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Editorial.

Mutual Demodulation
IN our issuc of June, 1928, Dr. R. T. Beatty

discussed the cause of the phenomenon

that when two stations of different
frequency are received simultaneously, the
acoustic disturbance caused by the weaker
ne is less than one would expect from a
comparison of their relative amplitudes on
the input side of the detector. In our issue
of November, 1929, Mr. S. Butterworth
discussed the matter more rigorously and
showed that one of Dr. Beattv’s most
striking results was due to the neglect of a
term which is too important to be neglected.
[n cur current issue Mr. I'. M. Colebrook
seeks to amplify this article for the benetit
f those who, like himself, Iind Mr. Butter-
worth’s mathematical treatment rather too
ompressed. e trust that we shall not be
thought presumptuous if we seek to throw
till more light on this problem by treating it
sraphically, before proceeding to discuss
another aspect of the question. In I'ig. 1 (a)
the vectors 0OA, AB represent two radio-
frequency electromotive forces acting simul-
taneously on an ideal rectificr, OB represents
the resultant EM.F. The whole diagram
is assumed to rotate at the radio-frequencv
about the centre O, and the E.M.I'. at any
moment is the projection of OB on the

and Allied Problems.

vertical ; the length OB is therefore equal
to the amplitude of the IZM.F., and it is
this in which we are interested. If the
frequency of AB difters from that of 04, the
vector 4B will revolve about .4 relativelv to
0A, and as we are onlyv concerned with the
length OB, we can regard 0.4 as stationary
and the line AF as rotating at a frequency
equal to the difference between the two
radio-frequencies. The lengths of OB for
eight equal intervals of time during a half
revolution of A/ are shown in Fig. 1 () ;
the figure on each curve is the ratio A5/0A.
These are not sine curves, and the departure
from the sine form increases with the ratio
AB/0A. Looking at the curves for 45/04 -

11 %and 1, it will be seen that although they
go equally above and below the horizontal
line AA’ the areas above the line are greater
than the areas below. It must be remem-
bered that these curves give the gradually
changing amplitude of a radio-frequency
EMF. which we assume to be applied to an
ideal detector which has an infinite resistance
in one direction and a constant resistance
in the other. To some suitable scale, then,
the height of these curves above the line
OO0’ represents the magnitude of the rectihed
current. We assume that the radio-fre
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quency variations arc smoothed out. If
the difference between the two radio-

frequencies is small enough the variations
its

of the rectified current as it follows

@

L1

appropriate curve in Fig. 1 () will give a
heterodyne note, but if the frequency
difference is sufficiently great, or the appa-
ratus sufficiently sluggish, the heterodyne
fluctuations of the current will be smoothed
out, and the resultant current will be given
by the average height of the curves above the
line 00’. It is obvious that this increases
as AB/OA increases ; it has been determined
from Fig. 1 (b) and plotted as the curve in
Fig. 1 (¢). The abscissae are here the values
of AB/OA. This is Mr. Colebrook’s Fig. 1.
Up to the present we have regarded OA and
AB as representing two unmodulated car-
riers.  If AB is modulated its amplitude
changes and with it the ratio 4B/04. If
the two carriers are of equal amplitude so
that A5/0A4 is 1 and 45 is now modulated
50 per cent., the ratio 4AB/0A will vary
between & and 1}, and the rectified current
will vary up and down between mn and
pq in Fig. 1 (), whereas, if the carrier 0.1
were absent,the current due to the modulation
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of A5 would vary up and down the straight
line between mr and ps.  The audio-frequency
current is thus reduced and distorted by the

presence of the other carrier. If 4B wereonly

AVERAGE
AMPLITUDE
OF H.F

VOLTAGE
&
_ 1 v im0
fLNE © Vi Ve ¥ 11%1%,0
AB/on
(b} c

1.

3 04 and modulated 100 per cent., the

current would only vary between wvw and
mn instead of between O and mr, hence the
weak carrier is very severely demodulated
by the presence of the strong carrier.

We now turn to another aspect of the
problem not dealt with by the authors
mentioned above. If two equally strong and
equally modulated waves are affecting the
acrial, one being the wanted signal to which
the receiver is tuned, and the other a dis-
turbing wave of a somewhat different fre-
quency, the electromotive forces acting on
the detector are very different from those
acting on the aerial.

As an example, let us consider the case
shown in Fig. On separate lines are
shown the carrier and the two sidebands of
the wanted wave and the equally strong
carrier and the two sidebands of an un-
wanted wave. Assuming Io0 per cent.
modulation in both cases the sidebands have
half the amplitude of the carrier. The un-

2
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wanted wave is shown as being modulated
at half the frequency of the wanted wave,
f.¢.. with a pure note an octave lower.
If the curve shown is the resultant re-
sonance curve of the acrial and pre-detector
tuning circuits, we can determine the
magnitude and phase of the six currents
set up by these six electromotive forces.
Until we have done this, we do not know
what it is that is supplied to the detector
and cannot therefore predict the nature of
the rectitied output.

The ordinates marked on the resonance
curve give the relative values of currents
produced by equal E.M.I's of the different
frequencies. To find the relative magnitudes
of the currents produced by the six EM.F.s

we have only to multiply these E.M.F.s
by the corresponding ordinates of the
resonance curve. Reading from left to

right, the six currents will be £, %, 13, 2, 10, 1.
\We must now consider the relative phases of

12 Jyz
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Fig. 2.

these currents.  Unless the waves have
suffered from selective fading en roule, the
L. M.F.s acting on the aerial will be as
shown in Figs. 3 (@) and (b) in which all the
angular velocities are those relative to the
wanted carrier, and « is the modulation
irequency of the wanted signal (see lig. 2).
Fig. 3 (a) shows the wanted E.M.F.s and
Fig. 3 (b), the unwanted ones. There is no
fixed relation between the phases of the two
signals, but for the sake of simplicity we
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shall take the condition shown in Iigs. 3
(a) and (b) as our starting point. Now the
wanted carrier E. M. acts on a circuit
tuned to it and produces therefore a current

3w/
/4
w | @ Ya| 5w
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i - ar 3w (dl 5w,
\ 74
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Fig. 3.

in phase with the EM.F. One EM.I", viz.,
the upper wanted sideband, is at a frequency
above resonance and produces a current
lagging about go° behind it. All the other
EMF.s being at frequencies below re-
sonance will produce currents leading by
about ¢o°. The currents will therefore
have the phases shown in lig. 3 (c) for the
wanted and in Fig. 3 (d) for the unwanted
signal, the order in each case being carrier,
upper sideband, and lower sideband.

It is a simple but laborious matter to find
the resultant of these six vectors for a
number of successive moments taken through-
out a whole cycle. To get a whole cycle of the
w/4 component it is necessary to go through
four cycles of the w components. The
simplest method is to find the sum A of the
vertical or sine components of the five ro-
tating vectors and add it to the stationary 10,
and then to find the sum B R

ol the horizontal or cosine
components. The resultant
R is then V(10 4 A)® + B2 *|

as can be seen from Fig. 4. |

With the values and con- 3
ditions assumed in Figs. 2 /R
and 3 the values of A and i /
B would be given by the 10
formulae
fo. 0 . 30
A= —(zsin sin ~ /
\ 4 4
V
2.5 .
sin ~— Fig. 4.
50 4 6
8 4 38 2 50
B = cos f-+2cos -} COS” cos
" 17345

wlhere 8 = ot.
If the length of R be plotted to an angl
or time base it will give the variation of
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mplitude of the radio-frequency current dur-
a complete modulation cycle. If the

rid of the rectifier be connected across a
ondenser or coil through which this current
sasses, the grid voltage will be very nearly
proportional to the current, and if we asstime
traight line rectification, the same curve
will represent to some scale the rectified
current.

The curve must be analysed into its
fuudam,‘."/‘@/f *d various harmonic com-
ponet: -~ %x o determine the nature of
the ac u.uc put.

Two points of importance will have been
noticed ; first that, although two signals
may have been equally modulated, the

“The
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tuned selection of ome automatically re-
duces its modulation compared with that
of the other, and, zecondly, that the
phases of the various components are very
much modified by the properties of the
tuning circuits.

The carrving out of the analysis oi the
resultant curve should show whether there
is any foundation for the suggestion that
such a tuned circuit and detector can dis-
criminate Dbetween the wanted and the
unwanted components, so that when by
audio-frequency correction the wanted com-
ponents are restored to their full value, the
unwanted ones remain obligingly in the
background.

Engineer ”

—A Change in Name Only.

XPERIMENTAL WIRLLIESS, when first the journal appeared, was devoted
E almost entirely to the interests of the wireless experimenter, and it was for this

reason that the title was chosen.

The rapid evolution in wireless theory and

ractice, however, resulted in the journal becoming regarded as the paper of the more
P , !

| highly qualified enthusiasts, professional and amateur.

In consequence, the title

was extended to Experimental Wireless and The Wireless Engineer. We feel that a
stage has now been reached when the latter part of this title more accurately expresses
the scope and policy of the paper, and accordingly with the September number the
order will be reversed and our journal will be known as The Wireless Engineer and
Experumental Wireless.  The alteration will involve no change in the policy or contents
of the journal, which will be maintained on the same level as in the past.
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The Apparent Demodulation of a Weak Station

by a Stronger One.”
By F. M. Colebrook, B.Sc., D.I1.C., A.C.G.L

N EW. & W.L. for Nov., 1929, there
appeared an article by Butterworth
entitled *“ Note on the apparent demodula-

tion of a weak station by a stronger one.”
The object of the article was to explain in
general terms an interesting fact of ex-
pericnce in the reception of a modulated
wave subject to interference {rom another
modulated wave, the frequency difference
between the two signals bcing supersonic.
It is found that the extent of the interference
as measured by the audio-frequency response
of the receiver is very much less than would
be inferred from the resonance curve of the
receiving circuit. That is to say, for the
samc  degree of modulation the acoustic
ratio is very much less than the ratio of the
carrier wave potential differences produced
by the wanted and the interfering stations.
The matter had been discussed by Dr.
Beatty in an earlier article, also published
in V. & W.I. Dr. Beatty’s theory was
«tated in very simple language and afforded
a valuable insight into this important and
hitherto unexplained phenomenon, but un-
tortunately it contained an implicit approxi-
mation which led to erroneous conclusions
in some cases. DButterworth gave a more
rigid analysis, avoiding this approximation,
and achieving full generalisation with a
severe economy ol material, in the effective
mathematical style which is characteristic
of his work. In fact, the only criticism
one could ofter would be that the economy
was a little too severe for a discussion of a
technical matter of some importance in-
tended to be ascimilated by persons of a
technical rather than a mathematical habit
of mind. The present writer found it
necessary to amplify some of the steps—
or perhaps jumps would be a better word—
before he was able to grasp the full signifi-
cance of the analysis. This more pedestrian

* 11S. received by the Editor, April, 1931

pursuit of the subject was not without its
own reward, however, for it brought to light
another aspect of the matter which, though
implicit in Butterworth’s work, was not
explicitly referred to. It appears that what
Dr. Beatty described as a mutual demodula-
tion effect can equally, and perhaps a little
more clearly, be represented as a modification
by each transmission of the elfective rectifica-
tion characteristic of the detector in relation
to the other transmission. Moreover, the
nature of this mutual modification of the
rectification characteristic is such as to
result, not only in a diminished interference
from the weaker transmission, but also in
an appreciable distortion effect in the repro-
duction of the modulation of the stronger.

Since this matter is likely to increase
rather than decrease in importance as trans-
missions become more numerous, it has been
thought worth while to emphasise this
additional deduction from Butterworth’s
analysis, particularly as the appropriat
restatement of the subject tends to make
the main conclusion with regard to inter-
ference somewhat easier to grasp.

We assume in the first place a detector
which gives an approximation to pertect
rectification, ¢.e., one which has zero con-
ductivity in one direction and eftectively
constant conductivity in the other. This
is the ideal type of rectifier for the repro-
duction of microphone modulation, and on
which can be approximately realised in
practice by large amplitude grid circuit
rectification. The present tendency in re-
ception technique 1s towards rectification
of this type. It is further assumed that
the detector output load is of low impedance
relative to that of the detector at radio
and high supersonic frequencies and of high
relative impedance at audible modulation
frequencies.  (This is equivalent to Butter-
worth’s assumption of an output instrument
which is too sluggish to respond to radio
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and supersonic frequencies but is able to
record changes at zero and audible fre-
quencies.) This again i3 approximately
descriptive of §the grid rectifier and also,
though 1less exactly, of an anode bend
rectifier. Considering, for example, the grid

1.3

410

ENXPERIMENTAL WIRELESS &

of angular frequency w, giving rise to a
detector input voltage

Uy = V5 COS wyt

(The origin of ¢ can always be chosen so as to
give an Initial zero phase difference, to avoid
superfluous symbols.) The

1 | T T
|

f )

01 02 03 -0'4 05 06 o7

Fig. 1.

circuit rectifier, the grid leak and its asso-
ciated shunt condenser can be regarded as
the output load of the rectifying circuit
proper, since it is the passage of the rectified
currents through the grid leak and con-
denser which produces the potential changes
required for the operation of the remaining
elements of the receiver. The magnitude
of the condenser is such as to make this
output load impedance low at radio and
supersonic frequencies and high at audio-
frequencies and at zero frequency.

Expressing these characteristics in sym-
bols, the rectified output voltage », for an
input radio-frequency v = 17 cos wt is assume:l
to be

v, = RV

it V is constant or only varies at audio-
frequencies, and
k
Ty
if the variation in V is supersonic of period 7',

Now imagine a recciver embodying such
a detector to be tuned to a continuous wave
transmission of angular frequency w;, the
resulting detector input voltage being

v, = V', cos wy!

T [: Vit

and suppose that there is in addition an
interfering continuous wave transmission

—

total detector input voltage
is v, + v,, which can be put
in the form

v, + vy =0 = V cos (wf — )
where
w = (w; + w,y)/2
-V
. i I 2
tan ¢ V. T Vztan
(wy == wy)!
2
and

VE=V 3+ V3242V, V,

€oS (wy — wy)t
(Butterworth gives a slightly
different butequivalent trans-
formation.) The angular frequency differ-
ence (w; — w,) 1s assumed to be supersonic,
so that the detector will record the mean
value of V', 1.e.,

(T
Up = ;] (V2 Vot +2V 175005 (wy — wy)f}dl
0

where

(wy — wy) == 2=/T

Following Butterworth, a simple trans-
formation gives
v, = RV f(V,ofV) for 17, <V,
= RV, f(V,/V,) for V, >V,

/2 - 3
(r + x)l I{I = _tbx)zsingqﬂ} d¢

i S0

o =2
x being equal to or less than 1. The integral
is the complete clliptic integral of the second
kind, so that f(x) is easily evaluated from
tables. It is shown plotted in Fig. 1. It
is T when x = 0 and 1.273 (4/7) when v = 1.
What we are more concerned with, how-
ever, is the change in v, as a function of 17
(the amplitude of the wanted signal). Now
when v, = 0,
— kV,f(0) = RV,

Uy
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s0 that for values of 17, less than 7,
v, = /"V2f(V1/V~z) — RV,
= kVAf(V\IV2) — 1}

and for values of V', greater than I/,
dv, = MV, [(Vo/Vy) — V}

In the absence of interference the rectitier
‘haracteristic in relation to Vy is given by

Su, = v, = kV,

The above analysis shows that in the pre-
sence of interference represented by the
potential ¥, the effective rectification char-
.cteristic becones
du, = RV {f(Vy/V,y) — 1}, Vi <V
=MV VoV — Vo Vi> Vs

The difference will be made clearer by an
example. Fig. 2 shows 8v, plotted against
V', (taking % as unity for simplicity) assuming
V, = 0.25 volts. The slope of the cffective
characteristic is zero when V is o, and the
characteristic approaches asymptotically the
line

SV, = k(V, — V)

when V', is very large. Thus in the presence
of the interference the potential change

411 August,
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depth to bring the minimum value of V,
into the curved region of the rectification
characteristic. In fact, however small 7/,
may Dbe, the apparent rectification char-
acteristic will Dbe curved at the foot on
account of the interaction of the two signals,
so that perfect reproduction of 100 per cent.
modulation would be unattainable even
with a perfect rectifier.  However, the efiect
will be appreciable only when the interfering
transmission gives a detector input voltage
which is not very small compared with that
due to the wanted transmission. Such
conditions will quite often occur in practice,
as, for example, when a distant station is
reccived on a receiver situated in the neigh-
bourhood of another station.

The mutual demodulation effect, which
was the subject of Butterworth’s original
paper, is also made clear by these apparent
rectification characteristics. As far as the
wanted signal is concerned, it is obvious that
the slope of the apparent rectification char-
acteristic is affected only slightly by the
interference, as long as the carrier wave
voltage of the wanted station exceeds that
of the interference. The interfering trans-
mission, on the other hand, assuming it to

due to the wanted signal o
is reduced, in the ratio 1
1:(x— V,/V,) when V, is

large, and to a much greater o8y
extent when V, is small. |
From the point of view of 3 os|
the reception of a modula- I
ted wave, however, the more 0a

important featura is the
effect of the interference on
*he shape of the apparent 02|
rectitication characteristic, for

faithful reproduction of ol
modulation requires uni-

formity ol slope in this

characteristic. If we suppose

V; tobe modulated at audio~

frequencies, it is clear that in the absence of
interferense the assumed straight line recti-
Acation characteristic will give a faithiul re-
production of the modulation, iree from
amplitudedistortionand the consequent intro-
duction of spurious harmonics. On the other
hand, the apparent rectification characteristic
which arises from the interaction of ¥,
and ¥V, will not give faithful reproduction
of the modulation if the latter is of sufficient

give a smaller detector input voltage than
the wanted transmission, will clearly have
an apparent rectification characteristic very
greatly reduced in slope. It is determinable
in precisely the same manner as for the
wanted transmission and by means of the
same formulae. Thus, assuming V', to be
constant at I volt, dv, as a function of 1, is
as shown in Tig. 2, which also shows for the
sake of comparison 8v, as a function of V',
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assuming V', constant at 0.25 volts, and the
normal rectification characteristic for either
transmission in the absence of the other. That
for V, with V| constant at I volt has at
V,=0.25 only about o.12 of its normal
slope. The result is that for equal modula-
tion percentages the ratio of the modulation
{requency output voltages for the two
stations is only about 0.03 to 1, though the
detector voltages are in the ratio of 0.23
to 1. The greater the ratio of the detector
voltages, the greater is the reduction in the
apparent slope of the rectification char-
acteristic for the weaker of the two. The
effect is fully tabulated in Butterworth’s
paper to which reference can be made for
fuller information on this aspect of the
matter. It may be further pointed out,
Lhowever, that the ratio of the modulation
frequency output voltages is still further
decreased by the fact that the interfering
transmission is received on a circuit not
tuned to it, so that its sideband voltage

A New Development in

S the result of careful investigation undertaken
by the Research Department of R.I., Ltd.,
nickel iron of very considerably higher per-

meability than ever used before has been embodied
in their new I. F. transformer, officially designated
the *“ Parafced ”” model. As its description implics,
it is intended for use in circuits where the steadv
D.C. 15 deflected through a resistance, or anode
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amplitudes will be unequal. The modula-
tion frequency output produced by rectifica-
tion in such a case is determined mainly
by the smaller of the two. This effect will
however, be less important than the “ de-
modulation ”” produced by the stronger signal.

The above analysis is of course somewhat
idealised. The actual rectification char-
acteristic will not be a straight line through
the origin, even in the absence of inter-
ference, but will in fact be curved at the
foot. The principle is not greatly affected
as long as the amplitudes are such as to
come well into the straight line region.
If the amplitudes are so small as to involve
the toot of the characteristic only, then the
rectification is practically square law in
type and, as Butterworth points out, there
will be no demodulation effect on either
transmission in that case. In practice,
therefore, the effect may be expected to
vary up to the maximum represented by
the assumption of linear rectification.

LF. rTransformer Design.

choke as the case mav be, and only the A.C. com-
ponent passed to the transformer. On account of
the special properties of the core material —a
nickel-iron alloy with a large percentage of nickel
—a high inductance can be obtained with a com-
paratively small amount of wirc, and, furthermore,
a considerable reduction is effected in the size of
the core, since it is quite unnecessary to legislate for

the magnetising effects of

T 17 T TT TTT T the D.C. in the windings.
N 5 T T T 111111 g
T T 1T T T T HH— ~ 1 As a consequence, the
T T ] I I NN ““ Parafeed " transtormer
100f——+ . L d by J L] ! — attains a primary indue-
] - T S i ~  tance of about 120 henrvs
H A+ - and the overall sizeis but
3 NENIEEENE T 2in.x13in. X rin. high
= By aslight modification
g HT+ [T in the circuit a rising
5 HYDPYERQCQORE o characteristic can be ob-
a T I P h .
s L.F. CHOKE tained and the average
< Ztds 1 amplification raised from
S s 8o to the order of g5 times.
o . .
= D The rapid decline below
3 : socyclesisarrested and at
= 5 i 25 cvclesthe amplification
8 is a shade over 60 times
= To achieve these results
’,\\ B the anode resistance is re-
- o q— TRANSFORMER AW [ placed by a highinductive
" 1 [ g ] : j. B
[ 11 T ‘L{/ AMPLIFIGATION = Vg/V; CATHODES L.I'. choke. These S
{ B A ] L ‘J were prepared by the
i - | | il | 0 . i > & g
) 3} 5 5 55 5 s 553 s 5 Nl L. and are ploduc?]d
4 2 & 8 983 8 8 g 883882¢g Ly permission of the
- N T dsNag O manutfacturers, Radio
FREQUENCY IN CYCLES PER SEGOND

Curves showing ‘he voltage amplification of R.I. ‘“ Parafeed ” L.F. transformer
(a\ with 1:4 yatio and vesistance-capacity feed ; (b) with 1:4 ratio and

anode choke in pluce of R.

Instruments, Ltd., Purley
Way, Croydon ; the price
of the *“ Parateed ’ trans-
former is 8s. 0d.



THE WIRELESS ENGINEER

413 August,

1931

The Variation of the Resistances and Inter-

electrode Capacities

of Thermionic Valves

with Frequency.”
By L. Hartshorn, D.Sc., A.R.C.S., D.IC.

{The National Physical Laboratory.)

1. Introduction.

T is now very generally recognised that

the most convenient way of studying the

behaviour of thermionic valves in any
circuit is to represent each valve by its
equivalent network, consisting of the three
inter-electrode capacities, and the anode
circuit resistance, associated with an electro-
motive force e (where p is the vaoltage factor
of the valve, and e is the input p.d.), arranged
m the well-known delta formation. The
properties of this networkt have been worked
out mathematically in some detail by various
workers, and it has been found capable of
explaining many experimental results ob-
tained over a great range of frequencies.  In
the mathematical analysis it is assumed that
the valve capacities and resistance are con-
stant for different frequencies, and in most
practical cases it is assumed that the
equivalent resistance of the valve in the
network is the value which can be deter-
mined from the static characteristic curves,
and that the capacities are the same as the
electrostatic capacities between the elec-
trodes, 7.2., the capacity measured when the
filament is cold, and not emitting electrons.
It is not difficult to show that these assump-
tions are not strictly true; the valve
capacities are uffected by the electron
emission from the filament, and both the
resistance of the valve and its capacities
vary with frequency. The nature of these
changes and their order of magnitude will
now be concsidered, and thus an estimation
of the errors arising from the usual assump-
tions will be possible in any given case.

2. Definitions of Capacity and Resistance.

It is first ol all necessary to consider in
derail what is meant by the terms capacity

* MS. received by the Ldiior, July, 1930.
+ Colebrook, [.I.E.., 67 (1929), 15

and resistance. Originally the term capacity
was introduced to represent the relation
between the charges acquired by conductors
and the potentials imposed on them, it being
assumed that the conductors were surrounded
by a medium which was a perfect insulator
and 1in which, therefore, there were no
currents. Resistance was defined as the
ratio ot potential difference to current in
any portion of a circuit, it being assumed
that the current was constant, and that
there was no accumulation of charge in that
portion of the circuit, /.e., that there were
no capacity effects. In practice these con-
ditions are seldom satisfied, accumulations
of charge (or capacity effects) and currents
occur at the same time, and for alternating
current work it has been necessary to intro-
duce new definitions of capacity and resist-
ance, which can be usefnlly applied to
practical conditions, and which at the same
time give the same results as the old defini-
tions when applied to the ideal conditions
originally postulated. Some writersi have
attempted to apply the old definition of
capacity, 7.e., ratio ol charge to potential,
to the case of the filament and anode of a
valve, under conditions in which an emission
current is flowing, :.e., conditions which
are excluded by the definition. It is only
necessary to compare their deductions with
well-known experimental results to see that
this definition cannot be applied in such
cases,

Consider any two conductors separated
by some kind of insulating material, for
imstance, two electrodes of a valve. If a
variable potential ditterence v is applied to
them a current flows out of one and into
the other, and we therefore imagine them
to be connected bv a current path. In

1 Rajskr, L’Onde Ilectrique, 7 (1928), 461
Pelrucci, Nuovo Cimento, 6 (1929), 298.



Angust, 1931

practice the capacity and resistance of the
system are the two electrical magnitudes
representing this current path, whiclh enable
the current to be calculated in terms of the
voltage v. In the case when both voltage
and current are of sine wave form and fre-
quency w/2m, the capacity C and resistance
R are defined by the vector equation*

I V‘;e + jCw ()

In order to find out how resistance and
capacitv thus defined vary as the conditions
in the insulating medium are changed, we
must interpret this definition in terms of
known properties of the medium. The
power P dissipated in the medium is given by

P=V¥R .. . (2)
and thus R is given by the ratio V#/P, and
we may use this relation as a generalised
definition of resistance. The quadrature
component of the current j¥VCw causes no
net dissipation of energy, but it does involve
a storage ol energy in the current path
every half cycle, this stored energy 1V, being
returned to the source of the p.d. in the
following half cycle. The energy stored per
half cycle is given by

IVO = %Csz o - (3)

and we may regard this equation as deter-
mining the capacity C in terms of the in-
sulating medium.

Consider now a small cylindrical element
of the current path between the two con-
ductors. Let its length tangential to the
lines of current flow be & and its cross
section at right angles to these lines be 8a.
When a potential difference v is applied to
the conductors let I be the electric intensity
at the place occupied by this element.

The expression for the power dissipation
8P in this small element may be written

3P = ol?8adl .. -2 o W)
and that for the energy stored in it
eF?
Wy — 5 8adl .. o ()
87

* This equation defines the equivalent shunt
resistance I, and the equivalent shunt capacity C,
the quantities appropriate to the valve network.
In other problems it is sometimes convenient to
use the equivalent series resistance » and the
equivalent series capacity ¢ defined by the equation
b I (r —j/Cw).
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where ¢ and e are two constants of the
material, viz., the specific conductivity and
the dielectric constant, at the place con-
sidered. The values for the power dissipated
and energy stored in the whole current path
must be obtained by integrating these
expressions throughout the whole of the

space occupied by the path. Thus
P = ffoFdldua e .. (6)
eF?
w, //&W dadl .. N4

Equations 2, 3, 6 and 7 may be regarded
as the generalised definitions of the resistance
R, and capacity C of any current path, in
terms of the material constants ¢ and €, the
distribution of electric intensity I through-
out the current path, and the terminal
voltage V. For I we may, of course, sub-

titute — .
stitu dl

3. Deductions.

From these definitions several important
deductions may be made. The resistance
and capacity are functions not only of the
material constants ¢ and o, but also of the
distribution of electric intensity or voltage
gradient. The original definition of capacity.
as the ratio of charge to potential, applies
only to cases in which the voltage gradient
is determined solely by the values of e
(and, of course, the shape and size of the
conductors or electrodes), s.e., o is either
zero or else its effect is negligibly small.
The capacity under these conditions is often
called the “ geometric ”” or ‘‘ electrostatic
capacity, and for convenience we shall refer
to this distribution of electric intensity as
the ‘electrostatic distribution.”” In prac-
tice it is only realised for very short time
intervals or at very high frequencies. At
such frequencies, although o is not small, its
effect on the voltage distribution is negligible
compared with that of ¢, the effect of €
being proportional to the frequency, and
that of ¢ independent of the frequencv.
Now in this electrostatic case it 1s well
known that the electric intensity takes up
that distribution which makes the stored
energy a minimum. Thus the electro-
static ”’ value of a capacity is the minimum
possible for any current path, if the phvsical
properties of the material remain unchanged.



THE WIRELESS ENGINELR

Consider now the conditions which are
assumed in ordinary direct current theory.
A constant applied voltage produces a
constant current, and the value of this
current is determined solely by the resistance
of the path. In this case the distribution
of voltage throughout the path is deter-
nined solely by o, i.e., the eflect of is
assumed to be negligibly small. This con-
dition is easily realised in practice by apply-
ing a constant voltage and then allowing a
sufficiently long time to elapse for the
current to reach its constant final value.
The distribution of voltage and electric
intensity in this case will be referred to as
the D.C. distribution. In alternating current
work it is only approached at very low
frequencies. It is well known that this
D.C. distribution is that which causes the
minimum power dissipation for a given
applied voltage. Thus the D.C. conductance
is the minimum possible for any current
path, or the D.C. resistance is the maximum
possible. Anything which causes the voltage
gradient to deviate from the * electrostatic
Jistribution causes an increase of capacity,
and anything which causes it to deviate
rom the ‘ D.C. distribution” causes a
decrease of resistance. Thus, in general,
conductivity in an insulating material causes
an increase in its capacity. The only case
in which conductivity causes no change in
capacity is that in which it causes no
change in voltage gradient, 7., when e
and ¢ are everywhere proportional to one
anotlier, or the ratio ¢/o is constant through-
out the medium. In this case the voltage
gradient determined by e alone (the ** electro-
static ) is the same as that determined
by o alone (the D.C.). It will, therefore,
be unaltered when e and o are effective
in varying degrees, and in this case and this
alone, the capacity and resistance are
independent of the frequency.

4. Application to a Valve.

Now apply these considerations to a valve.
When the filament is cold we have the
electrostatic case, and the capacity is the
smallest possible. \When the filament emits
electrons the voltage gradient is imme-
diately altered, and therefore the capacity
must increase. The extent of the increase
depends on the change in the distribution
of the voltage gradient, and this again
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depends on the frequency. Thus at very
high frequencies the current tends to pass
more and more as a capacity current between
the electrodes, 7.e., the voltage gradient
tends to approach the electrostatic distri-
bution and the capacity tends to approach
its minimum value. At very low frequencies
the voltage distribution is governed mainly
by the space charge, and the capacity
approaches a maximum value as the fre-
quency is reduced to zero. Again at very
low frequencies the voltage distribution is
the steady current distribution and the
resistance is a maximum. As the frequency
increases the voltage distribution deviates
more and more from the steady current
distribution. It finally approaches the
electrostatic distribution, and the resistance
thus approaches a minimum value at very
high frequencies.

5. Approximate Mathematical Theory.

The complete mathematical theory of
these changes becomes very complicated
and will not be attempted here. We shall
now investigate the relation between the
limiting values of the anode circuit resistance
and capacity of a valve, .., the values at
zero and infinite frequency, and also find
an approximation for the value at any
intermediate frequency. Only the simplest
possible case will be considered, viz., that
in which the electrodes are plane and parallel,
and therefore the current path is everywhere
of uniform cross section.

For the thermionic current between an
anode and cathode which are plane and
parallel under the conditions in which a
valve is normally operated, ¢.e., temperature
saturation of the cathode, we have the well-
known equation obtained by Child* and by
Langmuir,

[__\/2\/3 Vi AV

gr Ym x* x? ®)

Here I is the electron convection current
per unit area of cross section of the current
path, V is the p.d. between anode and
cathode, and x is the distance between anods
and cathode. In obtaining this equation
displacement currents are neglected, <.e.,
strictly speaking it holds only for zero
frequency.

* Phys. Rev., 32, 498 (191T1).
t Phys. Rev., 2, 4350 (1913).
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In practice we arec concerned only with
small alternations of I/ and V. ILet ¢ and »

denote such small alternations, then by

differentiating (8) we find for the relation
between 7, v, and x.

o 2 1%t (©)

T34 == (9

We wish to investigate the voltage gradient
dv/dx and for this purpose we shall write
this in the form

v = Bxi . (10)
and since the currents ¢ and / have the same
value throughout the current path, B is

independent of . Thus we have

dv 4 '
i 3Bx .. .. (11)

This gives the A.C. voltage gradient between
plane parallel clectrodes when this voltage
gradient is determined solcly by the ther-
mionic convection current, i.e., at very low
frequencies when the displacement current
is negligible.

Applying our definition of capacity, we
find for the capacity per unit cross section

T
(Oz(e,d‘u dx.

V2 . 77:'\dx (x2)
e 16 B2xigy.
40 |9
€ ;8
I
R (13)

Under electrostatic conditions the voltage
gradient between parallel plane electrodes
is constant. Thus at very high frequencies
in which the displacement current forms
almost the whole current

dv

dx
Substituting this in (12) the capacity be-
comes

a = constant, and v = «ux. (14)

= €
Co = .. . (15
2= (15)
which is the well-known result for a parallel
plate condenser. Thus the ratio between
the capacity at very high frequencies, C,

18

and that at very low frequencies is e or the
5

capacity of the valve when it is wo\rking at
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low frequencies is nearly 7 per cent. greater
than the capacity when the filament is cold.

Now consider the conductivity or the
resistance. At very low frequencies, when
the effect of capacity is negligible, equation
(9) gives the total current. This may be
written

v = Hix! .. (16)

where H is independent of x, and from this
we see at once that at very low {requencies
the A.C. resistance R, is given by

Ry = Hx (17)

The specific conductivity ¢ at a point in
the current path at a distance v from the
cathode is given by

[ du 3
- = T

[ dxv  4Hx}
At very high frequencies, the actual voltage

distribution is given by (14) and the A.C.
resistance is now given by

o —=

. (18)

= 55 (x9)
" Re = R,y % 8y . .. (20)

Thus the resistance at very high irequencies
is smaller than that at very low frequencies
(the value obtained from the static char-
acteristic curves) by 11 per cent.

6. Variation of Valve Parameters with
Frequency.

We have now obtained values for the
resistance and capacity of a valve for the
extreme cases of infinite and zero {requency.
In order to find the form of the frequency
curve it is convenient to approach the sub-
ject tfrom a different point of view. When
a valve is in operation the space between
filament and anode is occupied by a cloud
of eclectrons, its density being greatest
at the surface of the filament and gradually
diminishing as we proceed from filament to
anode. These electrons endow the space
with a certain conductivity, this conductivity
steadily decreasing as we pass {rom filament
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to anode. If we divide up the current path
between filament and anode by equipotential
sarfaces into a number of elementary
volumes, each of these volumes may be
regarded as a small condenser shunted by a
certain resistance, and the whole current
path is formed by a number of such con-
densers in series. If these condensers are
arranged to have equal capacities, then their
associated shunt resistances must increase
as we pass from fila-

Ry Ro ment to anode. The
properties of the cur-

rent path are those of

n such a combination
! Co of capacities and re-
Fig. 1.—Equivalent nei- sistances, and the

work for inter-electrode
capacity including effect
of space charge.

variations of the over-
all resistance and ca-
pacity with frequency
can be most easily studied in terms of these
quantities. As a first approximation we
shall divide up the current path into two
parts only, and thus replace it by two con-
densers C, and C, shunted by the resistances
R, and R, respectively, (Fig. 1.). It 1s
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is the capacity at infinite frequency of the
combination, while R, and G, as given by
(z4), are the resistance and conductance
respectively of the combination at zero
frequency. From (21) we obtain, for the
capacity C, at zero frequency,

Co—Cu

Yo = a

Now in the case of the valve we have found

that Cy/C. = 48/45. Substituting this in
(27) we find that for the valve

- (27)

I J

a = = = 0.0607 (28)

Similarly by putting w = oo in (22) we get

for the conductance at infinite frequency
G,

G — Go = alo/T (29)

But for the valve we have found that

Gw/Go = 9/8, and, putting this in (29) and

easy to show that  vos

this network pos-
sesses the following — 106[— ]I
properties.* Atany ¢
frequency w/2m, the o ‘
system may be re-
placed by a single
capacity C, shunted ¢ L

102

remembering that a = II5’ we get
. 8 (o
= = . = 0.53R,Co
1 IS GO o 53 eOC (30)
i |

TDy a reSiSta,nCC R 105 2x108 3x105 5x10%

or a conductance
G = 1/R) wherc

C—Cx a

Cm - I + w2T2 (ZI)
~ Co X aw?®T
Ce = C,Co/(Cy + Cy) (23)
R, =1/Gy=R; + R, (24)
_ (RyCy— RyCy)®
’ — CCyRy 4 Ry)? (23)
P = _(_Cl + C2)R1R2 (26)

R, + R,
it will be noticed that Cs., as given by (23),

* I.LEFE. Jour., 64, 1152 (1920).

FREQUENCY
Yig. 2.—C=Capacity al any frequency w|2m, Cy=thejelectrostatic value.

| I
2x106 30108 5x106 107 2x107 3a07 sx107 108

CYCLES PER SECOND

106

Thus by (21), (28) and (30) we now get for
the capacity C of the valve[at any {re-
quency w/2m

C 0.067

Co | 1 + 0.28 R2C »2w?
Similarly from (22), (28) and (30) we get

for the conductance G or the resistance R
at the frequency w/2w

(31)

I I w2T2
RTR, = ¢ Co=Co= Gy o
0.28R 2C o 2o?
or G —Go = 4Go. I 4 0.28R2C 202 (32)
R, G 0.035R 2C ox2w?
O R =G, YT T o28R w33

B
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The expressions of equations (31) and (33)
are shown plotted against frequency in
Figs. 2 and 3 for three typical cases, corre-
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affect the distribution of the electric field,
and that the relation between the electro-
static distribution and the thermionic distri-

sponding to valves with resistances of bution is not likely to be exactly as described
above. However,
114 T , ] — l . the nature of the
| { | effect must be the
L — ' same, and it seems
; probable that the
e B ‘ results will be of
.- 1 ‘ the same order,
L | since it appears that
Go .0 SR the theoretical for-
| mulae for plane
voaf— ‘ - clectrodes may with
' comparatively small
1002 modification be ap-
| l plied to the design

100 . . 1 *

105 200%3xi0d ax105 105 261063008 5x108 107 a0’ amo sao’ 108 Of triodes.

FREQUENCY CYCLES PER SECOND

Fig. 3.—G,=D.C. Conductance (static value =I|R ), G=conductance at
Inler-electrode capacity = 2uuF.

frequency w/2m.

2000, 10,000, and 50,000 ohms respectively,
the electrostatic value of the inter-electrode
capacity (Cw) being taken as 2zuuF. in
each case. It must be remembered that
it is only the capacity associated with the
active parts of the electrodes that is con-
sidered in this investigation, s.c., the capa-
cities of the leads, external or internal, must
be omitted.

The curves show that for high resistance
valves practically the whole change of
resistance and capacity with frequency may
be expected to occur in the range 10® or 107
cycles, that is, in the wavelength range
300 to 30 metres. With valves of low
resistance the changes occur at higher
frequencies. For almost all valves the
inter-electrode capacities at frequencies below
a million cycles will exceed the -eclectro-
static value by about 6 per cent. The theory
given strictly speaking applies only to
diodes with plane electrodes, and an emission
current obeying the theoretical equation
(7). Tt is well known that actual valves
do not satisfy these conditions, but the
approximation is sufficiently good to give
useful results. It has been shown that the
problem 1is essentially one of change ol
voltage gradient, and it is obvious that these
changes must occur whatever the form of
electrodes. In considering triodes we have
to bear in mind the fact that the grid will

We have so far
only considered the
filament-anode ca-
pacity, but it will be
obvious that much of what has been said ap-
plies also to the filament-grid and grid-anode
capacities. These must also change with fre-
quency and probably the changes will be
of the same order, though in the case of the
grid-anode capacity the changes are likely
to be smaller, since neither electrode emits
electrons, and the alterations of potential
gradient are therefore likely to be less.

7. Grid-Filament Conductance.

In the consideration of the grid-filament
capacity, another important point arises.
When the grid-potential is made negative
with respect to the filament it is usually
assumed that the grid-filament conductance
is zero. But this is only true of the electron
convection current. Some clectrons must
be considered as linked by lines of force
to the grid, and the mction of these electrons
will constitute a current between the elec-
trodes which is not entirely wattless, and
which therefore corresponds to a certain
conductance. The increase of conductance
represented by equaticns (22) and (32) may
be regarded as representing this grid con-
ductance. The only diffecrence from the
previous case is that the value of Gy in (22)
must now be taken as zero. The value
of @ and T in (22) depends on the distri-
bution of electrons between the electrodes.

* Nusonose, Proc. I.R.E., 17 (1929), I1706.
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If we assume that the distribution between
fitament and grid is similar to that between
the filament and an anode of the same size
as the grid (the grid is of course only another
anode), we can apply equations (27) to (30)
to the present case. The effect of this
conductance will be to give the grid-filament
capacity a finite power factor, and from (21)
and (22) it Is easy to see that this will be
given approximately by

Power FFactor

.G — Gy awT Cc—-C,
I C.w :I—}—aﬂ]’?: G ol (34)

Taking the values of a and T previously
obtained, the values of this power factor
were calculated for the three typical valves
previously considered. They are shown
plotted against frequency in Fig. 4. At
frequencies below 100 kilocycles the power
factor is barely appreciable, but it arises
gradually to a maximum value of about 3
per cent., and then diminishes. The lower

w0
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is at present somewhat meagre. Precision

measurements on valves at radio-frequencies
TABLE I.

The Input Capacity (C,, and C,,) and Power
Factor of a D.EE.R. Valve at Audio-Frequencies.

Anode voltage : 100

Grid Bias: — 2 volts.
Filament Filament
Cold. Glowing.
Frequency. —~ i
Capa- Power | Capa- | Power
city. | Factor. ‘ city. | Factor.
Cycles/sec. uuF. | upF. \
1000 9.2 0.04 10.2 0.07
2000 9.0 0.03 9.8 0.04
3000 9.0 0.025 ! 9.7 | 0.03

are required, and these are not yet forth-
coming. The writer has made measure-
ments of valve capacities and resistances
at audio-frequencies by means of alternating
current bridges, and the degree of pre-

004 - s }

002

POWER FACTOR

001

G ]

cision attained has
been sufficient to
detect changes of
the kind described,
although in some
cases the agreement
between the ap-
proximate theory
given above and the
observed results is
no more than quali-
tative.
Measurements of
input capacity were
first made by the
method described in
a previous article.*
There was no added
load in the anode

i 1
125 2x10% 0% sx10® 106 2x10% 3x10° 5x108

the resistance of the valve the higher the
frequency at which the maximum power
factor is reached. For wvalves of high
resistance the maximum comes well within
the ordinary working range.

8. Experimental Results.

It mnst be admitted that the experi-
mental evidence bearing on this subject

|
107 onmo’ a0’ sxi0?7 10
FREQUENGY CYCLES PER SEGOND

Fig. 4.— Power factor of inter-elecirode capacities.
Inter-electrode capacity 2puF.

circuit of the valve
measured, so that
the input capacity
consisted simply of
the sum of the grid-filament and grid-anode
capacities, C,, and C,,. This was measured
at three audio-frequencies, with the filament
current switched on and then with the fila-
ment current switched off. The results are
given in Table 1.

Effect of space charge.

*EW. & W.E., 5 (1928), Also Proc.
Phys. Soc., 39 (1927), 108.

419.
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The value of the capacity with the fila-
ment cold is the electrostatic value, and it
will be observed that when the filament is
emitting electrons the observed value of the
capacity is about 10 per cent. larger than
this electrostatic value. This is in general
agreement with the above theoretical in-

C Co

N

-© &

Cq

0 G.B.O-
+ -

OH.T.O
-t

Fig. 5.—DBridge for lhe measurement of grid-anode
capacity.

vestigation, although the increase of capacity
is rather larger than the theoretical
value, since it must be remembered that
the capacity between the leads of the valve
is not affected by the electron emission ;
it is only the active parts of the electrodes
which are affected. The increase of capacity
is accompanied by an increase of power
factor, and this again is larger than might be
expected from the theoretical curves of
Fig. 2.

The grid-anode capacity G,, of the same
valve was next measured by means of the
bridge shownin Fig. 5, which is self-explana-
tory. The bridge was first balanced by
adjusting the variable air condensers C;
and C,. The anode of the valve was then
disconnected at x, and balance again ob-
tained. The change in the reading of C,
gives the capacity C,, of the valve, and its
power factor is given by C,0wR,AC,/C,,
where A C, is the change in the reading of
C, and C, Is the final reading of the condenser
in parallel with the valve. The filament-
anode capacity does not affect the measure-
ments since it is merely a shunt across the
whole bridge. The grid-filament capacity
is a shunt across R, but as it is not affected
by the disconnection at x, it does not affect
the difference of the two readings noted.
The method fails if the grid-filament con-
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ductance becomes appreciable since this
is shunted across the ratio arm R,, but with
a negative grid bias greater than 2 volts
such conductance was entirely negligible.
On making the measurements, with the
filament cold, and then with it glowing,
the same values of capacity and power factor
were obtained, viz., 2.7 uuF. and o.01: the
bridge readings were entirely unaffected
by switching the filament current on and off.
Thus the changes in capacity and power
factor previously noted must be entirely
associated with the grid-filament capacity.
This agrees with the theory since the greatest
changes in voltage gradient due to electron
emission occur round the filament. Valves
of other types gave similar results to this
D.E.R. valve ; in all cases the input capacity
with the filament glowing was slightly
greater than the electrostatic value, and
there was usually a small increase of power
factor. As a possible alternative explana-
tion of the change of capacity a slight
sagging of the filament on heating was
considered, but any such change would be
just as likely to occur in one direction as the
other, whereas the observed values were
always greater when the filament was
glowing, so that it seems fairly certain that
the explanation is that previously given.
Measurements have also been made at
audio-frequencies of the anode circuit capa-
cities of a number of valves. This capacity
consists of the sum of the grid-anode and
filament-anode capacities. It was measured
by a modification of the Wheatstone Bridge
network, special precautions being taken
to eliminate errors due to earth-capacities.
Such precautions are essential in any attempt
to measure the filament-anode capacity,
since this capacity is associated with a
comparatively low resistance or large con-
ductance, so that it can only be measured
if the corresponding phase angle can be
determined with very high precision. In
this respect the measurement of the other
valve capacities is much simpler. Tull
details of the method are given in a paper
in the Proceedings of the Physical Society,*
to which the reader interested in the method
is referred. As in the previous cases,
measurements were made with the filament
glowing, and then under the same conditions

* Pyoc. Phys. Soc., 41 (1929), 113.
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with tne filament cold. Some typical results
are given in Table 2. Qualitatively, the
TABLE 2.

The Anode-Circuit Capacities (C, = Cyq + Cyo)
of Typ:cal Valves at Audio-Frequencies.

Cq Cq
Fre- (Irila- ‘ (Fila-
Valve. quency. | ment | ment
glowing.)‘ cold.)
Cycles/ ‘
sec. upFE. unFE.
PM. 1A : . 1000 17.2 13.2
Amnode voltage : 100 2000 16.4 2.7
Fil. voltage : 2 4000 16.0 12.5
Grid Bias : o — = —_
DER. . : 3 1000 16.5 8.6
Anode voltage : 8o 2000 14.5 8.3
Fil. voltage : 2 4000 14.0 7.8
Grid bias : —2 6000 13.5 8.0
PO 252 %o 1000 21.5 14.0
Anode voltage : 100 2000 13.0 13.8
Fil. voltage : 2 4000 16.0 13.8
Grid bias : —10 — —_ —_
R % 50 a6 — — -
Anode voltage : 100 1000 35.0 20.8
Fil. voltage : 4 2000 27.5 18.5
Grid bias : o 4000 24.5 17.0

results are entirely in agreement with the
theoretical discussion ; the capacity with
the flament glowing is always somewhat

RADICTELEFGNIA—RADIOTELEGRAFIA AD ONDE
GripaTE. Published by Ulrico Hoepli, Milan,
1931. xii-292 pp. 18 Lire.

Those wireless engineers who persist in regarding
carrier currert work as a kind of infant brother of
wireless which can be conveniently kept in the
nursery must be liable to occasional shocks when
thiev find, for instance, half a column in the Daily
Mail devoted to it, or when they open the April
number of Electrical Communication, the organ of
the immense International Standard Electric
Corporation, and discover it half full of articles
about this sturdy infant. Or, again, when they
open this excellent little book, by P. E. Nicolicchia,
of the Italian State Telephone Service, and find that
the second part—some go pages—is entirely taken
up with details and diagrams of various systems,
each backed by some important firm, which are
in everyday use in various parts of the world.
These include the single and multi-channel Iiricsson
systeras, the Siemens and Halske infra-acoustic
telegraph system, the telegraph and telephone
systems of Standard Telephones and Cables,
Limited, anc others. In Italy alone examples of
most of these systems may be found.

And if one of those aforesaid wireless engineers,
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greater than that when the filament is cold.
The capacity when the filament is glowing
also varies with frequency more than the
corresponding ‘‘ electrostatic value ” does,
being greater at the lower frequencies. As
regards the magnitude of these changes,
the agreement is not so satisfactory. The
capacity increase, and its variation with fre-
quency in the audio range, are both consider-
ably larger than the theoretical values. This
means that the voltage gradient between fila-
ment and anode is not simply that corre-
sponding to the theoretical formula (7) for the
pure electron space charge between parallel
plane electrodes. The deviation from the elec-
trostatic distribution appears to be greater
than it is in this theorctical case. Several
factors suggest themselves in explanation
of this; the shape of the electrodes, the
effect of the grid on the potential distri-
bution, and the possibility of jonisation of
residual gas molecules. It would be diffi-
cult to calculate the magnitude of any such
effects, and from the practical point of view
it is probably hardly necessary. The ex-
perimental results are sufficient to show
that the variations in the constants of the
valve are of the nature of those revealed
by the theoretical discussion. They also
give an idea of the maximum change which
is likely to occur in practice.

NEW BOOKS.

convicted at last of his culpable ignorance, decides
that it is quite time that he learned something
about the subject, he can hardly do better—
provided he can read technical Italian—than work
steadily through this book. The first 30 pages or
so will be familiar to him, but the remainder will
do much to fill in a serious gap in his knowledge.
Finally, if he cannot read technmical Italian but
would like to learn to do so, here is a good chance
to begin : he will find that a little French, a faint
glimmering of school Latin, and a good dictionary
will make it easy for him to get along slowly.

The bibliography at the end includes a {air number
of American references. Among the very few
English refcrences we note The Wireless World
article on ““ Broadcasting by Wired Wireless,” by
O. F. B. (November, 1928). H.D.

JornapAs DE ONDA CORTA.

A summary of the papers read and discussed
at the meeting of short-wave radio engineers
during the International Exhibition at Barcelona
in November, 1929, including papers by Dr. B.
Cabrera and Prof. R. Mesny, pp- 242 with numerous
illustrations and diagrams. Published by ‘‘ Iberica,”
Barcelona, Spain.
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Approximate Formulae for the Inductance

of Solenoids and Astatic Coils.*
By W. G. Hayman, B.E., B.Sc.

(University of Western Australia.)

HE calculation of the inductance of a
solenoid is relatively simple provided
tables, charts, or a calculator are avail-

able. It is the purpose of this note to show
a simple formula containing but one numeri-
cal constant which is easily memorised and
which gives results of sufficient accuracy for
practical purposes.

Nagaoka has tabulated (1) the correction
factor “K” to be applied to the formula
applicable to the ““long ™ solenoids, viz. : —

L = ym?a?n? .. - .. (1)
where L = the inductance in centimetres,
a = the mean radius of the solenoid,

n = the turmns of wire per centi-
metre length of coil,

and / = the length of the coil

in order that the inductance of coils of
finite dimensions may be determined.

With this modification the formula be-
comes :—

L =47?a?n?(K) .. .. .o (2)

where (K) is Nagaoka’s end correction term.
(z) May be re-written

L=[2%XIxK .. " .. (3)

where /,, is the length of wire per centimetre

of the coll (27 a 1) and / is the coil length.
Now (K) can be put into a convenient

form for calculation, by noting that it is

approximately a hyperbolic function of (g)

the *“ shape factor ” of the coil.
m

Writing K = d .. o (1)
m - (l>
K"%

then m = T—K : 5 .. (5)

* M.S. received by the Editor, December, 1930.

Table I shows the values of m for various
values of (?) in the range of 0.01 to 10 and

curve (a) of Iig. 1 shows the values plotted.

TABLE 1.
d K d)
l i m -l—
(1 — K}
0.01 0.99577% 2.37
0.04 0.99322 2.34
0.1 0.9588 2.33
0.4 0.8499 2.26
1.0 0.6884 2.21
4 0.3654 2.30
10 0.2033 2.55

A mean value for {m) of 2.25 gives K
within 2 9, over a range of 0.2 to 4.0, thus
embracing most coils in common use.

Equation (3) may now be written :—

2.2
__S_,d-, (6
2.25 + (z )

By the aid of this formula (6) or the

L= R X L%
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following modification (7), direct calculation
of coil constants is possible. As an example
of this Fig. 2 shows the relation between
percentage inductance and percentage coil
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length so determined. A convenient modi-
fication of equation (2) for inch units is
d2N? ani . . .
L=——K= ** K microhenries . . (7)
40i 40
where = is the turns per nch
N is the total number of turns
i is the coil length in snches
and d is the diamcter in nc/es.

This together with the approximation for
K, viz. - —
m

K= .. .. (8)
/4
m —+ l>
results in a simple formula for inductance.

_ dAN? m

pio] microhenries  (9)

(inch units)

et (3)

or if the radius (a) of the coil be inserted
instead of the diameter (4)
a®N?

10: + (273>a

Values of the factor (20/m) in equation (I0)
are plotted as (p) curve (b) in Fig. 1 and
indicate the required variation in this

E= wH (inch units) (10)

80 8 11‘,
coefficient for various values of (-] ).

Now substituting the mean value of m = 2.25
a?N?

"~ 10l + 8.9a - (1)
Appendix I gives a number of formulac
which have been proposed and which are
capable of reduction to this same form.

The total inductance of three coaxial
solenoids (formed as part of a single winding
for instarnce) is given by
L= LA+LB+L0+2(MAB—*_]‘IB('—*_MOA) (12)

where L,, Ly and L, are the inductances of
the three coils separately and M,z is the

pH (inch units)

mutual inductance between coil A4 and
coil B, etc.
L4+ Ly=1Lss-+ Ly+ 2Me, (13)

where L, is the inductance of 4 and B in
series and Ly, is the inductance of B and C
in series,

or 2M, =L+ Ly — Liz— Lso (14)
the mutual

an expression which gives
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inductance of coils 4 and C in terms of (a)
the inductance of the whole solenoid, and
(b) the inductance of the parts (4 + B)
and (B 4 C) all of which are easily cal-

culable or determinable from tables. If
A4 and C are wound aiding, then
IOT—
742
74
75F
¢ 455
E
Q50
3
Z 27-4
e 262 €FORMULA
* INDUCTANCE TABLE
25
9-3
89
1 1 1 —
4] 25 50 75 100
Z LENGTH OF CO'L
Fig. 2.
Lie=L,+ Lo+ 2Mey (15)
:L4+L0+L+LB—L48_‘L30
.. (16)
or if the coils are equal
Le=L+2L,+Ls— 2L 45 (17)

For equal coils 4 and C weund astatically
(i.e., opposing)

L,=2L,—2M¢, (18)

—2(L,+ L) —L —Lg (19)

and assuming that there is ro gap between

the coils, then the inductance of an astatic
pair becomes

Lie=4Ls— L
That this is so can be seen by adding the
formulae L — 2L, + 2M for the coils in
conjunction and L, = 2L, —2zM for the
coils in opposition.

The inductance of a solenoid has previously
been shown (6) to be

_ﬁS_d_ {cm. units) (6)

225 + ()

hence, substituting this value in (20) in order

(20)

L=12%x1IX
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to determine the inductance of two equal
astatic coils wound without gap

= 4<lw2 ; % 2.2_5 g)
2.25 (Hl )

—<1w2 xix 2% d> cms.

BL <= 7

\

(21)

in which / is taken as the total length of the
coil and ¢, is, as before, the length of wire per
centimetre of winding.

2
L = bo® X 1 5 CmS. . .

(0 s ()

The ratio of inductance of an astatic coil to
that of a solenoid of equal size and winding

Luwse 2.25 + (?)

I 2.25 <1 +1.35 (?) +04 (ld>2>

(23)

and consequently the percentage reduction in
inductance of the astatic pair compared with
that of a solenoid of the same total size and

winding is
a 7 A%
5 (7) + ;)

1+ 135(7) + o4 @)

The latter formula has been checked experi-
mentally by measuring the inductance of a
solenoid and an astatic pair each wound with
128 turns of 26 d.c.c. wire on tubes 4.4 cm. in
diameter (/ = 10.3 cms.). Successive turns
were then stripped off and the inductance
and dimensions of each noted.

Fig. (3) shows the results of this test and
indicates a satisfactory agreement with the

(22)

(24)

AN
formula over the range of (7) from 0.3 to 1.5.

Appendix I.
(a) Perry (references Piul. Mag., 30, p. 223,
18go. Bib. (5)).
2772
L= S (cms. and cms.)

0.23174 + 0.44] + 0.39¢

424

EXPERIMENTAL WIRELESS &

(b) Hazeltine, Bib. (2).
£ e 0.8a2N?

" 6a + ol + 10C

a = mean radius

! = length

¢ = radial depth of winding in
inches.

‘' max. error about I per cent. when terms in

denominator about equal.”

(inches and uH)

and

¢

60
504
-
z
o]
g ® TEST VALUES
By X CALCULATED CURVE
30
200 OlJ Il 1'15 12
N
Fig. 3.
{¢) Reyner, Bib. (3)
0.2N?%? d— 2.25¢c ,.
L 3.5d + 8 P (inches and pH)
d = outside diameter of coil.
c l
d < 0.3 andd <20
putting ¢ = o
= AN where a d
8754, + 10! Yg
{d) Whecler, Bib. (2)
= solencid (inches and uH)
~9a + 100 %€ o
“max. error 1 per cent. for coils $>0.8 a.”
a*N?® .
= —— { L
T {(pancake coils)

o

5 per cent. error 2a> b > o0.2a.”’

72
I — aN log,a< 4.9a>

gl 13.5 I+¢
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(e) Batcher, Bib. (2)
a®\N:

TR T
(/) Korndorfer, Bib. (6)
o [ &
L 21N a\/l+c
a ¢
I+c=3;27
NN T \?
L = 21N3 \/‘.l+c,'
a
It <1

“accuracy about 3 per cent.”
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Modulation and

the Heterodyne.*

By W. Jackson, M.Sc., A.M.LE.E.

HE writer has found in the past that
students of Radio Communication are
apt to regard the production of a
modulated wave and of a heterodvne note as
different and distinct processes, due, no
doubt, to the separate treatment which they
receive in text books, rather than as different
aspects of the common process of super-
posing in a valve circuit two alternating
voltages of different frequency. The follow-
ing simple treatment is therefore put forward
in the hope that, for those who have ex-
perienced difficulty in this connection, it will
co-ordinate the two in a helpful manner.
Consider the general expression for the
triode static characteristic :
E,+ v>

[ﬂ:f(EP_i—v_i—:u’OEﬂ):F‘/Eg%— "
0

where I, £, and I, are the steady values of
plate current, plate voltage and grid voltage ;
# 1s the internal E.M.T. of the valve, and pu,
the voltage amplification factor of the valve.
ftp can justifiably be regarded as a constant.

Let a small change e occur in the grid
potential and let ¢, be the resulting change
in plate current. Then for the simple case
in which there is no anode load

Iﬂ'f’isz(b‘q+E+Lp+v\

.“o)

On expanding by Taylor’s Theorem
Ip+1:p:F<Ey+Ep+v\

POE)_{_
v
")

Ko

e .,/ E,4+v
7 BBy n ) v

where
E 2
F1<Eg+ ’D+v>; I’”<EQ+
Ho o
etc., are the first, second, etc., differentials

of I, with respect to E, at the operating
point on the characteristic.

»

E,,+v>.

Therefore
. e r E, 4+ v
=1 F(E, + ey
- e ., E, + v\
|E - <Eg * Ho

= K,e -+ N,e* + negligible terms.
K, and K,, that is, the first and second
differentials, may be taken as constants over
a small change ¢ in I,

1f e represents the instantaneous value of
voltage resulting from the simultaneous

* MS. received by the Editor, March, 1931.
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application of two voltages E, sin w,f and
E,sin wyt to the grid circuit of the valve,
so that ¢ = E; sin w;t + E, sin w,t, then
1y == K E, sin wyt + K E, sin w,t

+ K,E%sin? w,t

+ 2K,E \E, sin w,f sin w,t

+ K,E,?sin? wyl.

= K E sin wyt
+ KoL Ey{cos (wy; — wy)t

— cos (wy + wy)t} .. (D)
2
+ KL E, sin wyt + K‘ZZE‘ (I — cos 2wyl)
C L2
+ K., (I — cos zw,t).

2

This represents the general form of the
output current resulting from the process of
““ heterodyning " the two voltages E, sin w,¢
and E, sin w,f in the input of the valve.

Now suppose ;f—l to be of radio frequency

w
and ‘233 to be of audio frequency. The cir-

culating current which would be produced
In an imaginary resonant circuit introduced
into the output circuit of the valve and

tuned to the frequency :—1, could be expressed
T

1= A sin wqt
+ B{cos (w; — wy)t — cos (w; + w,)i}

where .1 and B are constants. The double
frequency component 2w,, the low frequency
components w, and 2w,, and the D.C. com-
ponents of the output wave, would produce,
in comparison, a negligible response.

On transformation this current can be
written

t=A(1 —f—zABsinwzt>sinw1t
=d (1 + M sin w,t) sin w,¢
which is the familiar form for a simple
amplitude modulated wave, in which M is
the percentage modulation. The expression
from which this form is derived, shows the
current to consist of components of frequency
Wy W — w, wy +
27’ 27 27
tively as the carrier, lower and upper side

band components.
If the valve characteristic is linear about

w
, and %, known respec-
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the operating point, F” <Eg + E,+v ),

Ko/
that is K,, is zero, and the components of a
modulated wave do not exist in the output
circuit.

A modulated wave results, therefore, from
the selection, by means of a broadly tuned
resonant circuit, of three of the output wave
components. Suppose, on the other hand,
that the device inserted in the output circuit
were capable of selecting only that output
component identified above as the lower
side-band, the one of frequency “! 2
This is facilitated as w, is increased beyond
the audio frequency range. When w, is
increased until it becomes of the same order
of magnitude as w,, this lower side-band
output component itself becomes reduced to
audio frequency, and an audio frequency
device would be capable of selecting it and
would recognise it as the familiar heterodyne
note, resulting now from the superposition,
or heterodyning, in the input of the two
radio frequency voltages. None of the other
output current components given in equation
{(r) is of low frequency, so that no inter-
ference would occur in this selection.

The processes by which the heterodyne
note and the simple modulated wave can be
produced are therefore the same. Both
result from the application of two voltages
of different frequency, that is, from the
heterodyning of two wvoltages of different
frequency, in the input circuit of a valve
operating on the non-linear portion of its
characteristic. That a heterodyne note, as
it is understood, is provided on the one hand
and a modulated wave on the other, is due
merely to the selection of different com-
ponents of the common output current wave.

In conclusion, then, a simple amplitude
modulated wave can be obtained in a
resonant output circuit following the hetero-
dyning in the input circuit of a radio and an
audio frequency voltage provided that the
valve characteristic is non-linear. The use
of a complex audio frequency voltage instead
of the simple one does not alter the general
principle. The familiar heterodyne note
may be regarded as representing the lower
side-band of this modulated output wave and
becomes of audible frequency when the two
input voltages are of simiilar radio frequency.
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Correspondence.

Leticrs of interest to expevimenters ave always welcome. In publishing such communicalions the
Editors do not necessavily endorse any technical ov geneval stalements which they may contain.

Resistance Capacity Coupled Transformer.
To the Editov, EW. & W.I.

S1R,—On page 312 of the June issue of E.W. &
W.FE., Mr. Hodgson raises the question of the
performance of the resistance capacity coupled
transformer at high frequencies. It can easily be
shown that if the feed resistance is purc and the
coupling condenser of low resistance (a condition
which usually exists in practice even at the highest
frequencies if good quality components are used),
then the performance of the arrangement is the
same as that given by a simple, normal series con-
necrion with a valve having an anode A.C. resistance

RR . .
=3 ;?a ohms, and an amplification factor IT—R;_RG
times that actually employed, the transformer

constants being the same in the two cases.

The effect of this in practice is to increase the
height of the leakage resonance peak by an amount
usually quite trivial.

An aspect of more importance is that when using
the circuit suggested it is possible to employ a
valve of much lower R, than would normally be
permissible.  This may give rise to a pronounced
resonance peak at some high frequency unless the
secondary is damped with a high resistance.

It is generally preferable when using the circuit
to employ a smaller (and cheaper) transformer
having lower primary and leakage inductances.
In this way, instead of the improvement in per-
formance appearing solely as a reduction of the
lower cut-off frequency and levelling of the char-
acteristic, it can be distributed, part at the upper
and part at the lower end of the frequency scale.

Teddington, I'RANK AUGHTIE.

Middlesex. W. F. CorE.

Sir,—With reference to Mr. Joseph’s letter 1n
your July issue, under the above heading, in which
he points out that the use of high permeability
nickel iron alloys, with the resulting low iron volume,
is advantageous in reducing leakage inductance
and thereby ensuring flat high note response : it
seems to the writer that the problem of securing high
note response is merely a question of design, and he
is not aware that any of the well-known trans-
formers not employing these special cores are
deficient in their high note magnification, as com-
pared with the smaller types using nickle iron alloy
cores.

J. Baces.

Manchester.

The Stenode Receiver and the Side Band Theory.
To the Editor, E.W. & W.LE.

SirR,—Dr. J. Robinson’s letter in your June
issuc has led me to consider carefully Mr. Moullin’s

long contribution to the correspondence columns
of your previous number (p. 257 et seg.). The
relevant part of Mr. Moullin’s letter is on p. 259,
and the assumed conditions are there carefully
sct out; viz.: a sharply tuned recciver subjected
only to an interfering signal having its carrier
wave length slightly different from that to which
the receiver is tuned. Dr. Robinson, on the other
hand, assumes that his sharply tuned receiver is
receiving simullaneously the interfering signal and
the desired signal. Also he expressly mentions
“ high-grade telephony ”’ and he must therefore
be presumed to include the frequency correction
necessary in the audio-frequency amplifving units
in order that a reasonably uniform response may be
obtained over the audible-frequency spectrum of
from, say, 50 to 8,000 cycles. Mr. Moullin’s results
are scarcely appropriate to this entirely different
case, and it is a little unfortunate that Dr. Robinson
should have made use of them to cast doubts on a
method of calculating these problems which has
proved to be of the greatest value in elucidating the
theory of all systems of telephony.

Mr. Mcullin cannot be completely exonerated
from all blame for this error owing to his use of the
phrase, ““ to estimate the general level of immunity.”
This certainly implied estimating the extent to which
the signals are subject to interference and so im-
plies the consideration of the simultaneous re-
ception of signal and interference as the condition
in need of investigation. The case that he ought
to have taken is the application of an EALF.

e=e; + £,
E(1 -+ m cos pf) cos wf
+ F(1 + ncos gt) cos (w + )t

where :—/[ is the amplitude of the signal carrier
wave, m the fractional modulation of the signal,
pl27 the frequency of the audible-frequency note
being transmitted ; F, # and q/2m are the corre-
sponding quantities for the interference and z/27 is
the frequency difference between the carrier waves
of the signal and the interierence. (I have change d
the notation a little in order to avoid confusion
in this much more complicated case.)

The voltage variation applied between the grid
and filament of the detecting valve is then :—

v, = V{4® + D% sin (wt + 6)

where 4 and B are complicated expressions in-
volving E, F, m, n, p and x as well as sin pt, sin ¢,
sin(x - ¢)¢, cos x¢, and cos(v =+ Ht.

For a square law detector where

; 2
ig = kvl

there are cighteen audible-frequency components of
the wave form of 7, all of which are interesting!
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The true signal tone has a term

. M.
2 !

RE 2pdlm sin p

showing that the correction in the audio frequency

amplifying unit must be proportional to the fre-

quency. The final true signal tone term will

therefore be :—

E2 m .
=~ t
KS/W , @sin (Pt + ¢)
where ¢ is the phase change of the audio-frequency

unit.
Another interesting term is that corresponding

to the carrier wave of the interference ; viz, i —
ClIF w |
% = sin x{f.
d/m x

This may or may not come within the range over
which the correction is proportional to the fre-
quency. But if it does—and Dr. Robinson suggests
a separation of the carriers of only 5,000 cycles,
whereas it is gencrally accepted that for high-grade
telephony a level characteristic is necessary for at
least 8,000 cycles on cach side of the signal carrier
then this term becomes

K SE}F wsin(¥vt 4 ¢,)

and interference is unavoidable unless F is negli=
gible compared to E when, of course, any receiver
will be immune.

A third interesting term becomes, under the
same circumstances :—

Sy sin (x )¢
87/7r 2“ ‘ k-
A fourth is :—
W P wq .
KE2. , COS gt

2 x*—yq
and so on for the whole eighteen.

Dr. Robinson suggests that a linear rectifier will
assist, but it is difficult to see how that can be since
most, if not all, of these terms are involved in the
same proportion in the amplitude of v, as well as in
the components of L

C. L. FORTESCUE,
City & Guilds (Engineering) College.

Percentage Harmonic Distortion.
To the Editor, E.W. & W.E.

Sir,~—In the correspondence columns of the last
issue, the validity of the usnal formula for the amount
of second harmonic produced by an output valve is
questioned by Mr. M. G. Scroggie. The editorial
reply affirms the correctness of this formula, but in
both cases the arguments do not apply to the usual
arrangement of an output valve in modern high-
quality amplitiers. Modern practice is to fecd the
anode of the valve through a low trequency choke,
and to connect the load via a blocking condenser
between anode and filament. The result is that
the rectified D.C. follows a difterent path from that
of the fundamental and second harmonic com-
ponents. The value of the rectified D.C. component
will therefore depend on the resistance of the choke,
and not on the load resistance as in the straight-
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forward series case; the two cases will only be
identical when the resistance of the choke is equal
to the load resistance, and in addition, of course, no
A.C. must flow through the choke, and the reactance
of the blocking condenser must be negligible com-
pared with the load resistance.

With the choke feed arrangement having the same

ANODE CURRENT

steady conditions as the series case, the harmonic
distortion may be apprecial ly less than with the
latter for the same anode current swing, especially if
the choke has very low resistance and the load
resistance is several times the valve resistance,

Assume that the voltage produced in the anode
circuit by changes in grid voltage about the stcady
working condition follows a square law and can be
represented by

Vo = @1V, + ay,?

Where v, = anode voltage produced, v, = change
in grid voltage.

Let v, = V sin 6.

Then v, = a, ¥V sin 8 + a,V?sin? 4.

LV 2
a,Vsin § + a4_2_ —aV cos 24,

The term a;Vsin @ represents the fundamental
component ; hence a, represents the amplification

factor == . The ratio of harmonic voltage to
a,V? .

fundamental voltage = “2°  _ K
2a,V

Vo=pl"sin § — uKV cos 20 + uKV.

The current produced by this voltage will depend
on the impedance in the anode circuit, and it this
consists of u series resistance R only (Iig. 1) then
the current is given by

_uVsin8 uKVcos28 KV
TR, AR R+ R TR, IR
when R, = valve resistance.

uKT

The term TR represents the steady rectified

current.
The maximum value of

wV
Eo_‘_k(l + 2K)

g = lmax. =
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The minimum value of

ic=imlu.= SH e (I —ZK)

1f I, is the steady current at the point about
which the sinusoidal voltage isapplied the maximum
total current

14
Iz=7max.T10=Io+R;‘L_{___R(I +2K)

and the minimum total current

. uV
I, =1Ig+ imm =1Io— E;j?(l —2K)
Tlence it follows that the harmonic ratio K is
given by

T,— I,

which is the usually accepted formula.

This relation does not hold, however, when the
valve is choke fed, as usually occurs in practice.
The anode circuit impedance to D.C. is not the same
for A.C., and the expression for the total current
through the valve is determined by these impe-
dances.

Consider the usual circuit shown in Fig. 2. The
reactance of the choke L is assumed to be so large
that all the A.C. components flow through the
resistance R, and, due to the condenser C,, which
has negligible reactance compared with R, all the
D.C. flows through L. Then the expression for the
current through the valve now becomes

1 _ wVsin#g wKV cos 20 KV
“T Ry+R Ry+ R Ry + R,
where R, = resistance of choke.
The expressions for I, and I, now become

Ig=Io+'uV(I +K) wKTV
Ro+ R TR, + I,

T L o S 44

120 R+ R Re+ I,

Whence
K — {Iy— 1) —2I}(Ry+ RS
(I.+ I,})(2Ry + R, + R}

(I, I, — 21, =
R,+R )

Io—1I) 't ( ot
G- tle+ (gl g)
1f R,—R the expression becomes the same as
for the ordinary

L series casc.
It will be seen
Ro that if R is large
o) compared with 2,

the harmonic
ratio will be ap-
preciably less
than for the series
case for the same
values of I, and
I, and R.

When a family
of curves showing
anode current against grid volts is used to de-
termine the load line for a given harmonic ratio,

Fig. 2.
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a special scale can be used which has its two
halves graduated in a particular way.*

The above formulae can be used to derive
the following formulae giving the ratio ot the
divisions of the two halves of the scale ; this ratio
is equal tO imin./fmax.-

Sevies Case.
Ratio of divisions

1 — 002K’ 3 ;
— Y_F-O—OTKA/ (where K’ = 9 2nd harmonic).

9 .
== for 59%, harmonic.

Choke Fed Case.
Ratio of divisions
(1 — 0.01K)(Ry + R,) —0.01A'(R, T R)
T (1 foo1K)(R, + R, +0 01K’ (Ry + R)

which is the same as the series case where R, = 1.

The optimum load resistance for an output valve
is often stated to be either equel to or twice that of
the valve resistance, depending on the assumptions
made. It would seem, however, that the most
satisfactory definition is the load which will produce
a given amount of harmonic distortion, as such
distortion is the thing that matters in practice.
The ratio of the load to the valve resistance will
depend on the figure assumed for the harmonic
distortion, and for a figure of 5% it very often
happens to be about two. If, however, a figure of
29, is assumed, the optimum load may be as much
as 10 times the valve resistance with modern
valves.

W. GREENWOOD.
B.B.C., Savoy Hill, W.C.2.

Carrier Waves and Side-bands.
To the Editor, EW. & W.E.

SIR,—In your June issue Mr. H. W. Baxter
raised the interesting question of what occurs when
a crystal-controlled oscillator is modulated, and he
suggested that the facts could not be explained on
the so-called * Side-Band Theory.” This is not
correct. Analysis of this case into carrier plus
side-bands does, however, present some points
which may be of interest to some of vour readers.

In practice, of course, a crystal-controlled oscil-
lator is seldom, if ever, modulated. Instead, the
output is used to drive a radio-frequency amplifier
which may be modulated. Let us first analyse this
case, as being the easicr to follow. We will suppose
that the oscillator frequency is N and the modulation
frequency #. In some way or another the power
amplifier is receiving two drives, one at frequency
N and the other at frequency %. If the amplifier
were working so that both drives were well inside
the straight part of the valve characteristic, the
valve would merely amplify them both and no
modulation would take place : this state of affairs
used to occur in some of the old reflex receivers
when valves were used to amplify both H.F. and
L.F. In order to obtain modulation of the H.F.

* See The Wireless World, p. 596, Nov. 26th, 1930.
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by the L.F. it is essential that the amplifier shall
not be a lincar amplifier of the H.F. drive, but
should distort it (with amplitude distortion.)

Now it is well known that when two different
frequencies are applied to non-linear systems new
frequencics make  their appearance, these {fre-
quencies being known as harmonics, combination
tones, and difference tones. The transmission Sys-
tem of the ear is an example of a system with a
non-linear characteristic, and when two strong
tones are applied to the ear the combination tones
and difference tones produced can be heard.

It is not, perhaps, sufficiently recognised that
the production of side-bands is preciscly equivalent
to this, so that those who deny the existence of
side-bands must also deny the existence of the
combination tones that they can hear.

When our non-linear amplifier receives its two
drives at frequencies N and n, new frequencies are
produced. Among these are the combination tone
of frequency N -+ 7 and the difference tone of
frequency N — n. These are the side-bands.

Next consider the case where the crystal-con-
trolled master-oscillator is itself modulated through
receiving an audio-frequency drive at frequency #.
As a first approximation we will suppose that the
oscillations of the crystal itself are not modulated,
so that the crystal supplies the valve with a drive
at frequency N. The valve is now working under
precisely the same conditions as the radio-frequency
amplifier previously discussed. It is receiving two
drives at frequencies N and », and it is a non-linear
device. Side-bands will be produced as before, and
therefore in the valve circuits currents will be
flowing at frequencies N — %, N and N 4+ u.
Thus currents of frequency N are flowing whether
modulation is present or not, and these will maintain
the crystal in oscillation.

Closer analysis than the above first approxima-
tion must consider the effect on the crystal of
applied forces on it due to the circuit currents of
frequencies N — %, N + . Let us say at once
that the crystal vibrations will be modulated, so
that apparently three frequencies N — n, N, N 4+
are being maintained by the crystal. There is
nothing strange in this: it is not in any way a
contradiction to state that a crystal and valve
combination will maintain a single frequency, but
that the combination of a crystal, a valve, and an
external audio-frequency drive will maintain three
frequencies (if not more). It would be strange if
this were not the case, for although the crystal is
a system with a natural frequency N, this does not
mean that it will not vibrate at other frequencies.
It will vibrate at the frequency of any external
periodic force whatever for as long as that force is
applied. But for as long as the valve is being
subjected to the audio-frequency drive, the crystal
is subjected to forces at frequencies N — # and
N + =, and it will therefore execute forced vibra-
tions produced by these forces. Vibrations at
frequencies N — n, N, N 4 # will therefore occur
in the crystal.

This is the side-band analysis of the case of a
modulated crystal-controlled oscillator. According
to it the crystal does keep the carrier frequency
constant (at least to a very close approximation)
and Mr Baxter is certainly in error in asserting
that the carrier frequency varies by as much as
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+ 10 kilocycles per second during modulation.
He has apparently misinterpreted statements to
the effect that new frequencies appear in addition
to the carrier frequency and situated, say, 10 kilo-
cycles on each side of it.

The above discussion should make it clear that
side-band analysis is as applicable to crystal-
controlled oscillators as to other fields. It will not,
I am afraid, pacify the opponents of the so-called
*“ Side-Band Theory,” for these, in the majority
of cases, have become entangled in metaphysics,
and are seeking answers to such questions as,
“ Have side-bands physical reality, or objective
existence ? ’  How answers to these questions
would help anyone to understand interference
problems, and what the answers would mean, if
obtained, I do not know. These questions do not
form the subject matter of radio-engineering nor
even of physics; they are pure metaphysics.
Have audible combination tones objective existence?

Nevertheless, opponents of the ** Side-Band
Theory " have at least the excuse that the un-
fortunate widespread use of the term ‘' The Side-
Band Theory ” and some still more unfortunate
defences of this so-called theory might well lead
them to believe that there was a theory to be
attacked, which, like other theories, might be right
or wrong. There never was a Side-Band Theory.

I hold that Professor Fortescue is in error in
statingin your May issue, ‘“ The supposition that the
simple trigonometrical transformation from equation
(1) to equation (2) is the justification of the carrier
wave and side-band theory is thus fallacious. . . .
The true basis of the theorv is twofold ; theoretical
and experimental.”” It is significant that Professor
Fortescue does not say what the theory states.
I maintain that there is no theory other than the
trigonometrical transformation referred to. Com-
pare this ““ theory ”’ with some that can truly be
called theories, such as The Atomic Theory, The
Relativity Theory, The Quantum Theory, The
Electron Theory, and The Heaviside Layer Theory,
and compare the answers that can be made to the
questions : Who first propounded it ?  Where is
1t set out? What does it state ? \What are its
postulates, and what is the mathematical expression
of these postulates ?

The last question is the most important. In no
calculation involving modulated oscillations is it
ever necessary to make some special assumption
that must be taken for granted as being specifically
a postulate of the * Side-Band Theory.” Our
calculations proceed by the ordinary laws of
mathematics, and the only postulates involved are
those contained in theories of the behaviour of
electricity in circuits, or in theories of radiation and
propagation, or in theories of the behaviour of
rectifiers in receivers, and so on. Carriers and side-
bands need never be mentioned in the analysis,
nor in a complete catalogue of the laws assumed
for the carrying out of the argument. ‘* Side-Band
Theory ”’ only enters at all if the mathematical
treatment is carried out in a particular way, in
which the expression for a modulated oscillation is
split into a number of sine terms, and then it only
enters by giving mawmes lo the terms, calling one
term the carrier term and the others the side-band
terms. A theory which only affects calculations by
giving names to mathematical expressions obtained
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during the development of the mathematical argu-
ment is not a theory at all. It also follows, pace
Professor Tortescue, that experimental results
cannect verify such a ““ theory ”’ : at most they only
verify the postulates actually invotved {such as the
lJaws of eleciricity and radiation assumed), and the
accuracy of the calculations.

The whole point of the so-called Side-Band Theory
is that the mathematical expression for a modulated
oscillatory current can be transformed into the
sum of a number of terms, each of which is the
mathematical expression for an unmodulated
oscillatory current. Consequently, we can, for
purposes of caloulation, replace the modulated
oscillation by ideal co-existing oscillations on the
carrier and on the side-bands, and the results of
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the calculations will be correct unless errors are
made. This, and not questions of objective exist-
ence, whatever that may mean, is what is of interest
to radio engineers.

The importance of this mcthod of analysis is,
of course, the simplicity of the expressions obtained,
since for all linear effects (including in this all cffects
which are linear combinations of differentials and
integrals) one can obtain the whole effect by
adding the effects which would be due separately
to the carrier and to each of the side-bands alone.
Thus the importance is a practical, and not
a theoretical, one, as by the aid of side-band
analysis the tasks set to the memory can be greatly
reduced.

Hendon, N.W.4. R. H. NISBET.

National Physical Laboratory Annual Visit.

Matters of Wireless Interest.

HE usual annual inspection and visit to the

N.P.L. was lield on June 23rd, the occasion

being marked by the opening of the New
Physics Building.

As is usually the case, exhibits of radio interest
were mostly to be found in the Wireless Division,
the Electrical Standards and Measurements Division,
and in those sections of the Physics Department
devoted to acoustic and allied measurements.

In the Wireless Division apparatus for mecasuring
the performance of wireless receivers was exhibited.
This consists of a highly screened cabin containing
oscillators ior radio-frequency and for audio-fre-
quency generation, communicating by screened leads
to the cabin containing the receiver. The apparatus
covers the range of 7 to 20,000 metres and permits
the testing of receivers for (a) overall sensitivity,
(b) selectivity, and (c) fidelity in the reproduction
of the audio-frequencies. It is, however, on the
bulky side, and in its present form is hardly applic-
able commercially. Twointeresting demonstrations
were illustrative of applications of the dynatron
principle by means of screened-grid valves. In
one case the arrangement was of a dynatron
oscillator working up to frequencies of 50 megacycles
per second (6 metres), a frequency considerably
higher than has hitherto been found possible
with this tvpe of oscillator. The other application
used the dynatron principle to give controlled
retroaction (short of oscillation) for the production
of an audio-frequency circuit of low decrement.
Used in this way, the circuit gave a very considerable
improvement in the overall selectivity of a receiver
for morse signals, the decrement being smoothly
controllable up to the point of excessive ** ringing *’.
The apparatus for the measurement of resistance
and reactance at radio-frequencies (described in
E.W. & W.E. for February, 1931) was also shown
in operation.

In the Electrical Standards and Measurements

Division, various exhibits were concerned with
frequency standards, These included, besides the
standard multivibrator apparatus: (a) new arrange-
ments for the accurate balancing of tuning forks,
(b) a chronograph driven by phonic wheel to give,
to an accuracy of 2 in 107 the hourly rating of a
tuning fork, (¢) a new 20 k.c. quartz oscillator
of annular form. An interesting experiment was
a new method of measuring the anode/grid capacity
in a screened-grid valve. This consisted of
tuning the grid circuit to resonance with a choke
in the anode circuit, then shorting out this choke,
when the change in the grid circuit enabled the
capacity to be determined by a simple formula.
Several other exhibitsin this division were concerned
with absolute measurements, e.g., of resistance and
current, while various improvements in the tech-
nique of bridge measurements were also demon-
strated.

The High-Voltage Laboratory provided several
exhibits of interest although not of wireless applica-
tion. The flash-over tests, however, suggested
potential interest in the effect of high - voltage
discharges in neighbouring wireless apparatus.

In the New Physics Building several experiments
of acoustical interest were shown. One of these
was the dclineation of sound wave-forms (by cathode-
ray oscillograph) and the analysis of the spectrum
of the wave-forms, this being done by moving the
tuning of a low-decrement audio-frequency circuit
to give the frequency and relative amplitudes of the
various components. Measurements of an allied
character dealt with the analysis of noise generally
and the relative intensities of sounds and noises
most commonly occurring. Other experiments in
progress concerned the transmission of sounds by
walls and partitions, the measurement of sound-
absorption co-efficients, the photography of sound-
pulses and their application to the acoustics of
buildings.
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Abstracts and References.

Compiled by the Radio Research Board and reproduced by arrangement with the Department
of Scientific and Industrial Research.

PROPAGATION OF WAVES.

OrricaL AND EQUIVALENT PATHS IN A STRATIFIED
MepriuM, TREATED FROM A WAVE STAND-
POINT.—D. R. Hartree. (Proc. Rov. Soc. 4.,
May, 1931, Vol. 131, pp. 428-450.}

Author’s summary :—The limitations of a ray
treatment of reflection of electromagnetic waves by
a stratified medium are discussed and it is shown
that a wave treatment is essential for the inter-
pretation of some of the phenomena of reflection
from the Heaviside layer. The object of this
paper is to lay the foundations for sucha treatment.

General expressions for the optical and equivalent
paths in terms of the solutions of equations of wave
propagation are obtained both for normal and
oblique incidence, and the exact expressions are
obtained for the optical path for normal incidence
on stratified media with certain specified simple
variations of refractive index, and it is shown that
for a totally reflecting medium (for which u? < o
for all sufficiently large heights) the difference
between the optical path deduced from a wave and
from a ray treatment is not likely to be greater than
a vacuum wavelength, although at the height at
which p? = o the conditions for application of a
ray treatment are not satisfied.

Approximate expressions for the optical and
equivalent paths are obtained for any stratified
totally reflecting medium in which u? varies suffi-
ciently slowly.

Die ENTWICKLUNG DES WELLENBEGRIFFES. II,
III, IV (The Development of the Wave
Conception. Parts II, 1II and vy — K.
Uller. (Gevlands Beitr., No. 2/3, Vol. 24,
PP- 309-334; No. 3, Vol. 26, pp. 199-238 ;
Vol. 27, pp. 77-101.)

For long abstracts of all three parts, see Plysik.,
Ber., 15th April, 1931, Vol. 12, pp. 820-821. For
previous papers by the same writer, sce Abstracts,
1929, p. 203, and 1930, p. 331.

VisvaL Stupies ofF Rapio Faping.—E. Merritt,
T. McLean and W. E. Bostwick. (Journ.
Franklin Inst., Mav, 1931, Vol. 211, PP- 539—
566.)

The term * fading’ is used in this paper to
nclude changes in any of the characteristics of the
radio waves by which the signal is transmitted.
The cathode-ray oscillograph method already
described by two of the authors (Merritt and
Bostwick, 1929 Abstracts, p. 144) is used to study
visually the signals from commercial broadcasting
stations operating on wavelengths between 200
and 600 metres. An account is given of the require-
ments placed on the receiving system, and of
apparatus and observation technique. The method
of crossed loops gives partial separation of ground
and sky waves.

During the daytime the oscilloscope figure is

usually found to be a horizontal straight line of
constant or very slowly changing length, indicating
that daytime transmission from broadcast stations
is effected apparently chiefly by means of the
ground wave, though almost all stations occasionally
show an appreciable sky wave during the daytime.
As sunset approaches indications of a skv wave
begin to appear. When night conditions have been
established, the movements of the oscilloscope
figure are in general very erratic : phases and
amplitudes change continuously.

Rough sketches were made, at intervals of a few
seconds, to show the variation in the shape and
size of the oscilloscope figure as it passed through
sequences of changes. Several of these are repro-
duced, typical of both systematic and erratic
changes, and a few general conclusions, applyving
to all the crossed loop experiments, arc given.
Interference between several different skv waves
seems to be an important factor in determining the
observed fading.

Differential fading between stations less than a
wavelength apart was also studied and showed that
the skv wave cannot ordinarily be regarded as a
single wave train.

MESSUNG voN ECHOS BEI DER AUSBREITUNG
ELEKTROMAGNETISCHER WELLEN IN DER
ATMosPHARE (The Measurement of Echoes
in the Propagation of Ilectromagnetic
Waves in the Atmosphere).—G. Goubau and
J. Zenneck. (Zeitschr. f. hochf. Tech., June,
1931, Vol. 37, pp. 207-218.)

On the ‘' pulse’’ principle of Breit and Tuve,
using the Goubau technique, both transmitting and
receiving, which was outlined in 1930 Abstracts,
p- 328. The tests described were on the German
broadcasting wave of 530m.;: thev took place
chiefly between midnight and 2z a.m. and extended
over the period September, 1929, to July, 1930,
totalling 75 hours with 550 records (the cathode ray
figure was watched all the time but photographs
were only taken frequently cnough to register all
the important changes).

The following typical results are taken from two
nights in April :—r1a.—Ry far the greatest number
of reflections occur at a layer of effective height
between 89 and 98 km. Reflection at this layer is
not absent even when simultaneous veflection is also
indicated at some greatev effective heighi, say belween
100 and 140 km. b.—At this 89-98 km. layer, not
only simple but also double (and more rarely triple)
reflection takes place. ¢.—The effective height of
this layer is the same whether the Munich station
(73 km. distant) or the Herzogstand station
(126 km.) is transmitting, and also whether the
reflection is simple or multiple. Moreover, the
same constancy was observed when the receiving
station at Ingolstadt was transferred to a point
only 5 km. from Herzogstand and 51 km. from
Munich. *‘ According to theory a slight decrease
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in effective height is to be expected as the distance
is increased ; our measurements, however, agree on
this point with those of Appleton and Ratcliffe.”

d.—-No appreciable variation in this layer-height
was noticeable in the course of the two-hours’ test
0% to 2%). ¢ On the other hand, during the
Herzogstand transmission {126 km. away) echoes
were observed from an effective height appreciably
over 100 km., although the porma! 89-98 km.
retlections were simultaneously present. It seemed
as though only part of the ray was reflected at the
ordinary layer, the rest of it penetrating until
thrown back by a layer with a sufficiently sharp
grad:ent of electron density. ILater on in the
paper, however, the writers suggest a very different
explanation of this result (Section 11, p. 217). They
point out that observations show that under some
conditions the atmospheric layers are subject to
very rapid changes, and that there are therefore
no grounds for assuming a strictly horizontal
stratification. A wary surface of equal electron
density would produce just those effects which
wou'd be interpreted on the horizontal layer
assuniption as the result of two different cffective
heights. Among the results which may be thus
explained, the writers consider that the succession
of small echoes, very closely following each other
as in Fig. 23 on page 218, are undoubtedly due to
this cause. Another result would be that the
apparent heights given by a double and a single
reflection would not necessarily be in the exact
ratio 2 I I.

2.—Most of the results herc have been in-
corporated in the above. 3.—Tests on polarisation.
The rapid changes in the polarisation conditions
of the echoes, even on quiet nights giving single
echoes and a constant effective height, arc taken to
indicate the important influence oif the earth’s
magnetic field in splitting up the ray into com-
ponents of differing polarisation, velocity and
absorption. It was often found that the two com-
honenis of a double echo, evem when separated by
quite small fime- (and thevefore path-) diffevences,
werz differently polavised. 4 and 5.—As regards the
strength of the echoes, results are complicated by
the fact of their changing polarisation. It can,
however, be said definitely that they vary (on
different nights and at different times of the same
night) from veryv weak to twice or three times the
strength of the direct signal—provided that this
is from a sufficiently great distance, not (for
example) from the 5 km. range of one set of tests.
In frequency also the echoes vary greatly; they
were actually absent on only two of the nights in
question.

6.—Taylor and Young have suggested that the
long-delay echoes may be due to reflection by
distant mountain ranges (1930 Abstracts, p. 32).
The writers have therefore carried out tests with
Alpine peaks, 1,000-2,000 m. above the surrounding
ground, in favourable positions for producing
refiection. Not a single echo was obtained which
could definitely be ascribed to reflection either from
the mountains alone or from mountains and
Heaviside laver in succession. But this negative
result may be due to the height being equal to
2 or 3 wavelengths only and to the surfaces being
too irregular.

7.—Eflective height in relation to the time of
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vear :—no clefinite connection is traced, though a
slight increase in height appears to have taken
place between the beginning and the middle of
1930 (the average height in June and July being
well over 114 km. as compared with about 1or km.
for December-February). As regards regularity of
behaviour, no definite correlation with time of vear
was established, but the occurrence of great irregu-
larities seemed to grow more frequent as summer
progressed. 8.—Sunrise and sunset ctlects. A
few tests were macde at these times. The approach
of sunset introduces stronger echoes, many double
and some triple ones, giving in two cases an effective
height of 150 km. ; but a// records include an echo
from 9o-96 km. (except one which gave 100 km.)
a height which had also held good for a long time
before sunset and during the previous night.
Sunrise weakens the echoes, most of which vanish
within an hour without the effective height having
been appreciably alteved. Not enough sunrise runs
were obtained to cstablish whether the ohserved
irregularities (double and multiple echoes, etc.) are
always present at sunrise. In onc case the echoes
lasted long after sunrise and even increased in
intensity. 9.—Slow and rapid variations. On
many nights, such as the April nights referred to in
(1), the effective height hardly varies at all. On
others, the height may vary from 94 to go km. in
half an hour, with echoes keeping at a conmstant

strength ; but even with such slow changes of
height the intensity may vary greatly in a few
seconds. Such slow height changes mav  be

explained in terms of electron ditiusion and ion-
formation and recombination. On the other hand,
on some nights the effective height changes almost
{from second to second : the possible causes of such
changes are discussed. Potsdam records of mag-
netic variations furnish no signs of a correlation ;
Stormer’s auroral records show that by bad luck
no ccho observations were made on any night of
great auroral display. ‘' The question as to the
cause of the rapid changesin the Kennelly-Heaviside
layer must remain undecided for the present,” but
a foot-note refers to Nagaoka’s meteorite theory
(Quéack, July Abstracts, pp. 374-375)-

In Section 10, page 216, the writers give their
reasons for assuming, throughout their paper, that
the apparent heights of about 200 and 300 km.
indicated by many of the echoes recorded were the
result of double and triple reflection from a layer
of effective height around 100 km., and not the
result of reflection at a second or third layer.
These reasons are as follows :—a.—The heights are
(within the limits of error of the technique) whole
multiples of the simultaneous single-reflection
heights. This holds strictly and without exception
for all cases when the single-veflection echoes were
strong.  On occasions when thev were weak and
when, in spite of this, the longer-delay echoes
presented themselves, the apparent heights of these
were rather greater than would be given by multiples
of the single-reflection height. b.—These ‘ double
and triple reflection” echoes ownly occur simul-
taneously with the ** single-veflection’’ echo; on no
occasion was a 200-km. echo observed without a
simultaneous 100-km. echo (but a foot-note men-
tions one solitary occasion when a 30c-km. echo,
very weak, was observed without any corresponding
100-km. echo).

C
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¢.—The 2o00-kin. echoes, and the rarer 3o0-kn.
echoes, occur chiefly when the 1oo-km. echoes are
strong ; and the average strength of the last is
greater than that of the other kinds. This would
be expected on the double and triple reflection
hypothesis, but the exceptional cases where a
200-km. echo has been stronger than the 100-km.
echo does notf disprove the hypothesis, since the
reflection points of the doubly-reflected ray are
different from, and may be more favourable than,
the reflection point of the singly-retlected ray.
d.—As shown in Fig. 20, page 215, during the three
hours of the run the apparent heights round
200 km. fell in the same proportion as those round
100 km. This would follow naturally on the
double-reflection theory, but postulates (on the
two-lavers hypothesis) an exact co-ordination between
the two layers.

¢.—From May onwards the 200-km. echoes be-
came less and less frequent, and the 300-km.
echoes disappeared. This is understandable on the
multiple reflection theory, since between two layer
reflections there must be one earth reflection, and
the earth is in a better state to reflect befove 1ts summer
growth. The writers, however, are not perfectly
satisfied with their observations on this particular
point.  f.——Frequent observations were made
during the day, and particularly round noon ; but
only on one occasion, and then only for a few
minutes, could echoes be observed. g.—The lowest
effective height for any echo whatsoever was just
below 98 km. (89 km. is mentioned in Section 1}.

They sum up as follows :—“ We can find, in our
results, no grounds for believing in the existence
of a strongly reflecting layer at about zoo km.”
Their results disagree in many ways with those of
Appleton, ‘‘ but one must await the results of
further tests before one can decide the question
finally.” They are at present preparing for such
tests.

MULTIPLE REFLECTION OR MULTIPLE LAYERS ?—
Goubau and Zenneck. (See preceding
abstract, particularly Section 10.)

[.A PROPAGATION DEs ONDES RADIOELECTRIQUES
courTEs (The Propagation of Short Radio-
electric Waves).—R. Jouaust and N. Sto¥ko.
(Comptes Rendus, 18th May, 1931, Vol. 192,
pp. 1207-1209.)

At the end of 1930 and the beginning of 1931 the
forenoon 18.5-metre service between Indo-China
and France was particularly disturbed by multiple
signals. Particulars are given of one occasion,
when cvery signal was duplicated ; the first signal
was slightly weaker than the second, which arrived
after an interval of 0.00813 ~- 0.00014 sec., having
conie presumably the longer way round but mostly
through darkness. If the rays in each case are
supposed to travel horizontally in the ionised layer,
then from Pedersen’s equation these results wonld
give layer heights of 100 and 64 km., which the
writers consider inadmissible, particularly at night.
They conclude that the alternative hypothesis,
that of several reflections between earth and laver,
is better satisfied by these results: on the sup-
position of a layer height of 200 km. in the daylight
zone, and of 300 km. in the dark zone, their calcu-
lations of the two paths, assuming emission angles
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giving a minimum number of reflections, lead to a
value for the velocity of propagation of 299,300
km./sec., which is near enough to the velocity of
light.

A THEORETICAL DISCUSSION OF THE ELECTRICAL
PROPERTIES oF THE SoiL.—F. W. G. White.
(Proc. Camb. Phil. Soc., April, 1931, Vol. 27,
pp. 268-276.)

This paper is an attempt to explain the variations
with frequency of the effective specific inductive
capacity and effective conductivity of soil placed,
as dielectric, in a simple condenser, observed by
Ratcliffe and White (Jan. Abstracts, p. 28) and to
predict the effects to be expected at low frequencies.

The imperfect condenser is, for purposes of
calculation, replaced by an equivalent network
having three components corresponding to (1) the
perfect condenser, (2) the steady conductivity,
(3) thc lagging polarisation. Two possible causes
of a polarisation of the dielectric which has a
relaxation time are discussed, (2) the formation of
an ionic space charge, (b) polarisation due to the
orientation of dipolar molecules in the field.
Experimental evidence for the presence of (a) was
obtained by placing probes in the soil between the
condenser plates and measuring the distribution of
potential. From this it is concluded that ‘‘ any
variation that the electrolytic effects may cause in
the values of the s.i.c. or conductivity will occur
at frequencies of the order 10 to 20 per sec.”

Debye’s theory of polar molecule phenomena is
then applied and a sufficientlv good agreement with
experimental results is found * to justify the
assumption that the dipolar molecules plav an
important part in causing the large variations
observed in the specific inductive capacity and
conductivity of the soil.”

CIRCUITS FOR PROPAGATION RESEARCHES : PULSE-
TRANSMITTING CIRCUIT USING NeoN TUBE:
BinaAURAL MEASURING CIRCUIT FoR ECHoO
Trvrs.—Ferrié : Bonnemaire : Jouaust and
Decaux. (U.R.S.I. Papers, 1928 Assembly,
Vol. 2, Fasc. 1, pp. 89-90.)

The binaural measurement circuit consists of a
symmetrical two-valve circuit in which the two
car-pieces are energised one after the other, a local
note frequency performing the commutation.
By varying this local frequency it is possible to
measure the interval between two signals and also
the length of a signal—thus the pulse from the
circuit mentioned above was found to be shorter
than 1/10,000 sec.

CORRELATION OF LONG Wave DAvYTIME Rapio
TRANSMISSION WITH MAGNETIC DISTURB-
ANcEs.—T. DMinohara and T. Inouye.
(U.R.S.I. Papers, 1928 Assembly, Vol. 2,
Fasc. 1, pp. 146-148))

Pearl Harbour signals {26.1 kc.) as received in
Japan at g a.m. are plotted throughout a year and
compared with curves of magnetic character
‘“ We find that magnetic variation is accompanied
by high value of daylight receiving strength and
most of the high values of receiving strength occur
usually within several days after and some time
before the magnetic variations.”
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REsDABILITY oF LoNg DistaNcE Rapio Cowm-
MUNICATIONS. -—— T, Nakagami and C.
Anazawa. (U.R.S.I. Papers, 1928 Assembly,
Vol. 2, Fasc. 1, pp. 101-1035.)

English beam stations, Nauen, and Bolinas
received in Japan: Japanese stations (short and
long waves) received in California and at Chelmsford
and Somerton.

OvERSEAS Rapro ExTeEnNsioNs To WiIRE TELE-
PHONE NETWORKS.—Espenschied and Wil-
son. (See under ‘‘ Stations.”)

EXPERIENCES DE COMMUNICATIONS PAR ONDES
COURTES (Short Wave Communication Tests
[Italian Navy : Nobile Polar Expedition]).—
G. Pession and G. Montefinale. (U.R.S.I.
Papers, 1928 Assembly, Vol. 2, Fasc. 1,
pp. 138-143.)

LFFECT OF THE MOON ON THE ATMOSPHERIC
PrRESSURE IN THE Far East. (Journ.
Faculty of Sci., Tokyo, 10th December, 1930,
Vol. 2, pp. 73-131.)

Data for a 19-year period, from observations at
36 stations in and near Japan. It is concluded
that there is a small but steady lunar influence on
pressure distribution, while certain meteorological
phenomena with 27- to 28-day periods are probably
under lunar influence.

TRACING BALLOON DRIFT BY WIRELESS.—(Wireless
World, 3rd June, 1931, Vol. 28, p. 663.)

A balloon radio transmitter weighing approxi-
mately 1 1b. developed by the American Signal
Corps for meteorological tests. Small balloons
carry the instrument which works automatically on
a wavelength of 130.5 metres and can be followed by
direction-finding equipment up to distances of 30
kilometres.

SCHALLGESCHWINDIGKEIT UND TEMPERATUR IN DER
STRATOSPHARE (Sound Velocity and Tempera-
ture in the Stratosphere).—B. Gutenberg.
(Gerlands Beity., No. 2, Vol. 27, pp. 217-225.)

Based on the 1927-1929 explosion experiments.
For a long summary see Physik. Ber., 1st April,
1931, Vol. 12, pp. 80g-810.

EIN ALLGEMEINER SATZ UBER DEN ZUSAMMENHANG
ZWISCHEN LIGENFREQUENZEN UND GRUPPEN-
LAUFZEIT IN LINEAREN VERLUSTFREIEN Dis-
PERSIONSSYSTEMEN (A General Law for the
Connection Between Natural Frequencies
and Group Transit Time in Linear Loss-free
Dispersive Systems).—H. G. Baerwald.
(E.N.T., May, 1931, Vol. 8, pp. 224-227.)

Author’s summary :—The natural frequencies of
a linear system free from damping increase with its
‘“length ” L. For L — oo their distribution is no
longer discrete but continuous, and in this case
their *‘ density " can be defined. With the help of
this quantity, which is shown to be equal to the
group transit time per unit length or per element,
it is possible to predict and interpret the charac-
teristic dispersion phenomena appearing in the
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propagation of non-stationary processes in linear
systems, in an easy and clear manner and without
mathematical calculation.

DispersioN vON HERTZSCHEN WELLEN IN FESTEN
KorPERN (Dispersion of Hertzian Waves in
Solid Bodies).—J. Errera. (Physik. Zeitschy.,
1st May, 1931, Vol. 32, pp. 369-373.)

An account of experiments on the dispersion of
Hertzian waves of lengths between 300 m. and
382 km. in crystals of acid sodium potassium
carbonate (NaKC,H,O4, 4H,0).

MurTipLE ImagEs 1N Car WinNpows.—H. M.
Reese.  (Journ. Opt. Soc. Am., May, 1931,
Vol. 21, pp. 282-285.)

“If one looks obliquely through an automobile
window at an outside lamp, he sees a row of images,
about equally spaced in angle and of intensity
decreasing rapidly from one end of the row to the
other.” The writer shows that the effect cannot
be explained by treating the glass as a parallel-sided
refracting layer, but that it fits in both qualitatively
and quantitatively as the result of a small angle of
taper (a few minutes of arc) actually found to exist
in random samples of plate glass.

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY.

THE RESIDUAL IoNIZATION IN AIR AT NEw HIGH
PRESSURES, AND ITS RELATION TO THE
CosMIC PENETRATING RADIATION.—]. W.
Broxon. (Phys. Review, Isth May, 1931,
Series 2, Vol. 37, pp. 1320-1337.)

A description and discussion of measurements
of the residual ionization in air at pressures up to

170 atmospheres, at an altitude of 5,400 ft.

ABSOLUTBESTIMMUNGEN DER INTENSITAT DER KOS-
MISCHEN ULTRASTRAHLUNG (The Absolute
Measurement of the Intensity of the Cosmic
Rays).—A. Reitz. (Wiener Anz., No. 26,
1930, p. 251.}

The writer investigated, in an aeroplane reaching

a maximum height of 5,000 m., the variation of

intensity with height. Results confirm the dis-

tribution curve deduced by Biittner (Handbuch f.

Exper : phys., Vol. 25, I, p. 499). ‘A mass absorp-

tion coefficient for air is calculated. See also next

abstract.

Die EvEscHE KoNsTANTE (Eve's Constant [with
Supplement giving results of High Altitude
Flights to Investigate the Distribution of
Intensity of Hess' Cosmic Radiation with
Height]).—A. W. Reitz. (Zeitschr. f. Phys.,
1931, Vol. 69, pp. 259-286.)

UBER DIE HERKUNFT DER ULTRASTRAHLUNG—

HEesssCHEN STRAHLUNG (On the Origin of

Cosmic Radiation—Hessian Radiation).—

E. Regener. (Naturwiss., 29th May, 1931,

Vol. 19, pp. 460—461.)

A suggestion that cosmic radiation may be
radiation which was emitted in a more distant time
epoch than any we have as yet taken cognisance of

c2
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and which has reached us by the longer of the two
paths possible in a curved universe.

IENTSTEHUNG DER KELEMENTE UND KOSMISCHE
STRAHLUNG (Genesis of the Elements and
Cosmic Radiation).—M. v. Laue. (Naturwiss.,
5th June, 1931, Vol. 19, pp. 530-531.)

THE RESULTS OoF A LLEAST-SQUARE ADJUSTMENT OF
CosMic-Ray OnservationNs.—L. R. D. Weld.
(Phys. Review, 15th May, 1931, Series 2, Vol.
37, PP 1368-1369.)

The results of the investigation indicate that it
is necessary to look with reserve upon sweeping
conclusions as to ““ atom building ” deduced from
experiments on cosmic rays.

A RECOMBINATION IN loNIZED STREAMS oF COR-
PUSCLES FROM THE SuN.—V. C. A. Ferraro.
(Monthly Not., Rov. Astron. Soc., No. 1,
Vol. o1, pp. 184-187.)

VIOLENT MAGNETIC STORMS OCCUR A LITTLE MORE
THAN ONE DAY AFTER A SOLAR HYDROGEN
FLARE.—G. H. Hale. (Paragraph in Science,
1st May, 1931, Vol. 73, p. 14 of Supplement.)

ZoDIACAL LIGHT AND MAGNETIC DISTURBANCE.—
C. Bittinger and k. O. Hulbert. (Phys.
Review, 1st Mayv, 1931, Series 2z, Vol. 37,
p- 1190.)

A record of observations of unusual brightness
of the zodiacal light during a period of magnetic
disturbance.

THE PRESENT STATE OF BRITISH RESEARCH ON
ArMosPHERICS.—R. A. Watson Watt. (U.R.
S.1. Papers, 1928 Assembly, Vol. 2, Fasc. 1,
pPp. 119-131.)

The full paper, two summaries of which were
referred to in 1928 Abstracts, pp. 684-685 and 68s.
In the first of these abstracts, the last five lines are
now seen to be incorrect, though they correctly
reproduce the summary in question. The tracing
of certain atmospherics to a thunderstorm thousands
of miles away in Russia was a result of the British,
not Russian, observations; and the law for the
falling-off with distance of the ro kc. component
seems likely to lie ““ between an inverse square
root law and an inverse first power law.”

UTILISATION DE L'ENREGISTREMENT DES ATMOS-
PHERIQUES DANS L'ANALYSE METEOROLO-
GIQUE (The Use of the Recording of Atmos-
spherics in the Analysis of the Meteoro-
logical Situation).—R. Bureau. (U.R.S.I.
Papers, 1928 Assembly, Vol. z, Fasc. 1,
pp- 131-137.)

IFurther development of the work dealt with in
1928 Abstracts, p. 084. See also Abstracts, 1929,
P- 443; 1930, pp. 153-154, 503; 1931, pp. 2006,
213 and 318.

A NOTE ON THE DIRECTIONAL OBSERVATIONS OF
GrINDERS IN Japax.—E. Yokoyama and
T. Nakai. (U.R.S.I. Papers, 1928 Assembly
Vol. 2, Fasc. 1, pp. 144-146.)

See Proc. I.R.E., Feb., 1929, Vol. 17, pp. 377-379-
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The results of a former paper (1928 Abstracts,
p. 684) are confirmed except that the directional
nature of grinders was found to become vague, or
to disappear, at night. From this it is deduced that
grinders are received at night in Japan {rom
tropical America (early), from Africa (late) and from
the Dutch East Indies (any time of day or night).

THE DiteLEcTRIC CONSTANT oF Air AT HIGH
PrESSURES.— J. W. Broxon. (Phys. Review,
15th May, 1931, Series 2, Vol. 37, pp. 1338—
1344.)

The dielectric constant of aged, dry, dust-free
air, measured at pressures up to 170 atmospheres
by an electrometric method, was found to increase
linearly with the pressure.

OM LUFTELEKTRICITET OG LUFTELEKTRISKE MAAL-
INGER (On Atmospheric Ilectricity and
its Measurement) —H. Petersen. (Fysisk
Tidsskr., No. 4/5, Vol. 28, pp. 97-132.)

A survey of present ideas and methods of measure-
ment.

TeE MOBILITY OF AGED JONS IN AIR IN RELATION
To THE NATURE oF Gastous loxs.—N. E.
Bradbury. (Phys. Review, 15th May, 1931,
Series 2, Vol. 37, pp. 1311-1319.)

TIN EINFACHER DEMONSTRATIONSVERSUCH UBER
WANDERUNG UND RAUMLADUNG VON LLUFT-
1IoNEN (A Simple Demonstration Experi-
ment Showing the Movement and Space
Charge of Atmospheric Ions).—11. Greinacher.
(Phystk. Zeitschy., 15th May, 1931, Vol. 32,
pPp- 406-410.)

Dig EINWIRKUNG UNMITTELBARER DBLITZENTLA-
DUNGEN AUF HOCHSPANNUNGSNETZE UND
1HRE BekiMPFUNG (The Effect of Direct
Lightning Strokes on High Voltage Net-
works, and the Counter-Measures to be
Adopted.).—D. Miiller-Hillebrand. (E.T.Z.,
4thand 11th June, 1931, Vol. 52, pp. 722-727
and 758-763.)

FREQUENZABHANGIGKEIT DER FUNKENSPANNUNG
N Lurr (Variation with Frequency of the
Spark Voltage in Air).—H. Lassen. (drchiv
f- Elehtrot., gth May, 1931, Vol. 25, pp. 322—
332.)

The full paper of which a preliminary account

was referred to in Feb. Abstracts, p. 112.

PROPERTIES OF CIRCUITS.

EXTENSIONS To THE THEORY AND DESIGN oOF
ELECTRIC WAVE-FILTERS.—O. ]J. Zobel.
(Bell Tech. Jourw., April, 1931, Vol. 10,
Pp- 284-341.)

Author's abstract :—The problem of terminal
wave-filter impedance characteristics is considered
in this paper, in particular that of obtaining an
approximately constant wave-filter impedance in
the transmitting bands of a wave-filter of any class,
which is of importance where the wave-filter is
terminated by a constant resistance, the usual case.
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The solution obtained is based upon the repeated
use of the methods of deriving wave-filter structures
which gave the M-types, combined with composite
wave-filter principles. The results are wave-filter
transducers which at one end have standard
‘“ constant &’ image impedances and at the other
have image impedances which can theoretically be
made constant in the transmission bands to any
degree of approximation desired. Practical fixed
structures are shown.

Parts I and II give this derivation and com-
position of wave-filter structures. Two allied
subjects, respectively, the designs of networks
which simulate the impedances of wave-filters, and
of loaded lines, are dealt with in Parts 111 and IV,
such designs making use of the previous results.

The four Appendices contain new reactance and
wave-filter frequency thcorems, particular fixed
transducer designs and certain equivalents; also,
a chart for determining terminal losses at the
junction of such a fixed wave-filter transducer and
a resistance termination. This chart supplements
those previously given in a chart method of cal-
culating wave-filter transmission losses.

SELBSTERREGUNG VON SYSTEMEN MIT PERIODISCH
VERANDERLICHEN INDUKTIVITATEN  (Self-
excited Oscillations of Systems with Periodic-
allv Changing Inductances).—H. Winter-
Gunther. (Zeitschr. f. hochf. Tech., April,
1931, Vol. 37, pp. 172-174.)

Continuation of the work dealt with in 1929
Abstracts, p. 630. Experimental confirmation was
obtained for the theoretical results arrived at;
a three-phase asynchronous motor was specially
connected so that its self-inductance passed through
two complete half-cycles during ecach revolution.

THE FIELD PRODUCED BY A SIMPLE COKDUCTOR OF
INFINITE LENGTH TRAVERSED BY AN ALTER-
NATING CURRENT.-—F. Pollaczek : ]J. B.
Pomeyv. (Rev. Gén. de U’Elec., 30th May,
1931, Vol. 29, pp. 851-867.)

Translation of Pollaczek’s 1926 paper in I:.N.T.

Tuor DESIGN CALCULATIONS OF A DISTORTIONLESS
LOW-FREQUENCY AMPLIFIER WITH TRANS-
FORMER COUPLING.—l'orstmann. (See under
 Acoustics and Audio-frequencies.”’)

TRANSMISSION.

UNTERSUCHUNGEN AN  EINEM  KWURZWELLEN-
GEGENTAKTSENDER  (Researches on an
[Ultra-] Short Wave Push-Pull Transmitter).
—F. Muller and W. Zimbalin. (E.N.T.,
May, 1931, Vol. 8, pp. 207213}

I'rom the Ultra-Short Wave Laboratory ot the
Leningrad State Institute of Applied Physics.
The writers begin by saying that the heating circuit
often receives little of the careful attention which
it deserves as an important element of the oscillatory
circuit ; its various parts, particularly the filament
itself, are in the strong field of the valves and can
<herefore exert reaction effects on the rest of the
circuit. In the case of ultra-high {frequencies, where
the electron distribution inside the valves i1s no
longer uniform, it 1s especially important (for

437

August, 1931

maximum efficiency) to get the best conditions for
the heating circuit and the space charges round the
cathodes. Choking coils in the filament lcads are
quite inadequate. Bergmann and Dennhardt both
use wave-trap circuits (1930 Abstracts, pp. 392
and 505-506), while Heim arranges the filaments
at current antinodes of a Lecher wire system (1928
Abstracts, p. 228).

The present writers have evolved a difterent
system, based on the Holborn push-pull circuit.
Not only the grid and anode systems, but also the
filament system, are made in the form of tune-able
parallel wires. It is found that as the filament
system is shortened, the genevated wavelength remains
unalteved but the oscillations increase steadily in
intensity up to a maximum, and then break off
suddenly. Changes in the grid system length shift
the curves and the break-off point and alter the
wavelength. Proper adjustment of the filament
system can thus give as much as an 8-fold increase
of oscillation intensity. Further decrease of the
system, beyond the break-off point, leads to the
oscillations setting in again; presumably a suffi-
ciently long filament system would give similar
maxima at half-wavelength intervals (as in
Heumann’s experiments on shorter waves, soon to
be published). Keecping the anode system constant
and adjusting the filamert system to the optimum
point for various adjustments of the grid system,
the greatest maximum appears to be for the grid
svstem value giving a wavelength of 258 cms.
Similarly, keeping the filament system constant and
varying in turn the anode and grid systems, energy
maxima occur for the same 2358 cms. wave; the
greatest maximum, of course, occurring when the
filament-circuit is set at its optimum value for
that wavelength.

The experimental arrangement used is shown in
Tig. 2, p. 208. LEach filament has two parallel
telescopic leads ; the two grids have similar leads
forming a similar parallel pair, and so have the two
anodes. These last two pairs lie in a plane at right
angles to that containing the filament circuits.
Owing to the difterent oscillatory circuits lying in
different planes, the combined radiation diagram is
of special interest. This is investigated under a
number of different conditions. Three possible
explanations of the influence of the filament-circuit
tuning on the amplitude of the oscillations are
discussed, the only tenable one being that it depends
on the potential variations of the cathode, which
produce an equalisation of the path times of the
clectrons emerging from the space charge round the
cathode, and thus result in a more homogeneous
electron-current distribution.

LAMPOVYI GENERATOR ULTRAKOROTKIH (METROVYH)
VOLN $ OBRATNOI svIaziU (The Ultra-Short
Wave Thermionic Valve Oscillator).—N. A.
Petrov. (Westnik Elekivotechniki, Leningrad,
January, 1931, Part I, pp. 206-38.)

In Russian. The author points out that with an
ultra-short wave oscillator, the efficiency and the
minimum wavelength obtainable depend not so
much on the circuit used as on the constants of the
oscillator valve. A detailed account is given of
theoretical and experimental investigations into the
type of valve most suitable for ultra-short work.
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Starting from the case of a typical single valve
oscillator, and taking into account the inter-
electrode capacities of the valve and the inductance
of the grid circuit, equations are derived for deter-
mining the conditions necessary for continuous
oscillations to occur. The efficiency of the oscillator
is then investigated and is found to be inversely
proportional to the inter-electrode capacity and
the impedance of the valve. A description is given
of an oscillator specially constructed for the
experimental verification of the above points, and
an account is presented of various measurements
involved and of the results obtained. These results
were further verified by testing a number of
different valves.

The necessary conditions under which oscillations
can commence are then investigated and an in-
volved formula is derived for calculating the
minimum possible wavelength as determined by
the constants of the valve and of the circuit.

In the light of the above considerations, a
procedure for the design of a valve suitable for
ultra-short work is indicated, and the necessary
formulae are given. It appears that the main
requirements are as follows: (1) Large saturation
current and low operating anode voltage. (2) Grid
mesh not too fine. (3) Large separation between
the anode and grid leads.

It may be noted that the higher the power of the
valve the greater is the minimum waveclength at
which it will operate.

A brief outline is added of oscillator systems
cmploying two valves, and a method is indicated
for finding the equivalent single valve circuits in
order to simplify calculations. It is pointed out
that the two valve systems are capable of a greater
power output than those in which only one valve
1s employed, and are in addition more stable in
operation. With reference to the latter point it is
mentioned that asin the case of long waves (Lazaref,
1929 Abstracts, p. 270) the frequency is dependent
upon the anode voltage and the temperature of the
filament, being directly proportional to the former
and inversely proportional to the latter. Experi-
mental curves are shown confirming this.

TREHFAZNYE ELEKTRONNYE GENERATORY (The
Three-Phase Thermionic Valve Oscillator), —
A. Arenberg. (Westnik  Flektrotechniki,
Leningrad, January, 1931, Part I, pp. 13-19.)
In Russian. A theoretical discussion of the
three-phase inductively coupled oscillator (R.
Mesny, L’Onde Elec., p. 232, 1925; also 1930
Abstracts, p. 274, Tank and Ackermann) is pre-
sented.  Equations are given for determining the
conditions necessary for starting and sustaining the
oscillations. It appears from these equations that
the fundamental frequency is absent from the high
tension supply circuit, while 3rd, 6th, oth, etc.,
harmonics are present.
A vector diagram is given and the phase dis-
placement of currents in the oscillatory circuit is

proved to be cqual to 27 A method is indicated

by means of which the design of a three-phase
oscillator may be based on that of a single-phase
oscillator, and it is also pointed out that by omitting
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one of the valves the usual push-pull circuit is
obtained. Expressions for determining the power
output and the efficiency of the oscillator are also
given.

The main advantages of the system are its
stability and the absence of the fundamental
frequency from the high tension supply circuit.

In conclusion, different circuits are suggested and
possible applications enumerated, examples of
which are the use of the high frequency rotating
magnetic field for experimental purposes, and the
application of the system as a harmonic generator
by means of which a large step up in frequency can
readily be obtained.

RASCHET LAMPOVOGO GENERATORA PRI PLOSKOI
¢ FORME IMPULSA ANODNOGO TOKA (The
Design of a Thermionic Valve Oscillator for
a Flat-Topped Anode Current WWave).—
A. 1. Berg. (Westnik Elekivotechniki, Lenin-

grad, January, 1931, Part I, pp. 11-13.)

In Russian. A discussion is given on the design
of an oscillator in which the variations of the grid
potential are such that the valve is driven beyond
the top and bottom bends of the characteristic and
when, in consequence, the anode current wave has
a truncated sinusoidal shape.

The angles of cut-off, i.e., those values of w?
beyond which the anode current is either a maxi-
mum or zero, are introduced into the fundamental
equation for the anode current, and an expression
is obtained for determining the shape of the anode
current wave. A general formula for the amplitude
of the n-th harmonic is derived and curves are
given cnabling the amplitudes of the second har-
monic to be found for different angles of cut-off.

The internal impedance of the valve is expressed
as a function of the angles of cut-off, and from this
expression the corresponding values of the grid
swing may be determined. An expression is also
derived giving the ratio between the alternating
and constant components of the anode voltage, in
terms of the angles of cut-off.

A numerical example illustrating the theory is
added.

UNTERSUCHUNGEN UBER DAS VERHALTEN VON
QUARTZGESTEUERTEN SENDERN (Investiga-
tions into the Behaviour of Quartz-Controlled
Transmitters).—P. von Handel. (Luftfahrt-
Jorsch., No. 5, Vol. 8, pp. 121-140.)

““ The equivalent circuit of the oscillating quartz
crystal is derived. The damping of the crystal is
calculated as a function of the frequency, and the
specific expansion as a function of the electrical
potential on the crystal; it is thus shown that the
specific expansion is independent of the frequency.
The vector equation of the oscillating system is
derived, but the calculation leads to complex
expressions ; the oscillating conditions are there-
fore examined with the help of vector diagrams.
Stability conditions give the possibility of both
stable and unstable oscillations. The behaviour of
a quartz-controlled two-circuit transmitter in over-
critical coupling is investigated, together with the
effect of the active grid current and the grid/anode
capacity.”” See also 1930 Abstracts, p. 334.
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AMPLITUDE- AND FREQUENCY-MODULATED TRANS-
MITTERS : MEASUREMENT OF MODULATION,
ETC.-—A. Heilmann: W, Runge. (E.N.T.,
May, 1931, Vol. 8, pp. 227-228.)

Heilmann, while recognising the advantages of
Runge’s method (March Abstracts, p. 149), points
out that it is based on two simplifying assump-
tions :—that the frequency- and phase-modulation
which occur as by-products of the amplitude-
modulation possess a fixed phase relation to the
latter, and that an oscillation which is simultane-
ously modulated as regards amplitude and fre-
quency can be replaced by the product of the
superposition of a pure amplitude-modulated
oscillation on a pure frequency-modulated one.
The first assumption is not always fulfilled
(Runge replies that for modulated valve trans-
mitters it is so generally true that for practical
purposes the point need not limit the use of his
metnod) while the second only holds good for very
small degrees of frequency- or phase-modulation.
KRunge agrees that the scparation of pure phase-
modulation from the amplitude-modulation, by
measuring the combination-oscillations at small
amplitudes which prevent non-linear distortion of
the amplitude-modulation, is in fact not a very
exact procedure [results at higher degrecs of
modulation having to be dednced frem these]: it
is, however, much more exact than the one suggested
by Heilmann, according to which t