iH
et the circuit be tuned to give maximum
output at a frequency w. Then by equations
(14) and (15)

2

lg =t = ¢ (say)
B4+i+ H=0
and the magnification is given by :
g £ I
Mo =7 oLyagey (1 — 2) +jet + H)

j.A4 . F,

Suppose the grid and anode circuits are
the same, and the damping of the valve is
negligible as would be the case with an
H.F. pentode; then L, =L, C,=0,,
and g, == gy.

At a frequency removed dw from the
tuned frequency w, 4 will alter to (d4 + 4),
{to (t + df) and H to (H -+ dH).

Then the magnification will be given by :

A+ dA

L e j(al+zdt - H

+ aH)
(16)
Further, we find that the overall magnifica-

tion is reduced by this frequency change in

the ratio :

T 1—(+a

Mm:le
M

A [1—(t+ah?- ]'EzizdwriJrﬁ}
A+dA\ 1 — ) +1{2

t+ H)
.. (1
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This equation does not lend itself to
further simplification owing to the fact that
di may be greater than ¢ so that we may not
neglect its second and higher powers. Its
form may be seen by directly evaluating the
expressions for a characteristic circuit for
various values of dew.
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frequency w and may be written 1/kw1
(thus equating o to kw-1). Tt is to be recog-
nised that the method would hold equally
well for any other relation between o and
w that may be true for any set of circuits at
any frequency under consideration.

Using the particular relation in this ex-

‘ lg = ® 2 | : o 9
i -
b= . . g | o < 5 z 3
T Le TR PR I
»88 % of X X S $% g
. IS =0r3} — = 0 n.3 3 ‘ S = B 290w
) <8 - RARSS o= = S8 x 8 o €5 °
4 1880 X o X [ N E o TN
| 582 3 | e - | 8% ! g | &z €98
P I | - . ES | &
i Y = 3 < “F g
| s A e P C
|
— _‘__44__[__-____ —_—— e ————
1 10 62.8 37.68 637.5 ' 3.16 I S 15.22 459 ggg
i 32.68 4.51 -
2 2 12.6 7.536 127.5 0.63 |+ ‘ 2.7§ 35.2 222
- 3-7 35 0
e w e | R o
3 1 25.1 ‘ 1507 2550 | r26g |+ 476 | 193 2040
= _ I | A o S B IS
4 | 6 37.68 22.61 J 382 5 1.896 ‘ + " 7.08 | 10.98 Ig.(I)4
— I5.1 10.79 .
s [ _ el
5 | 8 50.24 1 30.14 | 510 2.528 + 10.43 ’ 2.82 ggg
= 23.1 .70 .
. | _ | I 3 7 | 4
6 I5 94.20 56.52 | 956 4.74 - 34.62 2.16 2.89
f | — 63.8 2.10 1.57
7 20 125.6 | 75.36 1,275 6.32 + } 63.7 .24 cx)g;
— 105.4 1.20 .
8 30 188.4 ‘ 113.0 1,912 9.48 ' + } 151.3 [ 0.566 8.6?;
— 221 ! 0.5 )
—=rnwll = 5 e B/ P i 333,_ *
9 50 314 188.4 { 3,187 ' 15.8 + I 4g8 o.fgg g.fzg
- 589 0.18 17
———— _ —— | —_—— R —
10 100 628 376.8 6,375 31.6 i = x,75<§ ( 0.035 8.2227)
- 2,35 0.045 0

Fig. 7. The devivation of the curves for magnijication ratio and wvoltage oulpul from a stage for

constanl 1npul, as given in Equation (17).

Consider firstly the magnitude of the
changes d.1, dt, and dH for a change of
w = dw. To do this it will firstly be neces-
sary to connect the dynamic resistance of
the tuned circuits with the frequency w,
since it will vary, and its rate of change must
be known. For this example suppose that
over the range of frequencies considered the
magnification of the tuned circuits is con-
stant, 1.e., wlL/r is a constant. Then the
dynamic resistance w2L2%/r will vary as the

ample we may next connect the other
variables with « as follows :

(a) * A = glwlk?*w-? = aw (18)

So dA4 = adw (18a)

B H=820 00 e (x9)

dH = Jhwdw (rga)

\ b
{c) 4 <wC-— LTIL jbeow=bw?C — (20}
dt 20Cw . dw (20a)
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Where a, : and b are constants.
Thus when dw is positive, d4, dH, and d¢ are
all positive.
When dw is negative, d4, 4H, and dt are
all negative.

For the evaluation, suppose we have a
good average circuit whose constants are as
follows :

w = 6.28 X 10% (i.e., I megacycle)
L = 200 X 107% Hy.

o = 5 X 10-% Mhos.

g = 2 X 1073 Amp./Volt.

C, = 2.5 X 10715 TFarad.
Then

H = 1.256

A = 63,700

{ = — 078 from Fig. 5

1/F, = 0.496 (Equation 15)

Then by direct substitution in equations
18a, 10a, and 20a, we arrive at the following :

d4 = 1.015 X 1072 X dw .. (21a)
dH =06 X 1077 X dw (21b)
dt = 50.46 X 107% X dw . . (21c)

T T T T

A

ATTENUATION.
m
8
$
(=]
Pt

||||\

| L] ! |1 |
-14-12-10-86 -6 -4 -2 0 2 4 6 8 10 12 14
KILOCYCLES

¥ig. 8.—The overall attenuation of a single stage
amplifier with and without intevelectyode feed-back.

The complete evaluation of the expression
in equation (17) for the ratio of the magnifica-
tions is then arrived at as shown in Table
Fig. 7, and the response curve shown in
Fig. 8 can be drawn.

In order to demonstrate the exact effects
of the anode-grid capacity reaction, we now
plot the response curve that would obtain if

473

September, 1934

all feed-back were removed. In such a case
C, = o and thus H = o; furthermore, from
equation (14), ¢ == o.

The expression for the magnification ratio
given in equation (17) then reduces to:

M A
max. N . _ 2
A T A a Y. (22)
which on rationalising becomes
Mmax. . A A L .
"ﬁ/["m((l—df) 4. A
__ 4 (1 + di2) (23)
A 4dA 3

his ratio will thus be very nearly sym-
metrical for positive and negative values of
dw, the only unsymmetrical term being @4
which is small compared with 4 as long as
dw is small compared with w. The curve
of the expression in cquation (23) is also
plotted in Tig. 8.

It will be scen on comparing the two
curves that the effect of reaction is firstly
to produce an unsymmetrical response, and
secondly, to increase the initial rate of
falling off of the voltage ratio, particularly
on the lower frequency side of resonance.

This is perhaps seen more readily from the
curves of Fig. 9, where the actual output
voltage is plotted for a constant input
voltage to the stage.

Consider firstly the skirts of the resonance
curves. It will be seen that they are almost
identical as regards slope and band-width
for any given output voltage. This is due
to the fact that in such positions the circuits
are highly reactive and the change of grid
circuit resistance due to reaction is then
comparatively small. The displacement of the
reaction curve BEDB’ is due to the fact that
in order to obtain a maximum response at
the frequency w both grid and anode circuits
have to be detuned from the resonant posi-
tion w2LC = I as we have shown in equa-
tions (14) and (13).

It will be remembercd that at the maxi-
mum point E the detuning of the grid circuit
balances the reflected capacity and the
detuning of the anode circuit gives the
optimum position between resonance and
maximum negative reflected damping as
shown in para. 7.

Returning to our consideration of Fig. g
we see that at points well off the maximum
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position, both the reflected damping and the
reflected capacity are of little importance
and the detuning of the two circuits has the
effect of producing a stage with circuits
resonating at a frequency higher than w, the
frequency of maximum output. This is
equivalent to moving the whole curve 4D.1’
without reaction, bodily to the right to a

— 1
w
%] ==
<
-
-
o
>
|y -
o DY S
a
[
2
O

Wi

7

I
8 8

257508 -6 —4-2 0 2 4

KILOCYCLES
Yig. 9.—Showing the velative stage gain of a
single-stage amplifiev with constant input voltage
at 108 cycles|sec.

ADA’ with no feed-back from anode to grid.
BEB’ with feed-back acvoss anode-grid capacity.
The dotted line shows how the initial slope at
I kc. off resonance is increased.

10 12 14

position BEB’ and signifies that the adjacent
channel response to stations at frequencies
greater than the resonant tuned frequency
will be more than that of stations having a
frequency lower than the resonant frequency.

Turning now to the position in the imme-
diate neighbourhood of maximum output
E we see that the effects of reaction are to
increase the output from D to E (by a factor
F) and to sharpen the response curves due
to the reflected negative damping to the
grid circuit which, owing to the huge reduc-
tion of the tuned circuit reactances on
approaching resonance, has now become of
considerable importance.

The response curve at 1 kilocycle off tune
has a slope such as is shown by the chain
line in the figure, which can readily be com-
pared with the corresponding slope for the
case where there is no feed-back on the
curve ADA’.
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10. A Suggested Sequence of Tests on an
Amplifier Stage

In conclusion it is suggested that a suitable
sequence of tests on an amplifier stage might
be as follows :

(a) Measure the maximum and minimum
grid voltages for constant input on a resonant
grid circuit as the anode circuit is tuned
through resonance. Measure the normal
voltage with no anode load. From these
the values of K, and K, are found and
H follows from comparison with the set of
curves in Fig. 3 (para. 3.)

(6) Measure the maximum reflected capa-
city and the stage gain corresponding whence
the value of C; is found (para. 6.)

(c) By direct application of C, the damping
conductance reflected on the grid circuit is
found (para. 5.) The maximum reflected
conductance occurs when ty, =+ 1, ie.,
Ky = 4 0.5, thus giving the value of the
maximum reflected conductance. Otherwise
from Fig. 3a.

(@) The detuning of the anode and grid
circuits follows at once from Fig. 5. H has
already been determined. See also para 7.

{e) From Fig. 6, and knowing the values
of H, the stage-gain due to reaction and
thence that due to simiple amplification are
obtained directly. See also para 8.

APPENDIX I

The following is a list of the symbols used in the
text. As the work is in several ways allied to that
of Beatty (loc. ¢it.), the same symbols have been
used wherever possible, to facilitate the connection
between them.

e = Voltage introduced into the grid circuit.
e, = Voltage on the grid of the valve.

e, = Voltage developed across the anode tuned
circuit.

= Valve amplification factor.

= Valve mutual conductance.

= Frequency of induced signal X 2.

= Grid condenser capacity.

= Grid detuning capacity to balance the
fed-back capacity.

= Anode condenser capacity.

= Anode detuning capacity.

= Anode-Grid interelectrode capacity.

= Effective grid tuning capacity = C, + C,.

C, = Effective anode tuning capacity = C
+ C,.

= Conductance of anode tuned circuit.

o, = Conductance of valve.

€ o ®
I

S
o -] o «

Oﬁﬁﬁ(\

-

k4
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Ch
aY

51

Ly

K,

K,

Effective conductance of anode circuit
= 0, + 0,

Effective conductance ot
circuit.

Conductance reflected from anode to grid
circuit.

Tangent of phase angle of grid tuned

grid  tuned

. I I
circult == [ wCy — — ) .
wl,/ o
Tangent of phase angle of anode tuned
L . 1 1
circult wCy -
wly/ ay
— Inductances of coils used in tuned circuits.
Vi
: 1 = 84Co
wl 0,0, 0,0y

LU+ ) (0 + t) + JH]
Special value of ¢, to bring the grid
circuit to resonance.
Magnification of
wl. vy
I
Ht,
v 1+ t,°
15}

grid tuned circuit

RIS

1
14 t,2°
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New Telefunken Magazine

HIE Teletunken Company has for the last

fifteen vears issued a magazine, Telefunken

Zelfung, dealing with all branches of radio
work. They have now begun the issue of an
additional magazine, devoted entirely to valves
and their associated circuits. This new magazine,
the first volume of which was issued in July, is
known as Die Telejunken-Rohve, and is edited by
Dr. Rukop. It contains 44 pages and in addition
to an introductory note by Dr. Rukop contains
four articles; the first a general one entitled
“ Progress,” the second, and principal, one on stray
electrons in amplifying valves, the third on the
reasonable and unreasonable use of valves in re-
ceivers, a protest against stunt circuits necessitating
the selection of special valves of very accurate
characteristics, and finally a description of a 300
kilowatt valve. The article on stray electrons
deals with the effect of electrons which escape from
the normal path and, instead of arriving at the
anode, strike the ceramic insulating material used
to support the electrodes and, under certain circum-
stances, cause the emission of secondary electrons in
sufficient quantity to interfere with the functioning
of the valve. Certain cases of instability have been
traced to this cause, to avoid which metal screens
are being inserted to prevent stray electrons trom
getting to the insulating material.

G. W.0. H.

OLYMPIA RADIO SHOW, 1934.—A general view of the Main Hall, Olympia, on the

opening day of the Radio Show.

An illustrated veport on wmatters of technical infevest

exhibited will appear in our next issue.
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The Design of A.V.C. Systems

A Discussion of D.C. Amplified A.V.C.
By W. T. Cocking

(Continued from page 414 of last month's issue)

Distortion with Delayed A.V.C.

PART from overloading effects, there
A are two possibilities of distortion
with delayed diode A.V.C. which do
not occur in the simple non-delayed system.
In the first place, consider Fig. 8 and assume
that there is a large input to the detector.
This being so, L.F. potentials will appear
across the resistance R, as well as the desired
steady bias potential, and these are prevented
from reaching the controlled valves by the
usual filter &, and C,. The L.F. potentials,
however, may be transferred to the detector
diode through C,,—C, and R, acting as an
ordinary resistance-capacity coupling. If the
potentials across R, were an exact copy of
those developed across R, by the action of
the detector diode, there would be no trans-
ference, for both sides of C, would be at the
same instantaneous potential. They are not
the same, however, for the input to the delay
diode is smaller than that to the delector
diode by the drop in C,, and the delay
voltage necessarily means that the modula-
tion potentials across /¢, are distorted, except
perhaps for shallow modulation. As a
result, distorted modulation {requency
potentials may appear across R, and be
passed through to the L.I'. amplifier, since the
impedance of /. is negligible at modulation
frequencies.

The seriousness of this will depend largely
upon the values assigned to R, and C,, and
with the usual values will be negligible at
low frequencies. It may assume serious
proportions at high modulation frequencies,
however, for C; cannot be reduced too far
without A.V.C. being appreciably affected.
Fortunately, this difticulty can be got over
fairly simply, by feeding the A V.C. diode
from the primary of the LF. transformer
instead of from the secondary as in Fig. 8.
This also leads to the A.V.C. diode input
being slightly increased and also tends to

equalise the loading on the I.F. transformer
windings.

There is, however, another important
advantage to be secured through feeding the
A.V.C. system from the transformer primary,
and this is one which is to be found with any
system. It is well known that the sensi
tivity of a receiver equipped with A.V.C.
increases as the tuning is varied away from
a station, with the result that an unpleasant
screech is found when a selective set is
momentarily tuned only to the sidebands of
a station. The more selective the set, the
more unpleasant is this ellect, and in the
absence of special silencing devices it can be
avoided only by reducing the sclectivity of
the sct so that there is sufticient carrier
voltage reaching the A.V.C. system to hold
down the sensitivity although the circuits
are mis-tuned. Now if the A.V.C. system be
fed from the primary of the last L.F. trans-
former and the detector from the secondary,
the degree of selectivity preceding the A.V.C.
circuits is less than that before the detector,
with the result that when the set is mis-
tuned from a station the carrier sets up a
greater voltage at the A.V.C. rectitier than
at the detector. The sensitivity, therefore,
is less than it would be if the A.V.C. bias
were derived from a rectifier connected to
the transformer secondary. Quieter A.V.C.
is thus obtained by feceding the A.V.C.
system from the last transformer primary.

The second possibility of distortion with
delayed A V.C. comes about through the
A.V.C. bias voltage heing atfected by the
modulation of the carrier instead of being
dependent only on the mean carrier ampli-
tude. This form of distortion is distinct
from that described when dealing with the
simple diode system, the avoidance of which
depends on the use of a sufficiently high
time constant for the filter circuit R, and
C, of Fig. 8. The additional type of dis-
tortion with delayed A V.C. is not confined
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to the delaved diode system, but is common
to most methods, and is probably best
described as a modulation peak effect.

Referring to Fig. 12, it will be seen that if
the unmodulated carrier amplitude has a
value AB slightly less than the delay voltage
on the A.V.C. diode, there is no rectification
and no A.V.C. bias is produced. If the
carrier be modulated, however, during the
peaks of modulation it assumes a maximum
value AC which is greater than the delay
voltage, and a minimum value AD which is
less than the delay voltage. During the
time of no modulation and during the
troughs of modulation there is no production
of A.V.C. bias, but during the peaks of
modulation there are momentary pulses of
current through the diode load resistance.
Modulation, thercfore, gives rise to a pul-
sating E.M.F. across the load resistance.
This is largely smoothed out by the filter
circuit so that the bias which is applied
to the controlled valves is not necessarily
pulsating. The point of importance, however,
is that the controlled valves are biased to
some extent by a modulated carrier whereas
they would not be with an unmodulated
carrier of the same amplitude. Thus A.V.C.
is not actuated entirely by the carrier
amplitude, but depends to some degree also
upon the modulation depth. This would be
unimportant if the modulation consisted of a
single pure note of unvarying amplitude, but
during an average broadcast programme it
means that whenever the modulation depth
rises above a certain figure, which depends on
the design of the receiver and the particular
conditions under which the receiver is being
worked, the bias on the controlled stages
rises above its normal value and reduces the
sensitivity of the set. The natural conse-
quence of this is & tendency for loud sounds
to be reproduced somewhat Dbelow their
proper strength.

It is probable that in practice this effect is
not very important, and the writer cannot
point to any case in which audible distortion
has been traced to this cause. It is highly
probable that it is completely negligible in all
cases where only the ordinary standard of
quality is aimed at, but it is a point to be
born in mind where the highest quality of
reproduction is important.

Before passing on to a consideration of
improved methods of A.V.C. it may be as
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well to point out one serious pitfall into
which the designer of a superheterodvne
may fall, whatever method of A.V.C. be
embodied. [t ¢s essential that the frequency
stability of the oscillator should be wnusually
good. 1t is obvious that if the frequency of
the oscillator varies with the bias on the
controlled stages the L.I°. circuits will be, in
effect, mis-tuned from the carrier whenever

AV.C. VOLTS

INPUT

-
o]

%

1

Fig. 12.—Illustrating the dependence of 4.V.C.
bias upon modulation.

the bias varies from the value applicd when
tuning was carried out. The reception of a
fading signal, therefore, will be accompanied
by a serious amount of distortion and the
volume may uot remain constant, however
perfect the A.V.C. system itself may be.
The effect is at its worst with a very selective
I.F. amplifier, and it would only be negligible
if the L.I. amplitier as a whole had true
band-pass characteristics with a pass-band
considerably wider than the frequency varia-
tions of the oscillator.

[he trouble occurs usually not so much
through the efiect of varying the grid bias
itself as through a secondary effect. A falling
anode current for the controlled stages with
increasing A.V.C. bias gives an increasing
voltage output from the mains equipment,
since the regulation is never perfect, with
the result that the oscillator anode voltage
is also increasing. Unless the oscillator
circuits are designed so that the maximum
variation in anode voltage causes a negligible
change in frequency, therefore, automatic
volume control will be unsatisfactory for the

C
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reception of a fading station. Since one of
the chietf uses of A.V.C. is to counteract
fading, the importance of this effect cannot
be too highlyv stressed.

One remedy, of course, is to design the
oscillator so that its frequency is largely
unaftected by changes in its supply poten-
tials, and this is always desirable in order
that operation may not be aflected by
variations in the supply mains themselves.
In general, however, it is more convenient
to obtain stability through the careful
design of the mains equipment. For a given
change in anode current of the controlled

valves, the aim should be to make the
oscillator anode voltage vary as little as
possible. In the case of a heptode type

frequency-changer one would at first expect
the stability to be worse than with a two-
valve type. The tetrode portion of the valve
is usually controlled from the A.V.C. system
and the screen potential often varies over a
wide range with a change im A.V.C. bias.
Since one portion of the screen is immediately
adjacent to the oscillator anode in the
electrode assembly, one would expect that a
variation in its potential would exercise a
very marked effect upon the oscillator
frequency.

Preliminary experiments have
been carried out to see whether
the eftect is marked, and it is
hoped to deal with the matter in
detail at a later date. At the
time of writing, however, 1t

appears  that the frequency i

TC1
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and that the frequency will then be

independent of grid bias.

D.C. Amplified A.V.C.

Returning to A.V.C. systems themselves, it
can be seen from a consideration of the
failings of the simple and delayed diode
methods that the chief requisite is a bias
voltage which is greater than the rectified
output of the last H.lI*. or [.F. controlled
amplifier valve, for otherwise this last
valve will be called upon to give a large
output at a high bias voltage, and present
day valves will not do this, Two alter-
natives present themselves—an extra stage
of H.F. or L.I'. amplification can be used
solely for feeding the A.V.C. diode or the
output of the diode rectifier can be amplified
before it is used as grid bias. The second
alternative is probably the more popular,
and it will now be considered.

I'he essential connections so far as A.V.C.
is concerned are shown in Fig. 13, and a duo-
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regulation for the screen feed, the screen
potential actually varving from 100 volts
at ~3 volts grid bias to 150 volts at —j0 volts
bias. With a heptode of one make the
oscillator frequency changed by some 1,000
cycles on varying tlhie bias over this range,
but with a different make of wvalve no
frequency change could be detected. It
would seem, therefore, that with a well-
designed wvalve the variations in screen
voltage and oscillator anode voltage can
be made to compensate one another,
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13.—The connections for D.C. amplified 4.V .C.

diode-triode valve is used. It will be noted
that the triode load resistance R, is con-
nected in the valve cathode circuit. Now
in the absence of a signal the triode grid
will take up a potential about —o.7 volt
negative with respect to the cathode, due
to the grid current flow along the diode
load resistance R;. The steady current
through R,, therefore, will be determined by
the constants of the wvalve, the supply
voltage, and the value of R, itself. When a
signal is applied, rectification occurs in the
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diode D; circuit with the result that a steady
negative potential is appled to the triode
grid, the input being assumed unmodulated
and the H.F. or 1.FF. potentials being filtered
out by the combination of Ck, with C, and
C,. With the increased negative grid
potential, the triode anode current falls, and
the voltage drop across R, is decreased.
The cathode potential, therefore, becomes
increasingly less positive with respect to
negative H.'T. as the signal input increases.

The cathodes of the controlled stages are
returned through their initial biasing re-
sistances to what we may conveniently
term the carth line, since it is the point to
which the earth is usually connected and is
often the chassis of the set. The grids are
also returned to this line through the filter
resistance Ry and the delay diode load
resistance K, In the absence of a current
tlow through these resistances, therefore,the
grids are at the same potential as the earth
line.  The carth line is maintained at a
potential positive with respect to negative
H.T., but, in the absence of a signal, negative
with respect to the duo-diode-triode cathode,
by means of the resistances R, and K,
connected across the H.T. supply.

When the signal input is small, therefore,
the duo-diode-triode cathode becomes less
positive and approaches the potential of the
earth line, but nothing else happens. \When
the application of a stronger signal makes the
cathode negative with respect to the earth
line, however, the diode D, comes into action.
As long as the cathode is positive with
respect to the earth line, this diode is non-
conductive, but as soon as the cathode
assumes a lower potential than the carth line
it becomes conductive. The internal re-
sistance of D, and R, then form a potentio-
meter connected between the cathode and
the earth line, and since the internal re-
sistance of D, is small compared with R,
practically the full potential difference
appears across K3, and is thus communicated
as grid bias to the controlled valves through
the usual filter Rg C, It is sometimes con-
venient to think of the action of D, as that
of a single-pole make and break switch which
closes as soon as the cathode becomes
negative with respect to the carth line.

It will be noted that when the carrier is
modulated the full modulation frequency
potentials which appear across R, as a
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result of rectification in D), are applied to
the triode grid. An amplified copy of these,
therefore, appears across K,, and the system
can thus be used to give signal rectification
and first stage L.F. amplification as well as
delayed amplified A.V.C.  The connections
for this appear in Fig. 14 and the point of
chief importance to note is the method of
obtaining volume control which permits the

+H.T

\ <
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L.F
OUTPUT

-H.T.

Fig. 14.—D.C. amplified A.V.C.; ihe triode acts
also as an L. F. amplifier.

L.F. potentials applied to the triode grid to be
varied without affecting the steady grid
potential. The volume control R, is often
given a value of 250,000 ohms, and K, is
then usually about 2 megohms.

An inspection of Fig. 13 will show that if
I} is the cathode potential in the absence of
a signal and [, the earth line potential, both
with respect to negative H.T., then the delay
voltage is equal to their difference. The
maximum A.V.C. bias required by the con-
trolled stages can be calculated exactly as
for the Delayed Diode A.V.C. System already
described, and for a first approximation the
delay voltage should be equal to it if the
detector input change is to be restricted to
6 db. The design problem, therefore, usually
resolves itself into determining the values of
E,, E, R,and R,, for the total H.T. supply
is often fixed by other considerations.

The procedure is best illustrated by an
example, and we shall suppose that the
total H.T. supply is 245 volts, and that the
early valves require 200 volts for their
operation.  Since these carly valves are

© =
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connected between the earth line and positive
H.T., E, is at once fixed at 45 volts. Ry
can be calculated, therefore, if the total
current between the earth line and negative
H.T. is known, as will usually be the case
for it is merely the sum of the currents taken
by the individual early stages and the
screen-feed potentiometer K.

Assuming the same values for a change of
aerial input as before, we require 13.5 volts
maximum A.V.C. bias with three controlled
stages of amplification. The delay voltage,
therefore, should be 13.5 volts, so that I,
= 45 - 13.5 = 58.5 volts. It only remains
to settle the values of R, and R,. The
amount of amplification obtainable from the
valve, both for the bias voltage and for the
modulation frequencics, depends upon the
value of R,, so that it is best tentatively to
select its value upon the usual basis for an
amplifier. Suppose we try 20,000 ohms,
since experience shows that this leads to good
amplification at modulation frequencies com-
bined with a good frequency characteristic
without necessitating any special precautions
for the avoidance of stray capacities.
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Fig. 15.—Tviode anode-volts|anode-curvent curves.

If R, is 20,000 ohms and E, is 53.5 volts,
the anode current of the valve with no signal
must be 2.92 mA., so that we can determine
the voltage between the valve anode and
negative H.T. by drawing a 20,000 ohms
load line on the valve curves through an
anode current of 2.92 mA. for a grid potential
of —o0.7 volts. This is represented by the
line 4B of Fig. 15, and we find that the
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potential required is 157 volts; the drop
across R,, therefore, must be 245-157 = 88
volts, and the value of I, becomes 30,000
ohms.

Now, owing to the presence of R, the load
on the valve to direct currents is not merely
the normal load resistance IR, but it is the
sum of these two resistances; only the
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Fig. 16.— Variation of cathode potential with (riode

grid voltage.

voltage developed across R, is used, however.
The total D.C. load 1s 50,000 ohms, so that
we can draw the load line from the full H.T.
potential of 245 volts, and we get the line
CD of Fig. 15. From this we can read oft
the anode current for different grid potentials,
and by multiplying the currents by the
value of R,, 20,000 olims, we can obtain the
voltage drop along K, and this is shown
plotted in Fig. 16. It is not a straight line
owing to the curvature of the valve char-
acteristics.

By deducting E, from these figures we
obtain the cathode potentinl with respect
to the earth line, and if we assume that the
delay diode has negligible internal resistance,
this is equal to the A.V.C. bias, provided that
we ignore values which are positive with
respect to the earth line, for then the delay
diode is non-conductive. We thus obtain
the curve of Fig. 17 showing the relationship
between the triode grid potential and the
AV.C. bias. We can now read off the
extremes of triode grid bias, which is derived
from the rectified signal, for the limits of
input. When A.V.C. just commences to
operate, the bias is —I.75 volts, and for the
maximum A.V.C. bias required (—13.5
volts) it is —3.1 volts. The next step is to
find the H.F. or LF. input to the diode
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required to produce these figures; Fig. 35
shows that for a bias of —1.75 volts on the
triode grid the input must be 2 volts R.M.S.
and for a bias of —3.1 volts the input must
be 3.1 volts R.M.S. since the diode char-
acteristics are non-linear for such small
inputs.

This means that the detector input change
is only 3.8 db. for a change of amplification of
100 db., instead of the 6 db. which we initially
laid down. As a result, the detector input
rises by 3.8 db. for a rise in aerialinput ofr03.8
db. against the rise of 6 db. for a change of
input of 106 db. 1t is obvious, therefore, that
this system of A.V.C. will easily fulfil the
conditions, and at first sight it appears to be
entirely satisfactory.

No difficulties occur in regard to over-
loading of the valve preceding the detector,
for the maximum detector input is 3.1
volts RS, and even on 8o per cent.
modulation the peak carrier amplitude will
not rise above 7.75 volts. The moderate
detector input also means that less H.F. or
1.F. amplification 1s needed; for a given
over-all amplification, amplitied A.V.C. per-
mits a reasonable proportion to be obtained
after rectification. The chief disadvantage of
the arrangement is the necessitv for a source
of potential negative with respect to the
earth line of the receiver. Although this may
sometimes be obtained by utilising the drop
across the field winding of a moving-coil loud
speaker which is connected for smoothing
purposes in the negative H.T. lead, it is
usually inconvenient.  Smoothing seems
only fully effective when it is used in the
positive lead, and negative H.T. must
usually be at earth potential if hum is to be
avoided.  Electrolytic condensers are now
widely used for smoothing and by-passing
purposes ; as usually constructed contact
1s made to their negative terminals by bolting
them to a metal chassis with the result that,
if the chassis is not at the same potential as
negative H.T., certain condensers may have
to be provided with a special insulating
mounting.

Apart from this, it the system be used
purely for A.V.C. purposes and is not used

also to provide signal rectification and
first stage L.F. amplification, therc is
only one objection to the arrangement.

Experience has shown that when the filter
Ry C, is given normal values the system
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functions satisfactorily for the usual
magnitudes of aerial input. When the
receiver is tuned to a strong signal,
however, in many cases an effect similar
to motor-boating occurs.  That this is
not due to H.F. or L.F. currents in the
AV.C. line causing instability through
insufficient filtering is proved by its occurring
only on strong signals when the controlled
valves are heavily biased. The cause of the
trouble does not seem to have been found yet,
but a cure is known. 1f C, be increased
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Fig. 17.—-Bias voltage available for various
gvid voltages.

to about zpIF. the trouble usually ccases, but
increasing g proportionately docs not effect
a cure. In practice, of course, C, cannot be
increased so greatly because the time constant
becomes very high and A.V.C. operates much
too slowly for pleasant tuning or for smooth-
ing out high speed fading.

If the duo-diode-triode be used as an L.F.
amplifier as well as an A.V.C. system more
careful design is required, otherwise dis-
tortion may occur on a strong signal. The
amplifier conditions are readily determined
in the usual way from the curves of Fig. 15,
remembering that the load impedance to
modulation frequencies is equal to R,, or in
our case 20,000 ohms. At A.V.C. threshold
the bias voltage developed on the triode grid
is 1.75 volts, so that the peak modulation
frequency voltage for 8o per cent. modulation
is'1.4 volts. The line ILF on Fig. 15 repre-
sents a 20,000 ohms load for a grid potential
corresponding to A.V.C. threshold, and it
will be seen that the amplification is 17.83
times and the distortion due to second
harmonic is 3.41 per cent.

At maximum input the bias is 3.1 volts,
the maximum L.F. input 2.48 volts peak
and the load line moves to GH ; if the full
voltage be applied to the triode grid, the
distortion will rise to about 11.3 per cent.



September, 1934

This is a very serious amount, but in practice
the full input would not usually be applied,
for the setting of the manual volume control
would be reduced. It could, of course, be
largely avoided by re-designing the system
so that the valve is operating with a higher
anode voltage. This would mean a reduction
in the value of £, and a modification either to
R, or to the delay voltage. In general, it is
considered satisfactory if the wvoltage I,
across K, is made at least 2.5 times the delay
voltage.

D.C. Amplitied A.V.C. is thus not without
its drawbacks, and it mayv be remarked that
the peak modulation effect described for
Delayed Diode A V.C. is still present. LI
potentials appear across R, so that the
cathode potential is fluctuating with respect
to the earth line. When the mean cathode
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potential is only slightly positive with
respect to the earth line, therefore, it will
become momentarily negative during the
peaks of modulation and the delay diode
D, will become momentarily conductive and
permit pulses of bias to be applied to the
controlled valves.

When considering the use of a system of
this nature, it must be remembered that the
delay voltage av depend largely on the
characteristics of the valve employved. As
this valve loses its emission after considerable
use, therefore, the delay voltage will fall
and the operation of A V.C. will be aftected.
Furthermore, two valves are never exactly
alike, so that changing the valve will atfect
the delay voltage somewhat, but the higher
the delay voltage used, the less likely is this
to be important.

(To be concluded.)

Correspondence

Letters of techwnical intevest are alwavs welcome.

In publishing such communications the

Editors do not necessarily endorse any technical or gemeval statemen!s which they wmay contain.

De-coupling Efficiency
To the Lditor, The Wiieless Engineey

Sir,—!If Mr. Clarke wishes to apply the general
form of the expression for de-coupling efficiency
which I gave in my letter published in your Novem-
ber issue to the complete solution of some specific
problen1, he must blame his application of it rather
than the fundamental formula, if he finds results
do not come up to expectations.

I wrote my original letter on de-coupling
efficiency in order to point out a mistake in an
article on this subject, since 1 disagreed with the
author’s expression in its most gencral form. It
so happened that in the figure used to illustrate
the point in question grid de-coupling was taken
as an example, and the expression I obtained for
the de-coupling efficiency was based (as quite
clearly stated) on the reduction of unwanted voltage
on the grid of the valve. T might just as easily
have chosen anode or any other form of de-coupling
and still got the same general answer for de-coupling
efficiency. No mention either of anode load or of
valve amplification is made, and so obviously no
attempt at attaining the overall etficiency of the
arrangement. Why then does Mr. Clarke waste
so much sarcasm in disproving something at which
no attempt at a proof has been made ?

If, however, he sets out so vindictively to prove
that manufacturers just sprinkle de-coupling
condensers about in their receivers merely because
they do no harm, let him consider the case, for
instance, of an auto transformer coupling to the
grid of the next valve. Resultant hum voltage
(assuming a high primary impedance) is given by

E — Zia. Thus, since Zia 1s less than L, the very
fact that 7a increases with increase in de-coupling
etticiency (as Mr. Clarke takes so much trouble to
demonstrate) is, in point of fact, all to the good.
In fact, if we could increase the de-coupling effi-
ciency to more than 1oo per cent. (i.e., introduce
re-generation which will have the effect of de-
creasing the valve impedance) we could make
E = Zia, and so thcoretically get no hum what-
ever—not that I recommend this course to anvone.
l.ondon, W.z2. R. 1. KINROSS.

The Frequency Analysis of the Heterodyne
Envelope

To the Editor, The Wiveless Engineer

Sir,—The Fourier Analysis of the envelope of
interference pattern produced by the heterodyning
of two radio-frequency waves has been treated
in this journal by Mr. Colebrook (April 1932, p. 193) ;
his results are given as infinite series. It mayv be
of interest to show that the coefficients cf the Fourier
series may be also given in terms of Complete
Elliptic Integrals of the first and second kind.

The problem is to express

(1 4 27 cos 8 4 »?)i
as a Fourier series of the form

o
4a, — X a,cosnb
1

The coefficients are given by

2

a, =

.j"(x + 2vcos 8 + »?) cos nfdé
m 0
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Putting 2¢ = # and 2% — 4v (1 + »})
w2
then - 4t + 7)/ (1 k¥sin? ¢}t cos zndde
”

‘o
The problem now resolves iteelf into evaluating
/2
the definite integral / (1 — k%sin? )t cos 2nddd

. . 0
which will be called W .

A reduction formula relating successive W's can
be obtained in the following way :—
Write A = V1 — k%sin? ¢ and consider the ex-
pression

a4 (2 cos 2mé sin 2¢ A 3. Performing the

differentiation and making a few simple trigo-
nometrical transformations

a% (2cos 2mesin2¢ A®)

- kﬁ{? + : cos2(m + 2)¢ . A

2
+ 2(m + I)(I — ]i jcos2(m + 1)¢. A
/

b2
-3 cos 2m¢ . A

— 2(m — 1){1 - k;)cos 2(m — 1)é. A

=+ /\‘2<5 —
4

Now, on integrating both sides of this identity
with respect to ¢ between the limits O and =/2,

we have
0 — Woys. ('ﬁ + 5>k2
2 4

;;l>cos 2(m — 2)é . A.

4 Wy 2(m 1)<1 ﬁz)

2
2
W~
2
3
— Wy 2(m — 1)(1 k~>
2

+ W 2-(5 —T>k2
\4 2

a reduction formula relating any five successive W''s.

But W, is known, for it is the complete elliptic
integral I of the second kind.

1f we write cos 2¢ = 2 cos?*¢ — 1 then W, breaks
up into two known integrals and its value is
2 — k? 2(1 — &%)

Wi 3k? 3k?
where K is the complete elliptic integral of the
first kind to modulus k.

1f now we put s = o in the above reduction
formula and notice that W, = W_, we obtain W,.

Similarly ¥4 is next obtained by putting # = 1
and so on. A. C. BARTLETT.

The Research Laboratories of the

General Electric Co., Ltd.,
Wembley, England.
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A.V.C. Systems
To the Editor, The Wireless Engineer.

S1r,—In his article on A.V.C. systems, Mr, \WW. T.
Cocking states that when receiving the local station
on a receiver having low I.F. gain the I.F. valve
may attenuate and the preceding valves may be
more seriously overloaded than the I.1° valve.

But it the I.F. valve is attenuating then its
input is greater than the sum of the I.F. bias and
delay voltage together. It will hardly be possible
to produce worse overloading than this and so it
can surely be taken as axiomatic that the LF.
valve supplving the A.V.C. rectifier must never be
attenuating.

Quite apart from this however it is rarely found
that the 1.F. valve will give a sufficient output
frec from distortion if it is fully controlled and so
this stage is usually controlled partially only—
but to avoid I.F. overloading—not overloading of
any preceding stage.

Cambridge. C. J. CARTER.

SIR,—Mr. C. J. Carter’s suggestion that it should
be considered axiomatic not to operate the valve
feeding an A.V.C. rectifier in an attenuating con-
dition is of importance in that it will normally
lead to a state in which no controlled valve is over-
loaded. 1 would like to point out, however, that
my statement to which he takes exception, that
more serious overloading may occur in an earlier
stage, is justificd by experimental work on re-
ceivers of unusual design.

Suppose that two stages of amplification are
used preceding the A.V.C. rectifier and that both
are fully controlled from the A.V.C. system. If
the valves have similar characteristics and the first
stage gives the same or a smaller initial gain than
the second, then when the first stage is attenuating
the sccond is also. Hence the input to the first
stage is greater than that to the second, and if the
latter be overloaded the first will be overloaded more
scriously.

TLondon, N.14. W. T. COCKING.

The Industry

ARRISON AND CATHERALL, ETD,

M Fornsett Strect, Sheffield, 4, undertake the

manufacture of permanent magnets of all
tvpes.

“ Measuring and Testing Equipment for the
lilectrical and Communication Industry 7 is the
title of a new publication issued by Muirhead and
Co., Ltd., Elmers End, Beckenham, Kent.

This year's Osram Valve Guide is in the form of
a handy pocket-book, which contains technical
data, circuit diagrams, abacs, etc.

All communications for Everett, Edgcumbe and
Co., Ltd., should now be addressed to Colindale
Works, Hendon, ILondon, N.W.g, where the
Technical and Sales staff are now concentrated.
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Notes on Screened Grid Pentode Detectors”®
By F. R. W. Strafford

been designed ostensibly for the ampli-

fication of radio frequency potentials ;
but it so happens that, under certain opera-
ting conditions, it exhibits remarkably good
rectilying characteristics, producing con-
siderable sensitivity and linearity in opera-
tion.

THE screened grid pentode valve has

The Ideal Rectifying Characteristic

The ideal rectifving characteristic, ex-
pressed as the relationship Letween applied
potential and resultant current, is well
known. This function is a straight line of
slope K, but it is a discontinuous function
in that it becomes zero at v = o and remains
at zero for any further negative increment
of v. Such a curve is depicted in Fig. 1a,
although it is quite in order to assume that
the same ultimate effect will be produced by
the dotted curve. Similarly, in Fig. 15, a
signal may be operated at X to produce the
same ultimate effect.
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T'ig. 14. Fig. 1b.
Unfortunately such curves cannot be

obtained in practice. The slope is not
constant over the operating range and the
function does not turn to a limiting value
with infinite rapidity. Such discontinuities
are merely, in this problem, convenient
mathematical abstractions whereby the pro-
cess of rectilication may be classically
analysed.

Output from an Ideal Rectifier

Assuming that the initial applied potential
1s a linearly modulated signal in which both

* MS. accepted by the Editor, May, 1934.

carrier and modulation frequencies are
sinusoidal, the perfect rectitier will give the
following current components :—

1. A direct current increment which is
directly proportional to the peak value of the
carrier voltage then unmodulated.

2. The carrier frequency plus an infinite
series of harmonics of this frequency with
progressively diminishing amplitude.

3. The modulator frequency.

(1) is of importance in A.V.C. work and
also has a bearing upon the rectitier to be
discussed.

(2) is of no use and is conveniently
filtered away by condensers and H.F chokes.

(3) is the desired component which, in the
ideal case, as expressed above, is undis-
torted since no harmonic series occurs for it.

Output from a Curved Characteristic

Curvature of the rectifying characteristic
modilies the resultant current components.
Assuming the same initial applied potential
the output now becomes:

(ra) A direct current component which is
not directly proportional to the unmodulated
carrier peak voltage.

{2a) The carrier frequency plus an infinite
series of odd or/and even harmonics of
complex amplitude relationship.

(3a) The modulator frequency plus a series
of harmonics.

The change in (1a)—(2a) is not important,
but, clearly, the presence of harmonics of
the wanted component in (3a) is detrimental
since distortion is produced. Furthermore,
the acoustic output is not directly pro-
portional to the modulation depth as 1t is
in the ideal case.

Modern Methods of Detection-—The Diode

The nearest approach to the ideal rectifier
is undoubtedly the diode valve, in that the
characteristic relationship between applied
positive anode voltage and resultant current
is substantially linear. The process of
rectilication tends very closely to the ideal,
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but the main disadvantages may be enumer-
ated as follows -—

(1) The diode, in absorbing energy, places
an effective shunt resistance across the
signal source. Since this source is invariably
a tuned circuit a loss of selectivity is in-
evitable.

(2) The device has no inherent ampli-
fication.

GRID CURRENT
COMM%NCES

0'45

0'4

R=s
\\lﬁ
>

035

Rf 3 84 =
’ y lg) 5’ &
N B e o 03 W
ut
[N
J z
-l . 1 0255
2
=
o2 Z
<
016

A
1 I!V

-70 -60 -50 —-a40 -30 -20 -10 0 *1'(?

i/
ALY /j, 17T

-80
Vg voLTs
Fig. 2.—1I4/Va Linevollage = z05. Load
resistance — 0.5 % -,

The Cumulative Grid Triode

In this case rectification occurs in the grid
circuit, where one can regard the input
svstem as a simple diode circnit. The
acoustic voltage developed across the grid
leak is amplified by the triode, so that the
device possesses inherent amplitication. The
disadvantages are, in general, chiefly :—

(1) Resistance damping of the signal
source.

(2) Presence of greater curvature, par-
ticularly to small signal amplitude.

(3) Limiting value to acoustic frequency
response, due to time constant of coupling
condenser and leak.

Anode Bend Triode or Tetrode

This method of rectification climinates
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any resistance damping at the source, but in
general possesses the following disadvan-
tages ;-

(1) Poor inherent amplification.

(2) Considerable curvature, particularly
to small signal amplitudes.

It is desirable, therefore, to concentrate
upon retaining certain features and elimina-
ting others until ultimately the rectificr may
possess the following qualifications :

(r) A high degree of inherent ampli-
fication.

(2) Substantial linearity to both weak and
strong signals.

(3) No resistance damping of the source.

The following rectification system possesses
these qualifications and will now be discussed.

The Screened Grid Pentode as a Top Bend
Rectifier

Fig. 2 represents a family of 7,/V, curves

taken with a resistive anode load of 0.5

megohm for different values of screen
potential T's.
35
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Fig. 3.— V line — 200 volls. Vs = 6o volts.
V¢ bias = — 3.0 volls.

The sharp curvature at the top bend is
at once apparent and may be ascribed to the
following process within the valve.

With the control grid at zero potential the
electron current is controlled mainly by the
screen and anode potential. Since the anode
potential is approximately 5.0 volts and the
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screen greatly in excess of this, the electron
velocity is mainly controlled by thescreen
which collects practically all the electrons.

as

3 T l -
30 P
e
| //
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/V
" L LA
| / R.M.S. CARRIER
AMPLITUDE = 08 VOLTS
10 1 1A |
/!
5 |
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% MODULATION DEPTH
Fig. 3a.

Some, however, pass through the screen and
ccme within the weak field of the anode.
These are collected and represent the anode
current. The passage of anode current drops
the anode voltage, thereby limiting the
collecting power of the anode. Hence, an
increase of screen voltage while increasing
the clectron current does not assist the
anode current, whose circuit load of o.5
megohm converts it into a constant current
device, particularly as the anode-cathode
impedance is quite low. This explains the
flatness of the curve over a wide range of
screen volts.

As the bias is negatively increased the
electron velocity is decreased until a critical
value is reached bevond which there is
insufficient electron velocity to enable the
anode to collect but a small proportion of the
initial value obtained with zero bias. Hence
the anode current falls off rapidly.

As the screen voltage is increased greater
electron velocity is produced. Hence, the
negative bias must accordingly be increased
to reach the critical point at which the anode
current falls. This explains the shifting of
the characteristic as a whole, with increasing
screen volts. )

The grid current characteristic is prac-
tically unaffected by these changes of screen
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potential and sets in at approximately — 0.8
volts, thereafter rising for any positive
increment from this point. [t can be seen,
therefore, that part of the flat portion of the
characteristic may be operated upon without
entering into the grid current region, par-
ticularly at the higher screen voltages.
It will also be seen that, while the operating
slope decreases with increasing screen voltage,
the input amplitude may be increased, the
net result providing very little change in the
maximum permiissible voltage output. The
screen voltage may therefore be adjusted to
suit the general magnitude of the signal which
it is desired to rectify. Screen voltages below
30 volts will not permit of operation over the
whole characteristic without grid current
flowing ; but for small signal inputs a screen
voltage of 30 and a negative bias of — 1.35
volts would produce excellent sensitivity.

It must be clearly borne in mind that the
possibility of rectification is critically bound
up with both grid bias and screen voltage,
and adjustments for at least one of these
values must be provided.

It would be necessary for some preset
adjustment to be included in a set containing

7 T T
- ‘
b
5 6 I
o | [
7]
2 |
o 5 T T
§ I
8 4 ,// L] |
5 /1 R
ES | _/ I |
o 7 BE
& / R.M.S.| CARRIE |
5 Y, AMPLITUDE = 0-26 VOLTS
3 2 i 4 ;
3 i
< |
g /| |
2 |
o< / [ |
|
o |
10 20 30 40 50 60 70 80 90

% MODULATION DEPTH
Fig. 3b.
this system of detection in order to com-
pensate for valve changes and to control other
inevitable circuit variations.
Results and Circuits

The curves in Figs. 3, 3«¢, and 36 are self-
explanatory together with the circuit by
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which they were obtained. It is at once
evident that an excellent approach to
linearity is maintained for the relationship
between input and output for constant
modulation, and, more important, between
output and modulation depth for a steady
input carrier voltage.

Automatic biasing

Normal automatic biasing by means of a
cathode resistance is impossible in this system
of rectification, and the reason for this is
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Fig. 4.

quite clear. The steady anode current 1s
changed, due to the rectification effect, thus
altering the bias voltage. Sinece this value
is critical no further explanation is necessary
as to the effect produced. Automatic bias
may, however, be satisfactorily obtained by
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using the circuit of Fig. 4, which represents a
practical method of including the system
in 2 mains receiver.

Here the bias is mainly controlled by the
potentiometer current, which is in consider-
able excess of the anode current. Variations
of the anode current due to the rectification
process therefore exercise a negligible effect
upon the bias voltage developed across K,
which is of preset design and is adjusted for
maximum sensitivity.

It may be of general interest to mention
that another method of using this type of
valve as a detector is known and used in some
commercial receivers. In this case the screen
voltage is applied via a resistance Irom the
high-tension line, the value being of the order
of 2 to 6 megohms and automatic bias is
provided by normal cathode circuit dropping
resistors.  The principle difters entirely
from the system discussed in that recti-
fication occurs on the lower bend of the
I,/V, characteristic, since the network is
unstable to the critical conditions necessary
for upper bend operation. Moreover there
is a considerably less linearity and sensitivity,
particularly to smail signal inputs.

A notable feature, however, is the ex-
istence of a true limiting action which provides
a high degree of setf A.V.C. This is due to
the rectifying action of the screen circuit,
whereby the d.c. increments of screen current
change the screen potential and set up new
operating conditions for the rectifying
anode circuit,

Symbolism in Electro-acoustics
By N. W. McLachlan, D.Sc.

HE question of symbolism in any branch
of science is one over which numerous
discussions have arisen. At the outset

it may be fairly said that complete agrec-
ment is not to be expected, whilst 1t is
out of the question to be strictly consistent.
As far as possible suggestive symbols should
be used, e.g. 17 for volume, C for capacity,
E for electromotive force and P for power.
In some cases, however, we hardly get as far
as possible ! so it Is necessary to give way to
long established usage as in [ for current.
Although difficulties are met in electrical

symbolism, they are eclipsed by those in
electro-acoustics. Here one has to reconcile
(1) electrical, (2) mechanical, (3) acoustical
quantities and (4) mathematical functions.
In 1932 when the author commenced the
MS. of Loudspeakers,® no electro-acoustical
symbolism was extant, so the problem had to
be tackled. The work of the International
Electrotechnical Commission is recognised as
authoritative, so a list of their electrical
symbols was obtained. Using thisasa nucleus

* Clavendon Press, Oxford, 1934.
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and with works by Rayleigh, l.amb, and
others, for guidance, the list of svmbols
given in L.S. was evolved.

To differentiate succinctly between the
four constituents mentioned above, a definite
principle was needed. Iixamination of the
I.E.C. list and of reference books, showed a
tendency to use capital letters for electrical
quantities. As the equations of electro-
acoustics contain similar electrical, mechani-
cal and acoustical quantities, e.g. resistance,
some means of discrimination is essential.
In this, one has to be guided not only by
symbolism and usage in general, but by ease
of visualisation. Take the case of impedance :
it is desirable that the same letter of the
alphabet be used in all three cases. 1f we
accept this, there are various solutions to the

“problem. The italic capital 7 is invariably
used for electrical impedance, so we might
write Z,, Z, and Z, for electrical, mech-
anical and acoustical impedance, respectively.
There are two objections, (1) the different
subscripts and their main letters would not
be easy to visualise distinctlv in formulae,
(2) 1t is desirable to have Z,, for motional
impedance.* We might take aleaf out of our
school-boy note-books when permutations
and combinations were inflicted in the ab-
stract upon unwilling scholars. The number
of »-combinations of » letters is written ,C,.
It is not suggested that we write symbols on #
pieces of paper and then draw lots ! but we
can use the back-handed subscript. Thus we
might write ,,Z for electrical motional
impedance in the pious hope that it will
not be mistaken for m to the power Z.
In electrical work we measure effective
resistance and inductance, whilst in mech-
anical work we measure effective resistance
and mass, thereby obtaining the mechanical
impedance Z,. Now /.7 is a constant
€%, and in a formula this symbolic repre-
sentation might be difficult. As another
example of symbolism the letters can be
laterally inverted (S)t or we can put
bars above or below (dots being ruled out
since they have priority in mathematical
analysis, e.g. &, £ for velocity and accclera-
tion), or thev mav have horizontal strokes

* Lilectrical motional impedance, as the term is
not used in the mechanical sense .

1 These might provide an excuse for carrying
pocket mirrors !
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through themi. None of thiese methods is
good, the symhols are difficult to visualise,
and one might as well use Chinese. Never-
theless they were all tried in analysis and
found wanting, so something simple and
svstematic was substituted. Accordingly
capitals were used (as far as possible) for
electrical, and small letters for mechanical
and acoustical quantities, the latter bearing
the subscript a e.g. z, the acoustical im-
pedance. No attempt was made to displace
x (diclectric coefficient), p (permeability),
p (resistivity) from their time honoured
positions, although it would have been con-
venient to do so. There are other ex-
ceptions, e.g. power, but as this is trans-
lated from electrical to mechanical form, the
symbol P is adequate, although P,, ’,, and P,
can be used.

As an example of the above, we reproduce
the differential equations of the M.C. system,
and the formula for electrical impedance
derived therefrom (L..S., pp. 131, 132) :

m D + v, D¢ -+ s¢ = CI - (D)
LDI + RI 4 D¢ = E (@
Z =R+ iwl + czl[;’; 1<w’"eZ: Sﬁ)] 3)

where m, = effective mass, 7, effective
resistance, z, = effective mechanical im-
pedance, s = stiffness, ¢ axial amplitude,
c? oL m» Zm = electrical motional im-
pedence, D = d/d{,i = v/ — 1 and instan-
taneous values of cyclically varying quantities
are implied (see below). The mechanical and
electrical qualities in (1), (2), (3) can be
visualised at once. In (3) the additional
electrical resistance and inductance due to
motion of the mechanical parts is verv clear.

Sometimes it may be essential to dis-
criminate between instantanecous, r.un.s. and
peak values. Quoting from L.S. p. wviij,
“ Throughout the text the r.m.s. values of
all quantities varying cyclically are used,
unless otherwise stated or vmplied. 1In ditfer-
ential or circuital equations the implication
of instantaneous values will be readily
discerned. . . 7 On the average this can
be accepted, but where distinction is re-
quired, we have /,,, or /,,, Cosw! for
sine wave motion, [I,., and [,  or I.
It will be observed that the use of [ tor

current leaves ¢ for v/ — 1, and as this
conforms with mathematical usage, which
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has prior claim, it is preferable to use it.
There is, of course, no objection to j.

We now come to symbolism for mass,
reactance, resistance and impedance per
unit area. It 1s desirable to retain the usual
letters, so we now introduce heavy type.
Thus for a rigid disk the resistance and re-
actance components per unit area arer, andx,
= wm,.* In MS. it is convenient to use a
different coloured ink toassist the compositor.
Concerning the term rigid disk, it often
happens that it is misnamed a * piston.”
A piston is not a disk, because it is hollow
and the head is not flat, and it would not
move as a whole at all frequencies. A “rigid
disk * statcs precisely what is meant, and is
in conformity with the work and ideas ol the
late Lord Rayleigh. In the past the letter
A has often been used for the strength of a
sound source. It is preferable to use A
for area as in 4 = Ay f*, and 8 for the
strength of a source (r.ms.) since it is
suggestive.  The letter S is used for mag-
nectic reluctance by the 1.E.C., so in
Loudspeakers heavy type was used to
signify the strength of the source. To be
consistent, it is perhaps better to use s for
strength and ¢ for condensation,t provided
the former is not required for stiffness per
unit area. Sound pressure has a few trouble-
some side issues. We should have p, since
pressure is taken on unit area. But we
have to discriminate between total and
excess pressure in a sound wave, acoustical
and inertia (or inertial) pressure on a surface.
Hence we have to be a bit elastic, so we get
p = excess, p, =— atmospheric, p = p + p,,
b, —= acoustical, p, = inertial pressure.

The unit of pressure is one dyne cm—2.
In America this 1s one bar, but to a meteoro-
logist it is a microbar. Although the latter
has prior claim, it is preferable to talk of
dyne cm~2, net bars, because these are places
1m which one talks ! Hitherto no units have
been chosen for acoustical and mechanical
resistance. Some honour to the G.O.M. of

* In L.S., p. xi, lines 26, 27, mass and accession
to inertia per unitarcashould be mand m;, not p; and
pi. For ‘“effective’”’ values (not r.m.s.) the subscript
e is used, but in certain cases it can be implied,
although it is sometimes necessary to reserve m for
natural mass per unit area.

t In L.S., s is used for condensation.
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acoustics (the late Lord Rayleigh) is long
overdue. If we take the first syllable of his
name we have ‘ Ray,” which phonetically
suggests R.A. (resistance-acoustical), and
if we take “ Ram ’ it suggests R.M. (re-
sistance-mechanical). 1t is proposed, there-
fore, that ‘“ Ray’ be taken as the unit of
acoustical impedance and “ Ram " as that
of mechanical impedance, just as the IFarad
is the unit of capacity. The impedance per
unit area would be Ray cm? if acoustical,
and Ram cm~2 if mechanical. It will be
observed that the ratio of these units is
cm?  This is due to the fact that the acous-
tical impedance of, say, a long uniform tube,
is inversely proportional to the area, while the
mechanical impedance offered to a disk
vibrating at the end of the tube is directly
proportional to the area.

Concerning definitions, a number of addi-
tional ones appear in L.S., pp. 3-6 (see
amongst Nos. 20-44). In defining such things
as sound flux, it is important to specity
the air particle velocity v normal to an
imaginary surface in the path of the wave.
Also it should not be confined to equal
velocity over the surface. Thus we have
® — //vdA, and when v is constant over
the area, ® = vAd. There is a very un-
desirable term used in eclectromechanical
measurements, namely, “‘blocked’ impe-
dance. In 1.S., pp. 20g—271, a good reason
is given why a telephone mechanism cannot
be properly “ blocked.” The correct term,
which savs precisely what is intended, is
“ stationary,” and in the author’s experience
this condition can only be obtained satis-
factorily by using molten paraffin wax to
make a solid job. We invariably speak of
electrostatic L.S. but as this implies absence
of motion, the correct terminology is Con-
denser L.S.

The question of the datum of intensity
level should be settled. The A.S.A. has
now adopted 2 X 107* dyne cm~2

In conclusion it mav be stated that the
above symbolism is easy to handle, and has
found favour with a number of persons.
It is not claimed to be ideal, but it has
practical advantages.

1 In loudspeakers both ot the terms electrostatic
and condenser are used, but the latter is pre-
ferable.
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PROPAGATION OF WAVES

PRINZIP UND ANWENDUNG EINER DIAGNOSTISCHEN
ANALYSE GEMESSENER SENDERFELDER (The
Principle and Application of a Diagnostic
Analysis of the Measured Ficld Strengths
of a Station [in Mountainous Country,
particularly when cut into by Fiords, etc.]).

-O. Devik. (Hochf:tech. u. Elek:akus., June,
1934, Vol. 43, No. 6, pp. 205-208.)

“ In pronouncedly mountainous country the field
of a broadcasting station is influenced to a high
degree by the configuration of the land, and this
1s still more the case in those parts of « mountainous
country where the sea cuts into the mountain
range to form fiords, as on the Norwegian coast.
In terrain of this kind it is of very little use to
calculate field strengths by one of the usual
formulae. In such cases it is only possible to get
a_quantitative estimate of the field strengths by a
diagnostic analysis of the components of the
measured field. Such an analysis is the object of
the method here described, which should also find
application in other forms of the field problem.
The principle of the diagnostic analysis is the
determination of the scalar field of the relative
alteration of field strengths with respect to the ray
direction, 4.e., the distribution of the quantity
1/E .dE[/dr in the field radiated by a station.
The ray direction is presuined to be known ; in
practice we may with sufficient accuracy assume
that the projection of this direction on the hori-
zontal plane will coincide with the straight line
joining the point in question with the station.
The effect of the earth’s curvature is for the present
neglected, since we are particularly interested in
the direct radiated field, where very great distances
are not involved.

‘" The horizontal radiation diagram of the station
may be of any shape. The derived result applies
also to directive transmitters, since no assumptions
are made as to the field-strength distribution.
It is only assumed that a sufficient number of
measuring points are available for the construction
of a synoptic chart (Fig. 1) with lines of equal field
strengths. The change of field strength from the
value E to E 4 dE, in passing over the interval
dr from point (1) to point (2), is in part a geo-
metrical effect due to the increasing of the feld
space or plane. According to Sommerfeld’s repre-
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sentation ot the field, the held strength from a pure
space wave would be proportional to 1/r and from
a pure surface wave would be proportional to
1/r¢% for such distances that the earth’s curvature
has no influence. e shall return later to the
question of the exponent, and for the present make
the field strength proportional to 1/#«. Then the
geometyically conditioned relative change of field
strength 1s given by 1/E. (AL [dY)geom. = alr.
In addition, the change of field strength depends
on the physical conditions of the tield space, the
nature of the earth below and the Heaviside layer
above. We put 1/L . (dE/d¥)pns. = — a, and call
a the dispersion constant [zerstreuungskonstante]
of the field strength. The total relative field-
strength change in moving over the interval dr is
thus given by 1/E . (dFdr) = a—alr ... (3).
so that the diagnostically most important quantity,
the dispersion constant, is given by

a I odldy —aly oL (4).

In regions where the field strength decreases, in
the direction of radiation, wmove than would corre-
spond to the geometrical divergence, a is positive ;
where 1t decreases less, or even increases, a is
negative. When, in the first case, where o is
positive, pure absorption is predominant, a becomes
identical with the absorption or attenuation con-
stant, but the more comprehensive term ° dis-
persion constant’ corresponds better to the actual
conditions.”

If dI: and dr are replaced by the finite small
differences A4E and 4, which can be read off the
synoptic chart at the receiving point in question,
equation 4 gives the value of the dispersion con-
stant at that point. In this way the dispersion
constants for a sufticient number of points could
be calculated and from these values a corresponding
synoptic chart of the constant could be drawn.
It is however more convenient and also more
accurate to derive from the synoptic field-strength
chart (Fig. 2a) separate synoptic charts of — afr
and — 1/l . dE[dy (Figs. :b and c¢) and then by
graphical addition of these to obtain the synoptic
chart of o (Fig. 2d) ; for the quantity a/r is widely
independent of the existing field and a value can
be assigned to « (in Fig. 2b it is taken as 0.35), so
that the synoptic chart of a/r becomes a series
of concentric circles round the station. The
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graduations of the two charts should be so chosen
that their graphical addition is straightforward.
The writer derives from equation 3 the ex-
ponential equations 6 and 7 showing that the field
strength as a function of the distance » from the
station is represented, over a short interval, by an
exponential curve. If a, represents the mean
value of the dispersion constant over the stretch
¥ — 7y, equation 7 is E/Ey = (ry/r)® . e—am(ry— ro).
This agrees with the Austin and Watson/Eckersley
formulae if @ is put equal to 1 and o.5 and

ap a’ VA, and if the etfect of the earth’s curva-
ture is neglected. By the application of equation
6 or 7 to a particular direction of radiation the field
strength at any point of the ray is obtained pro-
vided the initial ficld strength at the distance 7,
is known : this can be calculated from the power
of the station. If in this way the field-strength
distribution is found for a sufficient number of
directions, the synoptic chart of field strengths
can be drawn.

In section 4 the writer deals with the effect of
the earth’s curvature. Section 5 is a discussion of
the whole problem, which is compared to a meteoro-
logical one and then to an optical one. The effect
of the indirect ray is then considered: like the
direct ray, this must suffer greater dispersion in
mountainous country than in flat, owing to the
irregular reflection in its hops between earth and
Heaviside layer. The partial interdependence of
a and a is discussed. * With very small values of
absorption the surface ray will become more and
more prominent as the distance increases, so that
the value of a will approach o.5, while with larger
absorption and predominating space wave the
value 1 better represents the conditions. It is
to be expected that a study of synoptic chart
material of the quantity 1/ . dE;dv (which by
equation 4 is equal to a + « r} will give empirical
rules for the correct proportioning of this quantity.”
Finally the point is discussed whether a can be
correctly subdivided into a; 4 a, + a3, corre-
sponding to absorption efiects depending almost
entirely on the wavelength; to effects depending
on the influence of the topography {shadow cffects
of mountains, and the like; also Jdependent on
the wavelength) ; and to indirect ray effects.

COMPARISON OF THE SOMMERFELD/VAN DER PoL
AND  WATSON/ECKERSLEY  DPROPAGATION
FORMULAE AS APPLIED TO SHIP STATIONS
AT DISTANCES OF 400-500 KILOMETRES.
Marique. (Sce abstract under ‘‘ Aerials

and Aerial Systems.”)

REFLECTION OF SHIP WAVES FROM DOVER CLIFFS.
Marique. (Ibid.)

MITTEILUNG UBER DIE BERGRADIOVERSUCHE IN
KotrTerBACH (Report on the Kotterbach
Radio Tests in Mines [Strength of Received

Signals from Broadcasting Stations and
Portable Oscillators]).—V. Fritsch. (Hochf:
tech. w. Elek:akus.. June, 1934, Vol. 43,

No. 6, pp. 189-195))

For the writer’s previous work on the same lines
see 1933 Abstracts, p. 558. In the present tests
the region investigated was geologically inhomo-
gencous, 1n contrast to the tunnels and caves
in the homogeneous mountain side previously
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examined : it consisted of mine workings in a
gangue of spathic iron ore. The results of the
tests described in this paper (which is a first report)
are summarised as follows :—(1) Broadcast stations
{medium- and long-wave) could be received at
levels down to 300 metres. (2) The strength
of signal increased with the wavelength; waves
below 400 m could not be heard. (3) The tectonic
construction has a great influence on the propagation
inside a mine. (4) The smallest attenuation is
suffered by a field entering along a fissure; the
water-bearing property of thisis of great importance.
(5) The total conductivity of an ore-bearing
vein depends not only on the conductivity of the
gangue composing it but also on that of the pore-
and fissure-water. The conductivity of this water
increases with the solution concentration. (6) The
attenuation of a field radiated-in in the direction
of the slope of the clay coat of the veins is less than
that of one entering in the direction of the bearing
of the vein. (7) The attenuation suffered by a
field radiated along a lode depends very much
on the nature of the outcrop of the lode. (8) The
absorption effects observed lead to the conjecture
that there is a further lode to the south of the
Drozdiak vein.

WIRELESS ECHOES FROM REGIONS ABOVE THE [P
Lavers.—H. R. Mimno. (Nafure, 14th
July, 1934. Vol. 134, pp. 63-64.)

The writer and his co-workers have recently
obtained a large number of fixed-frequency con-
tinuous automatic records of effective ionospheric
heights (Abstracts, 1933, p. 386: see also pp. 438
and 439, and May, p. 260). Records obtained at
the frequency of 3 492 5 ke/s frequently give first-
order echoes which appear to come from regions
of considerably greater effective height than the
F layer. The writer feels * reasonably certain
that the effects were not due to the low group
velocities ordinarily encountered in the E and
F regions when the electron density is near a critical
value.” He has obtained *“ a series of consistent
records which apparently rule out this explanation.”
He classifies the experimental results into “ G
reflections ”  (effective height approx. 600 km)
and "' H reflections’’ (effective height 1100 toO
1 800 kim) ; it is not yet known whether the new
regions are directly overhead or not.

IoNOSPHERE MEASUREMENTS AT Low LATITUDES
[F, Critical Frequency several Thousand
Kilocycles higher in Peru than at Washing-
ton : Diurnal Variation much more Erratic
than that for Lower Layers].—L. V. Berkner
and H. W. Wells. (Proc. Inst. Rad. Ing.,
June, 1934, Vol. 22, No. 6, p. 680: short
summary only.)

RECENT WORK ON THE IONOSPHERE IN
Caxabpa  [to August, 1933: Anomalous
Cases of Echoes from Region F when Region
I was much more intensely Ionised than
Region I'].—]. T. Henderson : Ross. (Proc.
Inst. Rad. Eng., June, 1934, Vol. 22, No. 6,
pp. 679680 : short abstract only.)

SOME

He1gHTs AND TRAIN-DRIFTS OoF LEONID METEORS
or 1932.—C. P. Ohlivier. (Physik. Ber.,
1st June, 1934, Vol. 15, No. 11, p. 912.)
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CoMPARISON OF THE CONTINUOUS SPECTRA OF
CERTAIN STARS OF TYPES A AND B: NIGHT
LsTIMATES OF ATMOSPHERIC OzoNE Con-
TENT.—Barbier, Chalonge and Vassy.
(Compies Rendus, 18th June, 1934, Vol. 198,
No. 25, pp. 2139-2142.)

THE REFRACTIVE INDICEsS oF SomME LiQuiDs 1IN
THE DOMAIN OF THE SHORT ELECTRIC
\WaveEs  [Micro-Waves].—M.  Miesowicz.
(Nature, 28th July, 1934, Vol. 134, p. 155
abstract of paper in Polish Acad. of Sci. and
Letters.)

“ The wavelengths employed were 7.1 cm and
6.2 cm, an interference method being used. In all
the liquids examined except water, the same value
was obtained as with very long waves; water,
with the shortest wave, gave a slightly higher
value.”

DiE DiSPERSION UND ABSORPTION ELEKTRISCHER
WeLLEN (Dispersion and Absorption of
Electric Waves [Summarising Account of
Theories and Measurements of Dielectric
Constant, Its Dependence on Frequency in

Various Liquids: Evidence for Debye’s
Theory of Dipote Orientation, including
Radio Frequencies]).—W. Ziegler. (Physik.

Zeitschr., 15th June, 1934, Vol. 35, No. 12,
PP 476-503)

RiFLESSIONE E RIFRAzIONE DELLA ONDE ELET-
TROMAGNETICHE ARMONICHE DI  FORMA
QUALSIVOGLIA AD UNA SUPERFICIE PIANA
(The Reflection and Refraction of the
Harmonic Electromagnetic Wave of any
Form whatever at a Plane Surface).—G. A.
Maggi.  (Physik. Ber., 1st June, 1934,
Vol. 15, No. 11, p. 886)

The writer has already found (Rendiconti dell’
Instituto lombardo, Milan, No. g, Vol. 18, 1933,
PP 335-3471) that the general theory of the electro-
magnetic field does not lead to single-valued
solutions for the reflected and refracted waves
of arbitrary form in isotropic, non-conducting
neutral media separated by a plane surface. ““In
the present investigation the writer gives the
conditions under which a satisfactory solution of
the problem is possible.”

CorrRENTI NE! CONDUTTORI ED ONDE ASSOCIATE
(Currents in Conductors and the Associated
Waves).—G. DPeretti. (Physik. Ber., 15th
June, 1934, Vol. 15, No. 12, p. 967.)

‘ According to Hugoniot and Hadamard it is
mathematically possible to link the electromagnetic
wave propagation along lines with certain other
phenomena, so far as these are represented by
space-time functions of points, which are con-
nected by a system of differential equations. On
the basis of their theory the writer investigates
the wave propagation in connection with electro-
magnetic phenomena in a system of straight parallel
conductors.”

DER SCHEINWIDERSTAND AM EINGANG vON HocH-
FREQUENZKABELN (The Impedance at the
Input End of High-Frequency Cables).—
W. Kautter. (Funkiech. Monalshefie, June,
1934, No. 6, pp. 217-219.)
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LAuE DiagraMs wiTH OpTicaL WAVES [passing
through Space Lattice produced in Liquid
by Sound Waves from Piezo-Quartz Cry-
stals].—C. Schaefer and L. Bergmann.
(Sttzungsber der preuss. Akad. dev Wiss.,
physik.-math. Kl., 1934, No. 10, pp. 152-153.)

Tur DirrusioNn or LIGHT BY BINARY MIXTURES
NEAR THE CriticaL PoiNT or COMPLETE
MIsCIBILITY | MEASUREMENTS OF THE DE-
POLARISATION 1“ACTOR.-—A. Rousset. (Comp-
tes Rendus, 18th June, 1934, Vol. 198, No.
25, pp. 2152-2154.)

THE PROPAGATION O LIGHT THROUGH SEA \WATER
[Summary of Survey in Scienfia].—Vercelli.
(La Ricerca Scient., 15/31 May, 1934, 5th
Yecar, Vol. 1, No. 9/10, pp. 543—544.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

THE RADIATIONS FROM THE NIGHT SKY IN THE
SPECTRAL BAND 5000/8 000 A [and the
Identity of the Spectrum with that of Polar
Auroras : etc.].—]. Cabannes. (Comptes
Rendus, 18th June, 1934, Vol. 198, No. 25,
pPp. 2132-2135.)

ON ATMOSPHERIC RADIO-ACTIVITY AND PEIPING
WuaTHER-— I C. Wang.  (Sci. Rep. Nat.
Tsing Hua Univ.,, October, 1931, Vol 1,
No. 3, pp. 119-128 : in English.)

PROTECTION AGAINST SURGES—LIGHTNING AR-
RESTERS AND SURGE ABSORBLRS.—L. T.
Norris.  (Llectrician, 8th June, 1934, Vol
112, No. 23, p. 785-786.)

THr BrHaviour orF THE ALuMINIUM CErLL [Light-
ning Arrester| AGAINST THE TRAVELLING
WavEs.—T. Tomizuka. (Journ. I.E. L. Japan,
April, 1934, Vol. 54 [No. 4], No. 549, pp.
257-260: English summary pp. 34-35)

IoxisaTioN AT Hicu PrEssurRes [as in Cosmic
Ray Mecasurements : *“ Apparent” Satura-

tion for High Voltages explained quan-
titatively by Columnar lonisation].—G.
Harig.  (Physik. Zeiischy. der Sowietunion,

No. 4, Vol. 5, 1934, pp. 637-640:
lish.)

ON THE RADIATION PRODUCING THE ‘‘ SHOWERS '’
[New Triple Coincidence Measurements].—
G. Bernardini. (La Ricerca Scient., 15/31
May, 1934, 5th Year, Vol. 1, No. 9/10, pp.
533-530)

AURORAS AND CosMmICc Rays - OBSERVATIONS OF
THE LIRENCH IXPEDITION AT SCORESBY
Souxp.—A. Dauvillier. (Electvician, 8th
June, 1934, Vol. 112, No. 23, pp. 737-789.
Abridged translation of the paper dealt with
in June Abstracts, p. 317.

in Eng-

e

Tue AzivuruaL EFrFect or Cosmic Ravs [Neu-
trality of Space gives Equal Numbers of
Positive and Negative Ions traversing Space
with Identical Velocities, which are sepa-
rated by ILarth’s Magnetic Field]—R.
Gunn. (Phys. Review, 15th June, 1934,
Series 2, Vol. 45, No. 12, pp. 900-901.)
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CriTicaAL RuMARKS ON a PAPER BY G. LEMAITRE
AND M. S. VarrLarTa ox Cosymic RaDIa-
T10N.—C. Stérmer.  (Phys. Review, 1st June,
1934, Series 2, Vol. 45, No. 11, pp. 835-
838))

I"or reference to the paper in question see 1933
Abstracts, p. 209. The present preliminary re-
marks give a detailed criticism of this paper and
the conclusion is reached ‘‘that the numerical
results on the intensity distribution of cosmic
radiation given by ILemaitre and Vallarta must
be illusory.”

THE AnALysiS oF THE CosMIC-RAY ABSORPTION
CurvE [Theory of Absorption Curves, using
Laguerre Functions: No KEvidence for Line
Structure of Spectrum].—C. Eckart.  (Phvs.
Review, 15th June, 1934, Series 2, Vol 45.
No. 12, pp. 851-859.)

PROPERTIES OF CIRCUITS

GRAPHISCHE  BEHANDLUNG  VON  MITNAHMEER-
SCHEINUNGEN (The Graphical Treatment of
“ Mitnahme '’ [Pull-In] Phenomena). - U.
Bab. (L.N.T., May, 1934, Vol. 11, No. 5,
pp. 187-194.)

Pure analytical treatments of the mitnahme
etfect have led to results which differ considerably
from the experimental observations. This is
largely due to the fact that the various non-
linearities cxisting in every self-oscillating system
have to be taken into account, so that complex
differential equations of high orders are arrived at
whose solution, by approximations often only very
rough, is only possible within certain limits and with
great labour. It is, moreover, difficult to obtain
from the analytical results any clear nicture of the
physical interactions producing the phenomena.
The writer has therefore evolved a graphical method
of investigating the influence of external frequencies
on the frequencies of self-oscillating systems. The
basis of this method is that the simplified vector

diagram of the self-oscillating circuit (Fig. 4,
derived from the complete vector diagram of
Fig. 3) is suitably combined with the Méller

" oscillating characteristic.”

After dealing with the comparatively simple case
of mitnahme by an unmodulated incoming
carrier wave, the writer applies his method to ““ side-
band mitnahme,” in which a self-excited modulated
oscillator is so affected by an incoming carrier wave
that one of the oscillator side-bands, and not its
carrier frequency, is pulled-in to the incoming
frequency ; as a result of this the carrer wave, and
also the other side-band, is similarly displaced.
Thusin Fig. 10an oscillator frequency w, modulated
with a frequency w,, is so affected by an incoming
frequency w, (close to the side-band w, ' w,)
that all three oscillator frequencies are displaced
into the positions shown by the dotted lines.

The circumstances are represented diagram-
matically by Iig. 11, where the grid of the re-
generative triode is subject to ¢,, the regenerating
frequency ; &,,, the modulating frequency; and
&, the incoming frequency. The modulating
frequency produces a swinging to-and-fro of the
Moller characteristic, as shown in I'ig. 12. This is
embodied 1n the mitnahme diagrams of Fig. 13.
Since the incoming frequency is, bv assumption,
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near a side-band, it can never be the same as the
carrier : the incoming vector must always have a
certain speed of rotation with regard to the rest of
the diagram. Further, the carrier is subjected to
an amplitude fluctuation due to the modulation,
while in addition an amplitude fluctuation will
occur as a result of beating between carrier wave
and incoming wave. In the neighbourhood of
side-band mitnahme the modulation and the beat
action have almost or exactly the same frequency.
The four diagrams of Iig. 13 represent four different
phase relations between modulation and beat action,
shown in the vignette at the top left-hand corner
of each diagram : each diagram corresponds to one
complete revolution of the incoming vector ¢,.
In diagram II, where modulation and beat action
are co-phasal, the fluctuation of the grid potential
¢, (see Fig. 11) is at its maximum ; in diagram IV,
where the two are in opposed phase, its fluctuation
is very small. In both these diagrams the oscillator
frequency swings symmetrically to either side :
that is, it remains on the average unchanged during
a beat period. In diagrams I and III the swings
are asymmetrical, so that the oscillator frequency
is on the average decreased during a beat period
in diagram [ and increased in diagram III. Within
this interval between these minimum and maximum
average frequencies, side-band mitnahme can occur,
provided the incoming frequency is separated from
a value lying between these two {requencies by the
amount of the modulation frequency.

Ox tur Turowry or ELEcTrRiC FILTERS [Properties
expressed as Continuous Fractions]. V.
Bubenik. (Rev. Gén. de I'Elec., 30th June,
1934, Vol. 35, No. 26, pp. 875-877.)

REMARK ON THE ABOVE METHOD OF CALCULATION
[Equivalent Classical Method with Hyper-
bolic T'unctions preferable in Practice].
L. Abéleés. (Ibid., pp. 877-878.)

HaryonIc PropuCTiON AND Cross MODULATION
IN THERMIONIC VALVES WITH RESISTIVE
Loaps [Mathematical Analysis, with Ex-
ample of Great Distortion of a Small Signal
by a Large One of Different Frequency, in
an Output Pentode].—D. C. Espley. (Proc.
Inst. Rad. Ing., June, 1934, Vol. 22, No. 6,
pp. 781-790.)

ResisTance Tu~ning.—Cabot.  (See under  Re-
ception.”’)
TRANSMISSION
EXPERIMENTELLE UNTERSUCHUNGEN UBLER [LEK-

TRONENSCHWINGUNGEN (Experimental In-
vestigations on Electron Oscillations [of
Ultra-High Yrequency, in a Low-Voltage
Circuit consisting of an Inductance and a
Condenser with a Cathode ULetween its
Plates]).—]. Muller. (Hochf:tech. w. Llek:
akus., June, 1934, Vol. 43, No. 6, pp. 195~
199.)

The mathematical basis of this method of genera-
ting clectronic oscillations in a high vacuum was
given in a previous paper (1933 Abstracts, pp.
443--444). The theoretical predictions are now
qualitatively confirmed by the experiments de-
scribed :  quantitative confirmation was upset by
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a strong evaporation of the barium oxide of the
cathode. The cathode base consists of a thin
square box made of 0.55 mm nickel sheet, with one
narrow side-wall left open : the other two narrow
walls are riveted. The heater consists of tungsten
wire spirals wound on four parallel steatite rods,
held one below the other in two nickel strips, each
perforated with 4 holes into which the ends of the
rods fit. The four spirals are so wound and con-
nected as to neutralise the outward magnetic field.
The whole heater is pushed into the cathode box
through the open narrow side, which is then closed
by a U-shaped nickel strip held in position by
bending over two lugs on the cathode box: one
end of the winding is connected to the box. The
whole cathode is suspended by a steatite tube with
a thin nickel-foil sheath which carries the anode
current and acts as one heater lead, the other being
a nickel wire led out through the steatite tube.
This construction gives a mechanically stable
support for the cathode, a low thermal conduc-
tivity, and complete electrostatic screening of the
inner heating lead. The oxide coating is deposited
on the two square sides of the box, by the paste
process. An alternative, round type of cathode
consists of a piece of nickel tube of 4.5 cm diameter,
with its two ends closed by round oxide-coated
discs. The whole oscillatory circuit is enclosed
in a high-vacuum container; the brass base of
this, and both the heating leads, are water-cooled.
The brass base supports the two standards which
carry the two plates of the condenser and which
form (with the intervening base) the inductance of
the oscillatory circuit. Different lengths  of
standard can be used so as to vary the inductance:
the condenser gap can also be adjusted. The
cathode suspension tube is hung from the top end
of a bent hollow standard carrying the cooling
water, so that the flat cathode lies centrally be-
tween the condenser plates. A three-stage mercury
diffusion pump is used to obtain the high vacuum.
A heat guard, in the form of a copper can, is in-
verted over the whole oscillatory circuit and rests
on the brass base.

Owing to the presence of this can, the circuit is
completely screened as regards high frequencies,
but the oscillations can be shown by the change
in anode current and also by the emergence of a
certain amount of high frequency along the heating
leads, as a result of imperfect circuit symmetry.
By means of a Lecher pair, outside the container
and connected to these leads, the wavelengths can
be measured. The stopping of the oscillations is
accomplished at will by a piece of wire (B, in Fig. 3)
in the central vertical pump connection through
the base : after entering some way into the con-
tainer this wire bends horizontally, so that when
its lower end is twisted the horizontal part turns
and touches one oscillatory-circuit standard. The
twisting is done by means of a magnet, outside
the pump connection, acting on an armature fixed
to the bottom end of the wire.

The following results were obtained. (1) The
frequency is chiefly determined by the oscillatory
circuit. “(2) There is a slight decrease of wave-
length when the anode voltage is increased. (3)
The oscillation zone lies in the region in which the
equivalent resistance of the electron stream is
negative. In the apparatus described the square
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and round cathodes had effective emitting surfaces
of 50 and 32 cm? respectively, the gap between
these surfaces and the anode plates being of the
order of 0.45-0.7 cm; the anode voltages were
of the order of 25-go volts, and the cathode heat-
ing power ranged from 240 270 watts. The wave-
lengths obtained were around 1 metre. It is
concluded that the anode current is completely
controlled and that the anode efticiency amounts
to about §%.

In a special investigation into the properties of

the special cathode it was found that the current
voltage characteristic, carefully taken (with anode
current compensation), showed a certain faint
ripple (Fig. 7): in connection with the examina-
tion of this, a modulation-note method for rapidly
determining the second differential coefficient of
the characteristic is described.
UBER ROHRENWIRKUNGSGRADE UND FRruQuEnz-
MESSUNGEN IM ULTRAKURZWELLENGEBIET
(Valve Kfficiencies and Frequency Measure-
ments in the Ultra-Short-Wave Region
[8.4 and 3.12 Metres : Tourmalin-Controlled
Single-Valve Generator and Its Frequency
Variation on P’rolonged Working]).—R. Beck.
(Hochf:tech. u. [Ilek:akus., June, 1934,
Vol. 43, No. 6, pp. 199-205.}

Mouromtseff and Noble found that the efficiency
of a water-cooled high-power valve was 209% at
2.8m and 43% at 5.5 m: Wenstrom found that
loudspeaker valves in a self-excited single-valve
circuit gave an efficiency of 32% and in a push-pull
circuit 31.59%, for a wavelength of 3.12 m (Abstracts,
1932, pp. 636 and 163). ‘“ Since the knowledge of
the etficiency of the tourmalin-controlled single-
valve transmitter is also important, in the following
work the attempt will be made to measure the
efficiencies of this transmitter at 8.4 and 3.12m
and to compare them with the efficiencies of the
self-excited transmitters. Among other things,
certain practical questions arising from the working
of tourmalin-controlled transmitters will be in-
vestigated for a wavelength of 8.4 m ; for example,
the heating-up of the tourmalin holder and the
frequency variation on prolonged working.”

In the 1-10 m band the external coupling is in
general so small that oscillation will only set in if
the characteristic has a very steep slope; the
audion (leaky-grid) connection is therefore very
desirable. It is shown here that the best efficiency,
as well as the maximum r.f. output, depends very
closely on the value of the grid leak, and can be
brought to its optimum value by adjustment of the
latter. In his measurement of efficiencies the writer
uses H. M. Turner’s thermometric method (see
Wenstrom, /loc. ¢it.) in which a thermoelectric
couple is pressed against the valve bulb. Pre-
cautions had to be taken to avoid errors due to the
intrusion of r.f. energy into the thermocouple and
the galvanometer leads, and to keep the filament-
current voltage constant. An accuracy within 2%
was obtained. For his 8.4 m wave the writer used
the Huth-Kihn circuit, for his 3.12m wave the
circuit (derived from a three-point connection) used
by Wechsung: a wrong reference is given here—
see Abstracts, 1928, p. 518, and 1930, pp. 394-395.

On the 8.4 m wave the efficiencies of the RE 134
and REN go4, both as tourmalin-controlled and as
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self-excited oscillators, are shown as functions of
the d.c. input for different grid-leak values in
Iigs. s5a-d. All the curves show that not only
the generated r.f. power, but also the efficiency,
increases with the d.c. input. They also show the
marked dependence on the grid-leak value already
mentioned. For this particular wavelength the
optimum value is 4-5 000 ohms for the RE 134,
and 2-3 000 ohms for the RIIN go4, both with
and without the tourmalin control. The optimum
efficiencies are tabulated in table 2. The corre-
sponding optimum overall efficiencies (taking into
account the power used in heating) are given in
table 3. The highest overall efficiency 1s 33.19, for
the tourmalin-controlled oscillator as compared
with 419 for the self-excited oscillator (the author’s
summary seems to be incorrect here). On the 3.12m
wave the efficiencies are considerably smaller : the
curves of Fig. 6 show this, for the same two valves
and also for a Tekade type. The increase of eth-
ciency with d.c. power is less marked than at the
longer wavelength ; this may be attributed to the
under-voltaged condition of the transmitter. These
curves were taken with the same external capacity
(Cq4 = 50cms) for all three valves. When the
optimum L/C ratios in the anode circuit are found
by trial, and the corresponding efficiencies are again
measured, some of the results are considerably
changed (table 4) and values of 33% can be obtained
both with and without the tourmalin control : it is
not clear whether these are overall efficiencies or
not, the author’s summary again appearing
inconsistent with the text.

In section IV the writer describes measurements
on the frequency constancy of the 8.4 m tourmalin-
controlled transmitter, by a heterodyne method.
The frequency variation occurring is chiefly due to
the temperature changes of the tourmalin. Varia-
tions up to 30 0oo c/s can be observed when the d.c.
anode power 1s changed, the transmitter being
allowed to run for some 16 minutes after each
change in order to arrive at a stable frequency.
This change of frequency with the load varies
according to the grid leak ; with a smaller leak the
tourmalin becomes less hcated, the a.c. potentials
building-up at the crystal being smaller. Another
factor in the production of irequency variation is
lack of symmetry in the design of the tourmalin
holder.

THE IMPORTANCE OF THE ‘' CONSTANT-FREQUENCY
CURVEs 7 IN MICRO-WAVE GRENERATION
AND MoburaTioNn.—Clavier. (See abstract
under ** Stations, Design and Operation.”’)

Notr oN AN IoNiSED Gas MoODULATOR FOR SHORT
Rapio Waves [Micro-Waves].—E. G. Linder
and 1. Wolff.  (Proc. Inst. Rad. Eng., June,
1934, Vol. 22, No. 6, pp. 791-793.)

Description of the method referred to in July
Abstracts, p. 378. With a 1ocm wave, under
practical conditions almost 1009 modulation
should be obtained by the use of a path length of
20cm in the gas, with an accompanying change
in index of refraction of 0.3 above and below that
of the gas ionised by the d.c. current. This leads
theoretically to a {requency modulation equal to

7 < modulating frequency, which is ‘“ not too

severe for a great many purposes ' and may prove

still smaller if dispersion, refraction and reflection
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play an important part in increasing the modula-
tion due simply to absorption, thus enabling the
variation of the refractive index to be reduced.
“The quality of the modulation . . . is equal to
that obtained by more direct means. 1t is found
that the adjustment of the oscillator, which for
direct modulation may be somewhat critical or
difficult to maintain, is quite easily maintained
when no modulation is applied to it directly.”

FREQUENZSTABILISIERUNG VON ROHRENOSZILLA-
TOREN MIT HILFE VON SCHIRMGITTERROHREN
(The Frequency Stabilisation of Valve
Oscillators by the use of Screen-Grid Valves
[Current Distribution in Valve kept con-
stant in I’hase and Magnitude by the
Auxiliary Electrode])—K. P. Schweimer
and L. Pungs. (Hochf:tech. u. Elek:akus.,
June, 1934, Vol. 43, No. 6, pp. 181-189))

A method is described whereby, without crystal
control, a frequency of 2 X 10% ¢/s is varied by
only 20 c¢/s when the anode voltage tluctuates by
509% or the heating voltage by 209%.

Frequency stabilisation without the inconveni-
ence of crystal control has already been dealt with
by a large number of writers, but a satisfactory
practical solution appears to be still lacking. The
chief cause of frequency fluctuation 1s usually
given as the changes in grid current, but in the
theoretical analysis the grid current is not, in
general, itself included, but is replaced by valve
data related to it. The dependence of these data
on the d.c. voltages is, however, very difficult to
deal with satisfactorily and it scemed better to the
present writers to include the grid current itself
in the calculations. In section I, therefore, they
derive on these lines the frequency equation (3)
for a simple retroactively coupled oscillator.
Since, in this equation, #, = ¥, + ¥, (where ¥,
1s the vectorial sum of all a.c. currents in the valve)
the ratio ¥,/#, can be replaced by (1 — ¥,/¥4,);
the equation then contains, as the only variable
which can vary with the supply voltages and thus
be responsible for the frequency variations, the
complex current ratio ¥,/#,. Thus it is seen that
for the frequency constancy of any type of circuit
it 1s only mecessary that the complex curvemi ratio
in the valve, i.e. the current disivibution in the valve,
should remain constant in magnitude and phase even
when the supply voltuges varv. 1t is not sufficient,
as previous writers have thought, merely to regulate
the phase, e.g. by introducing suitable impedances
in the anode or grid circuit.

After a short discussion of the way in which, in
single-grid self-excited valve circuits, the current
distribution and its dependence on the supply
voltages is regulated by the mutual dependence of
grid and anode potentials and the design of the
valve, and of the way in which an additional degree
of freedom can be introduced by an auxiliary cold
electrode such as a screen grid, the writers pass on
to the experimental part B of the paper. Typical
curves obtained are those of T'ig. 4a and b, for a
screen-grid valve. Curves a show the {requency
variation as the anode d.c. voltage is varied, the
screen-grid d.c. voltage being kept constant
curves b show the frequencv variation for the
converse case. Since the two pairs of curves are of
approximately opposite character, the obvious step
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is to link the anode and screen-grid d.c. voltages
in such a way that a frequency variation produced
by a change in the one is countered by a correspond-
ing change in the other. When this is done (by a
potential-dividing connection, switch S, in Fig. 3,
being set in position B) the variation of frequency
with the common battery voltage is given by the
curves shown in Fig. 4c, the three curves being for
three different ratios of screen-grid voltage to
anode voltage. For a suitable value of this ratio
in this case the intermediate value of 125/200)
the frequency remains constant over a wide voltage
range : the voltage can be halved without the
frequency changing by more than 15 c/s for a
fundamental frequency of about 1.5 X 10® ¢/s.
The writers here refer briefly to the work of Dow
(1932 Abstracts, p. 164 : see also thid., p. 222).

In the next two sections it is shown that with
screen-grid valves under certain conditions inter-
actions are apt to occur between screen grid and
anode, corresponding to those occurring in single-
grid valves in the over-voltage condition, when,
owing to a large increase of grid current, a dip is
produced in the anode-current charactenstic. It
is found by experiment that with all the valves
tested the screen-grid and anode voltage ratio
which is best for frequency stabilisation is alwavs
such that the valve is working somewhere near the
border-line between the over-voltage and under-
vollage conditions, and gencrally rather more in
the over-voltage region. Here is another advantage
of the method, for in most stabilising methods it
is desirable that the valve should be only feebly
oscillating, while with the present arrangement
the conditions best from the encrgy standpoint
are also best for constancy of frequency. But
section V of Part B shows that to maintain these
optimum conditions, when a wide frequency range
is required to be worked over, it is necessary to
keep constant the anode-circuit resistance and the
retroactive coupling; otherwise the voltage ratio
would require changing at cvery alteration of
working wavelength. This could be done by
altering capacity and inductance in the closed
oscillatory circuit simultaneously, so that L ,CR
remained constant: but the coupling would also
have to be altered at the same time. The simplest
plan is to alter only C to obtain the ncw wavelength,
and then to adjust the series condenser C, (Fig. 3)
to re-establish the optimum constancy (adjustment
of C, would have a similar effect). The trend of
adjustment is the same for C and C,, so that by a
suitable shaping of the plates it should be possible
to mount the two condensers on the same axle.

Section VI of Part B deals with the effect of
heating-voltage variation on the frequency. In-
directly heated valves are preferable for two
reasons—avoidance of voltage-drop along the
filament, and greater thermal inertia. The experi-
mental curves show that for the best frequency
constancy (as regards heating-voltage fluctuations)
a strong heating is desirable. In the literature a
low heating is generally recommended, owing to
the exponential relation between heating and
emission. This is only correct so long as saturation
phenomena play a part in oscillation generation
but with modern barium-oxide cathodes saturation
only becomes of appreciable effect outside the
normal working conditions. The influence of
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heating fluctuations, with such valves, only becomes
serious when the heating is very low.

Finally, it is pointed out that as regards heating
fluctuations the best frequency constancy 1is
obtained with a low voltage ratio, whereas as
regards anode-voltage fluctuations there 15 a
definite, medium ratio which is best (see above).
Thercfore a favourable compromise must be
chosen for a particular case, the choice depending
on whether the heating source or the anode-voltage
source is the more likely to be subject to large
fluctuations.

QuarTz-CrRYSTAL-CONTROLLED  OscirraTor Cir-
cuits [Frequency Drift due to Heating of
Quartz much reduced by New Circuit
decreasing Energy Dissipation : Consistent
Stability of better than 10 Parts in 10" in
Broadcasting Station WGY].—H. R. Meahl
(Proc. Inst. Rad. Eng., June, 1934, Vol 22,
No. 6, pp. 732-737)

One factor in reducing the energy dissipation is
that the presence of the tuned grid circuit in series
with the crystal makes it possible to have the usual
grid/filament voltage-swing on the oscillator valve
but with only part of it across the crystai.

UBER DIE SCHWEBUNGEN DER GLEICHWELLEN-
skNDER (The Beating of Common-Wave
Transmitters).—P. R. Arendt: Lorenz Com-
pany. (K£.N.T., June, 1934, Vol 11, No.
6, pp. 201209 )

Supplementary to the writer’s paper published
clsewhere (July Abstracts, pp. 378-379). It is
shown that the phase rotations liable to occur in
the linking cable, as used in the Lorenz Company’s
system, have no ill effects on the exactness of the
carrier wave provided that at the controlled
stations the subsidiary tuning forks are present
to act as filters, with a suitably chosen compromise
between short building-up time (for greatest
accuracy of svnchronisation) and sharp resonance
(for greatest freedom from interference). Only
the most unfavourable conditions of rapidly
occurring rotations lasting over a long time could
have a serious effect, and these have not been
found to occur: in this connection the writer
makes use of the phase measurements (in less
favourable conditions, the cable being 750 km
long instead of the 200km of comnmon-wave
transmission) made by Pohontsch. The obtainable
frequency agreement can be calculated from the
frequency curve of the main tuning fork and the
building-up times of the subsidiary forks.

THeE KALLIROTRON s A CoONSTANT-FREQUENCY
OsciLLator.—R. Usui. (Jouwrn. [.E.F.
Japan, April, 1934, Vol. 54 [No. 4], No. 549,
p. 298 : letter, in Japanese.)

ON THE PROBLEMS OF REGENERATION, PUsH-PuLL
OPERATION, MODULATION AND SECONDARY
CouPLED CIRCUIT OF THE DyNATRON OscCIL-
rator.—T. Hayasi. (Journ. I.LE. Japan,
April, 1934, Vol. 54 [No. 4], No. 549, pp.
260-268 : English summary p. 35.)

“ Colebrook’s dynatron oscillator [rg32 Ab-
stracts, p. 34] s unsuitable to the tetrode, for which
the positive inner-grid potential is required. To
overcome this difficulty, a low-resistance choke coil
of sufficient reactance is used instead of the high
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resistance in the inner-grid circuit. By this sub-
stitution. the dynamic negative resistance can be
decreased by half in magnitude, and the oscillatory
current can be increased.” The effects of coupling
between anode and inner grid, and between anode
and outer grid, are considered. The latter, unlike
the former, does not bring about any special advan-
tage as regards imtensity of oscillation. The
‘“ oscillationless ”’ region, often found in a retro-
active oscillator, may be assumed to be a case of
coupled-circuit phenomena having the outer-grid
circuit for the secondary. The push-pull dynatron
oscillator, more stable than the single-valve type,
is investigated : the experiments show the im-
portant effect of the anode d.c. on the oscillating
states of both valves. Constant current, constant
voltage, and absorption methods of modulation
are discussed, and coupled-circuit experiments
which showed the occurrence of the normal re-
generative-oscillator phenomena of ** zichen " (oscil-
lation hysteresis), oscillationless coupling, and
imaginary coupling: the ‘“ \Watanabe diagram ”
(1929 Abstracts, p. 506) can therefore be drawn,
of shape similar to that of the normal oscillator.

INNER-GRID DyNaTRON AND THE Duo-
DYNATRON [using Secondary Emission from
Inner Grid of Tetrode: Duodynatron
giving Simple One-Valve Beat-Frequency
Oscillator].—T. Hayasi.  (Proc. Inst. Rad.
Ing., June, 1934, Vol. 22, No. 6, pp. 751—
770.) See 1933 Abstracts, pp. 620-62r1.

THE

O~ A NECESSARY CONDITION FOR THE MAINTENANCE
or OsciLLaTIONS IN CLass C LINEaR TRIODE
OscirLaTors.—A. P-T. Sah. (Sci. Rep.
Nat. Tsing Hua Univ., May, 1934, Vol. 2,
No. 4, pp. 269-275: in English))

The necessary condition is given by
pT/X,,(}ng - Xn) < %»

where 4 is the amplification constant of the triode,
p its internal plate resistance, » the effective re-
sistance of the tank circuit, and X, and X, are
respectively the plate and grid reactances which
when multiplied by the fundamental oscillatory
current give the alternating component of the
plate and grid voltages.

THE MoDULATION CHARACTERISTIC OF LINEAR
Triopr OsciLLaTors.—A. P-T. Sah. (Jbid.,
pp. 227287 : in English.)

Author’s summary :—It is shown that the ampli-
tude of oscillation in a triode oscillator having
linear plate and grid characteristics within proper
limits 1s a linear function of the E-supply voltage
and the grid biasing voltage when the plate current
wave-form consists of portions of sine wave without
flattened top. In the case of oscillators using a
grid leak and condenser combination as bias, both
the direct current taken by the plate and the
oscillatory current output from the triode are
directly proportional to the B-supply. Experi-
mental curves on actual triodes are given to show
the departure of actual modulation characteristics
of triode oscillators from the ideal linear case.

GENERATOREN FUR INFRA-LANGWELLEN (Gene-
rators for “ Infra-Long’ Waves [lre-
quencies around 1 Cycle/Second]).—I. J.
Saxl.  (Zeitschr. f. tech. Phys., No. 7, Vol.
15, 1934, pp. 262-264.)

" One reason why the scientifically very inter-
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esting infra-long-wave region has been left almost
unexplored may be that no immediate practical
use for such waves is in sight. . . . Another reason
may be that efficient generators of very simple
construction are not generally known. In the
present work, therefore, various methods of pro-
ducing infra-long waves will be given.” After
mentioning Hartley's original single triode circuit
and Moeller's push-pull modification of it (Ab-
stracts, 1932, p. 163) the writer passes on to gene-
rators which do not involve valves, namely the
series d.c. dynamo arrangement mentioned by
Barkhausen and the derived arrangement of two
d.c. dynamos (self-excited generator and separately-
excitéd “ condenser ') devised by Huecter (1933,
p- 36). He then describes the very simple and
quite powerful generator which he himself has used
successfully, in which an elastic metal strip
stretched along, but not touching, a potentiometer
is made to form a travelling contact with the latter
by means of pressure from the end of a reciprocating
rod driven by a small motor. The frequency and
wave-form of the infra-long waves can be altered
by simple means, and by the usc of a transformer
coupling an a.c. of higher frequency (¢.g. a Faradic
current) can be superposed on them so as to give
a combination of biologically active currents for
medical purposes.

RECEPTION

ResisTaNcE Tuxing [and Its Advantages over
Reactance Tuning in Tuned R.F. Ampli-
fiers : Constant ‘‘ Best Compromise "’ Selec-
tivity Curve over Whole Tuning Range and
Much Greater Stage Amplification: Any
Frequency below Maximum can be Tuned-
In: Applicable also to Adjustable Audio-
Frequency Oscillator: etc.].—S. Cabot.
(Proc. Iust. Rad. I:ng., June, 1934, Vol. 22,
No. 6, pp. 709-731)

BEITRAG zUR THEORIE DES I'ADING- UND LAUT-
STARKEAUSGLEICHS (Contribution to the
Theory of Fading Compensation and Auto-
matic’ Volume Control [by Variable-Mu
Valves and Fading Hexodes: [Prelimin-
ary Communication)).—H. Zimmermann.
(Hochf:tech. «. Elek.akus., May, 1934, Vol.
43, No. 5, pp. 159-160.)

The variable-mu ( exponential ') valve is first
dealt with, and the equation for the regulation
curve (relation between the peak r.f. voltage E and
the detector output voltage Ve — and therefore
the volume) is given in the upper frame on p. 159,
the lower frame showing the relation between dVg
and dE. The regulation curve equation, on certain
simplifying assumptions, becomes F£— V. e L)
giving the curve shown in Fig. 2.

The facding hexode is then dealt with, and the
equation for its regulation curve is given in the
frame on p. 160. \With the same simplifying
assumptions, and the assignment of a value 7,
found in practice, for the regulating voltage Vo
for which the anode current becomes zero, this
equation becomes E = Vgp.e! "2 [(7 —1Vg 1y
which gives the regulation curves shown in Fig.
6 for p — 4 and p = 1 (in the fading hexode the
bias applied to the 1st control grid is the full
detector voltage 17, while that applied to the
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2nd control grid is p . 1'g, $ being usually & or 1).
Comparison of these curves with that of Fig. 2
for the variable-mu valve shows the superiority
of the hexode (steeper rise, sharper change to an
only slightly sloping part). This superiority is
even better seen from the actual equations: with
the variable-mu valve £ only becomes infinity at
the same time as Vg while with the hexode it
reaches infinity as soon as Vy = Vro/p. This
explains the fact that the fading hexode gives
better regulation with little regulating voltage,
and 1s thus doubly superior to the ordinary variable-
mu valve.

The equation showing the relation between
dVp and dI' {for the hexode is given near the end
of p. 160. This shows that (as with the variable-
mu valve) d1'g becomes smaller as | 17z | increases :
with the hexode, however, Vj, can never exceed
the value Vg/p. In order to avoid distortion
by the appearance of grid current at the 1st control
grid, | V! must be at least as great as the maximum
r.f amplitude involved, E. Consequently the rf.
amplification and coupling in the stages between
hexode and rectiier must be suitably chosen.
" An entirely complete regulation can naturally
not be obtained with the fading hexode, nor with
any automatic regulator: in practice, however,
the volume changes can scarcely be detected.”

NoOGLE EKSEMPLER PAA BEREGNING AT REGULER-
INGSEFFEKTEN I RADIOMODTAGERE  MED
AUTOMATISK STYRKEUDLIGNING (Calculation
of the Regulation Effect in Radio Receivers
with Automatic Volume Control) —S. A. C.
Pedersen.  (Ingeniéren, 17th Feb. 1934,
Vol. 43, No. 7, pp. 12-15))

Author’s summary :—To compensate for the
variation in audio output with variation in field
strength the desirable regulation curve for an
automatic volume control system consists of a
rising  portion, which gradually approaches a
horizontal line. In order not to affect the receiver
sensitivity seriously at low field-strength levels,
the first portion of the curve must have a fairly
steep rise. \Vhen the regulation is carried out by
means of a diode in connection with one or more
h.f. valves, the calculation is carried out very
conveniently by means of simple valve equations.

Starting from the functions e; = f,(eq) and
1, = fyle,) of diode and h.i. valve respectively,
where ¢; represents the rectified voltage, e, the
h f voltage, i, the anode current and e, the grid
voltage, the author calculates the function
¢; = [i(E), where E is the h{. input voltage on
the valve under regulation, which in turn is pro-
portional to the field strength. The connecting
equation is given by the dcfinition of the h.f,
amplification, V = ¢,/I'. Assuming the rectifica-
tion characteristic of the diode to be a straight line,
which is practically correct for the diode section
of a Philips binode B2044, the calculation is carried
through for various characteristics of the h.f. valve,
It is shown that the /y/e, curve of a Philips h.f
pentode 132046 with very great approximation
may be represented as 7, — y (¢, — IZ,)?, and the
corresponding curve for the variable-mu pentode
B2047 with even greater approximation as (i, -+ a)
(e, + &) = ¢, which is a hyperbola. With the aid
of a graphical representation the cffect of various
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cases are demonstrated, e.g. regulation on one or
two valves of the form (a) 1, = y(e, — E,)3¥1,
(b) G0 = yile, — E,)*and (¢) (1, + a) (¢, + b) = c.
The results derived are that the effect obtained
with valves of the variable-mu type is not so
desirable, as seen from the regulation standpoint,
because the regulation is rather large at low levels ;
though such valves of course niust necessarily be
used to avoid cross-modulation, modulation-rise
and modulation-hum. At low input voltages and
with effective pre-selection the ordinary h.{.
pentode 1s 1nore suitable, and may be used to
advantage with the above stated precautions.

Finally the use of fading-hexodes is mentioned
briefly. In this case the input voltage is applied
to a variable-mu characteristic, while the regulation
voltage from the diode slides the working point
down at a rate which is expressed by an equation
of the approximate form i, = y(e, + L£,)*. Thus
the advantages of both types of h.f. pentodes are
combined.

VoruMmt CONTROL IMPROVED BY SWITCHING-IN
AUXILIARY SHUNTING CONDENSER ACROSS
AERIAL AND EARTH AFTER  SUNSET.
Telefunken. (German Pat. 591 777 : Funk-
tech. Monaishefte, June, 1934, No. 6, p. 252.)

Tur ThHeory or THE MixiNg HExopr.—Kammer-
loher. (See under * Valves and Therm-
1onics.”’)

SUPPKESSION OF INTERLOCKING IN FirsT DETECTOR
Circuits [Pentagrid Converter brings in
New Causes of Interlocking: a New Circuit
to reduce Interlocking, and a proposed Valve
Structure with Same Object]. —P. W.
Klipsch. (Proc. Inst. Rad. Eng., June, 1934,
Vol. 22, No. 6, pp. 699—708.)

SHARED CHANNEL BROADCASTING [and Its Inter-
ference : Heterodvning, Flutter, Sideband-
Interference, and ** Wobbling * (or ** Rough-
ness ') : lixperimental Study of Square-Law
and Linear Detectors: etc.].—C. B. Aiken.
(Rad. I'ngineering, June, 1934, Vol. 14, No.
6. pp- 7-10) . -

“1f the noise level is negligible, the limiting
interference will be due to the undesired programme
and the carrier ratio which is necessary will be ot
the order of 40 db, though just what value is re-
quired will of course depend upon the standards of
excellence which are set up. 1f there is a moderate
noise level at the receiving point, programme inter-
ference will still be the limiting factor, but it will
be masked to a certain extent by the background
noise, and consequently a higher level of inter-
fering carrier will be permissible. As the noise level
increases, this masking effect will become more pro-
nounced and consequently the programme inter-
ference will become less important. However, if
the interfering carrier is further increased, a flutter
will appear at a ratio of about 28 db, in the case of

a wide-band receiver, at about 24 db for a receiver

of 3 500-cycle band width, and at higher levels of

interfering carrier with still narrower bands. At
very high noise levels the flutter will be the pre-
dominant form of interference, although if the
interfering carrier is raised to about 15 db below the
desired carrier there may also be distortion of the



EXPERIMENTAL WIRELESS

desired programme. This distortion and the flutter
effect could be eliminated by synchronisation of
the carriers of the two stations. This would un-
questionably improve the service in certain out-
lying districts.

“ These conclusions apply to receivers employing
automatic gain control, but do not apply to those
with a linear rectifier and manual control. In the
Jatter case only the programme interference is of
importance. However, receivers which have well-
designed linear detectors almost invariably have
automatic volume control.”

EMPFANGERUNTER-
Generator [and

FUR
Signal

NEUER DMESS-SENDER
sUCHUNGEN (New

Associated  Equipment] for  Investiga-
tions on Receivers). —]. Kammerloher.
(E.N.T., June, 1934, Vol. 11, No. 6, pp.
210-213.)

The signal generator itself (I'ig. 1} consists of two
stages, an inductively back-coupled oscillator
(with grid condenser and leak so chosen that the
frequency is practically independent of mains
fluctuations, and with the interchangeable grid-
and anode-coil unit thoroughly screened by a
heavy copper cylinder) and a grid-modulated r.f.
amplifier. The oscillator variable condenser C,
is ganged with the amplifier condenser C,: cach
has a logarithmic characteristic (see section 3 on
the measurement of sclectivity). The resistance Rx
is so adjusted that its d.c. potential, acting on the
grid, sets the working point of the modulated
amplifying valve at the lower bend : the resulting
anode current is seen in Fig. 2. The harmonics in
this are filtered out by the oscillatory circuit L

C,. the potential oscillogram of which is given in
Fig. 3. This circuit is so strongly damped by the
resistance f¢p that side-bands up to 10000 C/s ar¢
transmitted without distortion.” This increase of
damping, combined with the screen grid, suppresses
all tendency to oscillation, so that no neutralisation
is necessary. The modulation is measured by a
cathode-ray oscillograph (IKammerioher, Abstracts,
1032, p. 35, and January, p. 50) : the anode circuit
is coupled to the external ohmic potential divider
(replacing the usualinductive regulation) through the
coil L, the coil unit L, — L being screened and

interchangeable. To prevent radiation the whole
signal generator, including the mains umt, is
enclosed in a screening box of 2mm-thick
aluminium.

The 12-point potential divider is shown dia-
grammatically in Fig. 4. The characteristic .im-
pedance is only about 6 ohms, so that the inductive
and capacitive effects can be neglected. The
terminal resistance is made equal to the char-
acteristic impedance, so that the network is free
from reflection and the ratio of two successive
voltages is constant over the whole length ; this
ratio is made 1/\/10. The steps are so engraved
that the second is marked ‘‘ 1,” the fourth ' 2,”
the sixth *“ 3’ and so on, so that six decadal steps
are obtained, the intermediate steps being halves.
The input potential is measured by a thermo-
galvanometer with a full scale reading of 240 mv :
this potential is adjusted by the potentiometer Sp.
The whole potential-divider unit is screened with
the utmost care, and the connection to the signal
generator and to the receiver is by multiply-
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screened leads. The receiver itself is shielded from
broadcasting station ficlds and any possible stray
fields from the signal generator, by enclosure in a
cage of galvanised iron wire. The mains connection
to the receiver is short-circuited and earthed, for
radio frequencies, by two condensers. The cathode-
ray oscillograph is itself screened : it can be con-
nected, at will, to note generator, signal generator,
or receiver. The whole diagrammatic lay-out is
seen in Fig. 5. Practical details concerning the
procedure are given, -with llustrating cases.

ENTSTORUNG DER STRAssENBAaHN (The 'revention
of Interference [due to Sparking at Collectors]
on Tramways: a suggested New Method).
__F. Gabriel. (Funktech. Monatshefie, June,
1934, No. 6, pp. 219-220)

The suggestion is to connect the trolley line, at
the travelling point of contact, through a con-
denser to earth, to prevent the aerial action of the
line. This cannot be done by means of the col-
lector pulley itself, since the latter is separated from
the line by the spark; it is therefore proposed to
have a second pulley running just behind, and in-
sulated from, the collector pulley. This earthing
pulley would collect no current and would therefore
run sparklessly : it would be connected through a
condenser to the axles of the tram, and the two
pulleys might be connected together through a
second condenser. Damping resistances would
perhaps be included in this connection and 1in the
carthing connection.

ANTI-INTERIERENCE DEVICES AT THE P’ARIS FaIR :
SpcTorR FILTER AND ‘¢ FlLTROsTAT " LEAD-
SHIELDED LEAD WITH TRANSFORMERS.
Le Materiel Téléphonique.  (Electrician,
8th July, 1934, Vol. 112, No. 23, p- 783)

“ SrHRSCHUTZ aM RUNDFUNKEMPFANGER IN DER
Praxis ” (Practical Protection of Broadcast
Receivers against Interference [Book RRe-
view])— H. Ike. (L’Onde Elec., March,
1934, Vol. 13, No. 147, PP 15-16A.)

A NEw TvyPE oF QUICK-SEARCH Rabio RECEIVER
[Special Superheterodyne Receiver with
Two Frequency-Changes, First 1.F. being
Higher than Highest Signal Frequency,
to avoid Image Channel Interference : for
Short-Wave Telegraph Traffic with Ships
calling on 0.25 Mc/s Bands between 3 and
18 Mc/s].-—A. H. Mumford and H. Stanesby.
(P.O. FElec. Emg. Jowrn., July, 1934, Vol. 27,
Part 2, pp. 122-128.)

SUpERHETERODYNE TUNING CONDENSER DESIGN—
FOR USE IN MULTI-RANGE RECEIVERS.—
Schwartzmann and Burnell.  (See under
< Subsidiary Apparatus and Materials.")

TRACKING PROBLEMS 1IN ALL-\WAVE SUPERHETERO-
byNES [with Formulae for Design of Padding
Circuits.— L. Martin.  (Rad. Ingineering,
June, 1934, Vol. 14, No. 6, pp. 11 and 22.)

Ty PsYCHOLOGY OF TUNING SCALES WITH STATION
Nanrs [leading to a Description ofa New Type
of Scale]— E. Henning. (Funktech. Monat-
shefte, June, 1934, No. 6, pp. 235 239.)

In the proposed arrangement the short-wave
band, in which wavelengths are chiefly of sig-
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nificance, and the long-wave band, in which only
about 10 stations have to be considered, each have
a horizontal scale of their own, while the medium
band has a * tabular " scale with diagonal slit.

GeErMaN \VIRELESS [Present General Trend of
Receiver Design].—]. H. O. Harries. (Wire-
less 1World, 29th June, 1934, Vol. 34, pPp-
449-450.)

Hicr FiperiTy !
High-Fidelity
Range].

Hair, [Paragraph on Philco
Receiver, 50-7 500 Cycles

(I-lectromics, June, 1934, p. 192.)

The UNIVERSAL SINGLE-SPAN RECEIVER. -W. T.
Cocking.  (Wireless World, 6th and 13th
July, 1934, Vol. 34, pp. 6-9 and 18-21.)
Constructional details of a recciver for a.c. or
d.c. mains based on the * Single-Span " principle
dealt with in June Abstracts, p. 322.  See also next
abstract, and August Abstracts, P. 440.

SINGLE-SPAN  DEVELOPMENTS—\V. T. Cocking.
(Wiveless World, 20th July, 1934, Vol. 34,
pp. 38-40.) See also above.

NEUER VOLKSEMPFANGER FUR BATTERIEBIL-
TrRIEB (A New, Battery-Driven * People's ™
Receiver [VE 301 Bz, with Anode-Current
Saving  Circuit]). -~ W. Nestel. (L.T.Z.,
21t June, 1934, Vol. 35 No. 25, PP
601-602.) Price, with 3 valves but without
batteries, 65 .M. For the quiescent
circuit see also July Abstracts, p. 382, r-h
column.

Eix

Two-CirculT THREE-VALVvE ALL-MAINS RECEIVER
ror A.C. axp D.C. Marxs [with Selenium
Rectiher in  Greinacher Connection].—A.
Ehrismann.  (Funktech. Monatshefte, ~June,
1934, No. 0, pp. 239--243.)

EXPERIENCES IN THE ADAPTATION OF BATTERY-
Drivexr RECEIVERS To Mains-DRrIVE [and
the Design of a Satisfactory Mains Adaptor].

H. Ammer. (Funktech. Monatshefte, June,
1934, No. 6, pp. 244-246.)

THE EricssoN CENTKALISED RADIO SysTEM.- S,
Yriberg. (Lvicsson Review, No. 2, 1934,
pp- 89-92.)

AERIALS AND AERIAL SYSTEMS

EFFEKTIVHOHEN  VON  EMPFANGSANTENNEN  IM
BEREICH VON SEKUNDARSTRAHLERN (The
Iffective Heights of Receiving Aerials in the
Neighbourhood of Secondarv Radiators
[Iron Beams, Gutters, Water Pipes, etc.]).
A. Dennhardt and E. H. Himmler. (Hochf:
tech. u. Itlek:akus., May, 1934, Vol. 43, No.
3, Pp. 162—166.)

For a constant value of interference potential,
the seriousness of interference decreases with an
increase of the useful voltage taken by the aerial
from the field produced by the transmitter. “ Since
the receiving system for ordinary broadcast re-
ception finds itself in a radiation field affected by
sccondary radiators of all sorts and conditions, it is of
importance to evolve some ‘ figure of merit’ with
which to estimate quantitatively the various forms
of aerials with regard to their powers of making use
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of the available field. For this purpose two questions
must be answered : (1) how is the useful field
around receiving aerials changed [by neighbouring
secondary radiators] ? and (2) how can the ‘ useful-
field utilisation’ by the common types of aerial
be represented quantitatively ?

Dealing with question (1) the writers point out
that the nature of the field form near a secondary
radiator depends very much on the ratio of the
natural frequency of the radiator to the frequency
of the exciting radiation field. Two cases are of
special importance : (a) when the two frequencies
are equal, and (b) when the radiator natural fre-
quency is large compared with that of the tield
(the case of the *short” secondary radiator).
The discussion of both cases can be limited to the
behaviour of the electric vector in the close-up field
of the sccondary radiator, since most receiving sets
are provided with short open aerials. Case (a) has
been dealt with theorctically in 1913 by Riden-
berg, who replaced the secondary radiator by an
equivalent dipole whose field was superposed on
the primary field. There is then found, in the
close-up field of the secondary radiator, an increase
of the value of the electrical vector. In practice
these conditions are liable to occur with tuned
receiving aerials. As regards case () the theoretical
and experimental work of Klimke (1928 Abstracts,

PP 97-99) 1is discussed : “‘ short” secondary
radiators produce a decrease of the vector. Accord-
ing to Klimke's results, ‘‘short” secondary

radiators can be taken 1o mean that the field wave-
length is not less than 12 times the height of the
radiator.

The writers then describe the equipment used
by themselves for the measurement of the electric
vector of such fields. Such an equipment must not
cause any serious change in the field; it must
be easily transportable ; and the procedure must
be a simple one. The pick-up element used was a
dipole whose length could be varied between 0.5
and 2 metres; it was connected to the apparatus
by a two-cored screcned h.f. cable 10 metres long.
Great care was taken to make the input arrange-
ments symmetrical. The calibration of the equip-
ment is described. Field strength changes in the
ratio of 1:1 000 are covered. Some results are
given of measurements on the field forms near a
4-metres-high metal chimney pot (agrecing approxi-
mately with Klimke’s result near an iron mast) and
near the outside wall of a house, at different heights
outside the house. Here the effect of the wall as a
short secondary radiator is shown in Fig. 5: a
decrease in field strength occurs as the wall is
approached. ‘The discrepancy between the shapes
of the measured curves and Klimke's theoretical
curve (Fig. 1b) is explained by the primary tield
being already distorted by the ncighbouring
buildings. Measurements inside houses showed that
the average field strength fell from 1009, (roof)
through 70-80% (attics) and 50% and 209 (first
and second floors) to 5-10% (ground floor) and 3-—5%
(cellars). The field strength also decreased away
from the outer walls towards the middle of the
house, and the electric vector was liable to rotation
as a result, probably, of potential differences
forming on various independent conductors——
metal stanchions, lighting circuits, etc. In certain
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cases complete extinction. of the field was met
with.

Part 1V deals with question (2)—the quantitative
representation of the field ntilisation by acrials.
The ordinary ‘' effective height’” (given by the
ratio of the aerial e.m.f. to the field e.m.f.) requires
modifving before it is applicable to the usual broad-
cast receiving aerial, since as has been shown above
——the latter finds itself in an inhomogeneous, dis-
torted field. The writers suggest the term ** apparent
eftective height,” given by the ratio of the aerial
e.m.f. to the wundistorted field em.f. (as would be
measured, say, on the roof of the building). This
quantity has a practical physical significance and
can be employed for representing quantitatively
the tield-utilisation merit of an installation. kEx-
perimental results are given in measuring (with the
same equipment as before) the '* apparent equiva-
lent heights’’ of different types of broadcast re-
ceiving aerials. * Floor " aerials {6 m horizontal
with a 3-m vertical end) gave heights, in metres,
ranging from o.05 (cellar) and o.og (ground floor)
to o 14 (second floor) and r.22z (attics); while for
"apartment”’ aerials the values were 0.085 for
the cellar, 0.16 for the ground floor, and 0.32 for
the second floor : the best results were when the
vertical part was as close as possible to the window.
For both ‘“floor” and ‘‘ apartment’” aerials the
earths took the form of water or central-heating
pipes: no important difference could be found.
The use of a counterpoise earth usually decreased the
effective height, which, moreover, varied with the
coupling between this counterpoise and any
secondary radiators: on one occasion the height
could be changed in the ratio 1 : 16 by varying the
coupling with a wvertical stanchion. On other
occasions it was found that the switching of the
lighting svstem had a great effect, no doubt
owing to the resulting changes in the distribution
of currents and potentials in the network.

Other aerial systems tested were ' improvised
combinations, acting as aerial and earth, of central-
heating - system/water - pipes ; sheathing - of - tele -
phone-cable water-pipes; and lighting-network/
water-pipes. The telephone cable gave about the
same effective heights (from 0.16 to 0.64) whatever
the storev might be, while the heights given by the
other combinations varied rather irregularly from
storev to storey: apparently the liest result was
0.77, given on the first tloor by the central-heating/
water-pipe combination. These results are dis-
cussed on p. 156.

NOTE ON SOME MEASUREMENTS OF THE RADIATION
FROM SHIP STatioNns [Calculation of Radiated
Power and Effective Height, from Day-Time
Field-Strength Measurements and Propaga-
tion Formulae].—J. Marique. (L’Onde Elec.,
March, 1934, Vol. 13, No. 147, pp. 149—-156.)

“It is known that the Madrd Conference
committee’s curves correspond to the Sommerfeld/
van der Pol formula for short distances and to the
Watson Eckersley formula for distances of some
hundreds of kilometres. It was interesting to us
to know which was preferable for wavelengths
around 6oom and distances of joo to 600 km.”
Table 1 shows that with the first formula the
effective heights for four different ships, at dis-
tances between 400 and 505 km (of which the part
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over sea was of the order of one half), ranged from
11.5 to 16.5 m, the ratios of these heights to the
geometrical heights lying between o.287 and o0.4.
Since it is generally taken that this ratio should lie
between 0.3 and 0.5, it is concluded that the
Somimerfeld/van der Pol formula worked well here
(‘" though it would scem that the attenuation is a
little greater than indicated by this formula ).
With the \Watson/Eckersley formula, on the other
hand, the ratios ranged from 0.855 to 1.17, and the
radiated powers came out larger than the nominal
powers of the transmitters. This appears to be
confirmed by the attitude of the Lucerne Con-
ference committee, which says that the Madrid
“day ’’ curves should be taken as applying only to
mid-day in summer : '‘in other seasons, particularly
winter, and at great distances, the day values
actually measured may be between the ‘day’
values and those of night, indicating that the ideal
day conditions are not realised and that an indirect
wave exists.’” The occasionally different values of
cffective height calculated by the same formula
for the same ship are partly due to different orienta-
tions of the ship with regard to the receiver,
bringing in the screening effect of the funnels
(very clearly established in a special test).

Certain exceptionally high effective heights,
calculated with the Sommerfeld/van der Pol
formula, were found for positions close (within a
mile) to Dover, and could only be explained by
reflection of the waves by the cliffs there. ** Since
the wavelength was 660 m, and the clifts are much
higher than the ship’s aerial, it is natural that
the energy reflected should be important. The
“efficiency ’ of the retlector depends enormously on
the distance of the aerial from the coast, and the
favoured direction depends on the orientation of the
cliffs.”” The polar diagram on p. 155 shows the way
in which the effective height appears to vary as the
position of the ship changes in relation to the coast
line. ‘“ An immediate consequence of this phe-
nomenon is that direction-finding bearings made in
this region must be erroneous when the goniometer is
affected by the reflected ray ; this would be especially
the case for goniometers on the French coast taking
bearings on ships passing ncar the English coast, and
cqually for ships passing near Dover and taking
bearings on the radio beacons on the Irench coast.
It would be very interesting to collect observations
on this subject.”

THE POYNTING VECTOR AND THE LELECTROMAG-
NETIC THEORY OF ANTENNA RADIATION.
A. Press. (Physik. Zeitschr. der Sowiet-
union, No. 4, Vol. 5, 1934, pp. 607-615:
in English.)

The DPoynting vector is discussed to show that,
strictly speaking, ‘‘ radiation phenomena cannot be
clearly treated without the use of the Heaviside-
Maxwell system involving @ and h. The so-called
Lorentz-Maxwell equations avoiding the e and h
concepts offer an insurmountable difficulty in this
simple connection. Moreover the so-called ‘ equi-
partition of energy’ theorem is also involved, so
that it becomes necessary to point out that in a
radiating system the co-ordinates cannot be strictly
Lagrangian. A hydrodynamic analogue is em-
ployed to ease the understanding.”
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SCHEINWIDERSTAND VON ANTENNEN (The Im-
pedance of Aerials [calculated on Line
Theory]}).— LS. Siegel and J. Labus. (Hochf:

tech. u. Llek:akus., May, 1934, Vol. 43, No.
5, pp. 166-172.)

" The question of the determination of the re-
actance of an aerial has hitherto been very little
dealt with in the literature ; hints are indeed found
in the work of various writers who are invest-
igating the problem of radiation resistance,
since in an examination of the energy flow near the
surface of an aerial the radiation resistance is
derived from the real component of this flow, and
the reactance from the imaginary component. A
more complete treatment on the reactance of aerials,
based on a similar method, has been published by
one of the present writers [l.abus, Abstracts, 1933,
p. 214]. If, however, reactance values thus cal-
culated are compared with the results of practical
tests [Schmidt, 1933, p. 160] it is found that in
certain regions (if the aerial is fed at current
nodes) somewhat serious discrepancies appear.
Various considerations will account for these. In
the first place the assumption of a sinusoidal
current distribution along the aerial, hitherto made
by all writers, is physically untenable, since it
would involve null points of current on the aerial,
and these in actual practice cannot exist except
at the open ends. This assumption leads ultimately
to the apparent existence of points of infinite value
for the reactance, which are physically impossible.
Secondly, the theory does not allow for the wave-
length of an oscillation emitted by an aerial being
different in space from its value in the aerial, since
the propagation in space is with the velocity of
light ¢, while along the aerial the velocity is reduced
below ¢ as a result of the emission of cnergy.
Thirdly, the theory does not take into account the
damping of the oscillation in its passage along the
aerial, due to the radiation of energy: i.e. the
gradual decrease of amplitude and change of phase
of the current.”” The fact that the formulae for
radiation resistance obtained according to the
above theory are nevertheless satisfactory in practice
would at first appear surprising : it is however due
to the radiation resistance being always positive,
whereas the reactance can take positive and negative
values, the greatest errors occurring near the null
points of reactance.

In the present paper the aerial is considered as
replaced by an equivalent double line of constant
characteristic impedance and an attenuation given
by the radiation resistance. Thus an earthed verti-
cal aerial of height # is replaced by a wire of length
! = 2h, surrounded by free air, and fed at its
centre with a sinusoidal potential of any frequency
f, so that the wavelength of the oscillation along
the wire (A = v/f, where v is the propagation
velocity along the aerial) can assume all possible
values. At first sight it would seem uncertain
whether this method would lead to practically
useful results, since line theory assumes a constant
characteristic impedance and an attennation by an
ohmic resistance uniformly distributed along the
line, that is, a constant velocity of propagation
along the line; whereas in an aerial the character-
istic impedance increases steadily from the fecding
point towards the end, the propagation velocity
decreases steadily, and the contributions of the
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individual aerial elements to the radiation are
different. It may however be stated that the
method has given extensive, and in many cases
unexpectedly exact, agreement with the measured
values. Formulae for the resistance and reactance
at the {fecding point are derived, and the two
quantities, and also the locus curves of aerial
impedance, are shown in diagrams. In Fig. 7 the
experimental values obtained by Schmidt (loc. cit)
are represented by the little crosses : the agreement
with the calculated values is excellent. The im-
portant difference between the results given by
examining the energy flow near the aerial and by the
line method are illustrated by formulae 15 for the
quarter-wave dipole. Various writers, using the
first method, calculate the reactance as approxi-
mately 42.5 ohms, independent of the aerial
dimensions, while the author’s method gives it as
approximately 3 430/Z,; since Z, (the characteristic
impedance) is of the order of 800-1 000 ohms,
this gives a much smaller value, and one, moreover,
which 1s dependent on the aerial dimensions.
Simple formulae are also given for the reactance
and resistance of the simple dipole (quarter-wave
aerial) and double dipole {half-wave aerial), and the
reactive power requirement of an aerial is cal-
culated (equation 27). Iinally, a simple approxi-
mate formula (equation 29) is obtained for the
velocity of propagation along the aerial.

In the above paper the treatment applies only to
aerials without capacitive loading at their top ends.
In the following paper [see below] the theory is
extended to aerials which are so loaded : in a final
section the tuning of the aerial, and the necessary
components, are dealt with.

SCHEINWIDERSTAND VON BESCHWERTEN ANTEN-
NEN (The Impedance of Acrials Loaded with
Top Capacity).-— E. Siegel.  (Ibid., pp.
172-176.) See end of preceding abstract.

DER SCHEINWIDERSTAND AM EINGANG voN Hoch-
FREQUENZKABELN (The Impedance at the
Input End of High-Frequency Cables).—W.

Kautter. (Funktech. Monatshefte, June,
1934, No. 6, pp. 217-219))

DIRECTIONAL BroancasTiNg ([as at WILA:
Certain Practical Difficulties and Their
Elimination].—R. M. Wilmotte. (Rad.

Engineering, June, 1934, Vol. 14, No. 6, pp.
12-14.)

For a previous paper see 1933 Abstracts, p. 158,
Among the points which have to be considered in
designing the coupling circuits are the facts that
physically identical aerials may have different re-
sistances and reactances (by as much as 309% at
WFLA) ; further, that the cancellation of the two
radiations, in the true backward direction, occurs
accurately at one frequency only, and one sideband
may actually be reversed—causing enough distortion
to render speech unintelligible. A less close phase
adjustment increases the carrier, both sidebands
become positive (though they may not have the
same length) and the distortion rapidly diminishes.

AERIALS FOR INCREASING THE FFADING-FREE ZONE
oF BROADCASTING StATIONS.—H. Wehrlin.
(Bull. Schweiz. Elekivot. Ver., No. 5, Vol. 235,

1934, pp- 129-131.)
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VALVES AND THERMIONICS

WASSERGEKUHLTE SENDEROHREN- -GROSSLEIS-
TUNGSROHREN (Water-Cooled Transmitting
Valves—High-Power Valves [with Long
List of Literature and Patent References])

F. Banneitz and A. Gehrts. (/2.N.T., June,
1934, Vol. 11, No. 6, pp. 214-231.) Ilrom
the German Post Otfice.

Vacuum TUBES FOR GENERATING IFREQUENCIES
ABOVE 100 MEGacycLEs [Ultra-Short and
Micro-Waves : '* Appreciable Power ™ at
1 000 Mc/s (Negative Grid) and 6 Watts at 500
Mc/s: etc.]—C. E. Fay and A. L. Samuel.
(Proc. Inst. Rad. I'ng., June, 1934, Vol. 22,
No. 6, p. 679 : short abstract only.)

THe THEORY OF THE MiXING HExoDE. —]. Kam-
merloher.  (Hochf:tech. w. Flek:akus., May,
1934, Vol. 43, No. 5, pp. 161-165.)

Author’s summary —1In sections 1 to V1 the
theory of the mixing hexode is developed from the
d.c. characteristics I, = f(U,, U,). In contra-
diction to Hasenberg [Funk, 1933, No. 21, p. 333:
see also April Abstracts, p. 211, 1-h col.] it is found
that three ‘ objectified’ frequencies appear [ ob-
jectification”” is a term given by Rukop to the
transference of the modulation frequency to the
intermediate frequency], namely (f; + f,)/2, fi + [
and f; — f,: their current amplitudes depend
chiefly on S;. 1, S, .U, and 4S,/4U,. W . U,
For the production of the intermediate fre-
quency f; + f,or fi — f, only the second quantity is
of importance. In analogy to the well-known
rectification relation 45/4U . 112 we may here
speak of a ‘ reciprocal ’ rectification. The change of
slope 4S5,/4U, shows (as in the ordinary recti-
fication 4S5/4U) a distinct optimum, which in
this case, of course, unlike the latter case, is de-
pendent on the two grid biases U, and U, (see Fig.
8). Since it is usual to choose f; — f, as the inter-
mediate frequency, we have for its anode alter-
nating potential ll,z, for a modulated input alter-
nating potential (|, . (I + » sinw,?), the relation
Wiz 1.48,/4U0, N, N, U (1 + msinwyt) .
cos (wy — w,)!, and for the amplification ratio
the relation © = 4.4S/4U, N, . W;. In sec-
tion V11 the theoretical results are established by
experiment.

SUPPRESSION OF INTERLOCKING IN FIRST DETECTOR
CircuiTs [Pentagrid Converter brings in New
Causes of Interlocking: a New Circuit to
reduce Interlocking, and a proposed Valve
Structure with Same Object]—P.W. Klipsch.
(Proc. Inst. Rad. I'ng., June, 1934, Vol. 22,
No. 6, pp. 699-708.)

IMPROVEMENTS IN MULTI-ELECTRODE VALVES [such
as the Diode-Triode: Two Different Cath-
odes deposited on Ditferent Parts of a Com-
mon Rod of Refractory Material, perforated
by Two Canals carrying the Heating Loop!.
—7J. Visseaux and A. L. le Menestrel.
{French Pat. 763043, pub. 23.4.1934:
Rev. Gén. de I'Elec., 30th June, 1934, Vol
35, No. 26, p. 214 D))
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ExrERIMENTAL STUDIES ON CrLAsS A AMPLIFIER
[Optimum Operating Conditions of Radio-
trons with Subnormal Filament Emission].—
Y-Y. Sha: Sah. (Sci. Rep. Nat. Tsing
Hua Univ.,, May, 1934, Vol. 2, No. 4, pp.
289 301 : in knglish)

Verification of the analytical solutions obtained
by Sah (February Abstracts, pp. 89 and g5, I-h
columnsj).

ExamMINaTION OF SOME Two-GRID VALVES FOR A
BripGgE-CircUiT AMPLIFIER [for Photocell
Currents].— H. Saini. (Physik. Ber., 1st
June, Vol. 15, No. 11, p. 891.)

A MoDULATION-NOTE METHOD roR THE Rarip
DETERMINATION OF THE SECOND DIFFER-
ENTIAL COEFFICIENT 0oF A CURRENT/
VorTaGE CHARACTERISTIC.—Miiller.  (See

end of abstract under ** Transmission.”)

AUToMATIC VOoLUME CONTROL BY THE EXPONENTIAL
(Variable-Mu) VALVE AND BY THE FADING
HexopE: THEORETICAL TREATMENT AND
COMPARISON OF MERIT.—Zimmermann. (See
abstract under ‘* Reception.”)

EXPERIMENTAL STUDY OF THE FLUCTUATIONS OF
RrEs1sTANCE IN A METALLIC CONDUCTOR OF
SMALL VoLume.—]. Bernamont. (Comples
Rendus, 18th June, 1934, Vol. 198, No.
25, pp. 2I44-2146.) Further development
of the work dealt with in July Abstracts, p.
385. The conductor is now a 1 micron dia-
meter platinum wire.

PosITIVE AND NEGATIVE THERMIONIC LEMISSION
rroM Coruvmsiusm.—H. B. Wahlin and L.
O. Sordahl. (Phys. Review, 15th June, 1934,
Series 2, Vol. 45, No. 12, pp. 886-889.)

THE SURFACE IoNisaTION OF Porassium oN TUNG-
STEN [Assumed Increase of Work Function
of Tungsten with Temperature] —A. L.
Reimann. (Phvs. Review, 15th June, 1934,
Series 2, Vol. 45, No. 12, p. 898.)

This letter points out that it is possible to re-
concile the results of Copley and Phipps (June
Abstracts, p. 331, r-h col) with theory, if the work
function of tungsten is assumed to have substantially
higher values in the operating range of temperature
than that corresponding to the slope of the Richard-
son line.

DIRECTIONAL WIRELESS

Marcont DirkcrioNn Finper Tyre D.F.gc [for
Submarines].—H. A. Ewen and . Woods.
(Marcont Review, May/June, 1934, No. 48,
pp. 1-8)

DikecTiox-FINDING ERRORS DUE TO REFLECTION
FroM DoVER CLirFs.—Marique. (See end of
abstract under ** Aerials and Aerial Systems.”’)

ACOUSTICS AND AUDIO-FREQUENCIES
User DIE BERECHNUNG DES WIRKUNGSGRADES
STROMDURCHFLOSSENER KOLRENMEM-
BRANEN (The Calculation of the Efficiency of
Current-Carrying Piston Diaphragms [for
Giant Loudspeakers]).—H. Neumann and K.
Warmuth. (E.N.T., May, 1934, Vol. 11,
No. 5, pp. 178-187.)
The use of low-tuned piston diaphragms with
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electrodynarmnic drive is well known since the work
of Riegger and of Rice-Kellogg, but full advantage
has not been taken of this type of drive, since the
diaphragm has only been driven at individual
points by special current-carrying conductors, with
the result that partial vibrations have been set up.
The ribbon loudspcaker was a step in the right
direction, but to obtain a large volume of sound
with a surface of only 7 cm? involved very large
amplitudes, especially at low frequencies, and with
the weak ribbon this caused a limitation of the
available power. The writers have therefore made
a loudspeaker with a thin aluminium diaphragm of
large area (2 400 cm?) which itself carries the current,
the strong uniform magnetic ficld being produced by
eight long flat field coils spaced so as to surround, in
all, about 65% of the diaphragm surface.

In the present paper the influence, on the efficiency
of this loudspeaker, of diaphragm thickness,
frequency, magnetic field and diaphragm area is
examined. It is found that:—(1) There exists a
minimum of exciting (field) power, for a given
diaphragm area, whose position depends on the
height of the field windings (i.e. the total height
parallel to diaphragm). (2) Loudspeakers with
current-carrying diaphragms give frequency curves
whose range downwards (owing to the possibility
of obtaining larger amplitudes) and upwards
(owing to the smaller total moving mass) is greater
than those of diaphragms with separate current-
carrying conductors. On the other hand they have
the disadvantage of requiring a larger field power.
Thus two giant Blatthaller speakers delivering o.1
watt of acoustical power were found to give, without
distortion, no lower frequencies than 43.8 and 31 ¢/s,
whercas the new speaker with the same diaphragm
area could reproduce down to 11.3¢/s; but to
obtain an efhciency of 5°, the field power would have
to be 9.5 kw. This power could be reduced by the
use of say, a 135350cm® or 480cm? diaphragm,
raising the lowest frequency to 14 and 25.2¢/s
respectively.

ELectroDYNAMIC [Loud-] SPEakir Drsigy Con-
SIDERATIONS [Measurements to determine
Efticiency of a Diaphragm and Optimum
Mass of Tts Voice Coil : then the Sclection
of Coil Diameter and Magnet Dimensions for
Minimum Cost].—]J. D. Secabert. (Proc.
Inst. Rad. Eng., June, 1934, Vol. 22, No. 6,
pp. 738-750.)

INVESTIGATION ©OF A VIBRATING MEMBRANE BY
MEANS OF OPTICAL INTERFERENCE [with
Phase Control by Synchronous Stroboscopic
Disc : Investigation of Stretched Steel Disc
with Exciting Frequencies 500-1 100 ¢/s].—
P. Paasche. (Physik. Ber., 15th June, 1934,
Vol 15, No. 12, p. 930: Cologne Disserta-
tion.) For an earlier paper see 1928 Abstracts,
p- 095.

ImprOVING THE BRoaDcasT oF (Disc) RECORDED
ProGrarves  [Deficiency of Lower Fre-
quencies corrected by Filter and Attenuator :
Strikingly  Improved Transmission, free
from Resonance I’caks and ‘‘ Boom "’].—
G. H. Miller. (Electronics, June, 1934, p.
178.)
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THE MarcH Towarps HiGH TIDELITY IN SOUND
[Comparative Charts from 11920 Phono-
graph to 1934 Wide-Range Sound Pictures].

—Electrical Research Products. (Electronics,
June, 1934, p. 135.)
TurNING THE Recorp.—E. C. Wadlow. (Wireless

World, 15th and 22nd June, 1934, Vol. 34,
Pp- 406-408 and 432434 )

Quality of reproduction from gramophone
records is seriously intluenced by variation in
motor speed caused by alterations in retarding
torque at the ncedle point. The author deals with
the various factors which determine these altera-
tions in torque.

ELECTRO-MAGNETIC METHOD oOF Souxbp-oN-lI'iLM
RECORDING BY CUTTING THE EDGE OF THE
FiLm.— R. Nublat. (French Pat. 762 707,
pub. 16.4.1934: Rev. Gén. de I'Elec., 30th
June, 1934, Vol. 35, No. 20, pp. 213-214D.)

Homr-RECORDING ON 16-dy Fioy [Recent Com-
mercial Developments in Sound-Film Cameras
and Projectors, in .\merica and Europe].
—(Electronics, June, 1934, p. 176.)

PuotorLecTrRIc TaLKING MacuiNes [for Short
Phrases and Time Indication on Telephone
Networks : replacing Magnetic Reproducers].

C. Ahlberg. (Evicsson Review, No. 2,
1934, pp. 85-88))

THEORY oF SOUND IN VOICE TUBES WITH RADIAT-
ING WaLrLs—A. Press. (Physik. Zeitschy.
dey Sowietunton, No. 4, Vol. 5, 1934, pp.
616-634 : in English.)

Tue ELicTRONIC OrGaxN [particularly the Coup-
leux-Givelet Organl.—A. Givelet. (L’Onde
Flec., April, 1934, Vol. 13, No. 148, pp.
157-171.)

HoMme-ConsTrUcCTION OF A TrRAUTONIUM. -
W. Funkhusen. (Funktech. Monatshefte,
June, 1934, No. 6, pp. 247-250))

DiE STtrukTur DES Horzrs 1N VIoLINEN (Wood

Structure in Violins).—Ix. Lark-Horovitz and
W. I. Caldwell. (Natwrwiss.,, 29th June,
1934, Vol. 22, No. 26, pp. 450 451 : Nuture,
7th July, 1934, Vol. 134, p. 23.)

X-ray investigations of many different violins
have shown that a really good instrument may be
regarded as a system of two coupled plates; the
velocity of sound in the top has different values in
directions parallel and perpendicular to the grain,
while that in the back is the same in all directions.

THE

Tar Sounp RapratioN FRoM A CONDENSER
DiscHArRGE. —W. McFarlane. (Phil. Mag.,
July, 1934, Series 7, Vol. 18, No. 117, pp.
24—46.) ) )

The work described in this paper was under-
taken to determine the relation between the in-
tensity of the sound emitted by a condenser dis-
charge and the electrical constants of the circuit
employed, and to study the propagation of the
spark-pulse. Theimpulse is found to be given by the
formula P —= AV2y/C/LR, where 4 is a constant
for any given electrodes and V' the voltage across
the condenser of capacity C discharged through
inductance L and resistance R.
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THE HELMiOLTZ RESONANCE THEORY OF HEARING.
E. B. Wedmore. (Nafure, 3o0th June,
1934, Vol. 133, p. 983.)

The resonance theory of hearing, discussed by
Hallpike and Rawdon Smith (June Abstracts, p.
329), does not explain the feature that the human
hearer cannot name the harmonics in a compound
tone unless these harmonics are made large ¢nough
to cause actual reversal of the primary wave. A
closer examination of the process and mechanism of
the travel of sound throughout the length of the
cochlea is suggested by an apparatus designed by
Max Meyer before 1898.

ScienTIFic STUDIES OF NoisE.—G. W. C. Kaye.
(Nature, 28th July, 1934, Vol. 134, pp.
149-150 : note on lecture.)

“AopERN AcousTics’’ [Book
Davis (Journ. Scient.
Vol. 11, No. 7, p. 237.)

“ AprLiED Acoustics”’ [Book Review].—H. I.
Olson and T. Massa. (Rad. Ingineering,
June, 1934, Vol. 14, No. 6, p. 22)

A. H.
1934,

Review].
Instr., July,

AUDIO-FREQUENCY MEASUREMENT BY THE ELEC-
TRICALLY-EXCITED MoNocHORD [RResonant
Frequencies by no means Exact Multiples
of Fundamental: Discrepancy traced to
Imperfect Flexibility of Wire: Simple Ex-
pression for these Frequencies, involving
Young’s Modulus, and a Simple Method of
measuring This]..—E. Williams. (Proc. Inst.
Rad. I'ng., June, 1934, Vol. 22, No. 0, pp.
794-804.) Supplementing Harries’s work
(1929 Abstracts, p. 638).

OSCILLATOR

TETRODE.

under * Trans-

SINGLE-VALVE
USING
Hayasi.
mission.”’)

BEaT-FREQUENCY
THE DUODYNATRON
(See abstract

REsisTANCE TuNING axD ITs Usk IN AN ADJUST-
ABLE  AUDIO-I'REQUENCY  OSCILLATOR.
Cabot. (See abstract under ** Reception.”)

Aunio-FrREQUENCY TEsST OsciLLATOR [for Battery
or A.C. Mains Supplv].—M. G. Scroggie.
(Wiveless World, 2oth and 27th July, 1934,
Vol. 34, pp. 34-36 and 64-606))

HoME-MabpE SigyaLs [Details of Simple Modulated
Oscillator].——E. J. King. (ibid., 13th July,
1934, Vol. 34, p. 21.)

A Ngw Inpicating Haryoxic ANALYSER [Tuned
Coupled Circuits with Thermo-Milliammeter
in  Secondary: measuring up tc 30th
Harmonic (greater than o.05 Volt) of a
Fundamental of 50 or 60 ¢/s: No Amplifier
required].—M. Doté and Y. Nakamura.
(Phvsik. Ber., 15th June, 1934, Vol. 15,
No. 12, p. 967.)

ERFAHRUNGEN BEI DER MESSUNG DRER SCHALL-
DURCHLASSIGKEIT EINES ORGELPROSPEKTES
(Experiences in the Measurement of the
Sound Transmission in Front of an Organ
[Effects of Wooden Screens, Walls, etc.]).
J. Schumacher. (Zeitschr. f. tech. Phys.,
No. 7, Vol. 15, 1934, PP. 274-279)
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APPARATUS FOR THE DETERMINATION OF CINEMA
CuARACTERISTICS [Portable Equipment for
Acoustical Surveyv].—C. A. Mason and ]J.

Moir. (BT-H Activities, May/June, 1034,
Vol. 10, No. 3, pp. 77-81.)
TELEPHONY BY SUPERSONIC WAVES THROUGH

WATER.—Marro.
 Miscellaneous.”)

(See last abstract under

SoURCES OF ERROR IN OPTICAL INVESTIGATIONS
or Acouvsrtic Fierps. 1. Tue TEMPERA-
TURE GRADIENT IN FRONT OF THE OSCILLA-
TING Quartz CrysTaL.—C. Bachem and E.
Hiedemann. (Zeitschy. f. Physik, 1934, Vol.
89, No. 7/8, pp. 502—503.)

“ BAND RECEIVERS "’ rOR CARRIER-CURRENT TELE-
GRAPHY AND OTHER Prrposes.—Kajii and
Matsumae. (See abstract under ‘° Mis-
cellaneous.”)

TrrmiNnaL EguirmeNts [for Radio-Telephone Cir-
cuits :  General Considerations, and the
Marconi R.C. 39 Equipments].—(Marconi
Review, May/June, 1934, No. 48, pp. 20
29 : to be continued.)

ComPLEX MacgxETIC Cross-Tark COUPLINGS IN
TeLerioNE CaBLES [due to Eddy Currents
in the Lead Sheathing].—G. Wuckel.
(E.N.T., May, 1934,, Vol. 11, No. 5, pp.
157-171.)

PHOTOTELEGRAPHY AND TELEVISION

UsEr DEN KONTINUIERLICH ARBEITENDEN
ZWISCHENFILM-GROSSPROJEK-
TioNsEMPFAINGER  (On  the Continnously
Acting  Intermediate-Film Large-Picture
Projecting Receiver [Its Difficulties and
Recent Improvements]).—G.  Schubert:
TI'ernseh Company. (Fumnktech. Monatshefte,
June, 1934, No. 6, Supp. pp- 27-30)
Recent developments of the system referred to
in January Abstracts, p. 45, 1-h col. Since the
1933 Berlin Exhibition the number of lines has
been increased from 120 to 180, which means that
the exposure time (for 25 picture changes per sec.)
has been decreased to one millionth of a second.
The resulting difticulties are discussed, and the way
in which many of them have been overcome.
“ Owing to reasons given above, the range of
darkening does, frankly, leave something to be
desired.  While with an ordinary positive film,
such as is used for cinema projection, the darkening
amounts to 1.5 (that is, the lightest and darkest
parts of the image have a ratio of about 1: 30), in
the pictures recently obtained with the large-image
projector the value is about 0.5 to 0.6 (that is, a
darkening range of 1:4 or 1:5). In the latest
cathode-ray tube pictures the range is about 1: 10.
Work is going on at present to increase the range
for the projector images.”” The appuratus gives
5 to 8 hours of continuous working, the total length
of film being about 70 metres: the solutions last
several days. The possibility of replacing the arc
lamps and Kerr cells by high-vacuum cathode-ray
tubes is briefly discussed at the end of the paper.
The work of von Borries and Knoll has shown that
with an anode voltage of about 10 kv and a ray
current of about 2 ma a darkening range of about
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I: 10 can be obtained : this should be considerably
increased by the use of voltages up to 50 kv, so
that a range of 1: 30 should not be unattainable,
though such tubes would require special intensity-
control methods.

A VELociTy-MopUuLATION TELEVISiON SYSTEM.
L. H. Bedford and O. S. Puckle. (Journ.
[.L.E., July, 1934, Vol. 75, No. 451, pp. 63~
82 : Discussion pp. 83-92.)

The full paper, summaries of which have already
been dealt with (see May Abstracts, p. 275). At
the end of the paper the writers say : ** The present
basis of operation at the transmitter appears to
limit the picture subject-matter to film material.
As previously mentioned, this restriction is not
considered to be of much significance, because a
television service is subjected to the same limitation
on account of the following considerations. (a)
Owing to the large frequency band the service
must necessarily be on ultra-short waves . . . this
means . . . a moderately large number of local
transmitters. The subject matter must therefore
be in a form which can be easily sent about from
place to place. (b) Topical events must constitute
an important item of an entertainment television
service, and only a negligibly small proportion of
these can be ‘brought into the studio’ Direct
television transmission from the site, even if it
were technically possible, would hardly be of much
value on account of considerations of ‘time of
day.”” If, however, direct transmission is still
desired, both the Farnsworth and Zworykin
cathode-ray scanning methods seem to be basically
suitable for application to the velocity-modulation
principle (see later). Replying, in the Discussion,
to Willans’s suggestion regarding intermediate-film
transmission, the writers say that the demonstra-
tions which they saw in Berlin ' were rather
unsatisfactory, though possibly capable of improve-
ment "’ : and they consider \Villans to be ‘' not
entirely justified in comparing television with sound
broadcasting, when he says that the listening
public exhibit an unmistakable preference for real
artists as distinct from gramophone records” : a
more suitable comparison would be between the
theatre and the cinema. Regarding mechanical
transmission they '‘can see no reason whatever
why it should be considered necessary or even
desirable to carry out a purely electrical job in a
mechanical way, especially when such a method
brings in so many extra dithiculties which would
not otherwise be encountered. Yor instance, with
velocity modulation the synchronisation problem
is inherently solved. . . .’ Other points dealt
with in the Discussion are: the way in which the
iconoscope could be used with velocity-modulation :
the independence of after-glow and aperture
effects: the relative band widths required for
the velocity and intensity methods: and many
others.

ViLociTy MopuLaTioN IN TELEVISION [Theoretical
Note] —E. E. Wright.  (Proc. Phys. Soc.,
1st July, 1934, Vol 46, Part 4, No. 255,

PP- 512-513 : Discussion p. 514.)
Author’s abstract :—The motion of a spot of
light of constant intensity, necessary to produce the
effect of a sinusoidal linear distribution of light
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and intensity on a television viewing screen, is
[theoretically] determined and the effect of the
finite size of the scanning spot is compared with
the analogous effect in the more usual type of
television system in which the scanning spot
moves with constant speed and is modulated in
intensity.

FERNSEHEMPFANG IN  Gross-BeErrLIN  (Television
Reception in Greater Berlin [Tests on
Witzleben U.S.W. Transmissions]).—W.
Scholz. (Funktech. Monaishefte, June, 1934,
No. 6, Supp. pp. 25-27.)

With an aerial power of about 4 kw (long dash)
and an aerial 138 m above the ground, the 6.985 m
transmissions gave a satisfactory practical range
of about 60 km—that is, about 0% greater than
the ““ optical” range, although in none of the
numerous tests, in all kinds of weather, was any
symptom of space wave (fading, etc) found.
Similarly when the television receiver was raised
on a tower 50 m above the ground good reception
was possible at 100 km, when the ** optical ”’ range
was 65 km. Cf. section 5 of Heinrich-IHertz
Society abstract, June Abstracts, pp. 3358-339.

TELEVISION NEARs TEcHNIcaL SorutioN [RCA
Victor Papers and Demonstrations at Phila-
delphia Convention: the Great Cost of
I'rogrammes—Who is to Pay: the Im-
portance of the Ilconoscope: Wide-Band
Cable of Plated Steel Wire for the ““ Video
Signal Bands: etc.].—([lectronics, June,
1934, pp. 172-173.)

OpticaL EFFICIENCIES AND DETAIL IN TELEVISION
Systems.  Part 11, [Extension to Indirect
Scanning : the Effect of Aperture Distortion
on Detail] —N. Levin and L. E. Q. Walker.
(Marconi Review, May/June, 1934, No. 48,
pp.- 9-19.) lor Part I see July abstracts,
p- 390, r-h column.

“ TELEVISION FOR THE AMATEUR CONSTRUCTOR '’

Book Review].—H. J. Barton Chapple.

(L'Onde Elec., April, 1934, Vol. 13, No. 148,

P 224))

THE CaTHODE-RAY TUBE As A ProBLEM OF GEoO-

METRICAL ELECTRON-Orrtics [Compressed
Survey of lmportant Points, with Refer-
ences : Properties and Use of ** Aperture,”

" Immersion,” and " Single’’ Lenses: etc]
—1i. Briche. (Archiv f. Elekivot., 7th June,
1934, Vol. 28, No. 6, pp. 384-390.)

TraNsMmISSION OF PICTURES BY MEANS oF MOBILE
TrANsMISSION SETs [Recent Results].
J. Stratton. (P.O. Elec. Eng. Journ., July,
1934, Vol. 27, Part 2, pp. 112-115))

PropuUCTION OF LIGHT FROM DISCHARGES IN GASES
[in connection with Sodium-Vapour Lamps].
—S. Dushman. (Gen. Elec. Review, June,
1934, Vol. 37, No. 6, pp. 260 268.)

FUNDAMENTAL PHENOMENA IN SoODIUM-VAPOUR
Lamps.—C. G. Found. (Ibid., pp. 269-277.)



EXPERIMENTAI

SurR LES CELLULES PHOTOELECTRIQUES DITES i
CoucHi D'ARRET (On the so-called ** Barrier
Layer' Photoelectric Cells [Photoelectric
Effect (in Selenium Cells) Independent of
Rectifying Effect : Temperature Coetficient
higher in Cells with higher Rectifying
Power : Cells constructed with practically
No Rectifying Power]).—Roy-Pochon.
(Comptes Rendus, 11th June, 1934, Vol. 198,
No. 24, pp. 2083--2084.)

A New PuororrLeEctric Errict 1v Cuprous
Ox1DE [in a Magnetic Field].—I. K. Kikoin
and M. M. Noskow. (Physth. Zeitschr. der
Sowietunion, No. 4, Vol 5, 1934, pp. 586

506 : in English.) FYor a preliminary
communication see Abstracts, 1933, pp.
454-455. See also Jofté, 1933, p. 455 : and

next abstract.

ON THE EXPLANATION OF THE PHOTOMAGNETIC-
Erecrric ErreEct IN  SEMI-CONDUCTORS
[see preceding abstract].—]. Frenkel. (Ibid.,
PP- 597-598 : in English )

A " simple explanation which 1s quite different
from that proposed by the above authors’ and is
based on the present writer’s hypothesis that the
positive holes left by the escaping electrons have
a large mobility, comparable with that of the free
electrons themselves (the motion of the holes
being actually due to the jumping of the bound
electrons from a neighbouring atom to a positive
ion).

UBER  DIE  GESETZMASSIGKEITEN  LICHTELEK-
TRISCHER ABSORPTION (The T.aws of
Photoclectric Absorption).—F. Hliicka. (Zeit-
schr. f. Physik, 1934, Vol. 8, No. 7/8, pp.
497 501.)

For previous papers by the writer see 1933

Abstracts, pp. 335 and 631, r-h columns. The

present paper expands the idea that the exchange
of light energy into electrical energy occurs, in the
external photoelectric effect with non-conductors,
only at the surface of the cathode.

X-RAY WAVELENGTHS FROM CRYSTALS AND RULED
GRATINGS [I’hotoelectric Energies computed
from Crystal Spectra compared with Those
Observed].—A. E. Ruark. (Phys. Review,
1st June, 1934, Series 2, Vol. 45, No. 11,
pp- 827-831)

MEASUREMENTS AND STANDARDS

EixracHE NAHERUNGSFORMELN FUR DIE EIGEN-
KAPAZITAT MEHRLAGIGER SPULEN (Simple
Approximate Formulae for the Self-Capacity
of Multi-Layer Coils).—H. Zuhrt. (I:.T.Z.,
sth July, 1934, Vol. 55, No. 27, pp. 662-665.)

The formulae arrived at are suthciently accurate
for practical purposes, since with multi-layer coils
an accuracy within 10-20% for the self-capacity is
all that can be reckoned on, owing to the depend-
ence on the relative positions of the wires and on the
dielectric constant. The writer begins by deriving
formulae for the self-capacity of single-laver coils
by a combination of well-known inductance
formulae and the formulae for the natural wave-
lengths of single-layer coils, previously obtained by
himself (Abstracts, January, p. 48, r-h column:
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see also May, p. 265). These latter are given in
formulae 5, for medium and broad tlat coils and for
cylindrical and narrow flat coils respectively.
Working out the values of self-capacity from

A= 27\ LC for various values of R// from o.25
to 10 (R being the mean winding radius and 2/
the winding length-—or breadth in the case of the
flat coils), it is seen (table 1) that for practically all
single-laver coils the value of C/R is almost con-
stant, and that within a small percentage, for all
such coils except very long cylindrical and very
large flat coils, the self-capacity is given by C = 0.48
It . 107!% FFarad.

With flat coils and short cylindrical coils the
clectrical energy is equally divided on both sides
of the coil, so that cach side has a capacity of half
the above amount. With long cylindrical coils a
similar distribution can be reckoned on approxi-
mately. The values of self-capacity thus obtained
are for isolated coils with air dielectric: the in-
creased capacity due to wire insulation, former,
table, etc., is then allowed for approximately
by introducing a factor e, (defined by equa-
tions 7 and 7a) so that the partial capacities
on each side of the coil is given by C, 3 = €, .0.24
R . 10712 Jarad.

This single layer formula is then, in Part III,
applied to the solution of multi-layer coils, by an
investigation of the eclectrical fields between the
individual layers of such a coil, the layers being
treated as approximating to plate condensers with
“ corrected ' gaps. Long narrow cylindrical coils
are dealt with first, and formulae g and 10 are
derived (for aiding-wound coils and continuously-
wound coils respectively, the inter-layer capacity
component of the whole capacity being 4/3 times
as great in the latter as in the former) involving
partial capacities obtainable by use of the single-
layer formula. A similar formula is then obtained
(12) for a continuously-wound wide cylindrical
or multi-layer flat coils: with the deletion of the
4/3 this applies to aiding-wound coils. The results
are confirmed by measurements (table 2) on 11
different coils.

UBER EINF EINFACHE METHODE ZUR BESTIMMUNG
DER SELBSTINDUKTION UND KAPAZITAT VON
UBERTRAGERN UND SPULEN MITTELS KATH-
ODENOSZILLOGRAPHEN (A Simple Method of
Measuring the Inductance and Capacity of
Transformers and Coils by means of the
Cathode-Ray Oscillograph).—W. Nowotny.
(Hochf:tech. . Flek:akus., June, 1934,
Vol 43, No. 6, pp. 208—210.)

The method described gives rapid results of
sufficient accuracy for many practical purposes
(testing and selecting transformers and inductances
in the manufacture of ampliners, filters, etc).
Apart from the simplicity of the circuit required, it
has the advantage over bridge methods (where for
every test point ohmic and reactive components
have to be balanced) that only one quantity, the
frequency, has to be adjusted.

In Fig. 1 the open-circuit resistance of the trans-
former 1s represented by the combination of the
impedance of a damped tly-wheel circuit (parallel
connection of the main inductance L, the self-
capacity C, and the dissipative resistance R) and
the impedance made up of the winding resistance
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(referred to the primary side) and the leakage
inductance [. A resistance K, is connected in
series with the primary winding, and the whole cir-
cuit is excited by a note-frequency generator. The
voltage appearing across R, is taken to the hori-
zontal plates of the oscillograph, and the secondary
voltage to the vertical plates. Then if the exciting
frequency is varied from zero to infinity, the oscillo-
grams shown in Fig. 4 are obtained : at the extreme
low and high frequencies the ellipses become hori-
zontal straight lines, but at the fly-wheel resonant
frequency w, (= 1/VLC, since the leakage in-
ductance / is nearly always much smaller than the
main inductance L, cspecially in transformers for
communication technique) they become a sloping
straight line. The coincidence of the exciting
frequency with the fly-wheel resonant frequency
can thus be obtained by adjusting the former till
the screen figure becomes as thin a straight line as
possible.

To measure the sclf-capacity C the exciting fre-
quency is set at w, V2 (w, having been obtained as
just indicated) : by means of a variable condenser
enough capacity is then added on the secondary
side to make the screen figure again a thin straight
line. The added capacity is then equal to C,, the
self-capacity of the transformer referred to the
secondary side. With C known, the self-inductance
is then obtained from the fly-wheel resonant
frequency. Yinally, the value of the ohmic re-
sistance It can be obtained from the slope o« of the
straight-line screen figure, since tan a = % . R/R,,
where # is the transformation ratio : this only holds
if R, is not too large, otherwise the paralleled
resistance of the tube itself will affect things. On
p. 210 it is explained why the circuit described
must be emploved, instead of a direct connection
of the transformer windings to the oscillograph
plates, and the paper ends by discussing (with
examples) some applications of the method.

DusiGN For SHORT-WAVE RECEIVERS: A
Stupy oF 15 Mc Inpuctances [Effect of
Wire Diameter : Relation between ¢ and
Wire Diameter and Winding Length : Effect
on ) of Neighbourhood of Chassis: Effects
of Shielding Can: Wave-Change Methods].

W. S Barden and D. Grimes. (Ilec-
{ronics, June, 1934, pp. 174-175 and 196.)

CorL

ONx THE MEASUREMENT OF THE RESISTANCE OF
CIRCUITS OSCILLATING AT HIiGH FREQUENCY
[and the Discrepancies between the Three
Usual Mcthods].—M. Beauvilain. (L'Onde
Elec., March, 1934, Vol. 13, No. 147, pp.
127--148.)

Author's summary :(—' The resistance of an
oscillating circuit is measured, in practice, by one
of the three following methods: variation of re-
sistance, plotting of resonance curve, and the use of
a dynatron. If the resistance of the same circuit
is measured successively by each of these methods,
one is surprised to find that the results may differ
by 50%. These discrepancies arise from two causes :
(1) the adoption of different conventional definitions
of the resistance of an oscillating circuit, whereas
it is possible to define an immutable intrinsic
resistance ; and (2) the modifications, in fre-
quency and in losses, inherent in each arrangement
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of circuits. In the following work the relations are
found between apparent and intrinsic resistances,
and a circuit arrangement is described which em-
bodies all three methods and gives constant results.”
The intrinsic resistance is the sum, covering the
whole circuit, of the quotients of the power dissi-
pated in an element of the circuit by the square
of the effective value of the current in that clement.
The resistance thus defined is given by the re-
sonance-curve method and the dynatron method. In
the resistance-variation method, on the other hand,
the ratio taken is that of the total power spent to
the current intensity at the point where the addi-
tional resistance is inserted—the middle or the ends
of the coil being particularly convenient (Frithauf,
1931 Abstracts, p. 509). An apparent resistance is
thus obtained which is smaller or larger than the
intrinsic resistance, according to the case. The
comparison of the three methods necessitates a
correction, which is the more important the larger
the inductance of the coil and the smaller the
terminal capacity. Each of the elements of an
oscillating circuit is the seat of losses due to Joule
effect, to dielectric hysteresis, and to dielectric
leakage. To render the results of the three methods
comparable, the frequency and the losses must re-
main the same; the components must preserve the
same relative positions; the dynatron must remain
always connected to the condenser terminals, and
the generator must remain tuned to the circuit
during the various measurements on one particular
frequency.  Table 11 shows the results obtained
with a circuit arrangement specially designed, and
with the corrections arrived at. Itis concluded that
the resonance-curve method is liable to serious
errors, besides being lengthy ; the dynatron method
{(using either the setting-in or breaking-ott of
oscillation—see Table 111 for a comparison of these
two procedures) is very practical, though it requires
very exact measurement of frequencies and in-
ductances; the valve should be chosen with as
small a value of negative resistance p,, as possible,
for the discrepancies between the results with this
method and with the resistance-variation method
decrease as L/CR — p,, decreases. It is regrettable
that this dynatron method is not always applicable.
The resistance-variation method is capable of giving
a good degree of accuracy and is applicable in all
cases, but requires a somewhat complicated equip-
ment.

THE MEASUREMENT OF IMPEDANCE :© DISCUSSION.
Astbury : Starr. (Jowrn. I.E.E., July, 1934,
Vol. 75, No. 451, p. 62.) Discussion on a
point in Astbury's paper referred to in
July Abstracts, p. 392.

UBER DIE ANWENDUNG DER ITERATIONSMETHODE
ZUR ANGENAHERTEN BERLECHNUNG DER
WIRBELSTROME UND DES \WIRKWIDER-
sTANDES (The Application of the Iterations
Method [applied to Vector Potentials] to

the Approximate Calculation of Eddy
Currents and Dissipative Resistance).
Heymann. (dwchiv f. Elektvot., 7th June,

1934, Vol. 28, No. 6, pp. 331-340.)

The method is applied to single, double, and
three-phase conductors; then to the single-layer
solenoid, the toroidal coil, the lead-covered cable,
the cylindrical and ring-shaped multi-layer coils,
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and finally to a conductor

chomogeneous field.

‘\Q,&qigh] FREQUENCY ELECTRO-

&y ®%1ER [for Frequencies above
o0 “0\'&‘ oded Ring freely suspended in
&% o “aper Coil: Period of Torsional

" 9> s Value of Current]—H. M.
20 ' C. Michel. (Proc. Inst. Rad.

\;‘934, Vol. 22, No. 6, pp. 680-681:

iry only.)

UBER DIE MESSUNG vON VER-

LN UND DIE BEDEUTUNG DER

JRABHANGIGKEIT DES TaNJ§ IN

IFREQUENZTECHNIK (Fundamental

in the Measurement of Dielectric
agles, and the Importance of the
ture-Variation of tan § in High-Fre-
lechnique [Errors in Usual Methods

, plied to New Low-Loss Insulators :

J Breakdown of Transmitting Valves
indensers, particularly in Short-Wave
ngl).—E. Miller and O. Zinke.
fidech w. Elek:akus., May, 1934, Vol
0. 5, PP- 145-149.)

, to recent papers giving the loss angles
.ew ceramic materials in the wavelength
of 300-0 metres (see for example Rohde and
aegelmilch, 1933 Abstracts, pp. 512-513), the
sriters remark that the errors arising in such
measurements, where tan § is of the order of 1074,
are not mentioned. Part I of the present paper
therefore examines the errors to which the resonance
method of measurement is liable. In this method
a generating circuit is coupled to a resonant circuit
including a condenser C (with the dielectric to be
tested) which is later replaced by a loss-free con-
denser C, with a series resistance R, The current
I, measured in the resonant circuit (Rohde re-
placed this measurement by that of the voltage
across the fixed coupling inductance) is used as an
indication of the total resistance : the writers show
that an error of 1% in its measurement may causc
a 36% error in tan § when this amountsto 1 X 1074,
and a 3.6% error when it amounts to 10 X 1074,
This is for a test circuit with a decrement of 1%,
the wavelength being 100 m and the capacity 150
pur. The way to reduce this error is to keep the
decrement below 1% by constructing the test-
circuit coils and connections of large-diameter
copper tube or of copper strip. Another source of
error is the stray capacity Cp parallel to the true
dielectric capacity C,;, of the test condenser.
Instead of tand being equal simply to R,wCi,,
it is equal to this multiplied by (1 + Cp'Cyy)?
and if Cp = 0.1Cy, the neglect of this correction

factor will lead to an error of 219,

For transmitting purposes it is desirable that the
losses of the new insulators should be measured, at
least within a few per cent., at different temperatures
between 20° and 300°C. The construction of
transmitting condensers and the life of transmitting
valves are related very closely to the temperature
variation of tan 8 for the insulating materials
employed. Part 11 elaborates this point: ' the
amount of heat N, tand developed by a reactive
power Njp increases markedly with the temperature
T. But at any temperature I only a definite
amount of thermal energy N 4 can be dissipated in a

>
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stationary manner. A stable final temperature
thus sets in at the point of intersection of the curves
Npg tan § and N,. If the two curves do not inter-
sect, a thermal breakdown takes place.”

VERLUSTWINKELMESSUNG BEI 10® Hz (Dielectric
Loss Measurement at 10% Cycles/Second [in-
cluding Data on the New Insulating Materials
for Ultra-High I'requencies]).—I.. Rohde and
H. Schwarz. (Hochf:tech. w. Elek:akus.,
May, 1934, Vol. 43, No. 5, pp- 156-158.)

After mentioning the defects of the calorimetric
and Lecher wire methods of loss measurement, when
applied to low-loss materials at frequencies above
5 X 107 ¢/s, the writers describe an equipment
which gives rapid measurements on solid dielectrics
at frequencies up to 10® c¢fs, ** with an accuracy
suthcient for all practical purposes.” The principle of
the method is that the resistance increase of an
oscillatory circuit, due to the introduction of the
dielectric’ into the air-gap of its condenser, is
measured.

Of the two ways in which this resistance-increase
can be measured, the damping-measurement
method (otherwise so useful) becomes troublesome
when the damping is very low and the frequency
very high, since very small wavelength- or capacity-
changes have to be measured. This is troublesome
at wavelengths between 2 and 7 metres, where the
absolute value of the oscillator capacity is very
small and the production of a known change in the
4th decimal place is therefore extraordinarily
difficult. On the other hand, the otherwise very
suitable substitution method has the difficulty, at
these ultra-short wavelengths, that a standard re-
sistance which is free from skin effect is unobtainable.
1t is, however, possible to calculate the skin effect
of the wire and to check it for different cross
sections. The differences. as found in practice,
lie within 3%, so that within these limits the abso-
lute value may be relied on. In the substitution
method one gencrally starts with a known resistance
R, as close as possible to the resistance R, to be
measured, and then calculates the exact value
from potential measurements (if R, cannot be made
exactly equal to R,) namely of V, (without the
dielectric), 1", (with the dielectric) and 17y (without
dielectric but with R, introduced). This procedure
requires very loose coupling and a constant or
negligible loading by the potential-measuring
instrument. TFig. 1 shows a valve voltmeter being
used for this purpose. Both conditions are hard
to fulil with wultra-short waves: a powerful
oscillator is needed, especially when the losses are
large, while when they are small it is difticult to
get sufficiently different values for 1, and Vs
By the use of a compensating voltage £ a portion
of the voltages V,, V,, V, acting on the valve
voltmeter can be cancelled, so that only the differ-
ences need to read on the galvanometer G. A great
increase of sensitivity results, allowing the smallest
losses met with in practice to be measured. The
coupling between oscillator and test circuit is so
adjusted that a full-scale deflection of G occurs
for the low-loss air condenser ; various values of I,
are then introduced and a curve drawn showing the
connection betwen the reading of G and these
values, for a particular wavelength and a particular
capacity. A family of these curves, for different

E
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capacities, enables the relation for any capacity to
be interpolated. With such a calibration, the
deflection decrease produced on introducing the
dielectric test piece gives a direct measurement of
the resistance R, (not R, as printed). By this
method, measurements can be made below the
smallest reference resistance available : thus if this
smallest resistance (say o.1 ohm) produces a de-
flection decrease of 20 scale divisions, the resist-
ance corresponding to one scale division can be
taken with sutficient accuracy as 0.005 ohm. This
substitution method is applicable to loss angles up
toabout 50 x 107% Above this value the damping-
measurement method becomes suitable, but the
initial damping is most simply measured by a
substitution method.

The special precautions taken in the design of the
oscillator and the test circuit, to render them satis-
factory at frequencies up to 102 ¢fs, are described.
For the former, the symmetrical two-valve circuit
shown in I'ig. 1 was found particularly satisfactory,
on account of its short connections and its good
phase conditions. At 10%c/s it was possible to
keep a heterodyne note constant within +100c¢/s
for 10 minutes when the valves were heated by an
accumulator and the anode voltage was taken from
the mains off a ‘ stabilisator.”” In the test circuit
the clamping plates of the condenser had a diameter
of 30 mm, the dielectric test pieces being 35 mm in
diameter and from 1 to 4 mm thick (according to
their dielectric constants) so that the resulting
capacities were about 10 to 16 cms.  The reference
resistances were of constantan wire, and were pro-
vided with a miniature plug-and-socket board
giving four values, from 0.05 to 0.4 ohm nominal

value : the actual r.f. value was taken for each
measurement from the skin-effect calibration
curves. The table of results applies to dry test
pieces : the effect of moisture was found to be guite

smallat 3 m. 1n addition to the well-known materials
(including the new kinds such as Condensa C) the
table gives the values for rock-salt, sylvine and
fluorspar, ‘‘ since it is interesting in scarching for
the cuuses of loss to examine substances whose
molecular construction is thoroughly known’
(¢f. Goldhammner, under ‘‘ Subsidiary Apparatus
and Materials'').
CoNDENSER ANALYSER [for testing Paper, Mica,
and Oil Diclectric Condensers, using Glow-
Tube Indicator to measure l.eakage Cur-
rent].— (Elecivonics, June, 1934, p- 197.)
O~ THE Mopr oF AcTioN OF LEXTERNALLY-CON-
TROLLED [** Schaltgesteuerter ] RECTIFIERS
FOR MEASURING P’UrPoSES.—Pfannenmiiller.

(See under ‘ Subsidiary Apparatus and
Materials ' : also below.)
UBERBLICK UBER DIE  MESSVERFAHREN  MIT

GLEICHRICHTERN (Survey of Measuring Pro-
cesses using Rectifiers [Barrier-Layer, Vi-
brating Contact, and Valve]).—H. Pfannen-
miller. (Archiv f. Llektrot., 7th June, 1934,
Vol. 28, No. 6, pp. 356-384.)

“In recent years measuring methods with recti-
fiers have found a wider employment chiefly owing
to the development of the barrier-layer and
vibrating-contact rectifiers. The present work gives
a survey of the field. Methods described in other
papers will be dealt with briefly, or only referred to,
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whereas the ‘ separately contrc CIIV@
rately excited,” ‘ switch-controi E/P
chronous switch or commutey &
recent applications, will be consic ﬁer
The separately-excited barrier-la%,. :sep
ables much smaller voltages to be 7” ?y,a
the control voltage has no longer to- %o,
the test circuit. Particular attention” /y

‘ vector meter’’ (see preceding refere,
application to the measurement of a.c.

dielectric losses in condensers, cable.
sulators; as a null instrument for bridgt
in current-transformer testing; testing

connections (avoiding the interference due
currents in the neighbourhood of the e
points) ; and for the measurement and cont
resistances in electrolytic furnaces. Other app
tions of the separately-controlled rectifier a.

““ vector meter,”” particularly for high frequencies

to 10ke/s, are in the control of commercial pr
cesses (such as in the manufacture of rubber, paper
and textiles), the measurement of permeability in
the making of IKKrarup cable, and other similar
‘“ultra-micrometric’ uses (see various past ab-
stracts under ‘* Miscellaneous ’). Other uses, as
a quotient meter, include the measurement of
power factor, ohmic and rcactive resistances, tem-
perature, and modulation (Hallen) ; while the last
sections deal with the measurement of sums and
differences of the absolute values of two voltages ;
the measurement of apparent power, wave {orm, and
peak values; frequency analysis; the removal of
the error-causing action of the self-inductance of the
measuring instrument; and finally, the use of
barrier-layer valves as resistances varving with
load, for the stabilisation of voltage. Nearly 100
literature references are included.

A ScREEN-GRID VOLTMETER WITHOUT ENTERNAL
Leax [Independent of Frequency from Low
Audio to Ultra-High Frequencies: Linear
Calibration between o.1 aund 10 Volts:
Application as Detector for Broadcast and
Ultra-Short Waves, Lecher Wire Resonance

Indicator, etc.|—R. King. (Proc. Imst.
Rad. Eng., June, 1934, Vol. 22, No. 6, pp.
771-780.)

FriLp-INTENSITY METER FOR ULTRA-SHORT WAVES.
King. (See paper referred to above.)

METHOD oOF DMEASURING PEakK VOLTAGES OR
CURRENTS, BASED ON THE PROPERTIES OF
THYRATRONS.—G. Marchal. (Rev. Gén. de
I'FElec., 30th June, 1934, Vol. 35 No. 26,
PpP. 205-206D : summary only.)

CONSIDERATIONS IN THE USE OF THE ELECTROSTATIC
PEax VorrmrTER [Conditions for Correct
Operation : the Unsuitability of the J\letal
Rectifier : etc.].—E. H. W. Banner. {Journ.
Scient. Instr., July, 1934, Vol. 11, No. 7, pp.
218-223))

MESSUNG DER ZUNDSPANNUNG VON MIT WECHSEL-
STROM BETRIEBENEN ENTLADUNGSROHREN
(Measurement of the Ignition Potential of
Discharge Tubes driven off Alternating
Current [Simple and Accurate Method using
Telephone as Indicator]).—R. Rompe and
H. Schmellenmeier. (Zeitschy. f. tech. Phys.,
No. 7, Vol. 15, 1934, pp. 265-267.)
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SovE THERMAL METHODS OF MEASURING PowEr
Loss 1v Vacuus Tusks [Best is Thermopile
with Filter removing Heat coming from
Glass and leaving that from Plate].—F. P.

Cowan. (Proc. Insi. Rad. Eng., June, 1934,
Vol. 22, No. 6, p. 681: short summary
only.)

A NEW S16yaL GENERATOR [and Associated Equip-
ment] FOR RECEIVER TESTING. —Kammer-
loher.  (See under ‘“ Reception.”’)

A BripGE METHOD FOR DETERMINING THE COUPLING
COEFFICIENT orF AN AIR-CORED TRANS-
FORMER. —[.. M. Chatterjee. (Zeitschr. f.
Physik, 1934, Vol. 89, No. 9/10, pp. 601-604.)

The purpose of this paper is to show that Hevd-
weiller's modification of the Carey Foster bridge

{Carey Foster, Proc. Phys. Soc. Lond., 1887, Vol. 8,

p-137; Hevdweiller, Ann. der Physik, 1894, Vol

53, p- 499) gives, by suitable arrangement, a direct

measurement of the coupling coefficient of an air-

cored transformer.

CoMPREHENSIVE TuroORY or a Powrr Facror
Bripge.— J. C. Balsbaugh and A. Herzen-
berg. (Jowrn. Franklin Iust., July, 1934,
Vol. 218, No. 1, pp. 49-97.)

The bridge described is of the Schering tvpe,
with  symmetrical measuring arms, a variable
condenser in one of the high-voltage arms, and
variable condensers for balancing the capacitance
between the bridge arms and shield. It is most
frequently used for calculations of the dielectric
constant of o1l samples, with very high voltage
gradients, but the general theory is worked out in
great detail and methods of checking the measure-
ments are described.

InsvratioN TEST SET GIVING AN AUDIRLE ALARM
using a Neon Tube and Gas-Filled Relay].
(P.O. Elec. Ing. Journ., July, 1934, Vol. 27,
Part 2, p. 135.)

THE OBSERVATION OF REFLECTING GALVANOMETER
Derrrctions [Increased Sharpness of Image
and Reducticn of Tatigue by use of Green
Filter].—R. V. Jones. (Journ. Scient.
Instr., July, 1934, Vol. 11, No. 7, pp. 233.)

Mesures DE RavoNNEMENT (Field-Strength Meas-
urements [and the Work of the Laboratoire
Nuational de Radiodlectricité]).—P. David.
(L’Onde Elec., April, 1934, Vol 13, No. 148,
PP 172-188.) A paper read before the
Societ¢ des Radioélectriciens, in November,
1933.

TiE PERFECTION OF QUARTZ AND OTHER CRYSTALS
AND ITs RELATION TO SURFACE TREAT-

MENT.—R. M. Bozorth and F. E. Haworth,
(Phys. Review, 1st June, 1934, Series 2,
Vol. 45, No. 11, pp. 821-826.) The full

paper, a summary of which was referred to
in August Abstracts, p. 449, r-h column.

QUARTZ-CRYSTAL-CONTROLLED  OsciLLATOR  CIR-
cuits [and a New Circuit reducing Energy
Dissipation in Crystal and consequent
Irequency Drift].—Meahl. (See under
“* Transmission.")
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Thi FREQUENCY STABILISATION 0F VALVE OScCIL-
LATORS BY THI USE OF SCREEN-GRID VALVES.
-Schweimer and  Pungs. (See under

** Transmission.”’)

PrivaRy FREQUENCY STANDARD HAS ACCURACY
OF 99.9999% [Description of Crystal-Con-
trolled Equipment at Constant I‘requency
Monitoring Station, Grand Island, Nebraska]

-J. G. Beard. (Rad. Lngineering, June,
1934, Vol. 14, No. 6, pp. 15-17.)

AN ABSOLUTE DETERMINATION OF THE AMPERE.
H. L. Curtis and R. W. Curtis. (Bur. of
Stds. Journ. of Res., June, 1934, Vol. 12,
No. 6, pp. 665-734.)

SUBSIDIARY APPARATUS AND MATERIALS

PrysicaL INVESTIGATIONS 0N THE New MAGNETIC
MaTerIALS [Isoperms: the Cause of Their
Very Small Remanence].—M. Kersten.
(Zewtschy. f. tech. Phys., No. 7, Vol. 15, 1934,
PP. 249-257.) _

The preparation and properties of the isoperms
have already been described (¢f. Dahl and Pfaffen-
berger, Abstracts, June, p. 335, I-h column: see
also 1933, p. 637, r-h column): the predominant
characteristic is the remarkably small remanence,
amounting to a few hundredths of the saturation
induction, whereas ordinary materials have a
value about half that of saturation. The merits
of isoperms as magnetic materials have been shown
to depend chiefly on this small remanence, so that
an explanation of the cause of this is of importance :
it is with this problem that the present paper
deals. The remanence dealt with is not the
absolute value 7 but the ratior = Ig/ly.

The only material of comparable qualities is the
compressed powder core material composed of

i

magnetic powder mixed with electrically and
magnetically insulating substances. The writer
begins, therefore, with an examination of the

magnetisation curves of such compressed powders,
Fig. 1 giving a comparison between powdered cores
without, and with, the admixture of insulating
substances. The curves of ring stampings, without
and with demagnetising gaps, present exactly the
same appearance. ‘' The reduction of remanence,
for the production of an adequate stability, is
arrived at in compressed powder material simply
by the admixture of the insulating substances, which
do not seriously alter the ‘true’ magnetic pro-
perties of the powder particles.”” A short account
of Becker’s theoretical work shows that in general
the remanence depends only (apart from the satura-
tion, which for a given temperature is a constant
of the material) on the distribution of direction of
the ** preferred positions’’ of the elementary bodics,
or particularly on the distribution of the natural
tensions (due to the treatment of the material)
where these are of predominant influence on the
preferred positions.  *“ An extremely small rema-
nence ratio »r = I,/Ig, without the use of a gap, is
only possible (according to equation ta) when the
preferred positions of practically all the elementary
bodies are approximately transverse to the field
direction (8 - m/2 —see Fig. 2). This condition is
fulfilled, for example, when a soft nickel wire is
subjected to a strong longitudinal pull in the

E
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direction of the field.” 1In this case the preferred
positions are transverse to the pull, and the reman-
ence in the direction of the tension amounts only
to a small percentage of the saturation. But such
an effect cannot be produced by the natural tensions
resulting from the working of the material. There
is, however, a way in which, without the use of
elastic tensions, such transverse preferred directions
can be obtained. In the hexagonal single crystals
of cobalt the main axis forms a strongly marked
magnetic preferred direction on the grounds of
crystallographic symmetry, practically independent
of the presence or absence of natural tensions, and
such a crystal displays a very small remanence
when magnetised transversely to this axis. Un-
fortunately for this explanation, all the important
magnetic materials crystallise cubically.

The true solution, it is concluded, is that the
abnormally small remanence shown by the cold-
rolled isoperms is due to actions taking place
during rolling, favoured by the high temperatures
developed at the individual slip planes. These
actions result in the formation, from the cubic
crystals, of a non-cubical fibrous or layered texture
which leads to a magnetic preferred position
perpendicular to the plane of the rollers.

TrHr RECORDING CAPABILITIES AND SENSITIVITY

oF THE CaTuoDE-Ray TUBE wiTH DoUBLE

[Two-Stage] CoNcENTRATION.—I. Malsch.
(Archiv f. Llektrot., 7th June, 1934, Vol. 28,
No. 6, pp. 349-355.)

Author’s summary :—"“ It is shown to what
degrce a double [two-stage] concentration can be
applied to improve the performance (spot bright-
ness, absolute and relative recording speed, and
sensitivity) of a cathode-ray tube. For tubes with
very active small electron-sources [cold-cathode
tubes] a4 magnification of the image is useful :
both lenses are in the neighbourhood of the stop
[at the first image]. For tubes with relatively
large electron sources of small current density
[hot-cathode tubes] a marked reducing effect by
the pre-concentrating lens is necessary, with a
stopping-out of the outer rays.”” For a previous
treatment of double concentration as a means of
increasing sensitivity see Briche and Scherzer,
February Abstracts, p. 100: “ they do not, how-
ever, mention that with an increase of the angle 8
the spacing between the plates of the deflecting
system must also be increased.”

A New SexsiTivE METHOD FoR THE OSCILLO-
GRAPHIC REcorpING oOF Prriobic HiGu-
FreQuUENCY OsciLLaTioNs [Joubert Disc
Principle applied to High Frequencies].
C. Nebel.  (Physik. Ber., 15th June, 1934,
Vol. 15, No. 12, pp. 969 970.)

Trom the Siecmens laboratories: ‘* A simple and
sensitive process is described, which is developed
on the principle of the Joubert disc (point-by-point
recording of a.c. processes) so as to be applicable
to high frequencies, and which-—by means of a
distortionless transformation of the h.f. curve to
low frequencies—allows the processes to be re-
corded on a simple loop oscillograph. A series of
possible circuits with instruments or valves is first
described, all capable of giving a point-by-point
curve record by a short-time excitation from a
narrow voltage peak. Of these circuits particular
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attention is then given to those by which it is
possible to establish a linear relation between the
voltage peak and the voltage to be recorded. A
simple way of getling the voltage peak is to arrange
that a current, of as rectangular wave form as
possible and of the same frequency as the curve
under measurement, excites a very strongly damped
train of a high harmonic (e.g. the tenth), the first
half wave of which is used as the voltage peak. . . .’

Time/CURRENT BrLowING CHARACTERISTICS OF
INsTRUMENT FUSES STUDIED BY SPECIAL
CaTHODE-RAY OsciLLoGgkari  EQUIPMENT
[with ‘“* Machine-Gun’ Electron Delivery,
Non-Recurring Sweep Circuit, and Record-
ing by Ordinary Camera].—E. V. Sundt:
Littelfuse Company. (Rad. Emngineering,
June, 1934, Vol. 14, No. 6, pp. 20-21.)

A SIMPLE METHOD OF MEASURING THE INDUCTANCE
AND CAPACITY OF TRaANSFORMERS AND CoILS
BY MEANS OF THE CATHODE-RAY OsciLLo-
GRAPH.—Nowotny. (See under * Measure-
ments and Standards.”)

MagNETICALLY SELF-FocusiNg StreaMs [of High-
Velocity Electrons: Theoretical Investiga-
tion].—W. H. Bennett. (Phys. Review, 15th
June, 1934, Series 2, Vol. 45, No. 12, pp.
890-897.)

THE CatnHoDE-RAY TUBE AS A I'ROBLEM 0OF GEO-
METRICAL ELECTRON-OpTICS.—Briiche. (See
under ‘‘ Phototelegraphy and Television.”)

SENSITIVITY OoF ProToGrRaPHIC FILMs To X-Ravs
AT Low TEMPERATURES.—G. E. M. Jauncey
and H. \W. Richardson. (Journ. Opt. Soc.
Am., May, 1934, Vol. 24, No. 3, pp. 125-126.)

THE THEORY OF THE IONISATION MANOMETER.—
N. Morgulis. (Phvsik. Zeitschr. der Sowiet-
union, No. 3, Vol. 5, 1934, pp. 407—417 . in
German.)

A NEw VACUUM METER, PARTICULARLY FOR LARGE
MERCURY-VAPOUR RECTITIERS {giving Con-
tinuous Indication or Control: based on
Pressure Dependence of Lllectron Current].—
W. Dallenbach. (£.7.Z., 3rd May, 1934,
Vol. 55, No. 18, pp. 440-441.)

ReELAY FOrR THE Pro-
TECTION OF WATER-COOLED APPARATUS.
—H. Beck. (Zeutschr. f. tech. Phys., No. 6,
Vol. 15, 1934, pp. 221-223.)

A MiNIMUM-WATER-FLOW

A D'orRTABLE J.ooP OSCILLOGRAPH FOR SIMUL-
TANEOUS "OBSERVATION AND RECORDING
[by means of Rotating Polygonal Mirror].
W. S. Kasansky. (E.T.Z., 7th June, 1934,
Vol. 55 No. 23, pp. 564-565: summary
only.) Cf. Oplinger, May Abstracts, p.
280, I-h column.

THE IgNITRON.—D. D. Knowles and . G. Ban-
gratz. (£.T.Z., 7th June, 1934, Vol. 553,
No. 23, pp. 563-564: summary only.)
See also Ludwig, Maxfield and Toepfer,
June Abstracts, p. 336, r-h column.
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Tue CurrexT DirECTOR [ Stromrichter ], a
NEw FIELD oF ELECTROTECHNICS [including
Distinctions between ‘“ Gleichrichter,”
‘“ Wechselrichter,” and ‘‘ Umrichter,” etc.].

‘H. Kreissel. (Funktech. Monatshefte,
May, 1934, No. 5, pp. 177-182.)

STEEL RECTIFIER TUBES: A HIGH-VOLTAGE GRID-
CONTROLLED TUBL CAPABLE OF DELIVERING
ONE MircioN Watrts.—Allis-Chalmers and
Brown-Boveri Companies. (Rad. ICngineer-
g, May, 1934, Vol. 14, No. 5, p. 16.)

CONSIDERATIONS AND [EXPERIMENTAL IRESEARCHES
ON ARC RECTIFIERS USING GAS AT ATMOS-
PHERIC PRESSURES.—C. di Pieri. (L'Elet-
trofec., 25th May, 1934, Vol. 21, No. 15, pp.
332-339.)

PHyYsicAL AND TECHNICAL PROBLEMS OF
EvtcTtric Arc.—R. Seeliger. (Ibid.,
June, 1934, Vol. 21, No. 16, pp. 350-357.)

O~ THE MODE OF ACTION OF EXTERNALLY-CON-
TROLLED [* Schaltgesteuerter '] RECTIFIERS
ror MEeasuriNng Purroses.—H. Pfannen-
miiller. (Physik. Ber., 15th June, 1934,
Vol. 15, No. 12, p. 969.)

From the Siemens laboratories. Used in this
way, rectifiers are not controlled by the current
to be rectified but by auxiliary currents and
potentials. Rectification is represented as a pro-
duct, in which the rectifiers appear as periodically
varying resistances or conductances in the form of
Yourier series. The procedure is illustrated by
application to the * vector meter ’ (for 1.f. current
and voltages), to copper-oxide rectifiers, and to
rectifiers with special conductance and resistance
curves, for eliminating harmonics. See also below.

THE
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SURVEY OF MEASURING PROCESSES USING RECTI-
FIERS.— Pfannenmiiller. (See under ** Meas-
urements and Standards.”’)

ConTact RecTirirrs [Crystal Detectors: Contact
Rectifiers :  Construction, Properties, and
Application of Copper-Oxide Rectifiers :
Cold Discharge and Theory].—S. Kaneko
and C. Nemoto. (Civculars Llektvot. Lab.
Tokyo, No. 97, 1933, 68 pp.)

INSULATING ].1QUIDS TMPROVE CoONTACT TO COPPER
OxIDE [Resistance-Reducing Effect of Finely
Divided Carbon (between Soft Metal Elec-
trode and Copper Oxide) reproduced by

Mineral Oils, particularly Kerosene : Large
Effect of Jodine dissolved in Kerosene,
critically Dependent on Voltage]—L. F.

Slezak. (Rad. Ingineering, June, 1934, Vol.
14, No. 6, p. 20)

PAPERS ON THE MEASUREMENT OF THE DIELECTRIC
Loss, ETC., oF INSULATING MATERIALS AT
Hicu aNxp ULTrRa-HigH FREQUENCIES.
Miiller and Zinke: Rohde and Schwarz.
(See under “ Measurements and Standards.”)

NEwW INSULATING MATERIALS, PARTICULARLY FOR
Hign-FREQUENCY TECHNIQUE [** I'reqwahn,”’
a new '* Hard Paper”” Compound Insulator,
and Its Use in Condensers, H.I". Stranded
Wires, etc.].—W. Ruppert. (E.T.Z., 21st
June, 1934, Vol. 55, No. 25, pp. 608-610.)
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ON A NEw DIELECTRIC MATERIAL ¥OR Powgr
ConNDENSERS {Paper impregnated with
Castor-Oil/Bakelite Compound].—H. Wada.
(Jowrn. I.IL'E. Japan, April, 1934, Vol. 54
[No. 4], No. 549, pp. 268-272: English
summary pp. 36-37.)

ELecTRICAL INSULATING MATERIALS [Survey, in-
cluding the New Materials—Plexigum,
Neoresit, Sinterkorund, Sipa, Kerafar, etc.].
—R. Vieweg. (L.7.Z., 14th June, 1934,
Vol. 55, No. 24, pp. 573-576: Discussion,
ilid., 5th July, No. 27, p. 683.)

“ KUNSTHARZPRESSTOFFE '~ (Moulding Maternials
with Artificial Resin Base [Book Review]).
W. Mehdorn. (Zeitschr. f. tech. Phys., No. 7,
Vol. 15, 1934, p. 288.)

THE SURFACE RESISTIVITY OF ADSORBED MOISTURE
Firms oN GLAZED PoORCELAIN [Application
to Insulators|—IF. W. Johnson. (/’hil.
Mag., July, 1934, Series 7, Vol. 18, No. 117,
pp. 63-80.)

Tue BEHAVIOUR o CERAMIC INSULATORS UNDER
Trst witH Surcrs (and the Detection of
Partial Breakdown in Opaque Insulators by
Schering Bridge Measurements].—W.
Furkert. (Zeitschrv. V.D.I., 7th July, 1934,
Vol. 78, No. 27, p. 823))

THE MATHEMATICAL TREATMENT OF THE ELECTRO-
sSTATIC FirLp 1IN INSULATORS. —W. Wessel.
(Phvsik. Ber., 1st June, 1934, Vol. 13,
No. 11, p. 877.)

ExPERIMENTAL InvESTIGATION OF INITIAL CUR-
RENTS IN Dirrectrics. I. Rock-Sacr: II.
Grass [Measurements from 5 and 4 X 107*
Second after Application of Voltage].
A. D. Goldhammer and N. A. Salessky.
(Physik. Zeiischr. der Sowietuwion, No. 4,
Vol. 5, 1934, pp. 523-544 and 545-552:
in German.)

Ox THE ELrRCTRICAL INITIAL CONDUCTIVITY AND
THE ‘‘ TRUE " CONDUCTIVITY IN ROCK-SALT
Crystars.—A. D. Goldhammer.  (Ibid.,
PP- 553-561.) See also Rohde and Schwarz,
under ‘“ Measurements and Standards.”

\ Ri:suME oF RECENT WORK ON THE ANOMALOUS
BEHAVIOUR OF DIELECTRIC LIQUIDS.—-W.
Jackson. (Journ. I.E.E., July, 1934, Vol.
75, No. 451, pp. 93-110.)

CONTRIBUTION TO THE PROBLEM OF THE INSULATING
oF Hicu-TENsioN MacHINES.—W. [Eber-
spacher and H. Stach. (Physik. Ber., 1st
June, 1934, Vol. 15, No. 11, p. 887.)

SUPERHETERODYNE TUNING CONDENSER DESIGN
—FOR UsE IN MurTi-RaNGE RECEIVERS
‘[Mathematical Solution for Curve of Con-
denser Plates: Application to Two-Band
Receivers].—H. Schwartzmann and L. G.
Burnell. (Ilectronics, June, 1934, PP-
180-182.)

REMARK ON OUR P’APER * ON THE DIELECTRIC
oF ELEcTROLYTIC CONDENSERS.”— Jauch and
others : Ginterschulze. (Zeilschr. f. tech.
Phys., No. 7, Vol. 15, 1934, p- 285.) See June
Abstracts, p. 334, for the paper in question.
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Dry ErectrOLYTIC CONDENSERS [with Curves :
a New Design with Aluminium Wire Tabs :
Cellophane us Separator: etc]—R. J.
Covert.  (Rad. Lngincering, June, 1934,
Vol. 14, No. 6, pp. 18-19))

SIMPLE APPROXIMATE FORMULAE FOR THE SELF-
Capracity orF MuLti-Laver CoiLs. Zuhrt.
(See  under ‘ Measurements and Stan-
dards.”)

Pro1ecTiNG CHOKE COILS WITH SyMALL INTERNAL
CapaciTy [for Protection against Surges :
Capacity of Main Winding reduced by con-
necting in_series with Low-Capacitv Air-
Insulated Turns: with Oscillograms]).—H.
Trage: Forster. (L£.7.7., 14th June, 1934,
Vol. 55, No. 24, pp. 582-583)

VARIABLE INDUCTANCE FOR SHORT-WAVE CIRCUITS
[Four Sides of Square adjustable to Very
Oblique Rhomboid by Threaded Diagonall.

J. B. Roch and L. Peyson. (French Pat.
747 762 1 Funktech. Monaishefte, June, 1934,
No. 6, pp. 250-251.)

“ NETWORK SyNTHESIS” [Book Review|.—C. M.
Gewertz. (Science Progress, July, 1934, Vol.
29, No. 113, p. 159.)

* The treatment is almost entirely mathematical.
With the help of complex matrices and deter-
minants an astonishing degree of success has been
attained in the synthesis of networks presenting no
small difticulty . . .

THE GENErATION OF HigH D.C. POTENTIALS
[by H.T. Transformer and a Series of Hot-
Cathode or Rotating Point-and-Plate Recti-
fiers distributed at Different Points of the
Winding|.—H. Boekels. (E.T.Z., 21st June,
1934, Vol. 55, No. 25, pp. 603-604.)

A REGENERATIVE NULL INpicator [Reinartz Cir-
cuit as Recording Potentiomecter (registering
1 Millivolt or less) increased in Sensitivity
by addition of Regeneration|.—D. E. Noble :
Reinartz. (Electronics, June, 1934, p. 190))

STATIONS, DESIGN AND OPERATION

THE 17-CENTIMETRE MicrRo-WavE LINK BETWEEN
Lyapne AND StT. INGLEVERT.—A. Clavier.
(L'Onde Elec., March, 1934, Vol. 13, No.
147, pp. 101-125.)

For previous papers on this service see June
Abstracts, p. 338. The present paper includes a
mathematical treatment of the generation of the
oscillations.  Section 7 deals with the ““ curves of
constant frequency,” giving the relation between
the potentials which must be applicd to the * oscil-
latory *’ (positive) electrode and to the reflecting ”’
(retarding) clectrode, in order to obtain the maxi-
mum power at the " optimum " frequency for one
particular adjustment of the aerial system.” Section
8 points out the importance of these curves in
practice : thus by choosing a part of the curve where
the output varies linearly and the relation between
the potentials is also linear, and applying the
modulating potential in the proportion indicated
by the curve, the valve will remain on the same fre-
quency and an amplitude modulation of the order of
40% can be obtained.
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DiRECTIONAL BROADCASTING [as at WIELA]—
Wilmotte. (Sec under *“ Aerials and Aerial
Systems.”’)

«

SHARED CHANNEL BROADCASTING. —Aiken.

(See
under ‘° Reception.”)

Tone BEeEATING OF CABLE-CONTROLLED COMMON-
WavE StaTions oN THE Lowrenz Cowum
PANY’S  SySTEM.-Arendt. (See abstract
under * Transmission.”)

BROADCASTING IN INDIA : EXPERIMENTS IN SHORT-
WavE TrANsMISSION. (Llectvician, 22nd
June, 1934, Vol. 112, No. 25, p. 863.)

IsPrOVING THE BROADCAST OF KRECORDED I’RO-
GRAMMES.—Miller.  (See under '‘ Acoustics
and Audio-frequencies.”)

Broancast DisTRIBUTION.—Noel Ashbridge. (Wire-
less World, 6th and 13th July, 1934. Vol. 34,
pPp- 2—5 and 24-26.)
The Chief Engineer of the B.B.C. deals with the
B.B.C’s policy of transmitter distribution, and
outlines future policy.

BRroapcasTiING  UNDER  HITLER., — Wandering
Wave.” (Wireless World, 13th July, 1934,
Vol 34, pp. 22-23) An account of the
political significance of broadcasting in

Germany at the present time.

BANDIT TRACKING FROM THE AIR. (Wireless Wovld,
20th July, 1934, Vol. 34, pp. 4243.)

An account of experiments carried out with
wireless-equipped  aeroplanes and cars by the
Marconi Company in conjunction with the Leicester-
shire police.

Maixns BrRoaDCASTING [Editorial on Withdrawal
of Clause in Electricity (Supply) Billl.
(IZlectrician, 8th June, 1934, Vol. 112, No.
23, p. 781.) See July Abstracts, p. 396, r-h
column.

THE ERrRicssoN CrNTRALISED RADIO SvsTEAM.
S. Friberg. (Lvricsson Review, No. 2, 1934,
pp. 89-92.)

THE PRINCIPLE AND APPLICATION OF A DIAGNOSTIC
ANALYSIS  OF THE Mrasurep  FIELD
STRENGTHS OF A STATiON [in Mountainous
Country].—Devik. (See under ‘“ Propaga-
tion of Waves.”)

DEVELOPMENT AND RESULTS OF THE GERMAN
MARINE OBSERVATORY TIME-SiGNAL SER-
vice.—A. Repsold and H. C. Freiesleben.
(Physik. Ber., 15th June, 1934, Vol. 15,
No. 12, p. 920))

TeryiNaL IlguipmexTs [for Radio-Telephone Cir

cuits:  General Considerations, and the
Marconi R.C. 49 Equipments].—(Marconi
Review, May/June, 1934, No. 48, pp.

20-29 : to be continued.)

GENERAL PHYSICAL ARTICLES

POTENTIAL MEASUREMENTS IN FILAMENT ELECTRON
Beawms [Discontinuity of Potential at Surface
of Beam].—W. Rollwagen. (Zeilschr. f.
Physik, 1934, Vol. 89, No. 7/8, pp. 395 411.)
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Tue FREQUENCY AND \WIDTH OF BlovING StRIAL
IN THE PosiTivi COLUMNS OF THE RaARE
Gasgs.—W. Pupp. (Zeitschr. f. tech. Phys.,
No. 7, Vol. 15, 1934, pp. 257-262.)

BREAKDOWX 0F AIR AT VERY

(340 m—z2om Wave-
lengths: at Atmospheric and Reduced
Pressures].—F. Miiller. (Archiv f. Elek-
trot., 7th June, 1934, Vol. 28, No. 6, pp.
341-348.)

AcconmmopaTioN COLEFFICIENT AND THE IFRACTION
oF CURRENT CARRIED BY Ioxs I1x A Low-
VoLTaGE ARc.—1. A, Getting.  (Phys.
Review, 1st June, 1934, Series 2, Vol. 45,
No. 11, pp. 738-793.)

THE QUESTION OF THE ANOMALOUS ELECTRICAL
ConpucTiviTy or Thix Mertars [Optical
Aethod of Conductivity Measurements con-
firms existence of Anomalies: These there-
fore are Not due to Bad Contacts between
Molecules].—H. DMurmann. (Zeitschy. |
Physik, 1934, Vol. 89, No. 7/8, pp. 426 430.)

THE SPONTANEOUS VARIATION oF OpTicaL TraNs-
raRENCY oF Tain Metar Firns.  Cox-
NECTION WITH THE SPONTANEOUS RESIST-
ANCE VARIATION AND THE STRUCTURE OF
THE I1Lms [Dispersion Equations Applied
to Tilm Phenomena].--A. Jagersberger.
(Zeitschr. f. Physik, 1934, Vol. 89, No. g/10,
Pp. 564-581.)

INFLUENCE OF THE ANHARMONIC PART OF THE
THERMAL OSCILLATIONS OF ATOMS ON THE
ELECTRICAL RESISTANCE OF DMETALS.
A. Smirnov. (Physik. Zeitschr. der Sowiet-
union, No. 4, Vol. 5, 1934, pp. 5990006 :
in English.)

Tur ELECTRICAL
HicH FREQUENCIES

DiroLt MorLecuLEs.—E. Rabinowitsch.  (Nafur-
wiss., 13th July, 1934, Vol. 22, No. 28, pp.
477-479.)

A short account of a discussion held by the
Faraday Society at Oxford in April; among the
subjects referred 10 was the effect of a solvent in
producing a ‘‘ dispersion curve” of the diclectric
constant. The absorption ¢ffect can be more easily
measured (by the increase of temperaturc) than the
variation of the dielectric constant.

MISCELLANEOUS

A GENERAL ANALYTICAL REPRESENTATION OF
A CLass OF CLOSED LINEAR FIGURES 1N ONE
Prane [Experimental Results approximated
by Fourier Series]..—G. Grobe. (Zeilschr. f.
Phvsik, 1934, Vol. 89, No. 5/6, pp. 388-394.)

NoTE oN THE GRAPHICAL SOLUTION oF PROBLEMS
N TraxsissioN [avoiding Use of Hyperbolic
Functions of Complex Angles]. T. B. Viny-
comb. (12.0. Llec. I:ng. Journ., July, 1934,
Vol. 27, Part 2, pp. 136-138))

“ RECHNUNG MIT OPERATOREN NACH OLIVER
Hravisipe ' (Calculation with the Heaviside
Operational Calculus [Letter prompted by
Book Review]).—B. van der Pol: Berg.
(Hochf:tech. w. Elek.akus., June, 1934, Vol.
43, No. 6, pp. 210-211.)
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“ FUNKTIONENTAFELN MIT FORMELN UND KURVEN "
(Tables of Functions with Formulae and
Curves [2nd Revised Edition: Book Re-
view]).-—E. Jahnke and F. Emde. (Zeuschr.
f. tech. Phys., No. 7, Vol. 15, 1934, p. 285.)

“ HignerR DMATHEMATICS FOR ENGINEERS AND
PuysicisTs ' [Book Review].—I. §. and E.
S. Sokolnikoff. (Rad. Lmngineering, June,
1934, Vol. 14, No. 0, p. 14.)

DETERMINATION OF A PAaraporLIic ForRMULA
TO REPRESENT A SERIES OF OBSERVATIONS.—
J. H. Awbery. (Proc. Phys. Soc., 1st July,
1934, Vol. 46, Part 4, pp. 574-582.)

Grapuic STatisTics [and the Graphical Repre-
sentation of IFrequency Distribution].—
A. ¥. Dufton: Bliss. (Science, 22nd June,
1934, Vol. 79, No. 2060, pp. 564-505.)

THE

Rapto ReseEarcH ( Report of the Radio Research
Board for the Period 1st January, 1932, to
3oth September, 1933’ [Book Review]).—
(Electrician, 15th June, 1934, Vol. 112, No.
24, p. 819: Engimecring, 15th June, 1934,
Vol. 137, pp. 680-68L.)

“ NATIONAL PrvysicaL LABORATORY :  REPORT
FOR THE YEarR 1933”7 [Book Review].—
(Journ. Scient. Iunstr., July, 1934, Vol. 11,
No. 7, PP 234-235))

PrysiKALISCH-TECH-

TuE ACTIVITIES OF THE
NISCHE RETCHSANSTALT 1IN 1933.—S. Erk.
(Zeitschv. V.D.I., 30th June, 1934, Vol. 78,
No. 26, pp. 796-799.) Based on the full
report published in the Physik. Zeitschr.,
No. 6, Vol. 35, 1934

“Turory oF Rapio COMMUNICATION. Post

OFrFICE ENGINEERING DrEpARTMENT, TECH-
~icaL  IxstrucTiONs ’  [Book Review].
(Llectrician, 15th June, 1934, Vol. 112, No.
24, p. 823

“ YEAR BOOK OF THE RESEARCH INSTITUTE OF THE
AEG " [Book Review].--AEG. (ET.Z,
21st June, 1934, Vol. 55, No. 25, p. 619.)

Tie PROGRESS IN Rapio TECHNIQUE AND Rablo
COMMUNICATIONS DURING 1933.-——(Rev. Gén.
de I'Elec., 30th June, 1934, Vol. 35, No. 26,
pp. 888--8go: summary only.)

SoME IDEAS ON THE ADMINISTRATION OF SCIEN-
TiFic SoCIETIES.—E. Delcambre. (L'Onde
Elec., April, 1934, Vol. 13, No. 145, pp.

193-196.)
SOME ASPECTS OF PATENT ProTECTION.—]. W.
Williamson.  {Jouri. Scient. Instr., July,
1934, Vol. 11, No. 7, pp. 205-209.)
CarriER-CURRENT TELEGRAPHY WITH ° 1BAND

REecrivirs ” as used for the 4-Channel Ser-
vice across the Straits of Korea on a 120
Sea-Miles Single-Cored Cable].—T. Kajii
and S. Matsumae. (E.N.T., June, 1934,
Vol. 11, No. 6, pp. 195-201.)

The ““ band receiver ” is an arrangement com-
bining the functions of a filter with those of an
amplifier and a rectifier. The anode circuit of
a triode (Fig. 1) includes a system composed of
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resonant and anti-resonant circuits, whose shunt
and series elements contain induction coils. The
secondary windings of the latter are so connected
in serics with the input transformer that the
em.i. induced in the shunt element attenuates the
input voltage, while that induced in the serics
element improves it. The circuit possesses great
amplifying power and good selectivity; with a
suitable grid bias it also rectifies. The good selec-
tivity results from the combined action of the two
retroaction-coupling coils, when the phase re-
lations of the induced voltages are correct in the
secondary of the input transformer. IFor multiple
telegraphy with a large number of channels, there-
fore, the Type II band receiver (I'ig. 5) with phase
adjusting circuit is preferable, the constructionally
simpler Type I being reserved for a system with
few channels (¢f. transmission band curves of the
two types, Figs. 7 and 8, for a middle frequency of
2 300 ¢/s).

For the highly attenuating single-cored sub-
marine cable of the Korea Straits service lower
frequencies were needed, and 300 and 500 ¢fs were
chosen for one direction and 700 and goo c¢/s for
the other. A speed of 60-8o Bauds was obtained.
The speed was the higher, the higher the carrier
frequency, not only because the attenuation and
impedance characteristics of a submarine cable are
more distorted at low frequencies but also because
of the smaller number of periods included in a signal.
On the 300 c¢/s channel, therefore, a push-pull con-
nection was used for the band receiver.

The principle is applicable to high frequencies as
well as to note frequencies, and is suitable for carrier-
current working, superposed voice-frequency tele-
graphy, and for ringing connections in loaded long-
distance telephone cables.

SEcTiox ProTECTION oF H.T. SystEvs 8y GUIDED
Higu-Freguexcy ControL.—H. Neuge-
bauer. (Physik. Ber.. 1st June, 1934, Vol.
15, No. 11, pp. 888 889.)

A PrROPELLER-VIBRATION INDICATOR [Electro-
magnetic Device for mounting on End of
Engine Shaft : applicable to other Torsional
Vibrations]-—-H. L. Dryden and L. B.
Tuckerman. (Bur. of Stds. Journ. of Res.,
May, 1934, Vol. 12, No. 5, pp. 537-542.)

ON THE ELECTrRICAL METHOD OF MEASURING
SMALL VIBRATIONS, AND ITS APPLICATION
TO THE MEASUREMENT OF VIBRATIONS OF
AIRsCREw BLADES [Capacity Ultra-Micro-
meter Method].—Obata, Morita and Yoshida.
(Phvsik. Ber., 15t June, 1934, Vol. 15, No.
11, pp. 843-844.)

ELEcTRONIC AIDS TO Voick CULTURE.
June, 1934, p. 186.)

Wiy ELECTRONIC-MADE SANDPAPER CUTS BETTER
[Abrasive Particles oriented and arranged
by Electrostatic Field].—(Ibid., p. 187.)

(Ilectromics,

Rapio 1s LATEST AID TO *“ PAINLESS 7’ DENTISTRY
(Drill Vibrations counteracted by ‘ Rhyth-
mic Vibrations” of Earphone clamped to
lI'orehead or Mastoid-Bone).—1:. Drosen.
(Sci. News Letter, 16th June, 1934, Vol. 25,
No. 688, p. 377.)
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SoMmE PossisrLities iN ELECTRONIC EXHIBITS.
McDill.  (Electronics, April, 1934, p. 119.)

THE MACHINE DESIGNER LOOKS AT ELECTRONIC
InpusTRIAL CoNTROL [New Requirements for
Valves, etc., in Industrial Control Devices].
R. W. Carson. (Llectronics, May, 1934, pp.
156, 170.)

ULrra-MicroMETRIC DEVICES [for Industrial Con-
trol Purposes] usiNG RECTIFIERS.—Pfannen-
muller.  (See abstract under ‘ Measure-
ments and Standards.”)

GALVANOMETER AMPLIFICATION BY PHOTOCELL.
V. R. Jones: Hill. (Nature, gth June, 1934,
Vol. 133, p. 872)
A note on Hill’s letter (July Abstracts, p. 398,
r-h column) on the use of a Weston ** photronic "’
cell in a differential galvanometer relay. The
present writer has obtained ten times the ampli-
fication obtained by Hill, as described in a note
referred to in Jourm. Scieni. [ustr., March, 1934.
MaiL SorRTING RooM DAYLIGHT INTENSITY CON-
TROLLED  BY  PHoOToOCELLS. —(Electronics,
June, 1934, p. 186.)

TraIN LIGHT CONTROLLED BY PHOTOCELLS
gian Railway].—(/hid., p. 186.)

Bel-

LiGHTHOUSES AND BEACONS OPERATED BY PHoTO-
CiLLs.—(Ibid., p. 186.)

LustrRE 0+ TEXTILES COMPARED BY PHOTOCELLS.
(Ibid., p. 187.)

Prrcise  LigHT MEASUREMENT [Vacuum-Tube
Voltmeter-Photometer with Balanced Photo-
cell Input].—D. G. Fink. (Llectronics, June,
1934, PP. 190191}

AN ULTRA-VIOLET PHOTOELECTRIC SPECTRO-
PHOTOMETER.—D. H. Follett. (Proc. Phys.
Soc., 15t July, 1934, Vol. 46, Part 4, No. 255,
PP 499-507 : Discussion pp. 507—3509.)

O~ THE PHysioLogicaL Errects or THE ULTRA-
SHORT WAVE.—S. Sasada. (fourn. I.F.L.
Japan, April, 1934, Vol. 54 [No. 4], No. 549,

pP- 297 letter, in Japancse.)
A NEw  AprarATUS FOR ULTRA-SHORT-WAVE
THeraPy  [the ** Ultrapandoros,” giving

100400 Watts at 3.25—7 and 15 metres].

J. Patzold. (Physik. Ber., 1st June, 1934,
Vol. 15, No. 11, p. 891.) A Siemens-Reiniger
equipment.

Farapic CURRENTS SUPERPOSED ON ‘' INFRA-
LoxGg” WAVEs, ror MubicaL PURPOSES.
Saxl. (See abstract under *“ Transmission ")

Locaring New Drposits 1N Mines By Rapio
OBservaTioNs [Field Strength Measure-
ments on Broadcasting and other Stations].

Fritsch.  (See abstract under ‘‘ Propa-
gation of Waves.")

TELEPHONY BY LiLasTIC WAVES IN WaTier [Sub-
marine Telephony between Ships, etc., by
Modulated Supersonic Waves generated by
Piezoelectric Method].——M. Marro. (L’Onde
Elec., April, 1934, Vol. 13, No. 148, pp.
189-192.) For a previous reference see
March Abstracts, p. 167, I-h column. \With
25w at the transmitter speech has been
received up to about 5 miles.
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Some Recent Patents

The following abstracts ave prepared, with the peymission of the controller of H.M. Stationery Office, from
Specifications obiainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1/- each.

SHORT-WAVE MODULATORS

Convention date (Germany), 6th December, 1932.
No. 407652

The transmission line feeding short-wave energy
to a dipole aerial is coupled to the latter through a
diaphragm, which is mechanically vibrated by the
sound or picture frequencies to be radiated. The
variable coupling modulates the outgoing carrier.
To maintain the load on the generator constant,
a '* Phantom ” aerial is provided, with a variable
coupling 180 deg. out of phase with that of the
main aerial.

Patent issued to ]. Pintsch, Akt.

HIGH-FREQUENCY GENERATORS

Convention date (France), 3vrd Awugust, 1932.
No. 407602

High-frequency oscillations, suitable for use in
diathermy, are generated by a spark-gap and
condenser circuit, the actual gap between the elec-
trodes being filled by a phenol-condensation
product, or a resin, containing a mixture of fine
metallic particles, such as copper filings. This
produces a ‘‘ grape-shot ”’ effect, splitting-up the
main discharge into a series of minute spark-gaps.
This increases the frequency of the output.

Patent issued to M. L. Y. de Paniagua.

DIRECTIONAL AERIALS

Convention date (U.S.A.), 1st Sepiember, 1932.
No. 407881
Comprises means for rapidly reversing the
direction of radiation from a ' Beam '’ aerial system
of the type in which the antenna wires are arranged
at an angle to each other, the radiated energy being

A B C D
S S1 S2

No. 407881.

concentrated along the line bisecting the angle.
An energised aerial of this kind is shown at 4 and
is " backed’ by one or more similar but un-
energised or ** floating " aerials 2, C, D. The direc-
tion of radiation either lies along the line B, C, D,
if these aerials act as ** boosters,” or in the opposite
direction if they act as reflectors. The action of
the aerials B, C, D depends upon the relative phases
of the currents induced in them by radiation from
the main aerial 4, and this in turn depends upon
their tuning. According to the invention, the

tuning is changed so as to reverse the direction of
the beam by means of switches S, St, S2 which are
controlled from a remote point and are arranged to
short-circuit a quarter-wavelength section of the
wires.

Patent issued to Marconi’'s \Wireless Telegraph
Co., Ltd.

MODULATING SYSTEMS
Application date 19th September, 1932.
No. 407934
Sideband frequencies are produced in the absence
of a carrier wave by passing a modulating current
through an impedance, such as a valve, the value
of which is varied cyclically at carrier frequency.

C

O
-.i.-

al
ol
No. 407934.

For instance, a positive potential is applied to
the grid G in series with a source C of carrier
frequency. Under these circumstances the total
space current flowing depends almost wholly upon
the grid potential, although the proportion of this
space current which reaches the plate is a function
of the plate voltage. A modulating voltage is
applied to the plate from a source M, and sideband
frequencies are drawn off from the transformer T
for further amplification. The action depends
upon the fact that the plate is operated at a voltage
which does not determine the total discharge
current, whilst at the same time the internal
““slope ’ resistance of the valve varies cyclically
with the voltage applied to the grid.
Patent issued to F. B. Dehn.

TELEVISION SYSTEMS

Convention date (Germany), 7th March, 1932.
No. 407823

The ‘‘line” and '‘ picture” synchronising fre-
quencies, instead of being transmitted at different
amplitudes, are sent at equal amplitudes, and _the
necessary adjustment is effected at the receiving
end by varying the spacing, and therefore the
sensitivity, of the control electrodes in the cathode
ray tube.

Patent issued to M. von Ardenne.
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‘““STATIC ”’ ELIMINATORS
Convention date (U.S.4.), 10th August, 1932.
No. 407872

Relates to arrangements in which the aerial is
located some distance away from the set, in order
to avoid local inductive interference, and is coupled
to it through a screened ‘ transmission line” or
down-lead. The invention resides in the use of a
compact case or ““ unit,” designed to be suspended
from the aerial and containing an impedance-
matching transformer for coupling the acrial to the
line feeding the set.

Patent issued to Amy, Aceves and King, Inc.

DIRECTION-FINDING SYSTEMS
Application date, 5th October, 1932. No. 408015

A series of say six transmitting beacons are
linked by land-line to a central control station from
which synchronised signals are sent to each in turn
in a definite sequence. At the receiving end, the
incoming signals are made to control a rotating disc
in such a way that, when the receiving frame is
pointing at a particular beacon, the name or char-
acteristic call sign of that station is thrown in visible
form on a disc or screen. The object is to provide a
simple direction-finding system which can be
operated by a navigating officer having no know-
ledge of the Morse code.

Patent issued to Marconi’'s Wireless Telegraph
Co.,, Ltd.; H. M. Dowsett; and R. Cadzow.

PUSH-PULL AMPLIFIERS
Applicalion date, 4th October, 1932. No. 408269

The two valves V, Vi1 are fed in push-pull from
the transformer 7. An auxiliary rectifier D, con-
nected to the output circuit, is arranged so that
as the input voltage increases, the rectifier auto-
matically throws the grid bias more negative.
In effect the valves V, 1’1 function as a class A4
amplifier until the input voltage excceds a certain

-%i“
. R: +TE

I

No. 408269.

518

THE WIRELESS ENGINEER &

value, whereupon the diode D comes into operation
to convert the system into a class B amplifier.
Normally the grids are biassed to the middle point
of the characteristic curve bv a resistance R in
the anode-cathode circuit of the amplifier. The
anode of the rectifier D is fed from the output
of the main amplifier through a resistance RI
and condenser C, whilst its cathode is earthed
through the resistance R. The resistances Iz,
R3 form a potentiometer shunt across the diode
rectifier D, from which an intermediate tapping
is taken to the grids of the amplitiers.

Patent 1ssued to Electric and Musical Industries
I.td. and A. H. Cooper.

CATHODE-RAY TUBES
Convention date (Geyrmany), 10th August, 1931.
No. 408297
In high-powered cathode ray tubes, a type of
distortion known as '‘ fringing * is liable to occur
It takes the form of irregular spots indicated at

No. 408297.

S1, 52, §3, S4in Fig. 14, and is caused by undula-
tory movements of the ray at right-angles to its
normal path across the fluorescent screen S
The disturbance is attributed to the effect of free
ions which are formed between the deflecting
electrodes and the end screen, and which are set
into vibration by oscillatory fields from the elec-
trodes or from some external source. According
to the invention, the free ions which are the source
of the trouble are ‘ neutralised’” by the action
of an additional electrode A4 interposed between
the deflecting plates /> and the screen. The elec-
trode preferably consists of two annular plates or
metallic coatings, mounted on the inside or outside
of the glass wall, and earthed.
Patent issued to K. Schlesinger.

THERMIONIC CATHODES

Application dates, 6th Decenber, 1932 and 10th
Mairch, 1933. No. 408062

The inventors have discovered by X-rav analysis
that the most efficient composition for an oxide-
coated cathode is approxnumately two molecules
of barium oxide to three molecules of stront-
lum oxide. Also that when the efficiency of the
coating is reduced by ' flashing,” the barium
evaporates leaving a richer content of strontium.
The same explanation is advanced as the reason for
" poisoning,’”” one of the main causes of failure on
life test when the vacuum is relatively imperfect.
According to the invention an improved cathode is
made with an inner layer relatively rich in barium,
and an outer layer relatively poor in barium.

Patent issued to M. Benjamin and H. P. Rooksby.
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PERMEABILITY TUNING
Application date, 5th October, 1932.

PPowdered-iron cores are mwounted on a single
screw-threaded shaft, in close proximity to the
local-oscillator and preselector coils in a super-
heterodyne set, and are moved simultaneously
in or out of the coils to vary the tuning. The core
of the local-oscillator coil is differently shaped
from that of the H.I. input, so as to maintain
the constant difference necessary to produce the
beat frequency. The tuning coils for the medium-
and long-wave ranges are both wound concen-
trically on a single core, and are tuned (after the
wave-band switch has been operated) by the same
movable core.

Patent issued to E. J. Wyborn; A. W. Martin,

No. 408271

and E. K. Cole, L.td.
DIRECTION-FINDING
Convention date (U.S.A.), 27th November, 1931.
No. 408211

A local current is generated by rotating a coil
in the earth’s magnetic field, and its phase is com-
pared with that of the incoming signal from a
distant Beacon station. Both currents are pre-
ferably produced by a single radiogoniometer
coil, which is rotated at constant speed in the pick-
up tield from two crossed frame aerials. The current
produced by earth-field induction is filtered out
from that due to the received signals, and the
phase-difference is determined by a phase-meter.
When used for aerial navigation, the phase-meter
is initially set to give zero deflection when the craft
1s on its correct course. Any subsequent deviation
i1s then automatically indicated.

Patent issued to Electrical Research Products Inc.

AIRCRAFT WIRELESS
Convention dale (Gevmany), 6th January, 1932.
No. 408321 ’

Two short-wave beams A, B are radiated at an
angle to each other and to the horizontal, the
overlapping parts of the field forming a landing

No. 408321.

curve L of constant field intensity. The beams
are modulated, either simultaneously or success-
tvely, with signals of the form shown at A1, BI, so
that a zero-set indicating meter at the receiver
only shows a deflection if the craft deviates from
the correct landing track. Alternatively the
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indicator may be arranged so that it is illuminated
only so long as the pilot holds to the proper line of
descent.

PPatent issued to C. Lorenz Akt.

WIRED WIRELESS
Application date, 7th Oclober, 1932.

Relates to a method of utilising a telephone
trunk line for carrying a broadcast programme
at high fidelity, simultaneously with other signals.
The programme is transmitted on a carrier-
suppressed single side-band, located well above the
frequency range of the other signals, and a ** pilot ™’
frequency is sent in the intermediate zone so
provided. The unwanted side-band is eliminated
by filter circuits comprising a piezo-electric crystal
in series or parallel with a pure resistance circuit.
For instance, the frequency range from zero to
3 k.c. is used for ordinary telephony; the range
from 3 to 30 k.c. is allotted to a number of carrier
telephony or telegraphic channels; = whilst the
single side-band broadcast programme extends
from 35 to 43 k.c., with a pilot frequency of 34
k.c. The pilot frequency is used to control the
oscillator which reintroduces the suppressed carrier-
wave at the receiving end.

Patent issued to Standard Telephones and Cables
Ltd.; K. G. Hodgson; B. I3. Jacobsen, and F.
Ralph.

No. 408320

TUNING DIALS
A pplication date, 5th October, 1932.

In order to allow a single large dial to be used
for both medium- and long-wave stations, both
scales are of the same radius, and a series of movable
“ blanking strips ”’ are used to render only one of
the scales visible at a given time. For the medium-
waves, for instance, the radial strips are arranged
to disclose the right set of markings, whilst on the
long-wave setting, the strips are shifted to one
side so as to hide the medium-wave markings
and disclose the long-wave scale.

Patent issued to E. J. Wyborn ;
and . K. Cole, L.td.

No. 408576

A. W. Martin

TELEVISION SYSTEMS

Convention date (U.S.A.), 26th Seplember, 1931.
No. 408656

It is important in practice to arrange that the
“ background * brilliancy of the reproduced picture
should vary in accordance with the overall light
intensity of the scene being transmitted. According
to the invention this adjustment is effected auto-
matically —instead of by manual control-—by
first rectifying a part of the incoming signal energy
and then ‘using the rectified voltage to vary the
initial bias applied to the grid of the cathode-ray
tube receiver. As the amplitude of the received
signals increases in the positive sense, the back-
ground brilliancy of the tluorescent screen 1s
automatically heightened, whilst a falling-off in
signal amplitude produces a reverse eftect on the
screen.

l’atent issued to Marconi’s Wireless Telegraph
Co., Ltd.
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TONE COMPENSATION
dpplication date, 16th November, 1932. No. 408727

Relates to means for compensating for high-
note loss irrespective of the amount of reaction
in circuit. A differential condenser is used in the
output circuit of a back-coupled detector valve, and
is short-circuited when receiving signals from the
local station so that the reaction coil is out of action.
For distant stations the differential condenser
passes a certain amount of feed-back energy,
and at the same time places the coupling-condenser
in shunt across the input coil of the next amplifier.
As the high-note loss is thus made to vary with
the degree of reaction the arrangement allows a
constant amount of note compensation to be
applied to the L.F. amplifier stage for all settings
of the reaction control.

Patent issued to G. V. Dowding and Marconi’s
Wireless Telegraph Co., Ltd.

520

THE WIRELESS ENGINEER &

by a diode I'4. A potential-divider R in the out-
put circuit of the diode supplics gain-control bias
to the grids of the amplifiers ¥V, Vi, V2. The
coupling transformer 7 between the A.V.C.
amplifier I3 and the diode V4 has a double-humped
curve as shown in Tig. 1B, so that it passes more
energy on either side of the true resonance point.

Patent issued to Marconi's Wireless Telegraph
Co., I.td.

WIRELESS ¢ ROAD > SIGNALS

Convention date (Germany), 14th November, 1932.
No. 408547

To enable the driver of one car to signal his
intention of “‘ overtaking’ another, the first
car is fitted with a small spark transmitter which
projects a short-range  beam " of waves on to a

TUNING A.V.C. SETS in
Convention date (U.S.A.), 8th November, 1932
No. 408531 3 T
The object is to avoid the necessity for *“ visual
tuning in receivers fitted with automatic gain r]
control, and to provide a reliable means for
ascertaining the correct resonance point by ear N
alone. The essential point is the use of a coupling A
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No. 408531.
element which has a double-humped curve, so that coherer fitted at the back of the second car. The

any movement of the tuning control to one side
or other of the proper setting produces a definite
decrease of the volume of sound. As shown in
the Figure, a superhet receiver comprises a high-
frequency valve V, local oscillator O, first detector
Vi, and intermediate-frequency amplifier V2.
A part of the LF. energy is diverted from the valve
V2 to an auxiliary amplifier V3, and is rectified

rectified impulses from the coherer actuate a local
relay which lights up a warning lamp on the dash-
board. Alternatively it may ring a bell or work a
buzzer arranged near the hecad of the driver. The
arrangement provides an unmistakable indication
of the intention to overtake, in a manner which
cannot be ignored by the driver ahead.
Patent issued to H. Gossler.
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PENTODE SUPERHETS
Convention dale (U.S.A)), 14th January, 1933.
No. 408903

A pentode valve is used as a combined oscillator
and first detector in a superhet receiver. The
local oscillation circuit L, C 1s decoupled from the

T
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b

T
No. 408903.

signal input circuit L1, C1 by the intermediate
grid G. The anode circuit L2, C2 is tuned to the
intermediate frequency, and is coupled through
the coil L3 and condensers C3, C1 to the local
oscillation circuit. This ‘“ mixed ” coupling 1is
arranged to maintain a constant transfer of encrgy
over the whole of the tuning range. In addition
the condenser C3 serves to align the tuning of the
ganged circuits. The third gril has no appre-
ciable influence on the emission from the cathode,
this being entirely controlled by the voltages
on the first and second grid.
Patent issued to Hazeltine Corporation.

VALVE CATHODES

Convention dale (Germanv), 11th September, 1931.
No. 408657

A previously oxidised tungsten wire is first
introduced into position inside the anode of the
valve, and is then sprayed with a stream of evapora-
ted metal, so that a thin layer of the activating
substance is deposited over its centre surface.
The arrangement allows a completely uniform
coating to be applied to the cathode in an eco-
nomical manner.

Patent issued to S. Loewe and B. Wicnecke.

LOUD-SPEAKER FITTING
Application dale, 18th Oclober, 1932. No. 408905

A simple and ready means for connecting-up
a second loud speaker, particularly in the case of
cabinet sets where provision is not usually made
tor this purpose, consists oi an adaptor unit, which
is interposed between the power-valve and the
valve socket. The adaptor automatically inserts a

21 September,
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coupling condenser in the anode circuit of the
power valve, and is provided with terminals from
which the leads for the extra loud speaker are
taken.

Patent issued to Kolster-Brandes, Ltd. ; and T. D.
\Ward Miller.

AN * ELECTRONIC’’ CONDENSER

Convention date (U.S.A.), 16th October, 1931.
No. 408943

An electron discharge tube is made to serve as a
variable condenser by using an external plate or
band to control the volume of the glow discharge
between two internal electrodes. One application
is described in connection with a method of phase-
modulation. Or, as shown in the tigure, the device
can be utilised for controlling the tuning of a distant
wireless set. The usual tuning-condenser C of the
set is connected to the external band B of the dis-
charge tube, one of the internal electrodes I heing
earthed, whilst the other is connected through a
resistance It to a variable tapping on a distant
potentiometer /°. The latter is used to vary the
voltage across the tube. This changes its ettective
shunt capacity to earth and so controls the tuning
of the receiver. Advantages of the ‘“condenser ™
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No. 408943.
tube are that it has no moving parts, is simple to
construct, and is reliable in action.

Patent issued to Marconi’s \ireless Telegraph
Co., Ltd.

LIGHT-SENSITIVE CIRCUITS
Application date, 12th December, 1932. No. 409068

In order to run a light-sensitive amplifier direct
from A.C. mains, the light-sensitive cell is coupled
to the grid of the valve and is shunted by a resistance
and high-capacity condenser arranged in parallel.
This serves to smooth the rectified current im-
pulses produced by the valve from the A.C. supply.
An additional series resistance is used to maintain
a constant potential on the grid. until this is dis-
tributed by the effect of the light to be measured
falling on the sensitive cell. A relay ot the direct-
current type is then operated by the amplified
anode current. .

Patent issued to H. W. Pook and Radiovisor
Parent, Ltd.
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PIEZO-ELECTRIC APPLIANCES A.C. VALVES

Application date, 1st November, 1932. No. 109040 Convention date (Germany), 20th August, 1932.

Microphones and loud-speakers are built up No. 409183

from a series of discs cut from Rochelle salt or a
similar piezo-electric crystal. The Figureshows aloud-

No. 409040.

speaker diaphregm comprising crystal discs  with
interposed quadrant electrodes E which may be
connected in parallel as shown, or in series or
series-parallel.  An arrangement of piezo-electric
""sound cells " suitable for a microphone is also
illustrated.

Patent issued to A. H. Stevens.

Convention date (U.S.A.), 20th September, 1932.
No. 409193
Automatic volume control is combined with
means for rvegulating the selectivity, or fidelity
response, as between distant and local stations.

The output from the detector wvalve ' is
passed through a galvanometer a
G which rotates a shatt D KG—-

against the return action of a
spring S. The shatt carries one
plate of a condenser C in series
with the aerial circuit, together

&

with  vanes V1, V2 which
‘“spade tune’ the intervalve
coupling circuits.  For maxi-

mum range and selectivity, the
capacity clement C and vanes
Vi1, Va2 are thrown away {rom
their associated circuit com-
ponents. As the knob X is
turned to bring in a local station
the output current from the
delector valve I rotates the

The cause ot ““ humming ” in mains-driven valves
is attributed (a) to partial oxidation or atomisation
of the filament, which gives rise to continual varia-
tions in resistance and temperature; (b) to bodily
displacement of the hlament inside its insulating
tube ; (c) to the leakage of current trom the filament
(particularly in the casc of A.C. valves) to the cath
ode layer, due to insulation weakness at the high
temperatures, According to the invention these
defects are overcome in manufacture by first
inserting the heating filament into the insulating
tube, next filling the latter with an insulating
powder containing aluminium oxide, and finally
baking and de-gassing the whole. Contact between
the insulating powder and the cathode is reduced by
providing the latter with longitudinal or transverse
ribs, or by fitting insulating rings or distance-pieces
between the two.

Patent issued to Radio-Akt. D. S, Locwe.

MICROPHONES

Convention date (U.S.A.), 12th April, 1932.
No. 409368

In a moving-coil microphone, the coil is attache
to a diaphragm and is suspended in the air-gap
between tapered pole-picces. In the centre pole
piece, below the diaphragm, is an air chamber
provided with ‘" damping’’ openings.  These
openings are initially over-dimensioned but are
afterwards suitably restricted, to give the required
frequency response, by closing them in with
porous material, such as a tabric disc. The chamber
thus forms an acoustic network or ' impedance
which controls the vibration characteristics of the

diaphragm.

Patent issued to Electrical Research Products
Inc.
_______________ r————————====——""
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shatt D to increase the capacity
C, which, by a Wheatstone
Bridge effect, reduces the aerial
coupling to the first valve.
Simultancously the vanes Vi,
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V2 broaden the tuning of the
coupling circuits, so as to cover the tull side-band
width for optimum quality.

Patent 1ssued to Marconi’s Wireless Telegraph
Co., Ltd.

D
/
I

FIQ. 2
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