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Editorial.
A Super-rejector Circuit.
N connection with the seventh German in the December number of Elektrische

Radio Exhibition in August, the German

Broadcasting Company offered a prize
for an auxiliary apparatus which could be
used in conjunction with an outdoor aerial
and an ordinary good-quality receiver, in
order to enable distant programmes to be
received without interference from the neigh-
bouring local or regional transmitter. It
was also prescribed that the apparatus
should minimise as far as possible the dis-
turbance caused by electric tramways, X-
ray apparatus, etc. In the two previous
years somewhat similar offers had not met
with success, but this vear an apparatus
was sent in which was not only awarded the
prize, but which, after being tested by the
Heinrich Hertz Institute for Radio Rescarch,
was considered of such merit that the Silver
Medal of the Institute, which had not been
awarded for three vears, was awarded to the
designer and constructor of the apparatus,
an amateur, Theodor Eckert.

The problem which this apparatus is
alleged to solve is not peculiar to Germany,
and we feel sure that no apology need be
made for bringing it to the attention of our
readers.

A full description of the apparatus and of
the tests made by the Institute is published

Nachrichten Technik. Nothing is said con-
cerning any effect the apparatus may have
on the quality of the transmission, but, on
the other hand, it is a reliel to find that the
laws of nature are not asked to go into
abeyance while the inventor explains the
action of his device.

Without the device an ordinary four-valve
all-mains receiver (x H.F. det. 2 L.F.) was
useless for distant reception when tested
at the Institute, because of the interference
due to the main Berlin transmitter, the
aerial of which is visible from the Institute.
Even stations which differed in wavelength
by 50 to 100 metres {rom that of the Berlin
{ransmitter could not be received. \When
Eckert’s device was connected between the
aerial and the receiver, Kattowitz, which is
only 18 kilocycles off the Berlin frequency,
could be received entirely {ree irom inter-
ference. One would like to know, however,
if a simple tuned rejector circuit was tried,
and, if so, with what success ; not that we
believe for a moment that it would have
given such satisfactory results, but it would
certainly have greatly improved matters.
Now Eckert’s device contains a valve, so
that, strictly speaking, the results should be
compared with those obtainable with a
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five-valve set. The valve is not used as an
additional amplifying stage, but as an adjunct
of the rejector circuit; the device might

very well be described as a super-rejector.

It is on somewhat similar lines to the
rejector devised by N. P. Hinton about ten
ago

years m which a valve with back-

100000 0

coupling was employed to reduce the damping
of the rejector circuit.

The construction of the device can be
seen from the diagram of connections. The
acrial can be connected cither to .1, or to
A,, the latter connection introducing a
series condenser of zoo cm. capacity. The
aerial current passes to earth through two
coils in series, contained in two screened
compartments, two switches enabling one
to vary the number of turns in circuit from
b to 25 in each case, the coils being wound
on tubes ol 6 cm. diameter. The coil L,
is coupled to a coil L, of 65 turns on the
same tube, the coil Z, being similarly coupled
to a coil L,, also of 65 turns. The circuit
L,Cy constitutes a coupled rejector circuit :
it is tuned exactly to the frequency of the
disturbing station, and the voltage across C,
is amplified by the valve, which produces
in the coil Ly of 20 turns a current of the
disturbing frequency. This induccs an elec-
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tromotive force in the coil L, also of 20
turns, which can be adjusted by mcans of the
variable shunt resistance R, of 600 ohms
until it exactly wipes cut the last traces of
the disturbing station from the current
passing to the receiver. In this respect
the arrangement is a combination of a
rejector and a compensating device.

The test report states that the tuning
of the rejector is very critical, 0.5 metre
departure from the exact wavelength being
sufficient to bring in the disturbing station.
This means that although the disturbing
carrier wave may be cut out, the rejector
will not cut out the higher side-bands, since
0.5 metre in say 300 metres is equivalent
to a frequency change al 1,700 in 10° cvcles
per second. Another trauble which will occur
if the stations which are to be received have
wavelengths too close to that of the local
station is that the rejector will suppress
one side-band of the desired station over a
small range of audio-frequency. Tt is stated
in the report that distant carriers could be
tuned in Iree from interference within g
kilocycles of the local frequency, and that
Kattowitz, which differed by 18 kilocycles,
could be received satistactorily.

Turning our attention to the lower half
of the diagram we see that the circuit
L,C,, which is tuned to the desired distant
station, feeds the receiver through a non-
inductive resistance which is made adjust-
able. For lack of a suitable wvariable
resistance of high quality, three resistances
were used as shown. The object of this
resistance is stated to be twofold, viz.,
to provide a variable coupling between the
tuned circuit L,C, and the receiver, and to
act as a buffer against shock disturbances
such as those due to X-ray apparatus, etc.
The inventor states that he has found it
effective for this purpose, but nothing is
said on this subject in the report of the
Institute, and we must confess that we do
not see how it fulfils this second object.
Apart from this, however, the device is
likely to prove ol interest to those who find
their efforts to obtain distant stations
trustrated by the proximity of a powerful
transmitter.

G.W. 0. H.
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The Resistance Capacity Coupled Transformer.”
By F. Aughtie, Ph.D., M.Sc., and W. F. Cope, B.A. (Cantab).

HE recent developments of intervalve

transformers rendered possible by the

use of alloys of high initial permca-
bility, realisable only in the absence of a
polarising field, and the use with trans-
jormers of normal construction of valves
taking higher anode currents than hitherto,
give increasing importance to those circuits
in which the steady anode current is not
passed through the primary ol the trans-
former.

H.T.+

-

Fig. 1.

The use of a chioke in the anode circuit,
the transformer primary being fed rhrough
a suitable coupling condenser (see ¥ig. 1),
has long been known and used. The analysis
of this circuit has been given by Willans
(J.I.E.E., Vol. 64, p. 1079.)

The authors favour the circuit of Tig. 2
where the choke is replaced by a reststance |
by this substitution, besides the remoy al of
a potential source of distortion, in the shape
of an additional iron core, the smaller sehi-
capacity ol a resistance as compared with
a choke renders possible an improvement
in the performance of the stage at high
frequencies.

The D.C. voltage drop across the resistance
is, in the majority of cases, an advantage
rather than the reverse, since the H.T.
supply for the final stage is usually much
higher than that required on the anode of
the preceding stages.

* MS. first received by the Editor, July, 1929,
and finally accepted February, 1930.

Analysis of Civcust.
The following symbols are used in the
analysis :
., — input voltage to grid of valve,
Cqo output voltage ot stage,
amplification factor of valve,
— slope resistance of valve,

w

R

R value of feed resistance,
C value of coupling condenser,
L

inductance of transtormer

primary,

7 resistance of transformer
primary,

o voltage ratio of transiormer
(taken as turns ratio).

k coupling etticiency.

At medium and high frequencies the
reactance of the condenser is very low and
hence the behaviour of the arrangement is
substantially the same as a scries circuit,
with a correction for the presence of the
shunting resistance.

HT.+

_JE‘ WI%’%—%? 3

=

Tig. 2.

At low irequencies the secondary and
mutual capacitics, and leakage reactances,
may be neglected, and the circuit redrawn
as Iig. 3.

In usual vector notation, the impedance
of the limb C # L is -

Z=r4flol—2¢) - - @
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Hence the impedance into which the
valve works is :
Rx7Z
; (2)
R+ 7
And the total impedance into which the
voltage pe,; works is :

R x Z
Ra +R 7 (3)
The current through
Fa the anode-filament
path of the valve is
e thus :
81 ¢
{ fo=—-2 — ()
R, + -2
* "R+ Z

This divides into two
parts, ¢; through R, and ¢, through C 7 L.

- 4 .
1"R+Z-1u, (5)
R .
= R _+_ A= ta (6)
The voltage across L is therefore :—
. . 7. wlR . _ JwLR e,
Jewlis="p 7 R+Z . RZ
a1 R + V4
which reduces to ;-
wl
ey ! 7)

)

The voltage applied to the grid of the follow-
ing valve is :-

JwL ,
g 7T POC,y R (%)
A “>
R, + /\ I+ R
Hence :
€go 7'wL
eLl T pOT—— (9)
g “ b a
R Z(\I ! R>
and,
I:y-z o ‘ wlL = (10)
g1 2 2 . 2
{4+ B{ar i)
Where :-

A:Ra—f—r—}—R]gr:Ra—}—r.B

B:I—{-I;é’
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In this expression the product po is

independent ol frequency for such fre-
quencies as are being considered.
The remaining factor contains terms

depending upon the frequency, and may
conveniently be termed the efficiency of the
coupling.

At zero trequency the efficiency is ob-
viously zero, while at medium {requencies

I . . .
where c's small conrpared with wL, it has
w

the value :

m%%_,—l’-—zjr = ; since wl > >4
R
“R+ER . (11)

This is clearly less than unity and is equal
to the coupling efficiency of a resistance
stage having corresponding values of
R and R,

The form of the curve of coupling effi-
ciency against frequency will depend upon
the relative values of the constants, but if
C is less than a limiting value (see below)
the curve will contain a hump corresponding
to the series resonance of the circuit com-
prising the condenser, transformer primary,
and the equivalent resistance of the fecd
resistance and slope resistance of the valve
in parallel. The frequency at the summit
of the hump, where the amplification is a
maximum, 1s obtained by differentiating
and equating to zero in the usual way:.

Performing the differentiation,

[ wl (12
Bl Y B
\ \ wC/ )
. 2B 2B 1 |
ak . ax c T
do 7 a T \2\¢ 3
1‘{“ + B* (wL wC> i
Equating to zero, we ebtain
2
w? = 7 ERY . (14)
Clz2L — E2( }
2
Examination of j}; confirms the deduc-
Lew

tion, made from physical reasons, that this
gives a maximum value to %, and not a
minimum.
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The form of (14) gives a real value of w
only when (2L — 2_2()\ is positive.  The
physical interpretation of this is that the

curve only has a hump when this condition
is satisfied. At the limiting case, when

12
<2L — ‘;r (") is zero, ¢.e., when
c_rsz; (1)

the hump just vanishes.

Clearly values of C less than that given
by (15) must be used with caution since they
result in the presence of a hump in the
coupling efficiency-frequency curve; on
the other hand, examination of a set of these
curves for various values of C shows that
the use of a larger condenser is undesirable
since it results in the curve rising up to the
asymptotic value less quickly than when the
constants satisty (15).

Thus for a straight amplifier, 7.e., one
in which no attempt is made to correct for
deficiencies (or excesses) in the frequency
response curve of other components, the
best value for the coupling condenser is that
given by (15). Further remarks on the
choice of the value of C will be made later.

The coupling efficiency——{requency char-
icteristic will now be compared with that
given by the standard series arrangement by
examination of the cut-off irequency, defined
as below.

Substituting from (15) into (12) and
putting also :—
b3 I A
v Ve = = 16
T Vi Ly)27" vz.L.s "
2 e
A2
we obtain
L4 b
0 - (17)

"~ AV2LB V2B
The steady value of % (ie, value at

. NN ‘
medium frequencies) is -, Irom (11). Hence

B
we see that & has a value 0.707 of its steady

value when w = w, The corre-

s
vVL.C
sponding value of the frequency is termed
the cut-off frequency.
The ecfficiency of a series fed transformer
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stage can be obtained from (12) by putting
R=0C=c.

g = wl

(Ra 4 77 + L7
The steady value of this is, of course,

. (18)

unity. To obtain the cut-off frequency
bs .
wy put & = obtaining :\—
0P V2
wi'L = (R, +7)
, R 7
wy I A% .. (19)

Comparison of this with (16) shows that -

o VR ANB_ - RB-1)
wy, R, -7.B 2{I+R,,+r.BJ(20)

This is very closely V2B when »r< <K
and B has a practicable value (1 <B<1.5):
thus by the sacrifice of some amplification
at medium and high frequencies (in round
numbers about 25 per cent.) the cut-off
frequency has been reduced roughly an
octave, quite apart from any gain in this
direction consequent upon the increased
transformer inductance following upon the
temoval of the polarising current from the
transformer primary. Taking this latter
into account, the reduction of the cut-off
frequency obtainable in practice is commonly
between one and two cctaves.

Next compare the slope, at the cut-off
frequency, of the coupling efficiency-fre-
quency curves for the two circuits. For
the circuit of Fig. 2

-

2B2L  2B*

C C?
I
wC

I
" w?

dk

dw

& - (13)

{ a5 B RHE
,“A +BZ<wL i

Substituting into the above

2 A
C:ZLB and w =

A2 v2.LB
it reduces to :—

<117/»’\ _——L: L - (21)

dw/, ., A Ru+r+1§,"
A ¢

For the ordinary series circuit
ar I (B +7)?
dw {(Rg + )2 + w2l
L I
' wLl N2
& \R, + r> J
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Substituting
] R('L -+_ 7
E
we obtain
(dfk’> < : (23)
dw w=wy Ra—-}—VZ.'\/;”Z

The rate of rise of &k at the cut-off tre-
quency is seen to be greater for the resistance
condenser fed arrangement than for the
serics arrangement. Hence it approaches
the asymptotic value more rapidly, and the
complete curve therefore more nearly realises
the 1deal of a horizontal straight line.

This theoretical deduction is confirmed
by inspection of Fig. 7, in which the response
curves (plotted from the formule) are given
for series and for parallel resistance feed
circuits.

Having established the theoretical {ounda-
tion for the circuit, it is now necessary to
show that the results are realisable in

1.0
(o]

Q18 -

07

06

05

COUPLING EFFICIENCY

o1 L
10 20 30 40 50 60 70 80 90 100

FREQUENCY

Iug. y.—Lffect on shape of curve of varialion of
valve vesistance. Curve 1, novinal, R, 35,000

ohms.  Curve 2, 209, increase, R, — 6,000
ohms. Curve 3, 209% decvease, It, — 4,000
ohims. Curve 4, transformey shunted by 20,000
ohms, R, = 35,000 ohms, L 45H.
practice. In particular it is necessary to

know what deviations from the theorctical
performance result when the constants of the
circuit vary slightly from their nominal
values. It is difficult to demonstrate by
mathematical methods that such deviations
in R,, L, and C as are likely to occur in-
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dividually are without serious effect upon
the curve, and so curves have been prepared
showing the effect of such departures from
nominal values as are likely to occur.

10 i
09 Q i

R A

N7
0-57/ il \@

EFFICIENCY

04

03

COUPLING

\

01
10 20 ao 40

50 60 70 8090 100

FRZQUENCY
L'ig. 5.—Lffect on shape of curve of variation of
inductance. Curve 1, wsormal 45H. Curve 2,
119, decvease joH. Curve 3, 11%, increase
50H. Curve 4, transformer shunted by 20,000
ohms, R, — 5,000 ohwms, L — 45H.

Fig. 4 shows the effect of a 20 per cent.
variation of R, above and below the nominal
value ; IYig. 5 that of an 11 per cent. varia-
tion of L above and below the nominal
value ; and Fig. 6 that of a 25 per cent. and
a 50 per cent. reduction in the value of the
capacity. These curves have been plotted
for nominal values of the constants as
follows :

« = 5,000 vhms.
- 20,000 ohms.

- 45 henrys.

O~ x X

4+ microfarads.
y = 1,000 chms.

It will be noted that a slight gain, from
the practical point of view, results from the
usc of a condenser somewhat smaller than
that given by equation (15). For this
reason the curve for a larger capacity has
not been drawn. (It is interesting to note
the analogous case of a damped indicating
instrument where damping somewhat less
than the critical value is most convenient
in practice.)

It is clear that the modifications are of
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negligible magnitude, especially when re-
garded in connection with the frequency scale.

The fourth curve of these figures is the
theoretical efficiency of a transformer stage
when the primary is shunted by the resistance
R This curve is obtained from (12) by
putting C = oo, no account is therefore
taken of any reduction of the primary
inductance due to the presence of the
polarising current.

The actual amplification of a transformer
stage would be greater than the values given
by this curve, but since only the form of the
curve is being considered it is preferable to
have the curves so that they have a common
steady value.

Three additional curves are given in
Fig. 7 to assist in comparing the coupling
efficiency-frequency characteristics  given
by the circuit of Fig. 3 and the normal series
arrangement. The first of these (curve j)
1s the fourth curve of Figs. 4. 5, and 6, i.e.,
the transformer with no polarising current,
and the primary shunted by a resistance K.

ool [ 11
& Q= T
R == e = 5 N
07 OF el it | { i
A
06 g - }
A~ e | |

0§ 7 '
|
-
04 T

COUPLING EFFICIENCY

02

|
|
1
:
|
R
01 .

i) 20 30 40 50 80 70 8090100

FREQUENCY

Fig. 6.—Lffect on shape of curve of vaviation of
capacity.  Curve 1, normal y pl°.  Curve 2,
25%, decvease 3 uF. Curve 3, 50%, decvease
2 wl. Ior R,— 5000 ohmms, R - 20,000
oluns, L — 45H. Curve 4, transformer shunlted
by 20,000 ohuns, I, 5,000 ohms, L 45H.

The second (curve 5) is that of the trans-
former with the primary unshunted and
urrpolarised, but with values of the amplifica-
tion scaled down to 0.8 of their actual values
so that the steady value is the same as that
for the shunted transtormer.

The third (curve 6) is the curve for the
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transformer as realised in practice when,
due to the polarising current, the inductance
has been reduced to 20 henrys.

It has been stated above that the voltage
drop in the feed resistance is, in the majority

1.0
o9 N
08 — "
o7 - ]
Py T ——
- L1
06 - +
@\»/’ /
> 05
O rd
z ///%
Woogule A ) —
Q V
L ®
w ) al ———t—
z I
=
J
. i
5 o |
8 I
o
| i |
01 L L i — |
10 20 30 40 50 60 70 80 90100
FREQUENCY
Yig. 7.—Effect of shunting vesistance and

polarising curvent. Curve 4, shunted with 20,000
olims. Curve 5, unshunted with no allowance
for polarising curvent. Cuvve 6, unshunted
allowing for polarising cuvven!. Note values
Jor 5 and 6 have been nultiplied by 0.8 to con-
pare divectly with Curve 4.
R, — 5,0000hms, L — 45H (curves 4 and 3)
20H (curve 6).

of cases, an advantage rather than otherwise.
It is sulficient to add here that the arrange-
ment finds its best application in the pen-
ultimate stage of a power amplifier, the
output stage of which is supplied with H.T.
at 350 volts. The preceding valve will
usually require about 150 volts on its anode,
and there is thus ample voltage available
for the drop in the resistance.
At the cut-off frequency, 7.e., when w

the arm C v L is

zero, and the external impedance into

@

RALI—.}—”;" alow value.
The dynamic characteristic of the valve
is thus not much different from the static
one, hence, to avoid amplitude distortion,
care must be taken that the swing at this
{requency lies within the linear range of the
static curve. This effect can usually be
ignored since, except in a few cases, the

which the valve works is
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cut-off {requency is well below any musical
frequency.
Feed Back.

The audio-frequency current through the
H.T. supply is:

Z .
51 RTZI( (5)
Substituting for 7, and Z we obtain :
il yamel L
WK B Ry Bxy Y
where X" has been written for <wL =4 \\
(UC/

Case 1. At medium and high frequencies
A is large and the expression reduces to

MEq1

l1ll _R~l Ra ey (25)
Case 2. At the cut-off frequency, X = o
|4y ] = 28 (26)

R+RG+R_§’

This is obviously smaller than for case 1,
and may become extremely small if »r<<<<I,.

Case 3. At an intermediate frequency,
v = ey KO
1 MHeyy R{(Bl’ + Ra)z TC Bz)ﬁ}.{,
e (4 2
= Mty T T 2 s
R2 2R\t
Blxe 4 e o 2%
R )LX + % 4 B B }
. o (27)
This is seen to be less than
MKEgy Meyy
RB R+ R,

the value for Case 1. Thus the current
through the H.T. supply is never greater
than for Case 1, and decrcases with the fre-
quency down to the cut-off frequency.
This is an advantage since the reactance of
the condenser usually connected across the
H.T. supply increases with decrease of
frequency.
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Below the cut-off frequency, the audio-
frequency current through the H.T. supplv
increases again, but this is not likely to
cause trouble due to feed back from succeed-
ing stages since the amplification of the
stage is extremely small below this tre-
quency. Neither need it cause feed back
trouble with preceding stages since they
should be designed to give small amplifica-
tion at these frequencies, for, clearly, there
is no justification for amplifying in earlier
stages what will not be passed by the stage
under examination.

Dhase Shift.

There will be a change of phase displace-
ment between input and output voltage

I
VLC
and while this corresponds to a frequency
so low, in most practical cases, as to cause
no trouble, the arrangement is not recom-
mended for & number of stages in cascade.
(Kirke, L.W. & IW.E., Vol. V, p. 447).

when o passes through the wvalue

Design.

The most important consideration in
design is the provision of sufficient output
voltage tor the following stage. The pro-
cedure advised is to divide the required
swing by the ratio of the transformer which
it is proposed to use, add 25 per cent. for
the loss due to the shunting effect of the
resistance, and then choose a valve capable
of supplying this output, using the method
given by Sowerby (L. & W.L., Vol. V,
p- 2or). This fixes R, and R:equation
(16) then gives w if L is fixed, or, alternatively,
gives L for a given value of w. Substitution
into equation (15) then gives the wvalue
of C.*

i Curves givi(-lg values of C:1d g were included
in ““The Parallel I'ed L.F. Amplitier,” by Aughtie
and Cope (Wireless World, Dec. 1ith, 1929
pp- 644-7).
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The High-frequency Resistance of Coils.”
Novel Methods of Measurement.
By A. L. Green, M.Sc.

SUMMARY.- It is shown that there are methods of measuring the high-frequency resist-
ance of coils which do not require the use of a thermo-junction and calibrated resistances.
These methods depend on the condition for oscillation in a triode assembly, and the simplest

of them uses the dynatron oscillator.

IExperimental results show that the condition-for-

oscillation procedure can be made to compare favourably with resistance-variation as regards
accuracv, and, in the case ot the dvnatron, there is the advantage that numbers of measurements
over a range of wavelengths can be made in a short time.

Introduction.

HE methods of measuring the high-
frequency resistance of coils fall into
three main classes: () by resistance-

variation, (b) by distuning, and (¢) by signal
injection across a small resistance in series
with the coil.  All three require the use of
a thermo-junction, since, even if the experi-
ment takes the form of measuring the
potential developed across the shunt capa-
city which tunes the coil, the valve voltmeter
has to be calibrated initially from a known
resistance carrying a measured current.
Now, a thermo-junction is subject to two
errors © one inherent in its calibration, and
the other in the assumption made as to its
heater resistance at high frequencies. Ot
these two, probably the latter tends to be
the more serious as the frequency increases,
since stray capacities, and, to a less extent,
skin effect, tend to produce variations in the
effective resistance of the heater which must
eventually show as errors in the computation
of the coil resistance. A further difficulty
is that a part of the current in the coil flows
back through distributed capacities and is
not registered at all by the thermo-junction,
while there is, too, some reason for thinking
that it is not quite valid to makc a correction
for this effect simply by assuming a lumped
capacity for the coil. Add the undoubted
experimental difficulty of adjusting an oscil-
latory circuit exactly to resonance when a
maximum reading of the thermo-junction
galvanometer is the only indication of tune,
and a case has been made out for an in-
vestigation of other methods of measuring
coil resistances.

One is immediately reminded of the
formula for the condition for oscillation in

* MS. received by the Ermo—r, May, 1930.

a triode assembly, in which the resistance of
the grid coil occurs as a factor, and it appears
worth while to make a few measurements
to see just how accurate may be this possible
method of measuring coil resistances.f One

| HT
\L
L1
"-"(01
R4 g
8 -
— a1 g =
-
T T
Fig. 1.—\Magnetic reaction oscillator used in

Method I.

can see at once that there is something to
be said for testing the coil in an assembly
similar to that in which it will eventually
function, instead of divorcing it entirely
as is usually done, and even if, after a trial,
the condition-for-oscillation method proves
too clumsy, there is the satistaction of
veritying or disproving the formula used.

The Condition for Oscillation—Method I.
Magnetic reaction.

In Fig. 1 is the well-known circuit of a
triode oscillator in which the anode coil L, is
coupled magnetically to the grid coil £,. Tt

+ I am indebted to Professor E. V. Appleton,
F.R.S., for the original suggestion, made in 1925,
that the conditions for oscillation of a thermionic
valve generator might be applied in the deter-
mination of high-frequency resistance, and also
tor his subsequent help and advice.—A. L. G.
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is ecasy to show by approximate methods that
the effect of passing energy from the anode
to the grid circuit by means of magnetic
reaction is to reduce the effective resistance
R, of the grid coil by the quantity

w M
ARl a Rn . Cl
where p and R, are the valve constants,
amplification factor and slope resistance : M
is the mutual inductance (negative) betwecen
L, and L,, and C, is a composite capacity
including the tuning condenser, the lumped
capacity of the coil and the input capacity
of the valve. It, therefore, by increasing
M, the valve is brought just to the point of
oscillation, where the resistance of the grid
coil is reduced to zero, we have

w M

. - o (1)
Ra Cl
and substitution of the appropriate values

of the quantities on the right-hand side
should give a measure of R;.

R,

Experimental Delails.

Since negative grid bias was used to ensure
that the valve was working on the straight
part of its characteristic curve, it was not
possible to make a test for oscillation by
watching for a change in grid current, so
observations were made in the anode circuit.
Sufficient sensitivity was obtained by in-
serting into the anode circuit a 10,000-ohm
resistance shunted by a large capacity and
by a backed galvanometer.

The ratio of p to R, was measured in the
usual way by noting anode currents at
specified grid potentials, the details of the
last paragraph being in circuit.

The mutual inductance M presented some
difficulty owing to its small relative value,
but the method finally employed was as
follows: the grid coil was firmly screwed
on to a graduated scale, and the anode coil
made to slide along this. Measurements of
the mutual inductance between the coils
were made at intervals of half a centimetre,
and from the results a graph was drawn
from which intermediate values could be
interpolated.  The coils were separated
temporarily from the circuit and connected
in series together with a reversing switch,
so that the total inductance of the assembly
was L, + L, - 2M, according to the sense
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of the mutual induction. After adding a
calibrated condenser in shunt, the resultant
oscillatory circuit could be tested for reso-
nant wavelength, and then calculations
give L+ L,+2M and L, 4+ L,— 2}M,
which by subtraction lead to 4M. The
oacillatory circuit was inserted into the
anode circuit of a dynatron oscillator, and
its signals picked up on a wavemeter. Ior
cach distance of separation between the
coils, four readings are required on the wave-
meter corresponding to two values of shunt
capacity for cach position of the reversing
switch. It was found to be convenient to
measure the inductance of each coil with the
same arrangement, it only being necessary
to put a short-circuiting plug in place of one
of the coils while measurements were being
made on the other.

Having tound the inductance of the grid
coll, it was decided to omit accurate measure-
ments of its self-capacity and of stray
capacities in the grid circuit of the triode
oscillator, all of which are included in C,,
and to measure instead the wavelength at
which oscillations just began. Accordingly,
equation (1) was amen:ded to

w2
R, 15 'M'4A12 B S '
where v is 3.19'% cms., and A; is the wave-
length ot the grid circuit.

The procedure then was to set the coils
at a separation for which the mutual in-
ductance was known, and to vary the grid
tuning capacity until an oscillation started,
at the same time noting its wavelength.
After taking a few positions of the coils,
values of the high-frequency resistance of
the grid coil could be computed over a range
of wavelengths. In Graph 1 are shown the
resalts for a coil of inductance 273 micro-
henrys, wound on the Burndept multi-layer
system. This coil was also measured for
high-frequency resistance by the ““ resistance-
variation ”’ method, and a comparison of
the curves obtuained by the two methods
indicates that there is fair agreement in the
middle of the wavelength range, but that
the condition-tor-oscillation method shows
high at the higher wavelengths and low at
the lower wavelengths. Such a result is
difficult to explain on the basis of errors in
measurement of the quantities u, K,, and M,
and one is forced to the conclusion that
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equation (2) may not accurately represent
the true condition for oscillaticn. A little
consideration shows that there are three
factors unaccounted for in this simple
formula :—

(a) Reaction through the grid-plate capa-
city, C, of the valve.

(#) The self-capacity C, and resistance
R, of the anode coil, and

(¢) Magnetic reaction trom grid to anode
circuits, in addition to the more obvious
anode-to-grid transfer of energy.

36
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28,
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Graph 1.—Comparison of the condition-for-
oscillation, Method I (civcles), ugainst vesistance-
variation (crosses).

Formula R, = w M

Ra ’ cl ’
After allowing for (b) and (¢)*, we can
amend equation (2) as follows :

M
Ry (1 — LyCopy®) - Iga T
M2p® .
N pCR) )
where p, is the angular frequency of the

27
Ay

It is found that R,, the resistance of the
anode coil, only occurs in association with
R, in comparison with which it is negligible.
If p, is the natural angular frequency of

grid circuit, and is equal to

= Seze Appleton, Proc. Phys. Soc., Feb., 192I.
Jolitte and Rodman, S.P. Bur. of Stand., No. 487,
April, 1924. Morecroft, ‘‘ Principles of Radio
Communication,”” Chapter VI.
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the anode coil, it is possible to use the more
convenient form
I I
ARy < — >
P\ Pt
M
~ R Aply — M1 + p1CR)} . ()
a
The grid-plate capacity reaction intro-
duces a further drop in apparent resistance
of the grid coil, given approximately by +
-1 L,C,

AR (1 — LyCopy®) = 'U‘R C,2 (5)
or bv

’ I I —1 2 2
AR, '<1>12#1>22> =E22 pL2LCo (6)

The total reduction in grid-coil resistance
will therefore be

ARI = ARll + ARln
and when the valve is just oscillating—
I I\ u
R1</)1§_¢22} a Ra .

o APLLCo+ M2 (1 £ $:CaRA)} (7)

(ML, + piL2LoCy)

A comparison of equation (7) with the
simple formula of (2) shows that this method
of attempting to measure the high-frcquency
resistance of a coil is much too complicated
to be satisfactory, but it is nevertheless of
interest to correct the curve of Graph 1 in
accordance with the new {formula. By
doing this we should get a check on the
validity of (7), and at the same time find
out the relative importance of some of its
factors.

Going back for a moment to (4), which
gives the reduction in grid circuit resistance
of an oscillator using purely magnetic
reaction, and on substituting the following
experimental quantities

n ¢

R, = 05,000 ohms.
L, = 273 pH.

C, 46 pul.

M from 22pH. to 47.5 uH.

p, from 6.3 millions to 2 millions,
(A;, 300 to 940 metres),

+ See Miller, Bur. of Stand., No. 351, Nov.,
1919, etc.
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it was found that M (1 4+ p,C,R,) was
almost a constant quantity over the range
of irequencies Investigated, and its magni-
tude was about 20 per cent. of pL,. This
figure then is the error* introduced by factor
(c)—that is, the energy fed by magnetic
reaction from the grid to the anode circuit.
Factor (b) is represented in equations

. 7 1

(4) and (6) chicfly by (p’z ) and the
\P1 -

effect of the natural frequency of the anode

coil is to introduce an error which may be
as high as 45 per cent. when the grid tuning
capacity is at its lowest figure. The value
of p, was 11.3 millions, and the highest
value of p; used was 6.3 millions.

The error due to capacity feed-back, (6),
varied from about 2 per cent. at the lowest
grid circuit frequency, to 30 per cent. at
the highest, when I, was 170 microhenrys
and C,, 4.5 pul.

36— T
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Graph 2.—Resistance-variation (crosses) coin-
parved with condition-for-oscillation, Method I
(circles), the formula being
1 1 28 .\
R, ( B = ,,> (ML, + pPL7L,Cy)
1 1 pZ_ Ru
I 2 2 N TR
- (PLPLPLaCo + M1 + piCoR,)

R,

Graph 2 is a comparizon of the resistance-
variation method of measuring coil resist-

* This error can obviously be minimised by
reducing R, and C,—thatis, by using a valve with
a high mutudl conductdnce, and an anode coil
with a low self-capacity.
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the
{ull
factors

ances, and the results obtained by
complicated formula (7), in which
account has been taken of all the

entering into the condition-for-oscillation
N.C.
Lo
R2
Co
Y
Ly
e
-
R1
=

Fig. 2.—The neutvalised oscillator of Method 11.

method. TFairly good agreement has now
been obtained at the expense of measuring
all the quantities

CoC\Co, LiLopyps Mpand R,

Obviously such & method of finding coil
resistances is open, to serious experimental
errors, but it is possible to eliminate the
measurement of some of these quantities,
for instance of C,, if the capacity feed-back
can be neutralised.

Condition for Osciliation—Method II.
The Neutralised Oscillator.

Fig. 2 is the circuit of an oscillator in
which the anode coil has been split and a
neutralising condenser connected between
the open end of the coil and the grid of the
valve. Probably the easiest way to adjust
the neutralising condenser to its proper
value is to convert the circuit temporarily
into a tuned plate tuned grid oscillator, by
substituting a smaller coil in the grid circuit
and tuning it to the irequency of the anode
circuit. The coils can then be separated
and mutually tuned, when the valve will
oscillate until the grid-plate capacity 1s
cxactly neutralised. After this adjustment
has been made the grid coil can be replaced.

A little consideration must now be given
to the mutual inductance between anode
and grid coils. First of all, it seems that
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one half of the anode coil is carrying the
steady anode current, the oscillatory anode
current and the capacity feed-back current,
while the rest of the coil carries only the
neutralising current. If the anode coil is
an accurately centre-tapped solenoid, with
a high ratio of diameter to length, the com-
bined field duc to the capacity feed-back
current in one half of the coi, and the
neutralising current in the other half, should
be just zero, since these currents flow away
from the centre of the coil and are adjusted
to be equal in magnitude. We are left,
therefore, with the fields due to steady and
oscillatory anode currents, and, since these
only flow in one half of the coil, our measure-
ments of mutual inductance should be made
between the grid coil and one half only of
the anode coil. Otherwise the procedure
is exactly the same as in Method 1, and the
experiment yiclds figures for the mutual
inductance which can be substituted into
the formula for the condition for oscillation.
This, of course, can be adapted {rom either
of equations (3) or (4), which are different
forms of the condition for oscillation, where
magnetic reaction only is used, so that the
relevant cquation for the neutralised oscil-
lator is

M

.- (8
Typical values are as follows :
=7
R, = 26,000 ohms.
L, =273 uH.
po = IL.I millions.*
Cp = 51 ppkF.

M from 7 uH. to 13.5 uH.
$, from 6.2 millions to 1.84 millions
{306 to 1,030 metres A}).

In this assembly a valve has been used
with a comparatively low anode slope
resistance, the advantage being that the
factor — M (1 + p,C.R,) in equation (8)
is now only about 3 per cent. of ul, and,
being practically a constant quantity, it

* p,is measured by substituting a smaller grid
coil, slightly deneutralising and converting thereby
inte a tuned plate tuned grid circuit, when the
valve will oscillate at the fundamental frequency
of the anode coil.
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can be neglected in all but the accurate
determinations of grid-coil resistance. The
approximate condition for oscillation, in a
neutralised oscillator where a valve is used
with a high mutual concuctance is, therefore

1 1 M
pr pel TR
Graph 3 is a comparison of the resistance-
variation method of measuring coil resist-
ances, and the neutralised oscillator con-
dition (8), the coil under test being the same
as used in Method I. As a matter of intcrest,
points arc also plotted using the formula

_ K 2 B A
R, Ra'MLl;bl =R Az
which differs from (g) only in that the effect
of the natural period of the anode coil has

been neglected. This curve shows serious
errors only at the higher frequencics, where

SGHJ41;11 ]
32 L—r-—ﬁ* l_l,___,__ﬁ‘_=

ML, .. .. (9

ML, . (2)

R1 OHMS

600 700 800 900 1000

0 i
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Graph 3.—Resistance-vaviation (crosses) com-
paved with the newivalised oscillutov, Method 11.
(Circles) by formula

1 I M e
(5= )R p k= M T ACR)
(Squares) by formula
o , w M

Ry= g MLt = g
the tuning ol the grid circuit approximates
to that of the anode circuit, so that it would
appear possible to get fairly accurate deter-
minations of coil resistance by using

(a) a neutralised oscillator,
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(b) a high-mutual conductance valve,

(c) as small an anode coil as possible,
consistent with the necessary value of M
required for oscillation.

With these three conditions fulfilled, the
condition-for-oscillation method becomes u

L1

10,000 O

- il

Fig. 3.--Capacity feed-back oscillator, Method
IIl.

little more tractable, since the simple
formula of (2) can be used without serious
error, and the experiment reduces in practice
to determinations only of A/ and A, and the
valve constants.

It may be noted, too, that the only
‘instruments ”’ necessary for this method
of measuring coil resistances are a wavemeter
and a standard variable condenser, the latter
being used in the determination of the
mutual inductances.

Condition for Oscillation—Method III.
Capacitv Reaclion.

The alternative to magnetic reaction and
the measurement of mutual inductance is
capacity reaction where the value of the
grid-plate capacity of the valve must be
known. The circuit of such an oscillator
is in Fig. 3; both grid and anode coils are
tuned by condensers, and zeroed for mutual
inductance. The experiment consists in
setting the grid circuit to the wavelength
at which it is desired to measure the resist-
ance ol the grid coil, and in varying the
tuning of the anode circuit until oscillations
just set in.  Generally there will be a wide
band of anode tuning over which the valve
will oscillate, but only one of the limits of
this region is required. It is probably best
to calibrate the anode circuit so that its
resonant frequency can be found subse-

¢

188 ENXPERIMENTAL WIRELESS &

(uently {rom the reading of the tuning
condenscr.  The condition for oscillation
ot this capacitv feed-back oscillator can b
obtained from either of equations (5) and
(6) and is
I I 1

('-Plr“' ~ P2 R, ﬂRa - P1PLPLyCy
where p, is the angular frequency of the
anode circuit when oscillations just begin,
and p, is the angular frequency of the grid
circuit oscillations. The grid-plate capacity
Co was measured by comparison with a
standard condenser, and the quantity deter-
mined includes the capacity of the valve-

(10)

holder. Values ol the quantities are
L, =273 uH.
L, = 1,150 pH.
C, 8.4 puk.
1! 18
R, 85.000 chms.

and the variables were in two cases

P 47 2.1 millions.
P 2.05 3.05 millions.
R, 164 4.3 ohms.

Ay 400 900 metres.

Corresponding values of the grid-coil
resistance R, at wavelengths of joo and goo
metres were, bv the resistance variation
nmethod, 16.8 and 4.1 ohms. Owing to the
difhculty of making an accurate determina-
tion of the grid-plate capacity* with the
apparatus available, a more detailed in-
vestigation was not attempted, but the
results obtained seemed to show that a fair
accuracy can be expected with this method.

Condition for Oscillation—Method IV.
The Dvnatron.

Probably the most interesting oscillator,
from the point of view of high-frequency
resistance measurements, is the dynatron®,
since here we can work with a single coil
and a very simple condition for oscillation,
namely :

242
R L /I)? o ..o (11)

* There is something to be said for increasing
the grid-plate capacity artiticially to a higher and
more easily measurable quantity.

t See Gill and Morrell, Phil. Mag., Feb., 1925.
Hull, P.I.R.E., Feb., 19138, and March, 1922,
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where R and L are the high-frequency
resistance and the inductance of the coil,
p is the angular frequency at which oscilla-
tions just begin, and R, is the slope of the
anode current anode voltage characteristic,
or, more popularly, the anode circuit nega-
tive resistance.

The circuit is shown in ¥ig. 4. Provision
Es made for varying and measuring the fila-
nent current by including in the filament
circuit a rheostat and an ammeter, while
a milliammeter measures anode current.
The experiment proceeds as lollows : With
the anode coil short-circuited the anode
valtage anode current characteristic curve
is traced, and a note taken of the linear
portion of the negative slope. Then the
filament current is varied in steps, and the
anode circuit negative resistance found in
cach case, by noting the change in anode
current for a small variation in anode
voltage, the reference point being the centre
of the linear portion of the characteristic.
We now have a calibration of anode circuit
negative resistance against filament current,
and it only remains to open the anode coil
switch and vary the tuning condenser until
a sudden change in anode current shows that
oscillations have commenced. Their fre-
quency can be measured with « wavemeter,

1L

ol
TFig. 4.—The dynatvon, Method [V.

and, providing the anode tuning condenser
is calibrated, two such readings will give
by calculation the inductance of the anode
coil. Measurements of the coil resistance
over a range of wavelengths are made
possible by varying the filament current,
when there will be an anode condenser
setting, and a frequency at which oscillations
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commence, corresponding to each value
of anode circuit ncgative resistance.
Experimental results for the coil of 273 uH.
are in Graph 4, which compares the dynatron
method with resistance variation. The agree-
ment is not perfect by any means, but the
dynatron method is nevertheless well worth
consideration for measuring coil resistances

T
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Graph 4. — Resistance-variation (civcles) com-
paved with the dvrairon (squares) by the formula
R — L*p? — K,

by reason of its simplicity and quickness in
operation. Unless one is willing to contest
the accuracy of the resistance-variation
method, it is difficult to explain the dis-
crepancies of the dynatron results, but it is
probably sufficient to say here that the
dynatron is likely to be more useful at very
high frequencies, where stray capacities and
skin effect are bound to muke work with a
thermo-junction uncertain.

It may be of interest to append here a
few notes on a problem in high-frequency
resistance the experimental solution of
which is much simplified by using some
such method as that outlined ahove.

The Relation between High-frequency Resist-
ance and Wavelength.

Tt is known* that the high-frequency

* See Butterworth, Phys. Rev., June, 1924, and
Maullin, Radio-frequency Measurements.

B 2
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resistance of a coil follows the law

R—Ry+ * 0

ot Vi
where R is the resistance for direct currents,
a and b are constants, and A is the wave-
length at which R is measured. Now, from
the point of view of maintaining a constant
amplitude of oscillation* in a magnetic
reaction set when the tuning is varied with
the condenser shunting the grid coil, it would
be an advantage to increase the constant b
with respect to a. If we could design a coil
whose resistance increased inversely as the
square of the wavelength only, and use it in
the neutralised oscillator, we can see from
equation (2)

RA2Z2 R
M="1L " (2)
470
that the mutual inductance would be a

constant quantity whatever the oscillation
wavelength. Put in another wayv, a receiving
set incorporating a reacting detector could
be kept on the verge of oscillation over the
whole of its tuning range without any adjust-
ment being made to the reaction control.
Unfortunately, the thcory of coil high-
frequency resistance gives little help in

designing such a coil,

12 T ™ since the b/A% term 1is

' only an experimental

10— =g | fact explainable on the

1 lines of a leakage con-

2 81— || ductance, so that we

3 1 ™1 must get some practi-
@

: N cal results first to
. | | Il point the way. A
4| fairly obvious line of
» ~e—ay attack would be to
I 1

i

STl make up a number of
coils all of the same
inductance, but wound
with several diameters
of wire on formers of
Gl‘apg 5-—T/17881.001'113 varying sizes. The
o 9% 7 e measurcment of the
gauge wive ; Coil 2 with COll Tesistances over a
30-gauge ; Coil 3 with range ol wavelengths
40-gauge. would be tedious, but

the work can be light-

the dynatron method

0
200 300 400 500

WAVELENGTH
N METRES

ened considerably if
is used.

* The argument which follows is valid only for
very small amplitudes of oscillation, since other
considerations obtain when the valve is being used
as a source of power.
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The experiments were divided into two
parts. First the coil former diameter was

constant, and several coils were wound with
wires of varying gauge. Secondly, the coils
were wound with the

same wire on formers y ‘

of varying diametecr. A

Results are shown in K

Graphs 5 and 6; all ¢

coils had an induc- g

tance of 64 pH., and = &

their specifications are Ly

below.  The experi- ol Y e
mental curves of high- L ,4
frequency resistance * +— — l
against wavelength ——— —
were analysed, and 0 : -
their characteristic 700 300 400 500
equations found in W;':VE,\;‘E?SET:
each case, after the Graph 6—Two coils
form wound with 18-gauge wire
R — R, or different formers. Coil 4

. or a former of 3.2 cms.
AVn + Bn? (12) diameter (civcles).” Coil 1
on a foriner of 7 cms.

where »n is the Ire- diameler (squares).

quency, it being more
convenient to work with frequency than
wavelength in this case.

=
[ TI'ormer |Gau; elp
Coil | Ity |4 X103 |BX 1013r dia- of |/ .10°
| meter | wire |4
I | o] 1.24 1.45 | cms.| 13 | 1.17
2 I.5 .27 I.29 7 cms.| 30 1.01
3 | 7.2 2.35 0.61 7cms.| 40 0.26
+ | 08| 1.83 0.79 | 3.2¢cms. 12X | 043
I | o7y 1.24 1.45 ;cems. 18 .17

1t appears from this table that-

(1) The ratio B3/4 increases with the thick-
ness of wire.

(2) The ratio B/d increases with the dia-
meter of the coil tormer.

(3) For a wavelength of 300 metres, which
1s approximately in the middle of the range
investigated, V# is 10% and #? is 102, so
that the figures in the columns under
A X 108, and B X 10'? represent exactly
in ohms the contributions of the 4 and B
factors to the total high-frequency resistance
of the coil at this wavelength. It can,
therefore, be seen from the table that the
etfect of leakage-conductance, 7.e., Bn?, is a
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considerable fraction of the total resistance
t the coil.

(4) The coil which most nearly approaches
the law, R = Kn?, is wound with thick wire
on a large diameter of former. This, there-
fore, is the type of coil which should be
used in an oscillator where a constant output
is required over a range of wavelengths.

Much more experimental work would,
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“Radio City.”

April, 1931
of course, have to be done before one could
settle the question of the leakage-con-
ductance term, and the results given here
are not meant to be in any way exhaustive
or conclusive, but just as an illustration of
the kind of problem in which one could
find good use for unorthodox methods of
measuring the high-frequency resistance of
coils.

America’s New Broadcasting Centre.

SUIER 30063

The illustration reproduced above shows a model of the proposed new buildings intended lo provide a home

of Broadcasting in the Uniled States.

The scheme has been planned by the Radio Corporatior: of Airerica,

Radio Keith Orpheum, and the National Broadcasting Company, and the cost has been estimaled at
250 wmillion dollars.

The central feature will be a 68-stovey building which will house the executive offices of the various

concerns and their associated companies, and the lower floors of the building will accommodate some

thirty-six broadcasting studios.
City "

The avea to be occupied by the group of buildings to comprise '* Radio
is voughly 1,150 feet by 1,500 feet.
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A Saturated Diode as an Anode Resistance.”
By J. F. Herd, AM.IE.E.

thermionic valve is ordinarily defined
as

change of », to produce a given change in 1,
change of v, to produce the same change in 4,

THE voltage amplification factor of a

v, .
50, (¢, constant) (D)
It is also well known that when a valve of
voltage-factor p and internal resistance 7 is
used as a resistance-coupled amplificr with
a resistance R in series with its anode circuit,

the resultant stage-factor p, is given by

R

PR, b o (2)

or p = —

In practice p, is always less than u, and
can only be made to approach x by having
R > », with a correspondingly great in-
crease of high-tension battery, to keep the
anode of the valve at the necessary potential.

MM. Jouaust and Decauxt have suggested
the use of a saturated diode in place of the
usual type of resistance as a means ol
obtaining something approaching very closelv
to the full voltage-factor of the valve, and
have shown the application of the suggestion

[ iﬂ"’H.T

mA

Fig. 1.

to a resistance-battery coupled amplifier,
as shown in Fig. 1.

The present writer was led to examine the
matter in connection with the use of such

* MS. received by the Editor, March, 1930.

t L’Onde Elcctrique, July, 1929 ; cf. also Rudolph,
Archiv. fiir Elektvotechnik, 28th June, 1930.

an amplifying system in the investigation
of atmospherics, and this paper gives some

R
a
b
1, " I
B/[C PR
(@] To V7 g E Va
g 2
measurements made with a few British

valves of ordinary commercial supply.

Jounaust and Decaux explain the operation
of the system by the aid ot the conventional
graphical representation of resistance coup-
ling given in Fig. 2. Curves a and # are the
anode-current/anode-volitage characteristics
for v, — 0 and v, — — I respectively. The
length OFE is the voltage of the H.T. battery
and the line ER is drawn so that LO/OR—R.
The line R cuts the curves at such points
as .1 and B. The length », to v, then
represcnts the voltage release in the anode
circuit for I volt change on the grid.
1f, however, the anode current is not altered
by the change of grid voltage—as, for
example, in the case of the horizontal line
I,—then the change of — 1 volt on the grid
causes a voltage release of v, to v,, represent-
ing the full voltage-factor of the valve.

The horizontal condition I, cannot be
achieved with an ohmic resistance in series
with the anode of an amplifying valve, but
il this resistance is replaced by a saturated
diode a very fair approach to that con-
dition prevails over quite a considerable
region.

The experimental measurements described
below show the extent to which the full
voltage-tactor of the valve may be achieved
by the use of this method. As the arrange-
ment was under examination primarily for
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the purpose ol d.c. amplification, the tests
described were all done at d.c.. but in one
case a set of check measurements was also
made at frequencies from 3500 cycles to
50 ke. per second.

Experimental Results.

The apparatus and method of measure-
ment are shown in Fig. 3, where it is seen
that either an ordinary type of anode-circuit
(cartridge) resistance, or a diode could be
introduced in series with the anode circuit.

lie actual voltage of the anode was measured
by means of an electrostatic (Ayrton-Mather)
voltmeter. Sets of readings of v, and 7, were
taken against v, under various conditions.
The results are shown in Figs. 4, 5, and 6.

In the case of Fig. 4, the valve was one of
19.5 to 2op and 16,500 ohms internal resist-
ance—these values Dbeing measured and
compared with the maker’s figures of 17.5u
and 16,500 ohms respectively. Curve 4
shows variation of v, and curve a shows 1,
against v, with 50,000 ohms resistance in the
anode circuit. B and b give corresponding
quantities with 100,000 ohms. The v,
curves show a change per grid volt of 12.5
and 14 respectively, values which are in
close agreement with that calculated from
etquation (2). It may be mentioned that
readings of v, were not prosecuted below
30 to 40 volts as the voltmeter scale became
—O+H.T

o

Lig. 3.

so congested that readings could not be
accurately made, while the range already
readable with accuracy was quite sufficient
th give the desired comparisons.

The diode was then substituted {or the
resistance, and its filament voltage adjusted
to a value where early saturation was known
to exist.
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Curves for v, and i, with the diode jare
shown at C and ¢ respectively in Iig. 4 with
the diode filament adjusted to saturate at
the value of about 1.z to 1.3 ma. as shown.

140 14
120 12
100 10
80 08
s £
>
60} 06 .3
40} 04
20t 02
0
Fig. 4. Value of p19.5, r 16,500 ohins. A w
a = 1, for R = 50,000 ohms,; B o b 1q
for R 100,000 ohms,; C = v,, ¢ = 1, for sal.
diode; D = v, d — i, for sal. diode (reduced
saturation).

The curve € shows a change (ot anode
voltage) per grid volt of about 19 to 20,
that is, practically the full voltage-tactor of
the vilve. Readjustment of the diode fila-
ment to saturate at about 0.8 to 0.85 mA.
yielded the curves D) and d, where D is seen
to have efiectively the same slope as C.
1t is noticeable that the curves lor the diode,
as compared with those for the resistances,
show first & more gradual change of anode
voltage bending fairly abruptly into the
region of rapid and (as ncarly as could be
measured) linear change at the point where
the saturation of the diode begins to take
charge of the conditions.

In the case of Fig. 5 the valve had measured
constants of uto and 80,000 ohmis internal
resistance. Curves 4 and B3 are of v, with
50,000 and 100,000 ohms respectively, a and
b being the corresponding curves of 7,. The
curves 4 and B show 8v,/8v, of about 16
and 27T respectively, which are again in good
agreement with calculated values. The
curve C is variation of v, with the diode, and
shows 8v,/8v, of about 37 to 38. This again
-hows a very marked increase of stage-factor
over ordinary resistance values, with much
more conscrvative values of high-tension
battery than would be possibl with the
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alternative method of very high anode-
circuit resistances.

Some measurements were also made with
a screened-grid valve. It is known that
with valves of this type a large voltage-
tactor, in conjunction with a correspondingly
increased internal resistance, can be obtained
by reduction of the screen voltage. With the
anode at 120 v. and the screen at 70 V., an
amplification factor of about 100 was
measured in the ordinary way. Reduction
of the screen voltage to 20 v. sent this value
up to about 500, with an internal resistance
of T megohm, all the values quoted being, of
course, those for the valve alone.

With a diode used, as before, in lieu of an
anode-circuit resistance, the variation of v,
against v, was measured as shown in Fig. 6.
The central and approximately linear region
ot this curve shows a change of v, of the order
of 45-46 v. for 0.1v. change on the grid,
cqual to a stage-factor of about 450—460.
The region of straight is, of course, over a
very limited grid-swing, which is a natural
concomitant of such large single-stage yield.

By way of check, the use of the arrange-
ment with alternating input voltages was

[] T 1-4

140 -

120,

100

80
=

tg (MA)

60|

40

Fig. 5.—Value of p40, ¥ 80,000 olims. A Uy,
a iq Jor K 50,000 ohmns,; B = v, b = i, for
2 100,000 ohins ; v 2 for satuvated

also mreasured in one case, i.c., that of the

valve whose d.c. behaviour is shown in
Fig. 4.
For this measurement the electrostatic

voltmeter was repluced by a thermionic
(Moullin) instrument, so as to measure only
the alternating component of v,. The input

194

ENPERIMENTAT WIRELLSS &
was applied through an attenuation net-
work*, the thermionic voltmeter being first
applied to the input of the network, and
then transferred to the anode, while attenua-
tion was introduced
into the network
to reduce the volt- ,,
meter reading to the
same value as be-
fore. The attenua-
tionso inserted thus g,
measured the ampli- v,
fication of the stage. ¢
Using, as an input
source, an audio- 4o
frequency oscillator
of 500 to over 4,000 o4
cycles per second
frequency, the g
attenuation necess- 24 23 32_ 120
ary was everywhere o .
between 25 and 26 F.lg.G.-—-bajum!eddzodez_m!/z
- L . screened-grid valve, u = 500,
TU., COIrespomll.ng ? = 1 megohm,
to voltage amplifi-
cations of about 19, 7.¢., approximately that
of the valve. Continuing with inputs of radio
frequency from an ordinary oscillating wave-
meter, the amplifications were as follows :—

140 T T ]

Voltage
Frequency. Amplification.
15 k.c.ps. 19
20 18.5
30 16.2
50 13.5

The thermionic voltmeter, when joined to
measure the output, gave a very fair approxi-
mation to the usual conditions of load as in
an ordinary resistance-capacity-coupled cas-
cade, so that the mcasurements afford an
indication of the behaviour of the diode
arrangement when used as an anode-circuit
resistance under ordinary working con-
ditions.

Application to a Two-stage Cascade.

Since the above notes were written the
scheme of Fig. 3 has been applied to the
design of a resistance-battery-coupled ampli-
fier of one or two stages, for work on the
wave-form of atmospherics.}

* Cf. Experimental Wireless and Wiveless Fnzineey,
January, 1929.

T Cf. Appleton, Watson Watt and Herd, Proc.
Royal Soc., London, A., Vol. 111, 1926, p. 615.
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The alternative arrangement of anode
circuit shown in TFig. 3 has simply been
continued to a iwo-stage cascade, while
output switching permits the use of one or
two stages to the indicating device, which is
a cathode-ray oscillograph. Measurement of
the overall amplification of one and two
stages, with ohmic resistance or saturated
diode in either or both anode circuits, gives
results which are in complete agreement with
those already shown, and which approach
very closely to the attainable maximum of
1the amplification factor of the valve or
wvalves.

The disadvantage of the isolated battery
required for the diode filament is not at all
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serious in practice. With low-consumption
ralves, the battery in each case is a single
accumulator cell, of small ampere-hour
capacity, which is easily accommodated
inside the apparatus, so that insulation
difficulties are no greater than in the ordinary
wiring of an amplifier where high anode
voltages are already in use.

The writer is indebted to the Department
of Scientific and Industrial Research for
permission to publish these results, which
have been obtained in connection with the
work of the Radio Research Board. He is
also indebted to Mr. W. G. Hayman for
assistance in the experiments and for the
a.c. measurements referred to above.

The Practical Correction of a Wireless Direction-
finder for Deviations due to the Metalwork

of a Ship.

(Paper by C. E. Horton, M.A., read before the Wireless Section, LEE.,
on 4th March, 1931).

Abstract.

FTER a briei introductory review of the
errors that may occur in direction finding,
the author turns to those due to the imme-

diate surroundings of the direction-finder as in a
ship. Considering the plane wave shown in
Fig. 1*, the author discusses the local fields due
to the difterent cur-
rents sect up and
shows that the whole
ol the forces acting
Direction at Z can be reduced
o1 wave to
/ (1) A component
H sin et due directly
to the wave and
directed at an angle
a - 90° to the fore-
and-aft line.

(2) A component R
sin ! at an angle
e, and

(3) A component §

~ =¥ cos wt at an angle .

I sin wf may be

further combined

with /{ sin w! to give

Fig. 1. —General case of a a single resultant I’

direciion-finder at a position Z. Sin w! and we are
left finally with two
gelds, one P sin wf in phase with the wave acting

* The author's original figure-numbers are adhered to throughout
this abstract.

at an angle ¢ and the other Q cos w! in quadrature
acting at an angle .

In general these two forces will be in dilierent
directions and a rotating field is produced. A coil
situated at Z has an e.m.i. induced in it no matter
how it is directed. In other words, there is no
zero and we have the familiar phenomenon of a
blurred minimum. But it the coil is placed per-
pendicular to £ sin wt only the quadrature com-
ponent Q cos w! induces an e.m.1. in 1it.

Suppose now that a source of em.f., also in
quadrature with the force of the wave, is available
and that its amplitude can be made equal to
— (O ; then it is clearly possible to produce a
perfect zero by injecting it suitably into the circuit
of the frame coil.

Quadrantal Correctors.

Tor a wave incident at an angle o to the centre
line, R consists of two terms b sin q directed fore-
and-aft and f cos o athwartships, b being the com-
ponent due to the beam loop and f that due to the
fore-and-aft loop, and therefore b/f is small. The
total force P acts at an angle

\ H+ 0

with the centre line, giving an apparent direction
of arrival of the wave of
(H + b \
arc tan tan
\H f )

which is nearer to the fore-and-aft line than a.

H .
arc tan | — J cot a}
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The dcviation 6 is zero for a = 0° 9o0° 180°
and 270° and clianges sign every go degrees, and
is thercfore termed quadrantal.

(a)

)]

I'i Diagrain corvector.
(a) Roller bearing on circulav section of cam.
(b) Roller beang on elliptical section of cam

and giving a corrveciion.

ig. 4. illustrating  can

Methods of correcting quadrantal error are then
discusscd. In the case of Bellini-Tosi or Fixed
Acrial Systems, the corrections are :—

(@) One loop is set up fore-and-aft and the other
loop athwartships. The relative dimensions of
the two loops are adjusted by trial and error until
a signal at 45° gives equal currents in the two aerials.
To secure this result the fore-and-aft loop has to be
made smaller than the beam loop. An area ratio
varying between 0.7 and 0.9 is common in battle-
ships. Adjustment at 1,100 metres is found to
hold good for all longer waves, but for shorter
waves may not be correct.

(b) With aerials of convenient dimensions equality
ot currents for a signal at 45° mayv be achieved
by adding impedance to the better aerial, addition
of inductance to cach side of the loop being the
usual practice. This method is shown to be less
ethicient for the shorter waves.

(¢) Alternatively the reduction can be efiected
by shunting the field coil of the fore-and-aft aerial
by an inductance. This method remains more true
ifor shorter waves than the method (b).

With rotating coil syvstems the corrections are :

(¢) A fixed loop surrounding the coil is set up
in the fore-and-ait direction. With appropriate
coupling the flux through the coil can be adjusted
to have the value appropriate to the undisturbed
field. This method is chiefly of theoretical interest
and is not casy to adjust for ditferent wavelengths.

(b) The ditference between the true bearing and
the bearing as given by the direction-finder is

EXPERIMENTAL WIRELESS &

found in the first instance by trial. Vith the ship
at a distance of a few wavelengths from a trans-
mitter, direct comparison is made betwecen the
wireless bearings and the true visual beari ing for
different angles of incidence relative to the fore-
and-aft line. A special scale can then be engraved
to give correct bearings directly. This s not
convenient when the scale of the instrument is
connected with the ship’s gyro-compass. The
method therefore adopted is to operate on the
pointer of the instrument so that it is displaced
through an angle equal to the deviation. This can
be done by a cam corrector operating on the principle
shown in Fig. 4. When once the deviation has
been ascertained by trial it is only necessary to
make a suitably-shaped cam to obtain correct
bearings directly from the scale. By constructing
a solid cam it is possible to provide a range of
values for the maximum quadrantal error. The
cam of Fig. 4 is, in fact, & solid one of Jin. depth
and the particular cross-section of the cam on
which the roller R works can be adjusted by a screw
in the centre carrying graduations o to 13, the
latter position giving a maximum corvection of 15°.

Cam correctors can equally be applied to the
pointer of a goniometer used with fixed aerials
and specially shaped cams can be applied in cases
of irregular deviation where elecirical correction
is not ctfective.

Semicircular Correctors.

It is pointed out that although a ship is usually
symmetrical about its centre line, it is never
exactly symmetrical about a line drawn athwart-
ships. Thus in Fig. 6 it is usually found that when
a transmitter 1s exactly ahead or astern no signal
is received by PS, but that when a transmitter is
exactly on the beam some signal is still received

Frame /\ r

coil F / Open

acrial

u)wff%’

>

To.amplifier
= Tig. 7.—Circuit for open
Tig. 6. aerial corvector.
by [74. A station on the beam, therefore, gives

no real zero, although zero may be pertect for a
signal ahcad or astern. The e.m.f. in £4 due 1o
a transmitter on the beam is found in many in-
stances to be in quadrature with the e.m.f. in PS,
due to re-radiation from the ship and its aerials,
and can be balanced out by a subsidiary source
of e.m.f. in the right phase.

Several methods of applying this correction are
discussed. One is shown in Fig. 7. Correct
phase to 1° can be obtained by using a fixed con-
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denser C and cnsuring that the aerial circuit is
far from resonance. The correct coupling to
obtain periect zero varies for different directions.

The adjustment is simple in practice, the movement
ol the coil and the variation of the coupling

Rutating \
coil )
/

: WS
| fﬂ ’“6‘/6]

To amplitier {ToH T battery

10—Aliernative civeuit for beam
loop corrector.

Fig.

resembling the double-adjustment balance which is
tamiliar in many a.c. bridges. With a goniomecter
a simple solution is to join the vertical aerial
through an additional winding of the goniometer
which is parallel to the field coil of the fore-and-aft
loop.

Instead of using an open aerial it is possible to
use a closed loop P'S’ as in I7ig. 6. It is best to
et up the loop athwartships, as shown, without
appreciable coupling to the direction-finder aerial
itselt. To maintain correct phase it is desirable
to use the valve circuit of Fig. 10.

If the impedance of L is small compared with
the impedance of the valve the current in the anode
circmit 1s in quadrature with the voltage applied
o the grid. To secure an accuracy of phase
of 1° in this way demands an impedance for L
not more than about 1 per cent. of the impedance
of the valve. When this is done, however, the
sorrect phase relation between the coil e.m.f.
and the subsidiary e.m.f. is mnaintained, even if
the tuning condenser C is not exactly in resonance.

Ambiguity of Bearing.

The author then proceeds 1o discuss ambiguity
and a new method of sense-finding arising out of
these applications. The usual sense-finder employs
a cardioid diagram, which necessitates a separate
sense pointer and a sense-finding operation, since
the cardioid is not generally suitable for accurate
earings. The author’s system blurs the reciprocal
ero, but leaves the true zero as sharp as before
and in the original position. The device is shown
m Iig. 11, in which F, is the main rotating coil
and F, an auxiliary coil at right angles to F,,
and rotating with it. V' is an open aerial not
coupled directly with F, or F,. The coil F, alone
gives two zeros 180° apart. Wher V is added
both zeros are blurred, but by the addition of F,
one of these blurred zeros can be converted into a
pertect zero, while the other becomes still more
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blurred. The system amounts to the addition of
a cardioid to a fgure-of-cight with the following
conditions :—(1) The e.m.f. of the cardioid is in
quadrature with the em.f. of the figure-of-eight.
(2) The zervo of the cardioid coincides in direction
with one zero of the figure-of-eight. The actual
amplitude of the ca rdioid is theoretically immaterial,
provided the phasing is correct. The essential
advantage of the system is that the sense is com-
pletely determined without prejudice to the accu-
racy of the bearing when the amplitude of the
cardioid is only a small fraction of that of the
figure-of-eight.

The paper nexi diccusses the effect ol the ship
on the correcting acrials, since "the field acring on
this aerial cannot in general be in the same phase
as the undisturbed ficld of the wave. Lrom this
discussion it is concluded that in general terms the
problem of making a direction-finder which will
give true bearings dircctly by scale readings can
be resolved theoretically into getting two e.m.is,
E,, I, one of which ([£,) is in phase with the wave
and the other (F,) in quadrature, and injecting
E,, £, into the circuit so as to counteract exactly
the distortion of the wave due to the ship. £,
eliminates blurring and /2, corrects the deviation.
Generally I5, has four zeros in the 360° and Iz,
two zeros. Under favourable circumstances there
is symmetry in the disposition oif thesc zeros and
automatic correctors can be provided by simple
means.

In the most general case, however, L, and I,
do not follow precisely any simple law and it is
necessary to find by ftrial exactly how they vary
for different values of a. To make the correction
automatie it is then necessary to couple the rotating
coil mechanically with two variable mutuaal in-
ductances whose law of variation is adjusted by
means of specially constructed cams to give the
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To amphifier
Fig. 11.

correct values of E,, I, for any position ot the coil.
At present it is the practice to have only one cani
and to adjust E, separately by hand. [t should
be noted that I, need not be cxactly adjusted for
a perfect zero in order to get the correct bearing.
A slight blurring may be unimportant. But
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where time permits of the perfect zero being
obtained the precision ol a single reading can be
very high—better than 0.5° with continuous waves.
Under such circumstances the greater the amplitica-

tion the more sharply defined the zero hecomes.

Best Position for a Direction-finder in a Ship.

It is not generally possible to choose the site for
a direction-finder merely {rom electrical con-
siderations, but experience gained in many ships
has shown what is to be avoided and what can be
achieved. The obvious position for a direction-
finder is as high above the hull of the ship as possible.
Apart from any difficulties in transferring the
received voltages from the acrials to the office
experience confirms this. Several positions on a
ship are illustrated and discussed. It is a common
experience that the best direction-finders are those
in ships where it has been possible to fit them on
the centre line approximately amidships with
good symmetry both fore-and-aft and athwartships.
A position immediately to one side of a single
tunnel is much inferior to @ position between two
vertical funnels.

A pointofinterestin the employmentof correctors
is their behaviour during periods of ‘‘ night effect.”
Under these conditions the distortion produced
by the ship is different from that produced on a
wave travelling horizontally. The normal relations
of amplitude and phase between the e.m.f. induced
in the direction-finder and that in the vertical
aerial are destroyed, so that when it is found
necessury to employ unusual values of coupling
to get a zero ““ night eftect "’ is at once to be sus-
pected.

Discussion,

MRr. G. SHEARING, who opened the discussion,
said that there was probably no more complex
application of wireless than naval direction-finding.
In each of the methods described by the author
there was only one tuning adjustment, so that
even if circuits were not correctly tuned they
could not affect phase or give wrong bearing.
Blurring of the minimum was the worst that could
occur. The system shown in Fig. 11 represented
a true radio compass, and was applicable also to
directional transmitters such as the rotating
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beacon. Vector diagrams of the e.m.f.s involved
showed that the system gave as good minima as
in the figure-of-eight diagram. There was evidence
that Q was greatest at wavelengths approximately
equal to the length of the ship.

Mgr. SyiTH said there was no reference to the
wavelength range over which the correctors could
be used. As.regards ‘‘ night effect ”’ he referred
to developments in the Adcock type of aerial,
although the application to marine work represented
additional ditticultv. Had the author any infor-
mation as to comparison against shore-type aerials
on this scheme’ In mercantile marine work
there was as vet no demand for “ night-error-free ”
direction-finding, but there might be advantages
for naval work. What was the author’s experience
as to the lowest wavelength on which good bearings
could be obtained, using transmission-lines to the
goniometer 7 In mercantile marine work, conditions
usually favoured the use of small loops and the
Bellini-Tosi gave more choice of position than the
rotating coil. The author’s unambiguous scheme
seemed complicated for long-wave ranges. The
same operating advantages could be obtained bv
two search-coils on a Bellini-Tosi goniometer, one
giving the bearing and the other for sense.

Mgr. R. H. BaxrrizLp sought for information
as to the adjustments of coupling. also as to the
necessity for subsequent adjustment.

Dr. R. L. SmiTH-Rose desired information as
to the degree of accuracy aimed at. One curve
showed maximum errors of 3°. Was higher accu-
racy necessary 7 He also queried constancy of
adjustment as in gales, etc.,, and as to the use of
direction-finders on submarines.

ComMANDER WARDEN dealt with several applica-
tions showing the importance of direction-finding
in naval operations, strategic and navigational.

Mr. C. E. HortoN, in replying to some of the
points raised in the discussion, said that the systems
worked on 300 to 5,000 metres. Lxperiments on
shorter waves were still going on. Adcock acrials
had been tried on shipboard. On medium waves,
separation of 1/10A was required, and the experi-
ments so far had not been successful.

On the motion of the Chairman, Mr. C. L.
RickarDp, O.B.E., the author was cordially thanked
for his paper.
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Correspondence.

Letters of inlevest to experimeniers arve always welcoie.

I'n publishing such conmunications

the IZditors do nol mecessarily endorse any technical or general statements which they may contain.

The Design of Tuned Circuits to Fulfil
Predefermined Conditiens.

Lo the Editor, ETI". & W L.

Sir,—I was rather mystified by Mr. Sowerby’s
article in E.ZW. & W L. for January.

In June, 1929, I published an article dealing with
the application of radio frequency transformers to
screen-grid valves, and that article arose out of
discussions with Mr. Sowerby in regard to these
ransiormers.

One of the conclusions arrived at in the article
was that, even with the best screen-grid valve,
there was a dehinite magnification at which in-
stability set in and that this magnification was not
enormous. The formula for the onset of in
stability may be written

A% = 28/ wC,,.*
where 4 is the stage magnification, g 1s the mutual
conductance of the valve, C,, is the grid-plate
capacity and o is the tuning pulsatance. With an
extremely good screen-grid valve, viz. @ g = 8oo
microinhos, C,, = 0.006 pul’., this formula gives
A = 200 at a tuning frequency of 1,000 ke.

At fower {requencies greater stage magnifications
could be used without producing instability, but we
stioulill have to work below 250 kc. before the
critical 4 exceeded 4o00.

Now the puzzling thing is that in Mr. Sowerby’s
article a stage magnification of 400 is suggested,
and his table is pushed to frequencics of 1,000 kc.
True, he does not say that his system could be
realised at these frequencics, but the reason he gives
for this is that the coil losses, etc., would be such
as to prevent the realisation of the proposed stage
magnification, whereas the fact is that instability
would set in long before the loss limitation was
reached.

S. BUTTERWORTH.

Claygate, Surrey.

To the Editor, EW. & . L.

SirR,—Mr. Butterworth is quite right in saying
that I have completely neglected the question of
stability. He has, however, missed the funda-
mental point that the stage-gain is one of the
starting-points of the calculation I suggested.
The user of the equations is naturally expected, in
choosing his stage-gain, to limit himself to a gain
compatible with stability by applying the equation
that Mr. Butterworth quotes, and which I had
supposed to be well-known to anyone likely to
perform design-calculations of this type.

The particular hgure of stage-gain chosen for the
numerical example was, as stated in the text, taken

* This formula is deduced from my Egn. (12} atter putting

= 1 znd making a few transformations. I have also used g for
utual conductance instead of o 5, as the latter symbol seems to
Lave puzzled some readers.

from some calculations for the intermediate stages
of a superheterodyne rcceiver, and in that con-
rection is an ¢minently reasonable figure (on paper,
at any rate) even up to frequencies of 200 kc., which
is the highest “‘ intermediate ”’ frequency given in
my table. The extra figure for 1,000 kc. was
added only for the sake of extending the figures into
a realm of more familiar values, and to give extra
point to the last paragraph of the article.
A. L. M. SowERBY.
London, W.z.

[The above correspondence which has passed
between Mr. Butterworth and Mr. Sowerby is
published for general information.—IiD.]

Definition of Selectivity.
To the Editor E.W. & W.L,

Sir,—TI have read with great interest and even
greater admiration the letter from Mr. Pierre David
on the definition of selectivity, published in vour
issue dated March 1931. It is a very masterhy
and judicial summing up of the situation, and with
the principal conclusions I am in entire agrcement.

My own endeavour to cover all the cases with a
single formula was inspired by that desire for
generalisation which is the main motive of the
scientific method, but even before recading Mr.
David’s letter I had found myself forced to the
conclusion that there is in fact no single formula
which satisfies those essential requirements which
Mr. David has specified so clearly.

I would like to suggest, however, that although
the generalised procedure I originally proposed
cannot be considered as universally applicable
it nevertheless retains a certain and not unimportant
sphere of usetulness, namely, all those cases where
the various solutions of the resonance condition
8Z/3w = o are so far removed from cach other in
{requency that the resonance peaks are distinct
and separate. This would, of course, cover all
the cases where there is only one solution for
878w = o, 1.e., all cases involving a single tuned
circuit only, associated in any manner with other
non-resonant elements.  Mr. David suggests that
even in such cases the calculations involved are
complicated, but my own experience is that the
complication can usually be avoided by judicious
and legitimate approximation. I have, in fact,
found the procedure to be very useful in relation
to certain types of valve circuit involving only a
single tuned system.

Coupled circuits and filter systems in general are
typical of cases in which ihe solutions of 8§//8w = o
are so close to each other in frequency that the
component resonances of the system combine
with each other and merge into a single peak.
For such cases the procedure, though wvalid as
regards each individual resonance, is no longer
useful in relation to the whole, and there seems to
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be no general practicable specification for such
cases other than the full description implied in
Mr. David's proposals.

It is to be hoped that these proposals will receive
the attention that this increasingly important
subject deserves.

I'. M. COLEBROOK.

An Alternative Equivalent Circuit for the
Thermionic Valve.

To the Editor, E.W. & I

Sik,—In vour issue for September, 1930, Mr
Bligh has shown that the valve may be treated as a
constant current generator shunted by a resistance
cqual to the anode resistance of the valve. He
states in a footnote that a similar treatment of the
valve circuit was published by Mayer in Teleg. wun
Fernsprech Tech., November, 19206.

This method of treatment, however, is much
older. It is referred to in a paper by myself
published in Aungust, 1920. (The Maintenance of a
Vibrating System by Means of a Triode Valve,
Proc. Phys. Soc., London, Vol. 32, 1920, pp. 345-360.
See para. 18 of this paper.)

I would not like to claim originalily for the
method, but T believe I was using it for the solution
of valve problems early in I919.

S. BUITERWORTH.

Surrey.

Ultra-short Wave Communication.
To the Ldiory, EW. & W F.

Sir,—1 should like to offer some belated com-
ments on Mr. C. C. Whitehead’s paper on ** Practical
Experiments in Ultra-short Wave Communication ”
which appeared in F.W. & W.IL, Vol. 7, p. 542
and p. 612 (last October and November issues).

In Appendix (B) (4), p. 619, the effect of clectron
lag is iscussed and the statement is made that

the amplitude of the oscillatory (A.C.) component
of the anode current (and therefore the oscillatory
cnergy produced) will be reduced by the amount :

transit time/half time-period.”

This result does not follow from the preceding
paragraphs in the paper and, while the magnitude
of the ratio might reasonably be taken as an
indication of the frequency at which electron lag
becomes important, I can sce no logical justification
for the statement quoted even as an approximation.
The analysis of the effect of electron inertia in
systems where both time and space variations are
involved, leads to considerable complexities even in
cases much simpler than that of the self-oscillating
triode, and Mr. Whitehead’s suggestion that these
effects are ‘“not difhcult to estimate” is a little
optimistic.

Assuming the general correctness of the state-
ment quoted, if the load impedance remains
approximately the same, the oscillating power would
be reduced by the square of the time ratio (when the
current is reduced by the first power of the ratio).

In the numerical estimation of the effect of
electron lag there appears to be an arithmetical error
in the evaluation of the expression for transit-time
which comes to 3.8 x 10 %seconds for the figures
quoted in the example instead of 3.2 x 107, Putting
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this value in the expression for power lost due to elec-
tron lag we get 827 per cent. (of the output in the
abscence of lag) instead of 9.6 per cent.! The reason
for the absurd result is that the ratio e/m has been
expressed in electromagnetic units instead of
electrostatic units which are appropriate to the
problem. Perhaps a derivation of the expression for
transit time more generel than that given by Mr.
Whitehead will make the matter clear.

The problem is that of an electron (e, ») travelling
from rest at one electrode to another distant 5,
units under the influence of a static p.d. V, between
the electrodes, the field between the electrodes being
uniform.

Ior the cquation of motion we equate the in-
stantaneous potential and kinetic cnergies of the
electron :

V.e=}m. u?
where V and u are the instantaneous potential and
velocity respectively. (Since V .e is the polential
enevgy, V must be expressed in electvostalic units of
potential and e in electrostatic units of charge.)

e
uz = 2V.

m
2 V,.—. for linear field.
s, 1
. 1
Now !/ ds
U
1 s 1
2 L ds.
/2 N s
A Lm0,
2
3 seconds.

Yom
where s, is expressed in cm., V in e.s.u. and e/m in
e.s.u./gm.

This expression is identical with that used by
Mr. Whitehead for the transit time.

Taking e/m — 0.542 ¥ 10'® es.u./gm, we find
t 1.19 X 1079 secs. for the example in the
paper which gives a value for

(transit time/half time-period) of 26 per cent.

Squaring this we get about 7 per cent., amuch more
probable figure for the reduction of output than
that obtained above. Howcver, in view of the
sweeping assumptions made—linear static field,
zero space charge, zero initial velocities, not to
mention the relation between the time ratio and
oscillatory current reduction—I do not think this
result justifies any morc detailed statement than
that electron inertia probably does reduce the
output by a small amount in the case considered.

In the discussion of the various causes of R.I.
loss in the transmitter (Appendix B. (3)) the losses
in the valve iteelf appear to have been omitted
except that some allowance has been made for the
resistance of the leads. In addition to this, eddy
current and dielectric loss will be considerable at
frequencies of the order of 10® and will probably
account for quite a large fraction of the power
converted by the valve.

The account of the eflect of screening the bulb
of the valve (Appendix B (1)) is very interesting
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and the necessity for further investigation is
indicated. However, trom the resuit that the
effect is only important with large voltages and
outputs it seems more likely to be due to the
presence of ionised gas than to the eflects of electron
inertia. Another factor which may be of importance
15 the fact, pointed out by Langmuir,* that secondary
emission can occur from a glass surface. If the
glass is bombarded by high-velocity electrons more
than one electron can leave it for each clectron
arriving, the surface then becoming positively
charged instead of negatively as it would be in the
absence of secondary emission.

Such secondarv emission effects are usually of
importance only at voltages of the order of tens of
thousands, but Langmuir has showntf that they
mayv occur with voltages of a few hundred.
Secondary emission commences at voliages of the
arder of 20-100 and exceeds the primary bombard-

* Revtews of Modernt Plrysics, Vol. 2, No. 2, p. 174 (April, 1930).
+ G E. Review, Vol. 23, p. 589 (1920).
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ment of voltages of the order of 400 or more.
There is at least a possibility of some electrons
with velocities corresponding to this order of
voltage escaping from the electrode system of a
D.ET. 1 S.W. valve and bombarding the glass.
Once the glass surface (or any film on it) becomes
positively charged, the chance of further high-
velocity electrons reaching it increases cumu-
latively. This cffect, which produces fluorescence
spots in E.H.T. tubes, may well cause the liberation
of gas at internal “‘liot spots” in small trans-
mitting valves if sufficient high-velocity clectrons
reach the glass. The shield would have the effect
of stabilising the charges on the glass and reducing
local heating.

I should add that I am indebted to Mr. B. S.
Gossling, of these Laboratories, for the suggestion
that secondary emission might be of importance.

Research Laboratories of E. C. S. MeGaw.
the General Electric Co.,

Ltd., Wembley.

Received.
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Rider.
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Walter Daudt.
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by Rothgiesser und Diesing A.G.., Berlin. Price
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PROPAGATION OF WAVES.

A MeTHOD 0F MEASURING UPPER ATMOSPHERIC
TonisaTioN.—E. V. Appleton.  (Nature,
7th Feb., 1931, Vol. 127, p. 197.)

‘ The experimental investigation of the clectrical
structure of the upper atmosphere by means of
wireless waves as the exploring agency has shown
that there exist two main ionised regions from
which such waves may be reflected. The lower
of these regions is the Kennelly-Heaviside layer,
which reflects long waves in long-distance trans-
mission. The upper region is found to be much
richer in ionisation than the lower, so that if we
project vertically upwards waves of gradually
increasing frequency  (and  therefore gradually
shorter wavelength) we find that, at a certain
critical frequency, the lower region is just pene-
trated and reflection takes place from the upper
region.

‘“In experiments carvied out during the last
twelve months it has been found that the value
of this critical frequency is surprisingly definite
and therefore can be taken as a measure of the
ionisation content of the lower region.”

The rclation between the critical frequency f
and the value N of the maximum number of
electrons per c.c. is found to be

(f* =+ fa)

where e and m are the electronic charge and mass
Hge

and fg Py (Hy field,

¢ = velocity of light in vacwo), for anv direction

of propagation relative to H,.

An experimental technique has been developed
which permits one determination of f in a period
of an hour, and a recent twenty-four hour run has
shown that ‘‘ for a mid-winter day over southern
England the value of N reaches 2.0 X 10° electrons
per c.c. at noon, after which the value falls steadily
and remains at the low value of 3 X 10* during
the greater part of the night. About half an hour
before sunrise a very sharp increase is noted, after
which the ionisation increases more gradually
until the maximum midday value is again reached.
The noon value of ionisation is thus found to be
more than six times the midnight value.

* The diurnal variation curves bear a pronounced
resemblance to theoretical curves deduced by
Professor S. Chapman [see bclow] for a case of
atmospheric ionisation by monochromatic radia-
tion.”’

- min
v = 37"
2e~

earth’s magnetic

THE ABSORPTION AND DISSOCIATIVE OR TONIZING
LEFFECT OF JMONOCHROMATIC RADIATION
IN AN ATMOSPHERE ON A ROTATING ISARTH.
—S. Chapman. (Proc. Physical Soc., 1st

Jan., 1931, Vol. 43, Part 1, pp. 26-45.)
‘* The main purpose of the present paper . . . is
not to discuss the actual state of ionization of the

atmosphere on the basis of the scanty available
data ; it is intended to afford a means of dis-
cussing the value and variations of the ion-content
of the upper atmosphere when reliable data become
available. Its results are applicable not only
to the ionized laver near 100 km., but also to the
higher layer, at about 250 km., discovered by
Appleton ; the values of the constants . . . for
the two layers mayv, and probably will, he different.”
The present analysisis applicable also to the absorp-
tion of non-ionizing radiation, such as that which
leads to the formation of ozone: but the later
sections are valid for dissociating-radiation only
if the products of dissociation recombine according
to the simple law dnjdi = 7 an?, which may not
be the case for ozone.

An atmosphere of nniform composition is
assumed, in which the density varies exponentially
with height. The components are supposed to
recombine with one another alone, and not to
diffuse away from the element of volume in which
they were formed. A constant recombination
coefficient is assumed, and the results are illus-
trated by numerous diagrams, showing the density
of the dissociation products as a function of height
time of day, latitude and season. Cf. Appleton
above.

DIE I'ORTPFLANZUNG VON SIGNALEN IN
DISPERGIERENDEN SYSTEMEN. ZWEITER
TEIL : VERLUSTARME  KONTINUIERLICHE
SvysTEME (On the Propagation of Signals
in Dispersive Systems. Part 11 : Continuous
Systems with Small Losses).—H. G. Baer-
wald. (Ann. der Phys., Series 5, 1930, Vol
7, No. 6, pp. 731-760.)

The second of a series of papers dealing with the
mathematical theory c<f signal propagation in
dispersive systems (cf. Jan. Abstracts, p. 32). A
critical discussion is given of the idea and im
portance of signal velocity in its dependence on
depth of penetration into the dispersive medium.
In the case where the losses are finite but verv
small, there is always a finite * critical depth
below which the signal velocity has no meaning.
The course of the signal is then quite different
{rom that in a system with zero loss and is of a
transitory nature : the order of magnitude of this
“ critical depth " is given as a function of the
steady frequency.

A special study is made of the cases in which
the main frequency lies near a boundary frequency
or region of selective absorption.

UBF.R

NABLUDENIA NAD ZAMIRANIEM SIGNALOV Koror-
KOVOLNIH STANCY (Observations on the
Fading of Short Wave Radio Signals).
A. N. Shtchukin. (Westnik Elektrol., No. 5,
1930, lart I, pp. 163~-172.)

In Russian. A preliminary report on investiga-
tions carried out since 1928 by the State Technical
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Laboratory of Leningrad. Observaticns have been
made on signals received from a number of radio
stations operating within the wavelength band
from 15 to 40 metres and located between 2,000
and 2,500 kms. from Leningrad. Observations
have becn confined to the periods from 4 hours
before to 4 hours after sunset in Leningrad. The
apparatus used for recording the signals consists
essentially of a radio receiver, the audio-frequency
output of which 1s rectited and used to operate
a mirror galvanometer, whose movements are
recorded on a moving sensitised tape. About
200 curves have been obtained in this way and
examined with the following results :

(I While the ratio between the maximum and
minimum amplitude lies between 20 and 40, the
average signal strength over periods as short as
15 to 20 minutes does not vary by more than 30 %,.

A comparison between the vertical and hori-
zontal components of the received wave showed
that the ratio between these varied from 2 to 4.
T'hese components were compared by connecting
the receiver alternately for one minute periods
to vertical and horizontal antennae.

(IT) Many curves show definite periodicity of
fading, the periods being usually of the order of
3 to 7 secconds. The regularity in fading and the
constancy of the average signal strength support
the view that fading is due to interference between
several rays propagated along different paths.
When fading becomes more irregular it would
appear that certain changes are taking place in
the reflecting laver [¢f. Merritt, next abstract].
‘The number of separate rays is small and tends
to decrease (¢) as the wavelength is reduced ; (b)
with the approach of night : and (¢) when directive
transmitting antennae are employed.

Two receiving equipments connected respectively
to vertical and horizontal antennae and recording
signal strength curves on the same tape were
used to investigate fading due to the rotation of
the planes of polarization of the incoming waves.
It was found that (a) fading due 1o this cause
occurs as frequently as that due to interference ;
(b) that it is more regular; the two curves are of
sinusoidal shape and displaced by approximately
180 deg.; and (c) that the periods of fading vary
from one second to several minutes.

It is shown mathematically that fading with a
period of a few seconds is probably <ue to inter-
ference of several rays with rotating planes of
polarization, while fading with a period of several
minates is probably produced by the rotation of
the plane of polarization of a single ray whose
inteasity is mucl higher than that of other rays.

(I11) Signals differing in frequency by 6 to 20
ic. and radiated by the same transmitter were
four.d to fade practically simultaneocusly.

(IV) Signals receiverd on two receivers connected
to directive antennae spaced from 10 to 30 metres
apart were also found to fade simultaneously.

The practical conclusion drawn from this evidence
is that the cffects of fading cannot be satisfactorily
overcome cither by modulating the carrier with
audio-frequency or by using two receiving antennae
separated by distances of the order of one wave-
length.
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Tre Orrics oF Rapro-Traxsmissiox.—E. Merritt.
(Jowsn. Opt. Soc. Am., Feb., 1931, Vol. 21
PP. 90—100.)

In the course of this non-mathematical survey,
the writer points out that the diameter of the frame
aerial is often less than 1 9% of the wavelength it
receives, and that this makes it possible to
study the dctails of a radio wave pattern in a
way hardly possible with visible light. Ile has
recentlvy been studying in this way the ' fin
structure ”’ of a wave {ront : the results are "' both
interesting and puzzling.” Two frame receivers
were placed at two points on the wave front about
half a wavelength apart, and their two sets of
signals brought by cables to a cathode-ray oscillo-
graph, one sct producing a horizontal deflection
and the other a vertical.

The amplitude and phase relations between the
oscillograph deflections were the same as those
between the original magnetic fields at the two
receivers (¢f. Merritt and Bostwick, 1929 Abstracts,
P- 144) ; both phase and amplitude might naturallv
be expected to be the same at the two points on
the same wave front—in which case the spot
would trace a straight line at 45 degrees. Some-
times this line was observed ; wuswally it was nol,
but rather an ellipse changing from moment to
moment in size and shape, sometimes so rapidlv
and crratically that it was impossible to follow
the changes. Unless the conditions were excep-
tionally steady, the results were much the same
whether the signals came from a great distance
or from a station only 50 miles awayv. The changes
were much less marked when the two frames were
set with their planes directed towards the station,
when the received signal was chietly that carried
by the ground wave.

After discussing the desirabilitv of attempting
to build up a picture of the radio wave train on
the basis of modern corpuscular theory, the writer
decides that although such a change of treatment
mav ultimately be pecessary, it is at present best
to keep to the classical ideas. ‘* When the con-
ditions for radio reception are bad it seems probable
that something is going on in the upper atmosphere
which is at least analogous to the convection
currents in heated air.”

NoTe o~ SkIir DistaNce LFFECTS oN SUPER-
FREQUENCIES 30-40 MEGACYCLES PER SEC. .
—A. Hoyt Taylor. (Proc. Inst. Rad. Eng.,
Jan., 1931, Vol. 19, pp. 103-105.)

Naval Research Laboratory measurements, mostlv
during the first three months of 1929 and 1930, in
daylight hours, and largely in a general southerly
or south-westerly direction. The transmitters were
from 500 to 1,000 wW. In power, sometimes used on
doublets and sometimes on beam systems con-
centrating the cnergy approximately within a cone
25 deg. in diameter.

The midday skip distance in nautical miles for
20 megacycles is given as 800 ; for 32 mc., 1,800 ;
for frequencies in between, the skip distances
correspond ; for 36 and 40 mc., they are entered ‘as
‘“ greater than 1,800 miles’ and it is stated that
“as far as 40 mc. is concerned, only a small number
of contacts were obtained on this frequency, so that
it can be said in general that it is usually above the
practical limit for long-distance communication.”

C
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Diurnal and dav-to-day variations are discussed.
Magnetic storms usually threw out the entire table
by a verv considerable amount, gencrally, however,
shortening the skip distance. The minimum skip
distance occurred generally 1 to 1} hours after
noon. No variation of skip distance was observed
on changing from aerial to beam, ‘* which merely
indicates that the general assumption, that only
low angle radiation is profitable on these fre-
quencies, is correct.” No material difference, also,
was found between beams horizontally and vertically
polarised.

““ There is reason to suspect that on these upper
frequencies transmissions east and west differ quite
radically from those north and south. However,
within the first zone of reception (which would be
inside of 2.000 miles) there is no reason to suspect
that there is a very radical departure from the skip
distances given in the table ”---such observations
as were obtainable in the east and west direction
showing a fair agreement with the north and south
results.

KexNeLLy-HeEavisipE LavyerR Stupies.—P. A,
de Mars, T. R. Gilliland, and G. \W. KKenrick.
(Proc. Inst. Rad. Lwmg., Jan., 1931, Vol. 19,
pp- 106-113.)

Authors’ summary :-—This paper describes pro-
gress in a recently inaugurated program of co-
operative research for the study of radio trans-
mission.  Oscillographic observations of pulse
transmissions made at the Bureau of Standards and
Tufts College, in collaboration with workers at the
Naval Research Laboratory and the Department
of Terrestrial Magnetism, are discussed. Obser-
vations on 1,410 kc. and a number of higher fre-
quencies are described; and oscillograms showing
the complex phenomena frequently encountered in
night transmission are shown. Evidence in support
of the existence of several ionized strata, such as
postulated by Appleton and Eckersley, is found,
and examples of the pulse distortions frequently
encountered in reflection or refraction are shown.
The paper is presented merely as a preliminary
report, and solicits the co-operation of others
interested in observations of this type. The need
of extended observations of varied types is em-
phasised, and a more extended quantitative dis-

cussion of results is reserved for a later com-

munication when more data are available.

KeENNELLY-HEAvVISIDE LavEr HEeIGHT OBSER-
VATIONS FOR 4,045 KC. AND 8,650 kc.-—T. R.

Gilliland. (Proc. Inst. Rad. Eng., Jan., 1931,
Vol. 19, pp. 114-119.)
See February Abstracts, p. 88.

Tue UNeQuaL FapIiNG oF CARRIER AND SIDE

Banps. —A. W. Ladner: G. Wilde: T. L.
Eckerslev. (Marcont Rev., Jan -Feb., 1931,
pp. 25-27.)

A discussion, started by the first writer’s paper
dealt with in 1930 Abstracts, p. 623, on the question
whether unequal fading of modulated component
and carrier can occur in single side band trans-
mission with carrier re-introduced in the de-
modulator. The Rugbyv long wave transmissions
would not, in anv case, be much troubled by this
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type of fading, and suppressed carrier transmission
attempts on short waves havefailed on account of
insufficient frequency stability [lickersley] : experi-
ments at Terling, however, showed that receptions
were much better from the fading point of view
[Ladner]. Whether the main cause of this type of
fading is different amplitude fading of side waves
relative to carrier, or relative phase shift, Eckersley
is not prepared to sav : but there is an effect akin
to it which he is convinced 1s due to relative phase
shift of the side bands, showing itself ‘" as an
apparently more or less permanently reduced
modulated component [rectificd beat tone betwecn
side waves and carrier] as compared with the
carrier, and especiallv liable to occur within the
skip distance.”” It is to be expected that in a
scattering field the phase of the side bands would
be changed by a random amount. He also remarks
that a frequency modulation may produce an audio
note in a receiver which will fade differently from
the carrier.

INFLUENCES DE L'ATMOSPHEKRE SUR LES ONDES
ULTRA-COURTES ([nfluences of the Atmos-
phere on Ultra-Short Waves).—G. Beauvais.
(Assoc. frang. p. 'Av. des Sci., 53rd Session,
pp. 322-323.)

The stations of the France-Corsica service are
200 km. apart and the tangent lines from the two
stations meet the surface of the sea at points some
15 km. apart, so that the stations arc not “in
sight ”’ of cach other. Nevertheless good duplex
telephony is obtained on 5.3 and 6 metre waves,
with 35 w. input to the valves; normal reception is
audible more than a metre from the telephones.

On certain davs, however (alwavs very sunny
ones), either towards middav or during the after-
noon signals are subject to a progressive weakening
followed by a gradual return to normality, the whole
phenomenon lasting several hours. The effect, when
it occurs, applies equally to the 5.3 and 6 m. waves,
and to the 3.75 m. wave on which tests were also

made. No such weakening occurs after sunset.

Suk LA CONSTANTE DIELECTRIQUE ET LA Cox-
puctiBILITE DES Gaz 10N18Es (The Dielectric
Constant and Conductivity of Ionised
Gases).—Th. V. Jonescu and C. Mihul.

(Comiptes Rendus, gth Feb., 1931, Vol. 192,
PP 343-3145.)

measurements of dielectric constant AC

The
R . . . =
and conductivity — described in a previous Note

p
(March Abstracts, p. 144) gave values 30 times
greater than are indicated by calculation. This
fact has led the writers to investigate the con-
dition of the electrons in their tube when the
potential diffcrence of the plate with respect to the
ring is varied, by an amount Awv, between -4 450
and — 450 volts, the ring being maintained at 1,600

volts. The curves of the plate and ring currents
indicate that for Av = — 150 v. all the electrons
formed between ring and plate are caught by the
ring; for Av = — 150 V. they are caught by the
plate. For values above 150 V., clectrons are

formed between filament and ring, and traversing
the space between ring and plate are captured by
the latter.
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. 1 .
Curves are given for AC and - plotted against
P

various values of Aw, for four wavelengths ranging
from 2.32 to 10.07 metres. All the curves are
asvmmetrical owing to the additional electrons
mentioned above, formed between filament and

. I
ring. The - curves for 2.32 and 4.55 m. waves are

comparatively flat, but the 7.18 and 10.07 m. curves
show a marked peak round Av = 0. The AC
curve for 2.32 m. is almost flat, that for 4.55 m.
shows a distinct negative peak round Av = o, and
the 7 18 and 10.07 m. curves show very pronounced
regative peaks there. *“ The results can he ex-
plained on the supposition that the electrons are
assoc;ated with molecules and by virtue of this
fact possess a natural period of vibration. . . . If
Av is sufficiently raised, a large number of these
assoc:ations are destroyed, and the electrons detach
themselves from the molecules and produce the
eftects of free electrons. Similarly the great range
cf short electric waves, between 10 and 40 metres in
length, can be explained by supposing that the
upper atmosphere contains electrons associated with
molecules and possessing the same natural period as
that mentioned above.”

SUR LES PERTURBATIONS DIURNES DE LA RE-
FRACTION (The Diurnal Disturbances of
Refraction [in the Atmosphere]).—Th. Bana-
chiewicz.  (Comptes Rendus, 26th Jan.
1931, Vol. 192, pp. 219-221.)

THE TrviNg or WikkLiss EcHoEs.—IE. V. Apple-
ton. (Wireless World, 7th and 14th January,
1931, Vol. 28, pp. 2—4 and 43—44.)
The second half of the article deals with the
efect of echo phenomena on television and picture
telegraphv.

Kapio FIELD-STRENGTH SURVEY oF THE CITY OF
CALCUTTA AND ITS SUBUKBS. —1l. Rakshit.
(Phil. Mag., Jan., 1931, Series 7, Vol. 11,
No. 68, pp. 174-184.)

The results of a quantitative radio field-strength
survey with frame aerial of Calcutta and its suburbs
is given and a contour map is drawn showing lines
of equal field strength. It is observed that the
artenuation of the waves over land is much greater
than that over water. l.oops occur in the contour
map giving sharp minima of field strength, which
are attributed to interference between waves coming
from ditferent directions. FKlevated structures are
tound to cause local shadows. No reference is made
to the shape of the transmitting antenna. The
observations were made on the local broadcasting
station VUC (370.4 m.).

SOME NOTES ON FIELD-STRENGTH MEASUREMENT.—

A. I.. Green. (E.W. & W.E., Feb, 1931,
Vol. 8, pp. 61-69.)
Author’s summary :—During the course of

‘“ fading ” observations at Radio Research Station,
Pzterborough, it was realised that the absolute
strength of atmospherically-returned wireless waves
could be calculated from a knowledge of (¢) the
field strength of the steadv ground wave in day-
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light, and (b) any *‘ fading ”’ curve taken at night.
The following notes are a record of some attempts
made at Peterborough to measure field strengths as
low as 0.5 millivolt per metre, with simple un-
shielded apparatus. A high standard of accuracy
has not, so far, been attempted, but the results
already obtained indicate a useful field for develop-
ment.

I.a DisPERSION DES ONDES HERTZIENNES DANS LES
SorLinbes (The Dispersion of Hertzian Waves
in Solids [Seignette Salt, etc.]).—]. Errera.
(Comptes Rendus, 26th Jan., 1931, Vol. 192,
pp. 223-225.)

Contrary to the results of I'ravne, Kobeko and
Kurtschatov, the writer's tests show a marked
dependence of s.i.c. on frequency. Tests on the
crystal showed an anomalous dispersion at a fre-
quency corresponding to its vibration frequency,
but compressed crystal powder gave a steady
increase of e with decreasing frequency, without any
anomaly.

The curves taken on the crvstal show that for a
constant low frequency (e.g., 2,300 cvclesfsec.) €
increases with the value of a.c. field—since the free
Debye dipoles increase in number : this explanation
is confirmed by the simultaneous decrease in ohmic
resistance. Superposition of a d.c. fiell on a
constant a.c. field diminishes the s.i.c. and the
conductivity. Similar results, but in a much
smaller proportion, appear in the compressed
powdered salt, and also in ice and solid nitro-
benzene.

POLARISATION ELLIPTIQUE PAR REFLEXION i 1A
SURFACE DES LIQUIDES: APPLICATION A
L’ETupE DES COUCHES MONOMOLLCULAIRES
suPeERrFICIELLES (Elliptical Polarisation by
Reflection at Liquid Surfaces: Application
to the Study of Superficial Monomolecular
l.ayers).—Ch. Bouhetl. (4Ann. de Physique,
Jan., 1931, Vol. 15, pp. 5-130))

WAVELENGTH CHANGE OF X-RaAvs PAsgING THROUGH
AN ABSORBING MEep1um.—]. M. Cork : B. B.
Ray. (Comptes Rendus, 19th Jan., 1931, Vol.
192, pp. 153-155.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY.

ATMOSPHERICS IN ULTRA-SHORT WAVE SERVICES.
G. Beauvais. (d4ssoc. frang. p. I'Av. des
Sci., 53rd Session, p. 323.)

The I'rance-Corsica service has shown once again
that ultra-short waves are practically untroubled
by atmospherics, except during local storms, when
they occur just at the moment of the lightning-
flash. On one single occasion, 6-metre reception
at the Nice station was made impossible by a storm
immediately overhead; the static charge of the
full-wave aerial (highest point 7 m. above the
ground) caused discharges between the coupling
coils. But simultaneously it was found perfectly
possible to receive a 3.75 m. wave on a full-wave
aerial whose highest point was less than 5 m. above
ground.

Ccz2
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NoTE oN A PHENOMENON CONNECTED WITH THE
Aurora.—A. C. Burton. (Canadian Journ.
of Res., Jan., 1931, Vol. 4, pp. 52-53.)

““ A narrow and distinct arch of light was observed
to stretch across the sky overhead from East to
West, remaining steady in position for some forty
minutes. A photograph, on microscopic examina-
tion, showed an unexpected fine structure that was
not observed visually.”  This fine structure con-
sists of parallel lines: assuming a height of soo
miles, two of these would be about 400 vards apart
and are accurately parallel for oo miles.

SIMULTANEOUS ATMOSPHERIC AND CABLE DIsTUR-
BANCES.—M. Baumler. (Proc. Inst. Rad.
Eng., Jan., 1031, Vol. 19, pp. 138-144.)
English version of the paper dealt with in 1930
Abstracts, p. 624.

WHiIsTLING TONES rrOM THE EARTH : DISCUSSION.
—A. M. Curtis: H. Barkhausen. (Proc.
Inst. Rad. I'ng., Jan., 1931, Vol. 19, p. 145.)

Referring to Barkhausen’s paper (1930 Abstracts,
pp. 622-623), Curtis describes some Newfoundland
observations on ‘‘swishes” and ‘' tweeks'’—see
also Burton, Jan. Abstracts, p. 34, and Meyer’s
criticism.

L'EVOLUTION RECENTE DE La  METEOROLOGIE
ELECTRIQUE ET DE sES METHopES (Recent
Evolution of * Electrical Meteorology ™’
and Its Methods)—R. Bureau. (Assoc.
franc. p. VAv. des Sci., s53rd Session, pp.
287-293.)

In the latter part of this Presidential address
to the Meteorologyv Section, Burcau asks leave to
review in his official capacity the present position
of beliefs regarding atmospherics, in which as the
leader of the I'rench ““ school ”’ he has been per-
sonally in disagreement with the English ** school
(Watson Watt, Appleton and Herd). It can no
longer be denied, in face of the results obtained
by the latter school! (which are, moreover, confirmed
by rccent results in France) that the violent atmo-
spherics met with on certain summer afternoons
come {rom thunderstorms and their lightning
flashes, which produce exactly corresponding atmo-
spherics at stations many hundreds of kilometres
apart. When Bureau maintained that this hardly
ever occurred he was drawing too hasty conclusions
and was misled, also, by results obtained on two
short a base line.

But provided Bureau is ready to admit the possi-
bility of world-wide atmospherics coming from
‘““a land where it is always summer afternoon
(Watson Watt, 1929 Abstracts, p. 324) he does
not seem to have been wrong in maintaining, for
five years or more, the predominant importance
of cold fronts in producing atmospherics and of
warm fronts in destroying them. What, however,
he must admit and has not always admitted, is
that the action of meteorological changes in mode-
rate latitudes is not purely local but may have a
large range, perhaps even greater than that of the
tropical storms.

In their attitude towards those who urge the
cosmic origin of atmospherics, Bureau and Watson
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Watt tind themselves on the same side. The
ardent supporters of this theory (and they still
exist) must be associated with the believers in
the ionised layer as the source of numerous atmo-
spherics. It is difticult to say that this last theory
is entirely wrong; even Watson Watt, convinced
believer in the troposphere as the almost exclusive
source of atmospherics, has put on record the
observation of atmospherics linked with certain
magnetic disturbances, and the Poulo Condore
observations showed a marked effect of the eclipse
on the régime of atmospherics. But such action
on the part of the ionised layers might be expected,
since the reception of atmospherics depends not
only on their production but also on their propaga-
tion. ‘‘ In [the study of| propagation we have a
means of comparing the phenomena of the ionised
lavers and of the troposphere. I believe I have
thus shown, in a paper now being printed, that
thev may be very closely linked, and that the great
perturbations of the polar front reverberate as far
as the ionised lavers.”
DirecTioNaL RECORDER FOR ATMOSPHERICS
Bureau.

(See under ‘* Directional Wireless.”)

I ENREGISTREMENT DES ATMOSPHERIQUES A SAINT-
Cyr ([Apparatus used in| the Recording of
Atmospherics at Saint Cvr). —P. Dowr
R. Bureau. (Jdssoc. fran¢. p. I'Av. des Sci
53rd Session, pp. 293—296.)

A combination registering not only the frequencv
of atmospherics but also their intensity.

DE L’ INFLUENCE DU CHAMP MAGNETIQUE TERRESTRE
SUR LES ATMOSPHERIQUES DE LA TELE-
GraPHIE SANS FIL (The Influence of the
Earth’s Magnetic Field on the Atmospherics
encountered in  Wireless).—F. Schindel-
hauer. (Assoc. frang. p. I'Av. des Sci., 53rd
Session, pp. 300-304.)

A concisc exposition of the writer’s results and
conclusions, already set out in the various papers
dealt with in Abstracts, 1929, pp. 101 and 503
and 1930, p. 389.

SpecivEN RECORD o0F ATMOSPHERICS ON THE
AtLantic.—G. H. Huber. (dssoc. frang.
p. PAv. des Sci., 53rd Session, pp. 298-299.

A record (between New York and Martinique)
coinciding with the passage of a disturbance of
cyclonic type bringing with it a succession of squalls
(occlusion of a cumulo-nimbus) each of which was
accompanied by a recrudescence in atmospherics.
Such phenomena are probably frequent in this
region and perhaps explain why the Americans
trace their atmospherics to it.

RELATIONS BETWEEN ATMOSPHERICS AND METEORO-
LoGICAL PHENOMENA AT SaiNT CyrR.—
—. Buffault. (dssoc. fran¢. p. 'Av. des Sci.,
53rd Session, pp. 296-293.)

Cloud types and their influence on atmospherics :
clectrification of the aeral—the passage of the
front of a cumulo-nimbus is often accompanied
by a temporary increase in atmospherics and an
electrification of the aerial (ceasing at the first
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drops of rain-—perhaps because of the decrease
i Jnsulation) :  hail often produces cracklings
which on three occasions ceased on the occurrence
ot a lightning flash and graduallv returned.
‘" According to Angot’s theory, hail-stones forming
at the lower part of the cumulo-nimbus would be
posit:vely electritied, and the ionisation produced
in the air by a lightning flash should not make
tnem lose their charge : the cause of this crackling
must therefore be sought elsewhere than in the
fall of the electrified hail-stones.”

ATvaspHERIC ToNization By Cosmic RADIATION.
E. O. Hulburt. (Phys. Review, 15t Jan,
1931, Series 2, Vol. 37, No. 1, pp. 1-8.}

Author’s summary :—From Millikan’s measure-
ments of the intensity and the absorption coeffi-
cients of cosmic radiation the ionization in the
atmosphere is calculated from sca level to 60 km.
Lhe electron density is negligibly small in this
region. The ion density increases with the height
t0 3.5 X I0® ion pairs cm.”® at about 50 km. and
1= roughly constant above this to 6a or 70 km.
whers the solar ultraviolet light ionmzation sets in.
The 50 km. ion bank refracts appreciably radio
waves longer than 12 km. and being unchanged
with the day and night accounts for the propaga-
tion of waves longer than 12 km., which are known
to show no marked diurnal variations. The agree-
ment with the facts of long radio waves indicates
that therc exists in the high atmosphere but little
cosmic radiation of less penetration than Millikan
has already detected.

By considering the effect of the earth’s magnetic
field on high speed eclectrons, the “run away’
clectron hvpothesis of C. T. R. Wilsoa to account
for cosmic radiation is shown to lead to a distribu-
tion most intense at low latitudes and {iceble at

igh latitudes, thereby being in disagreement with
Millikan's observation of the constancy of the
cosmic radiation with latitude.

specrrum of Cosmic Ravs.-—E. Regener. (Nature,
14th Feb., 1931, Vol. 127, pp. 233-234.)

The cosmic ravs have been followed to a depth
af 236.5 m. in experiments on the absorption of
cosmic ravs in Lake Constance. ** Analysis of the
absorption curve showed four components of
different penetrating power.” ‘° According to
Klein and Nishina’s formula, the wavelength of
the hardest component is 0.63 X 10713 cm., whereas
the complete transformation of a proton and an
electron into radiation would correspond to a
wavelength of 1.313 X 1078 cm.”

REMARKS ON A PAPER *“ NOTE ON THE NATURE OF
Cosmic Ravs,” By Patr S Epsrrix.-—C.
Stormer.  (Proc. Nai. Acad. Sci., Jan., 1931,
Vol. 17, pp. 62—63.)

Pcinting out that Epstein’s equations correspond
to the ones in Stérmer’s 1904 paper on the Polar
Aurcra : that a complete discussion of the regions
of the earth hit by the cosmic rays, and also a study
ol the trajectories of these rays down to the earth,
‘an De made exactly on the same lines of research
as those developed in his mathematical theory of
aurora, and that the surface given by the equation
in Epstein’s paper is nothing else than the toroidal
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surface plaving such an essential part in Stormer’s
explanation of the Wireless echoes of long delay
(1929 Abstracts, p. 144, and elsewhere).

WO ERREICHEN KOSMISCHE ELEKTRONENSTRAHLEN
DIE ERDKUGEL ? (Where do Cosmic Electron
Beams strike the Iarth?)-—I. Driche.
(Physik. Zeitschr., 1st Jan., 1931, Vol. 32
No. 1, pp. 31-33.)

PERIODISCHE ELEKTRONENBAHNEN IM FELDE EINES
ELEMENTARMAGNETEN UND JHRE ANWEN-
DUNG AUF BRUCHES MODELLVEKSUCHE UND
AUF ESCHENHAGENS F.LEMENTARWELLEN DES
IErDMAGNETISMUS (Periodic Electron Paths
in the Iield of an Elementary Magnet, and
their Application to Bruche’s Model Tests
and to Ischenhagen’s Elementary Waves
of Terrestrial Magnetism).—C. Stormer.
(Zestschr. Astrophys., Nov., 1930.)

ZUR METHODIK DER IONENZAHLUNG IN DER FREIEN
AtmosrHARE (On the Theory of a Method
of Ton Counting in the Iree Atmosphere).
Yo Itiwara; and BEMERKUNGEN ZUR
VORSTEHENDEN ARBEIT DES HERRN YO
Irtiwara (Remarks on the Foregoing Paper
by Mr. Yo Itiwara).—V. T. Hess. (Physik.
Zeitschr., 15th Jan., 1931, Vol. 32, No. 2,
pp. 97-100.)

OPTISCHE UNTERSUCHUNG DER FUNKENZUNDUNG
1IN LUFT vON ATMOSPHARENDRUCK MITTELS
DES WERREFFEKTES (Optical Investigation
of Spark Discharge in Air at Atmospheric
Pressure by means of the Kerr Effect).—
L. v. Hamos. (dAnn. der Phys., Series 35,
1930, Vol. 7, No. 7, pp. 857-888))

Sece also 1930 Abstracts, p. 471.

CONSIDERATIONS ON THE ARTIFICIAL PRo-
pucrioNn OF Rain—N. A. DBulgakov.
(Westmik Elekirvot., Nos. 3 and 4, 1930, pp.
104-109 and 147-151.)

In Russian. The writer applies his formulae
for the motion of a point, attracted to a centre by
a force u/»? and encountering a resistance 2z kv,
to the mutual attraction between a heavy electri-
cally-charged dust particle and an ionised drop,
on the assumptions that by the influence of wind
the surrounding air moves progressively on a
definite law and that the vertical columns of air
near the drop and the particle have an independent
motion and compensate the action of gravity.

SOoME

It is found that for a regular scattering of dust
particles on a horizontal plane, drops in a cloud
spaced 1/20 em. would all be attracted to the dust
particles within 2 hours.

In a constant electric field, unequally charged
drops may agglomerate ; an example is given of a
specially favourable distribution of charges, when
all drops will amalgamate in half an hour for a
field intensity of 1 c.g.s. unit. In alternating
fields the agglomeration 1s only possible in the case
of damped waves, and the corresponding time
would be 2} hours for 1 c.g.s. unit. Such a field
intensity would only occur near the aerial system
of a station more powerful than Nauen. Theoreti-
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cally, the reciprocal action of induced charges may
be effective, but the field intensity would then
be of the order of 10 c.g.s. units. The American
tests are discussed, in which the air gap in a con-
denser formed by the ground and the charged upper
layer of the atmosphere was to be disrupted by
radio waves.

PROPERTIES OF CIRCUITS.

K VOPROSU 0O ZATUHANII T SELEKTIVNOSTI RE-
GENERATIVNOGO PRIEMNIKA (Sclectivity and
Damping in a Regencrative Radio Re-
ceiver).—E. S, Antseliovitch. (Westnik
Elekirol., No. 5, 1930, Part I, pp. 19.4-196.)

In Russian. A mathematical analvsisis presented
of selectivity and damping in a regenerative circuit.
When the reactive coupling is critical the current

I, in the grid circuit is given by the following

expression which is deduced in a previous paper

by the author* :

I ¢
FIP Vv S
.2R1E,,/

I, 5

R/

where V, = grid voltage due to the incoming
signal, R, = resistance of the grid circuit, u = ampli-
fication factor of the valve, p = a.c. resistance of
the circuit, and /7; = anode voltage.

v,

R, Re
generation may thus be considered as equivalent
to a reduction in the resistance of the grid circuit.
The ratio m of the actual resistance R, to the
equivalent resistance Requis. 1S

When no regencration is used T,

3/"2R,E“>3
V upV, .

The following formulae are then derived from this
expression :

. R
Coefficient of da i =t
oefficient of damping a = =
Logarithmic decrement
m
S = —
3 » (.ZE,, 2
N Ry,
PSRy 2
cos / i A
¢ A p‘\zE,,)

It appears from these expressions that damping is
dependent on the strength of the incoming signals,
the resistance Ry of the grid circuit, and the char-
acteristics of the valve.
A general expression defining selectivity is next
given !
R

' 2
F 2ml Vit

* E. S. Antscliovitch—The Design of the Re-
generative Receiver (published by the Electro-
Technical Institute, [eningrad).
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where F is the width of the resonance curve between

the points where the responsc is :z of the peak

value. Tor the case of regenerative reception the
following expression is derived :

a L/
V- —1.
min

Selectivity is thus also dependent on the strength
of the incoming signals and the characteristics of
the valve.

The conclusions arrived at are important inas-
much that the comparison of the damping and
selectivity of different regenerative circuits are
meaningless unless input signal strength and the
characteristics of the valves used are the same in
each case.

DeTiicTiION 0oF Twn MODULATED WAVLES
wHICH DIFFER SLicurrLy 1IN CARRIER I'RE-

THE

ouency. —C. B. Aiken. (Proc. Inst. Rad.
I'ng., Jan., 1931, Vol. 19, pp. 120-137;
Bell Tech. Journ., Jan., 1931, Vol. 10,

No. 1, pp. 1-19.)

Author’s summary :—The present paper contains
an analysis of the detection of two waves modu-
lated with the same, or with difterent, audio
frequencies and ditfering in carrier frequency by
several cycles or more. Both parabolic and straight
line detectors are treated and there are derived the
expressions for all of the important audio fre-
quencies present in the output of these cdetectors
when such waves are impressed. There are dis-
cussed the types of interference which result when
one station is considerably wealker than the other
and simple attenuation formulas are employed in
estimating the character and extent of the inter-
ference areas around the two transmitters. Bevond
the use of such formulas no attention is given to
phenomena which may occur in the space medium
such as fading, diurnal variations in field intensity,
etc.

INVESTIGATION O ** ZIEHEN "’ LXFFECT AND CRITICAL
CourrLing.—S. G. Ginsburg. (Wesinik Elek-
trot., No. y-10, 1930, pp. 283-29.4.)

In Russian. Author's abstriact :——The ‘“ zichen
effect [ back-lash "’ or coupling-hvsteresis effect]
and conditions for single periodicity of an electron
tube oscillator having an intermediate circuit and
coupling to the grid in the primary circuit are
discussed. The condition for single periodicity,
given for that case by Prince [{’voc. I.R.E., 1923]
is confirmed experimentally. The *‘ ziehen ** effect,
in an oscillator in the circuit taken, occurs in a
different way from that usually accepted as a
result of neglecting certain terms in the equations
depending on the resistances of the circuits. Thus
the condition for single periodicity given by Mbller
[Zeitschr. f. hochf. Tech., 1920] is not true in general
but satisfies a particular case onlv. The exact
condition for single periodicity of the oscillator in
question is deduced | i, — 2\':3L4/‘ and proved

3

experimentally.
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NoTeE sSUR LE CaLcuL D’UN DouBLEUrR DE Frf-  SystiMmre ““ REJECTEUR DE Baxpe ™ HOPKINS
QUENCE (Note on the Calculation of a Fre- {The Hopkins * Band Rejector ’* System).
uency Doubler).—B. P. Asséef. (L’Omnde P. Leroy. (L’Onde Elec., Jan., 1931, Vol. 10,

lec., Jan., 1931, Vol. 10, pp. 3b—47.)

Apart from certain works which present the
principal relations in a somewhat complex form
(¢f. Marique, 1929 Abstracts, p. 325) ** we lack,
almost entirelv, material for the practical calcula-
tion of this important part of a short-wave trans-
mitter.”” The writer deals with a single triode
doutler only, but his method of treatment is also
applicable to a two-triode doubler with grids in
push-pull and anodes in parallel. He obtains
formulae for :—(i) the amplitude of the a.c. com-
ponent of the plate potential, (ii) the amplitude of
the second harmonic of the plate current, (iii)

fficiency, {(iv) maximum value of the plate current,

{v) saturation potential (putting the constant A4,
in the usual Barkhausen equation, as 8 for V-shaped
filaments), (vi) the admissible value for the co-
-fficient of utilisation of anode potential, i.e.. the
ratic of the alternating anode voltage to the con-
stant anode voltage, (vii, vili, ix and x) alternating
and constant components of the various voltages,
{xi) power consumed by the generator, (xii) mean
value of anode current, (xiil) power dissipated at
anode, (xiv) equivalent resistance of oscillating
circuit.

A numerical example is given ; since a power of
120 w. is supposed to be wanted, an oscillator of
the order of 240 w. is chosen, for practice and
calculation alike show that the power obtainable
from a valve used as a frequency doubler is about
half that obtainable from it as an oscillator.

A SimpLiriED CALCULATION OF VALVE FREQUENCY
CHa~xGERrRs.—P. N. Ramlau. (Wesinik Elek-
trot., No. 3, 1930, pp. 109-114), and ON
FreEQUENCY DOUBLING BY ELECTRON TUBES.

V. J. Bunimovitch. (/bid., No. 4. 1930,
PP 133-143)

Both in Russian. The second paper, after giving
simple approximate formulac for input and output
power, discusses practical circuits (single and push-
pull triodes) and some secondary phenomena, such
as feed-back, self-excitation, and regeneration on
the doubled frequency. Calculated and experi-
mental results are compared.

OxN THE OPERATIONAL SOLUTION OF LINEAR FINITE
DIFFERENCE LQUATIONS [1HEORY APPLIC-
ABLE To WaAVE TFiLTErR CHamxs|. L. M.
Milne-Thomson. (#rvoc. Camb. Phil. Soc.,
Jan., 1931, Vol. 27, Part 1, pp. 26-36.)

Baxp-Pass TFiLTErs.—I. V. Koptev. (Westnik
Llektrot., No. g—10, 1930, pp. 3067-310.)

IxpuctivE Banp Pass FFicters.—L. E. T. Branch.
(Wireless World, 28th January, 1931, Vol. 28,
pp. 78-81.)

Putting the case for coupling by the mutual
inductance method. Tt is shown that the resulting
filter lends itself to a simple and inexpensive layout
1n which unscreened coils are used.

p- 44.)

Summary of a Ruadio News article on inter-stage
couplings involving wave-trap circuits, leading to
the production of a curve approaching the ideal
rectangular shape. The reviewer points out that
the circuits shown are onlv simplifications of those
indicated by Blanchard (L'Onde Elec., T'eh., 1927).

THt TuneD-ANODE CouPLING.—S. O. Pearson.
(Wireless World, 7th January, 1031, Vol. 28,
pp.- 20-22.)

The theory of the tuned-anode arrangement, with

equations and formulae for the calculation of its
dvnamic resistance, voltage amplification and
selectivity.
THE INTERMEDIATE FREQUENCY ANPLIFIER OF
THE SUPERHETERODYNE.—A. L. M. Sowerby.
(Wireless World, 17th and 24th Dec., 1930,
Vol. 27, pp. 689-692 and 712-715.)

The causes and prevention of distortion, and a
studv of the relative merits of different frequencies.

Tir INpucTaNCE COEFFICIENTS OF A PART OF A
CIRCUIT, AND THEIR APPLICATIONS [IN CON-
NECTION WITH CABLES AND THEIR SHEATHS].

‘A. Russell.  (Journ. [.E.J:., Yebruary,
1931, Vol. 69, pp. 270-250.}

Cuoict or CHaracTERIsTIC CONSTANTS vOR TELE-
GrAPH LLINES AND Cikcuirs. — V. I. Kovalen-
kov. (Westnik Ilektvot., No. g-10, 1930,
pp. 279-283.)

In Russian. * Formulae giving the distribution
of current and potential along a line with a short
circuit at the end usuallv comprise four constants :
R, L, C and G. Instead of them, the anthor intro-

1 L

—, 2= ,
aVLC c
Ba and ou, which are more convenient for calcula-
tions. = and z represent the scales of time and
current respectively, while ga and Bu characterise
the electromagnetic process in the line. Some
numerical calculations are given, and the optimal
conditions for a telegraph line with the usual
receiving relays (0.6 < Ba =< i.05) are established.”

duces four new constants, 7

TRANSMISSION.

Dir PHASENVERTEILUNG IN EINEM ZUSAMMEN-
GESETZTEN ROHRENGENERATOR FUR ULTRA-
KUrzE WELLEN (The Phase Relations in a
Multi-Valve  Generator for Ultra-Short
Waves).—A. P. Stwolin [Stvolinl.  (Zeiischr.
1. hochf. Tech., Jan. 1931, Vol. 37, pp. 18-21.)

German rendering of the Russian paper dealt
with in 1930 Abstracts, p. 158.

THEORY OF THE INTERNAL ACTION OF ['HERMIONIC
SysteMs AT MoDERATELY HiGrH FRE-
OQUENCIES [WITH A REFERENCE TO THE B.-K.
OsciLLaTiONs].— Benham. (See under
““ Valves and Thermionics.”’)
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TueE PIERRET CIRCUIT [FOR ULTRA-SHORT WAVES].
—(Wiveless World, 28th January, 1931, Vol.
28, p. 81.)

An article on Pierret’s circuit for obtaining
wavelengths of the order of o.12 metre, using sliding
copper discs on the connecting wires to limit the
part of the circuit in which oscillating currents
tlow. See also 1929 Abstracts, p. 149.

UBER GITTERSCHWINGLINIEN (Dynamic Grid Char-
acteristics).—C. Hagen. (Zeiischr. |. hochf.
Tech., Jan., 1931, Vol. 37, pp. 1-7.)

Problems concerning valve oscillators are in
many cases made easier to solve by the use of
Moller’s method of dynamic characteristics. The
emission characteristic, 2 = f( oserat), which
is the most frequently used, must be re-drawn with
the help of the grid characteristic in those cases
where the coupling is excessive and consequently
the grid current has an important influence. The
determination of the boundary between this
condition and the normal state is of importance in
connection with the economical working of the
oscillator. The transition is generally supposed to
take place at the point where the instantaneous
values of anode and grid potentials are equal, but
the researches described in the present paper show
that this is not correct.

The writer arrives at two forms of definition of
the transition point, one of which is

KUZM. + Uzn. KLY::c o ch,

where « is the ratio of the momentarv peak values
of grid and anode potentials. This gives, as the
limiting value for the oscillatory anode potential,

de
Tosc. =l Udc . UML
tim.
atim a K 1 D b
where D as usual is the valve *“ durchgriff.”” The
formula given by Moller (which is the same as this

except that « is replaced by unity) is, however,
satisfactory for rough calculation.

MopuraTion BY Irox-CorREDL CHOkL COILS WITH
Barrast CircuiT—(German Pats. 509614
and 511393, Lorenz, pub. Oct., 1930.)

Ior various improvements covered by these
patents, see Zeitschr. [. hochf. Tech., Jan,, 1931,
Vol. 37, p. 24.

MobpvuraTion  Cikcurr  WITH MODULATOR AND
OsciiLATor FILAMENTS EARTHED. (German
Pat. 509528, Lubszynski, pub. gth Oct.,
1930.)
Lor a diagrain of this arrangement see Zeilschy. f.
hochf. Tech., Jan., 1931, Vol. 37, p. 25.

InpPrROVEMENT 1N GrID-D.C. Mobpurariox.—(Ger-
man Pat. 509615, Telefunken, pub. 14th Oct.,
1930.)
With the usual circuit there is difficulty in finding
a modulator valve of sufficiently small internal
resistance. This is avoided by connecting an
auxiliarv source of current in series with the
modulator.
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SIMPLE ADJUSTMENT OF PORTABLE SHORT WAVE
TraANSMITTER. (German Pat. 513184, Lor-
enz, pub. 24th Nov., 1930))

For simplicity in a portable set either the aerial
or the anode circuil is often un-tuned, but even so a
double adjustment is necessary (for optimum
working) since the coupling between the two
circuits needs regulating. According to the in-
vention, this is avoided by tuning the aerial circuit
with a series condenser and coupling the circuits by
a second condenser ganged to the first.

RECEPTION.

SELECTIVITY AND DAMPING IN A REGENERATIVE
Ripio  RecriveEr.—Antseliovitch. (See
under ““ Properties of Circuits.”)

ADJUSTMENT OF REacTioN [VoLuMmE CONTROL] BY
AN OsciLrLaTiNG  VaLveE.—(German Pat.
506557, Koomans, pub. 5th Sept., 1930.)

A veryv smooth reaction adjustmentis provided by
this circuit, in which part of the anode circuit 1s
shunted by a control valve circuit so adjusted as to
give continuous oscillation. The adjustment is
made by varying either the reaction condenser or
inductance of this contral circuit, or its tuning
condenser.

REacTiON AND THE Baxp-Pass Fioter.—W. T.
Cocking. (Wireless World, 10th December,
1930, Vol. 27, pp. 640-642.)

The conditions under which reaction can be
usefully emploved in a band-pass filter. It is
shown that reaction considerably increases peak
separation but that signal strength is not im-
proved to the same degree as with a single tuned
circuit.

Low VoLTaGe PowrerR Grip DErucTtioNn.—W. T.
Cocking. (Wireless World, 3rd December,
1930, Vol. 27, pp. 618-621.)

The high initial voltage demanded by the parallel
feed method of intervalve coupling used after a
power grid detector has limited the use of this
detector to receivers with available voltages of the
order of 300. Information is here given on types of
coupling necessitating imtial potentials of onlv
200 V.

A SUPERHETERODYNE RECEIVER FOR  SHORT
Waves.—R. W. Tanmner. (Rad. I ngineering,
Jan., 1931, Vol. 11, pp. 22-23))

In superheterodynes with a variable oscillator
wavelength, a station can be brought in at two
points on the oscillator dial. In the present type,
the oscillator is semi-variable (i.e., adjustable for
different bands in the total wave-range) the tuning
being done on the variable intermediate frequency
circuit. Not only is the second beat climinated,
but tuning is no more critical at 20 m. than at
100 m.

Tur SrteNoDE.—]. Robiuson. (Wireless World,
7th January, 1931, Vol. 28, pp. g-11.)
The inventor's explanation of the Stenode

Radiostat, together with some difhiculties con-
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nected with the application of the sideband theory.
An abstract of a paper read recently by Dr. Robin-
son before the Radio Club of America.

MonUILATED CONTINUOUS WAVES ANL THE STENODE
Raprostat.—C. . W. Nason. (Rad.
Engineering, Jan., 1931, Vol. 11, pp. 19—21.)

“ An engineering discussion of the theory of a

new receiver system recently brought from England
and demonstrated in New York.” The writer ends
by referring to Pearson’s suggested explanation of
the circuit’s immunity to heterodyvning interference
(1930 Abstracts, p. 508) of which he says *“ It is the
writer’s opinion that the freedom from interference
found will not be explained through this varying
frequency premise taken by Mr. Pearson but that
it may be {found that the phasing of the various
components constituting heterodvne interference
will give the final explanation.”

THE WIRELESS WORLD ["OUR—BATIERY MODEL.
F. H. Havnes. (Wireless World, 17th
December, 1930, Vol. 27, pp. 672-677.)

ReEcriIVING SETS oF To-DAY.—(Wireless World,

19th November, 1930, Vol. 27, pp. 572-575.)

An analvtical study of modern commercial

designs, classified under various heads. These

include number and arrangement of valves, method
of detection, current supply, tuning control, etc.

AERIALS AND AERIAL SYSTEMS.

ARrRrRAaYS aND Traxsmission Lixes. —T.
Walmsley. (Journ. I.E.E., Teb., 1931,
Vol. 69, pp. 299-314.)

The full paper, an I.W. & W.I. summary of
which was dealt with in March Abstracts, p. 155.
A long and interesting discussion follows (pp. 314~
323) including a detailed reply by the author to
po:ints raised by Tranklin, Green, Smith-Rose,
lickersley and others.

Beax

DEN WIRKUNGSGRAD VON RUNDFUNK-
SENDEANTENNEN  (The [Ground Wave
Lfficiency of Broadcasting Transmitting
Acrials).—E. T. Glas. (Zeiischv. f. hochf.
Tech., Jan., 1931, Vol. 37, pp. 8-12))

Cf. Feb. Abstracts, p. 97. The theoretical paper
in L W. & W.I. (Abstracts, same page) is here
supplemented by the experimental results at the
Karlsborg station, where vertical aerials I (actual
height 52 m.), 1I (85 m.) and III (113 m.) were
compared, all working on a wave of approximately
270 m. and a power in the aerial of 125 watts.
Aerial 1 was worked as a quarter-wave aerial with
added inductance; its static capacity was 430
cm. The higher aerial IT (static capacity 870 cm.,
Ao 460 m.) was tuned by a series condenser
of 80 cm. capacity ; the highest, II[ (cap. 955 cm.,
Ay = 550 m.) was worked with added inductance
as a half-wave acrial.

A contour chart is given ol the field strengths
within about 2 kilometres of the station given by
the 3 aerials, and the ground wave etficiency of
each is worked out from the formula
(Ed)? |

- X

UrER

7 = 700 .
The values of 5 are respcctivgly (I) 10.5, (II) 30.5,
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in the ratio
completely

and (ITI) 34.5 %, ¢.e., they are
1 : 29 : 33 Theory, assuming a
conductive earth, would give 1 : 2.1 @ 2.4. The
discrepancy —not found in the results in the
Eckersleys-Kirke paper (1929 Abstracts, p. 329) -
is attributed to the properties of the ground {the
unsymmetrical distortion of the contour lines is
attributed to the high metal masts].

The writer has, therefore, made use of the
Reciprocity Reflection method (Ballantine, 1928
Abstracts, p. 341), but as the final formula is
very complex he limits himself to the numerical
working-out of two special cases, a quarter and a
half-wave aerial with a ground of conductivitvy
5 %X 1074 e.m.u. and dielectric constant 8. He
gives the calculated vertical radiation diagrams
of these aerials for wavelengths of 1,200, 400 and
40 metres, as compared with that for an infinite
ground conductivity. These diagrams do not
hold for the ground wave, but do hold for the
space wave and therefore give useful information
as to the ground-wave efficiency. They show
the increasing superiority of the half-wave acrial
as the wavelength gets shorter. This is confirmed
by the fact that the Motala 1,348 m. wave gives
a ground-wave efficiency of about 70 %, although
the masts are only 120 m. high.

But the advantage of a high aerial lies not only
in the decreased loss in space wave, but also in
the possibility of reducing the losses in the eurth
lead and earth, thanks to the smaller current.
This is another factor which gains importance as
the wavelength decreases.

The writer then considers the various methods
of coupling the high aerial to the transmitter
circuit, their advantages and disadvantages. He
continues by plotting the curve of ground-wave
efficiencies, before-mentioned, against mast height
(earth resistance at foot of aerial 13 ohms) and
comparing this curve with the corresponding curve
for zero resistance. The two curves converge as
they bend over to nearly horizontal for a height
of about 120 metres, from which he concludes
that when an aerial has reached a height of about
A/3, its practical optimum height is attained:
at any rate for the short broadcast waves and for
aerial powers over 10 kw. Finally he confirms
the close-up results by measurements at distances
giving ficlds of 2 mv/m., namely, 14.7 km. for I,
17.8 and 19 km. for II and Ill. At 14.7 km,
where I gave 2z mv/m., II and III gave this same
value of field with powers in the aerial only ;% and
L as great as that required by I.

CrRTAIN [FACTORS AFFECTING THE GAIN oF DIREC-
1IvE AxTENNAs. G, C. Southworth. (Bel!
Tech. Jowrn., Jan., 1931, Vol. 10, No. 1
pp- 63-95)
See Jan. Abstracts, p. 41.

A GrapHIcaL METHOD FOR DLETERMINING THE
MAGNITUDE AND PHASE OF THE LLECTRIC
FieLp 1IN THLE NEIGHBOURHOOD OF AN
ANTENNA CARRYING 4 KxowN DISTRIBU-
110N OF CURRENT.—]. S. McPetrie. (Journ.
[..IZ., February, 1931, Vol. 69, pp. 290-—
298.)

The mathematical calculation of the field in the
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immediate neighbourhood of a transmitting aerial
is somewhat laborious: this paper describes a
graphical method of procedure by means of which
calculations may be made for any desired arrange-
ment of aerial. A simplified form of Hertz’s
equations (Wilmotte and McPetrie, 1925 Abstracts,
P- 041) is used to give the field at a point on the
ground due to a unit doublet at different heights
in a vertical antenna two wavelengths long, and
a number of curves are derived on {he supposition
that this doublet carries one ampére. It is ex-
plained how these curves may be applied with
ease to find the ficld at various points and distances
from an antenna having any given current dis-
tribution ; or the ficld at various points in another
parallel antenna.

The phase of the field is determined by the
same method at various distances from difterent
lengths of antenna, and a figure is given which
shows that for distances greater than aboutl 0.3
there is a maximum difference of about 5 deg.
between the phase of the field of a half-wave
antenna and that due to the doublet at its base.
This small difference explains why certain calcula-
tions based on the assumption that an antenna
is small compared with the wavelength are approxi-
mately true when applied to antennae in which
this assumption no longer holds.

The effect of the earth is taken.into account in
the last section, and it is shown how the same
method mayv be used to find the field at any distance
from an antenna when the dielectric constant and
the conductivity of the carth are known.

AERIAL FOR SHORT oR ULTRA-SHORT
Waves.—(German Pat. 509616, Lorenz,
pub. 10th Nov., 1930.)

Fraug

To obtain good directivity, usually absent from
loop or frame acrials when used for these waves,
the inventor uscs a frame with a length of side
smaller than one-tenth of the wavelength, raised
at least a half wavelength above the ground, and
fed by concentric or screened parallel feeders.

Duar-Raxce Frave Arriar—A. L. M. Sowerby
and H. B. Dent. (Wireless World, 7th
January, 1931, Vol. 28, pp. 12-14))

Specially designed for the Wireless World band-

pass  superheterodyne receiver.
SAFETY MEASURES FOR OUTDOOR ANTENNAL.
A Halsted.  (Comnnercial Stds. Mihly.,

Jan., 1931, Vol. 7, p. 202.)

VALVES AND THERMIONICS.

THrorRY or THE INTERNAL AcTioN OF THER-
MIONIC SYSTEMS AT MoperaTeLy HIGH
I'REQUENCIES.—ParT II.—W. E. Benham.
(Phil. Mag., Supp. No., Feb., 1931, Serics 7,
Vol. 11, No. 70, pp. 457-517.)

A sequel to the paper dealt within 1928 Abstracts,
p. 288. The theory outlined in Part I contained just
sufficient analysis for the purposes of a ‘ second
order ' solution and the extraction therefrom of an
expression for the rectification cffect as afunction
of the product pT of the angular frequency p and
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the time T of transit of the electrons. Part ITaims
at an exhaustive analysis of the * fhrst order ”
solution.

The thermionic system is replaced by an equiva-
lent circuit, so far asits first order a.c. propertiesare
concerned. ‘“In general the equivalent circuit
contains four components, but the circuit reduces
to one having only two components in the par-
ticular case of two electrode systems. From the
values of the ‘equivalent circuit’ components the
admittance, conductance and susceptance of a
parallel plane diode are evaluated as functions of
pT. The conductance is negative at certain values
of p7.

“ Considerable space is devoted to the subject
of the diclectric constant of space-charge, and
experiments are (uoted which support the theo-
retical conclusions. . . . The impedance of the
equivalent circuit is alwavs capacitative. The
negative value of conductance at certain values of
pT is discussed in its bearing on the hypothesis
that the negative-resistance property is inherent
in the space-charge itselt.”

The diode theory contains an explanation of
Barkhausen-Kurz oscillations and provides a lower
limit for their angular frequency.

‘““A simple treatment neglecting space-charge
confirms that there is no negative conductance in
this case, showing that the negative conductance
is a property resulting from the mutual repulsions of
electrons. The frequency variation of the recti-
fication effect with and without space-charge is
discussed.

“ An outline of the cylindrical case is given and a

. . . . R
solution derived in the particular case > ...
a

An approximate solution is obtained {for finite

values of ~, which vields an expression for the
P 3

dielectric constant of space charge between cvlin
drical electrodes.”

GraPHICAL ANALYSIS OF OUTrUT TUBE PERFORM-
anNce.—-C. K. Kilgour. (Proc. Inst. Rad.
Eng., Jan., 1931, Vol. 19, pp. 42-50.)

The graphical method for the analysis of power
valve output, based on laying down a load line on
the family of static characteristics /,/I-, with E,
as parameter, is first described and discussed in
connection with a simple resistive load; it is
pointed out that this procedure is often applied,
erroneously, to the practical case where the plate
load presents different resistances to a.c. and d.c.
The writer shows that in this case the various load
lines cannot be drawn through a common operating
point, since the eftective plate voltage shifts when
rectification occurs. A suitable modification, how-
ever, renders the procedure applicable here.

The method is applied to an experimental pentode,
and it is shown that in this case the condition for no
rectification does not imply the absence of odd or
even harmonics, though the latter will be of low
value. The analvsis also brings out the point that
there is no definite ratio between optimum load
resistance and internal valve resistance, but that
this ratio will depend on the characteristics of the
valve and on the working point assumed.
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MESSUNGEN VON VOLTASPANNUNGEN ZWISCHEN
REINEN METALLEN (Measurements of Volta
Voltages [Potential Differences between Sur-
faces in a Dielectric and in Vacuo] between
Pure Metals).—H. Kosters. (Zeitschr. f.
Phys., Vol. 66, No. 11/12, pp. 807-826.)

Good agreement is found between the Volta
voltages of the metals measured and the differences
in their electron work functions.

SoME PHOTOELECTRIC AND THERMIONIC PROPERTIES
or Ruopium.—E. H. Dixon. (Phys. Review,
1st. Jan., 1931, Series 2, Vol. 37, pp. 60-69.)

PHOTOELECTRIC PrROPERTIES 0F OXIDE CATHODES.
Huxford. (Seeunder ** Phototelegraphy.”)

THERMAL FLUCTUATIONS OF THE SURFACE POTEN-
TIAL OF A CATHODE AS AFFECTING LLLECTRON
Ewmission.—K. H. Kingdon. (Phys. Re-
view, 1st Jan., 19371, Series 2, Vol. 37, No. 1,
pp. 89-90.)

Dii: VERLAUF DER AKTIVIERUNG VON THORIERTEM
\WOLFRAM UND THORIERTEM MOLYBDAN
(The Course of the Activating Process in
Thoriated Tungsten and Thoriated Molyb-
denum).—A. Gehrts. (Zeitschr. f.tech. Phys.,
February, 1931, Vol 12, pp. 66-71.)

In order to reconcile experimental results with
theory, Langmuir introduced the idea of ‘" induced
vaporisation,” depending not only on the condition
of the surface but also on the diffusion velocity of
the thorium atoms at the surface ; heimagined that
the vaporisation of thorium atoms by the subjacent
tungsten atoms was indeed small at the activating
temperature, but that this was not the case as
regards the vaporisation by other thorium atoms:
wherever a thorium atom, by diffusion, reached the
surface at a spot occupied by another thorium atom,
the latter was vaporised.

Clausing’s researches, however, lead to the con-
clusion that the diffusion of the thorium atoms can
take place nof through the tungsten crystal lattice
but only betwcen the individual crystallites.

The present paper shows that bv making certain
assumptions the experimental and theoretical results
can be reconciled without introducing any idea of
‘induced vaporisation,” by the use of Clausing’s
picture of the migration of the thorium as a sliding-
along the crystal surfaces of separation instead of a
diffusion through the crystal lattices. It is also
possible to explain the etfect of the thorium oxide
addition in tungsten filaments, in decreasing the
apparent grain size, by the adsorption and migration
of reduced thorium along the boundary surfaces
of the crvstals.

STRUCTURE PrincipLE IN Tusr Dusiey.—
W. L. Krahl [Arcturus Company]. (Rad.
Engineering, Jan., 1931, Vol. 11, pp. 36 and
46.)

A description of the “ unitary ' structure, illus-
trated by the new Arcturus Type 127 detector and
amplifier valve. The unitary structure principle
consists in assembling the electrodes as a rigid
unit in which they are interdependent and cannot
move with relation to one another. All electrodes,

NEW
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in such a valve, arc supported at both ends by mica
vokes in planes perpendicular to the axis of the
electrodes. 1n this particular valve the cylindrical
anode is ribbed to increase its sturdiness ; the vokes
are supplemented by a cathode collar and grid clip,
both accurate die-made parts which reinforce the
unit and serve as clectrical connections. The
whole unit, assembled without anv adjustment, is
slipped over the stem wires and spot-welded to them.

INTERESTING VALVE DrveropMENT.—W. 1. G.
Page. (Wiveless World, 17th December,
1930, Vol. 27, pp. 678-630.)

Experiments with a special screen-grid valve of
low impedance having a third grid to allow high
screen voltages without secondary emission eftects,
specially constructed for the Wireless World.
In addition to iunteresting results in aperiodic r.f.
amplification and detection, it appears that one of
the most important uses of such a valveisin a tuned
rf. stage where the chances of cross-modulation
are very considerably reduced owing to the large
available grid swing. The author points out the
need for a low impedance valve with negligible
input impedance.

PENTODE versus TRIoDE. —A. L. M. Sowerby. (Wire-
less World, 26th November, 1930, Vol 27,
PP 592-595:)

Conditions for distortionless reproduction with
both types of valve are examined and attention
is given to the design of compensating devices for
pentodes when moving-iron speakers are employed.
Figures of merit are put forward for output valves,
in which sensitivity is expressed in terms of milli-
watts undistorted output per volt grid swing. It
is shown that the pentode, if used with a suitable
speaker and with a suitable output circuit, can
give a better frequency response curve than the
triode

NEw MAGNETRON VALVE FOok ULTRA-SHORT WAVE
GENERATION.—]. Liston. (Gen. Flec. Re-
view, Jan., 1931, Vol. 34, p. 57.)

In an article on  Developments in the Electrical
Industry during 1930, a new magnetron is referred
to, having two anodes and a cathode, and giving
““useful amounts of power ' at frequencies up to
400 megacycles/sec. [about 10 w. output at this
frequency]. A larger water-cooled type was also
cesigned which gave an output of about 1 kw. at 100
megacycles/sec.

DIRECTIONAL WIRELESS.

U~ RADIOGONIOMETRE ENREGISTREUK. SOX APPLI-
CATION AUX PARASITES ATMOSPHERIQUES (A
Recording Radiogoniometer.  Its Appli-
cation to Atmospherics).—R. Bureau.
(Comples Rendus, 19th Jan., 19371, Vol. 192,
pp. 170-172.)

A modification of Ranzi's neon-lamp photo-
graphic recorder, to make this register not only the
variations in number and strength of the atmos-
pherics but also their direction. A gramophone
motor drives a frame aerial whose vertical axis
carries a cvlinder with a spiral slot. If this moving
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slot is interposed, in addition to the usual fixed slot,
between lamp and photographic paper, the height of
the record on the paper indicates the azimuth of the
frame. The neon lamp may be inside the cylinder
and the paper outside, unrolling continuously past
the two slots : or the lamp may be outside and the
paper, on a clockwork-driven drum, inside the
cylinder [the records given were taken by the
latter method]. The lamp may be connected, as in
Ranzi’s apparatus, across the sccondary of a
transformer ; or it may be controlled by a Baudot
relay—this latter method being particularly good
for weak atmospherics, and also providing a means
of isolating those which are above a certain cnergy
level.

As 1s obvious, the apparatus is applicable to the
study of the variations of apparent direction ofa
station.

FLUGSICHERUNG DURCH RICHTFUNKBAKEN (Radio-
beacon Aids to Aerial Navigation)— —
Rahskopff.  (Zeitschr. V.D.I., 24th Jan,
1931, Vol. 75, pp. 116-117.)

Based chicily on the U.S. A system, and including

a chart of the network there at the middle of 1930.

ACOUSTICS AND AUDIO-FREQUENCIES.

DiE VERZERRUNGSFREIE LEISTUNGSUBERTRAGUNG
AUF EINEN LAUTSPRECHER DURCH DEN
AUSGANGSTRANSFORMATOR (The Distortion-
less Transfer of Power to a Loud Speaker
through the Output Transformer) —H.
Wigge. (Zeitschr. f. hochf. Tech., Jan., 1931,
Vol. 37, pp. 16-17))

The transfer of power by an output transformer
is dependent on {requency. There 1s one frequency
for which the transterred power is a maximum.
This maximum power depends on the breadth of
the frequency band which has to be transferred
without distortion : the power decreases with this
breadth, according to equation (23) :

p g ol . MR, 1

2D? "L 2L %0

5 ?u/ @ ax, 2

b 4w \I w? >
where I, is the a.c. potential applied to the grid
of the output valve, D the * durchgriff ” of the
latter, M the mutual inductance between primary
and secondary of the output transformer, L, the
inductance of the primary, L, that of the secondary
increased by the loud speaker inductance, Ry the
effective resistance of the loud speaker,

A
S ‘LaLZ,
b is the breadth of the undistorted band,
w the angular frequency at which the power P
is transferred, and wy.y the angular frequency
at which the power transferred 1s a maximum.
Equations (23) and (24, @ and b) give wmax. ; if b
1s taken as 10,000, with a lower [imit of 30, the
frequency fm.x. comes out at 550 cycles/sec.

The condition for optimum matching of the
i+R, R,+ Ry
L, L, ~’
where R; is the internal resistance of the valve,

output stage is given by
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and R, and R, the resistances of the transformer
primary and secondary. Equation (29) gives the
maximum power which can be transferred; if
R, « R; a simplitied formula (30) gives

E2 S

. R
8 D

Pmax. =

representing the most favourable value obtainable
by matching. The various formulae yield all
the data for the design of the transformer.

Loup Sreaker ImPEDaNCE—W. A, Barclay
(Wiveless World, 3rd and 10th Dec., 1930,
Vol. 27, pp. 627-630 and 662-666.)

“

Recognising the value of appropriate ‘‘ match
ing ”’ between the receiver set and loud spcaker,
the author provides a four-line variable alignment
chart from which numerical values of resistance,
inductance, impedance and frequencv can be read.

Outrutr Tusc PER-
(See under ‘‘ Valves

GRAPHICAL ANALYSIS OF
FORMANCE.—Kilgour.
and Thermionics ")

EiNe METHODE zUR UNTERSUCHUNG DER SCHWIN-
GUNGEN VON MEMBRANEN, IM BESONDEREN
vON LAUTSPRECHERMEMBRANEN (A Method
of Investigating the Vibrations of Dia-
phragms, particularly T.oud Speaker Diu-
phragms). — B. Voigt: V. Engelhardt. (Zeit-
schr. f. tech. Phys., Feb., 1931, Vol. 12, pp.
70 85.)

An application oi Tépler’s stroboscopic method
for vibrating strings to the study of diaphragm
vibration (¢f. von Ardenne, March Abstracts, p.
159). The apparatus and procedure are dealt with
in detail, and the results with a diaphragm of
special design (the " Sectorphone’ diaphragm
see 1930 Abstracts, p. 4o0) are discussed. The
method 1s competent to deal with complex modes
of vibration : the individmal components can be
separated out.

Moperx Views ox THE Moving Corn Loup
SpeAakER.—N. W. Mclachlan.  (Wireless
World, 21st and 28th January, 1931, Vol
28, pp. 52-34 and 1oo-r102.)

AN EFFICIENT LOUD SPEAKER AT THE HIGHER
AUDIBLE I'REQUENcIES.—L. G. Bostwick
(Jouwrn. Acoust. Soc. 4Am., Oct., 1930, Vol. 2,
Pp. 242-250.)

‘A description of a loud speaker designed for
use as an adjunct to existing types to permit
efficient radiation at the higher audible frequencics.”

DIE AKUSTISCHE STRAHLUNG YVON JMEM-
BRANEN (On the Acoustic Radiation froni
Membranes [Application to Loud Speaker
Theory]).—H. Stenzel. Ann. der Phys.,
Series 5, 1930, Vol. 7. No. 8, pp. 947-982.)
Author’s summary :—General formulae for the
directivity and radiation factors [of a membrane’
are deduced from Ravleigh’s formula for the
velocity-potential. In  contrast to the cases
hitherto discussed in the literature of the subject,

UBER
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which are limited to those of mermbranes moving
as a rigid body. an investigation is given of mem-
branes in which the velocity decreases to zero on
approaching the boundary, as is the case with a
membrane stretched on a frame.

The manner in which the radiation resistance
depends on the frequency is of considerable practical
importance, particularly when loud-speaker mem-
branes arc under discussion. Formudae are derived
for the cascs of a rectangle and an ellipse which
correspond to those derived by Rayleigh for a
rigidly moving circular disc. In both cases the
resulting infinite series are not well suited for
practical calculation. In the casc of the rectangle
this difficulty is overcome by the use of auxiliary
functions closely related to the integral sine. For
the ellipse practical examples are calculated by
partial integration, combined with graphical
methods. In the same way it is possible to give
a graphical representation of the mode of depend-
ence on distance apart, and on frequency, of the
radiation resistance of two circulur rigid discs.

Finally, a general type of membrane, the rigid
space membrane, is detined ; this should be con-
sicered because of its connection with modern
loud speaker development. It is shown that the
calculation can be performed for a definite class
of such types, using the method of images. It is
then possible to calculate the conical membrane
approximately. The results obtained agree well
with practical measurements.

ScME MEASUREMENTS OF A Loub SPEAKER IN
Vacvo.—P. K. Turner. (Electrician, 6th
Feb., 1931, Vol. 106, p. 210.)

Short summary of a paper read before the 111
(Wireless Scction). The procedure used is to
measure the electrical impedance of a moving-coil
lond speaker (a) with coil held fast, (b) with coil
iree but i»n vacuo, and (¢) under normal conditions.
The measuring equipment is described and the
results given of a series of measurements between
40 and 6,000 cycles/sec. From these, the char-
acteristics of the instrument are derived. The
results yield some indication as to why loud speakers
of this tvpe give a much better performance at
high frequencies than would be expected from
simple theory : the inductance of the coil and the
mass of the diaphragm, both of which cut down
the output at high frequencies, are shown to fall
off rapidly as the frequency rises, while the acoustic
resistance does not fall off to the same extent and
is, in fact, much in excess of the theoretical radia-
tion resistance.

NOTE sUR LA VITESSE DU SON DANS LE PAPIER
(Note on the Velocity of Sound in Paper).—
M. Caplet. (dssoc. frang. p. 'Av. des Sci.,
53rd Session, pp. 242-244.)

The writer's measurements on a sample of
(rawing paper of density 1.070 give a velocity for
longitudinal propagation of 2,300 metres/sec., for
transverse propagation 1,150 metres/sec. ' In
the theory of vibrational movement, it is assumed
that the pulsating piston is infinitely rigid and
moves as a whole. The velocity of propagation
found above shows that this hypothesis is fragile.”
1f a disc is driven from its centre and has maximum
amplitude there and zero amplitude at its edge,
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the radius will represent a quarter wavelength:
thus a disc 30 cm. in diameter will correspond to a
frequency of 2,500 p.p.s. He admits that in
practice things are not so simple : it has recently
been shown on a MWestern loud speaker of 40 cm.
diameter that even at 350 p.p.s. circular nodes were
formed. He sums up by saying that to obtain
correct reproduction the membrane should be of
small diameter and very rigid.

DE HAUT-PARLEURS

Speaker Windings).—M.
’Av. des Sci.,

NoTE SUR LES BOBINAGES
(Note on Loud
Caplet. (Assoc. frang. p.
53rd Session, pp. 244-247.)

The writer concludes that as a general rule th
number of turns employed is too great, leading to
considerable distortion at the higher frequencies.

He considers that 500 to 1,500 turns, according

to the valve used, are sufficient to satisfy the con-

ditions of intensity of sound and absence of dis-
tortion. Where there are two bobbins, it is often
better to connect in parallel rather than in series.

CONDENSER AND CarRBON MICROPHOXNES—THEIR
CoNsTRUCTION AND Use—W. C. Jones.
(Bell Tech. fowrn., Jan., 1931, Vol. 10, No. 1
Pp. 46 62.)

The two microphones used extensively in sound-
recording for motion pictures are the condenser
microphone and the carbon microphone. This
paper reviews the construction of these instruments
and considers some of their transmission char-
acteristics and the precautions which should be
exercised in their use.

In the case of the condenser microphone, the
factors in design and construction contributing
to increase in sensitivity and stability are described.
Certain discrepancies exist between the conditions
under which the thermophone calibration of the
condenser microphone is made and those in the
studio. The nature of these discrepancies and
their bearing on the use of the microphone are
discussed.

A description is also given of the outstanding
design features of the push-pull carbon microphone,
and suggestions are made as to the precautions
necessiary to obtain the best quality, maximum
life, etc.

MIicROPHONIC ACTION IN TELEPHONE TRANS-
MITTERS.—I. S. Goucher. (Science, 7th
Nov., 1930, New Series, Vol. 72. pp. 467-470.)

A discussion of the theories of microphonic
action and description of the results of some
experiments on granular carbon used in telephone

transmitters.”’ See also 1930 Abstracts, pp. 574
and 634.
RATING THE TRANSMISSION PERFORMANCE OF

TrLEPHONE CIrRCUITS. —W. H. Martin. (Bel/
Tech. Jowrn., Jan., 1931, Vol. 10, No. 1,
pp. 116-131.)

THE DETERMINATION OF THE AcoOUSTICAL CHAR-
ACTERISTICS OF SINGLY-RRESONANT HoT-
WirE MicropHONES.—E. T. Paris.  (Proc.
Physical Soc., 1st Jan., 1931, Vol. 43, Part
1, pp. 72-86.)

Author’s abstract :—A method is described for
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measuring the damping-coelficients and conduct-
ances of the orifices of the small resonators used
in the construction of hot-wire microphones.
Observations show that resonant microphones with
cylindrical necks of diamcter between o.5 and
0.64 cm. and length between 1.2 and 2.25 cm. have
damping-coefficients which are about 23 %, greater
than the values indicated by theory. The observed
conductances of the necks agree very closely with
those calculated from a formula in which allowance
is macle for the added inertia due to viscosity.

ABSOLUTE CALIBRATION OF CONDENSER TRANS-
MITTERS.—L. J. Sivian. (Bell Tech. Journ.,
Jan., 1931, Vol. 10, No. 1, pp. 96-115.)

MESURES DES INTENSITES soNORES (The Measure-
ment of Sound Intensities: the Acoustic
Comparator).—I. Canac. (Assoc. frang.
p. I'Av. des Sci., 53rd Session, pp. 239-242.)

This non-electrical device consists of a piston
resonator with a hollow piston rod in which slides
an ‘‘exploring ' tube leading by rubber tubing
to the ear. The piston is adjusted to resonance
with the exploring tube pulled out; then by
adjusting the exploring tube so that its end moves
between a node and an antinode, a complete range
of intensity is obtained : in this way it is possible
to measure the wavelength and the width of the
threshold of audition, and from these the physio-
logical intensity of the sound can be calculated.

PROBLEMS IN AcCOUSTIC INTERFEROMETRY WITH
Gases.—J. C. Hubbard. (Phys. Review,
1st Dec., 1930, Series 2, Vol. 36, No. 11,
pp. 1668-166g; also letter from H. W.
Pielemeier, p. 1667.)

SUPERSONIC INTERFEROMETEKRS.—FE. Klein and

W. D. Hershberger. (Phys. Review. 1st

Jan., 1931, Series 2, Vol. 37, No. 1, p. 109.)
Abstract only.

SOUND ABSORPTION DETERMINED BY TRANS-
MISSION MEASUREMENTS. —F. R. Watson,
(Phys. Review, 1st Jan., 1931, Series 2.

Vol. 37, No. 1, p. 109.)
Abstract only.

RAYLEIGHSCHE SCHEIBE ALS BALLISTISCHES GERAT
(The Rayleigh Disc as a Ballistic Instru-
ment).-—IL.. Ireimann and I. Russakoff.
(Zeitschr. f. tech. Phys., Feb., 1931, Vol.
12, pp. 125-126.)

The RRayleigh disc can be applied to the measure-
ment of sound impulses just as well as to the
measurement of continuous sounds. The ballistic
constant of the instrument is shown to depend
only on the properties of the disc and the nature
of the medium, so that the measurements are of
an absolute character. The results arrived at
from theory are confirmed by tests on the output
of a loud speaker excited by the breaking of a
direct current. Beloff’s measurcments (1930 Ab-
stracts, p. 281) suggest a quadratic dependence
of the disc displacement on the current strength,
but this is not found to be exactly correct.
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THE FFORMATION OF STRIAE IN A KuxDT’s TUBE.
R. V. Cook. (Science, 24th Oct., 1930,
Vol. 62, pp. 422—423.)

SoME EFFECTS or INTENSE AUDIO-FREQUENCY
SouNp.—N. Gaines. (Phvs. Review, 1st
Jan., 1931, Series 2, Vol. 37, No. 1, p. 109))
Abstract only.
Les INSTRUMENTS DE MUSIQUE RADIO-ELEC-
TRIQUES : LES APPAREILS THEREMIN ET
MarteNoT (Radio-electric Musical Instru-
ments : the Theremin and Martenot Equip-
ments).—J. Dumas. (Génie Civi/, 7th Feb.,
1931, Vol. 98, pp. 137-139.)

Musicar. OsCILLATOR.—R. Raven MHart.
(Wireless World, 1oth December, 1930, Vol.
27, pp. 648-650.)

An article on Trautwein’s instrument (** Trau-
tonium ") referred to in 1930 Abstracts, p. 575;
and on his theory of tone quality on which it is
based the  Hallformanten” ~(here rendered
“ tone-formers ') theory dealt with in Feb. Ab-
stracts, p. 1o1.

Nzox

PHOTOPHONE
(Wareless
28, pp.

Tarking Fims: THE R.C.A.
SysTEM.—W. H. O. Swecney.
Worid, 28th January, 1931, Vol
82-85.)

DER WIEDERGABESPALT ALS ['EHLERQUELLE BE!
LLICHTTONFILMEN (The Slot as a Source of
Error in the Reproduction of Sound-on-
Film Records).—H. Frieser and W. Pistor.
(Zeitschy. f. tech. Phys., February, 1931,
Vol. 12, pp. 116-121.)

However much a wide slot may be desired for
the sake of the additional illumination, the width
has to be kept down to some 20-30 u to avoid the
undue weakening of the higher frequencies. A
slanting slot, either in recording or reproducing,
in the intensity process causes only lincar distortion,
whereuas in the amplitude process it causes but little
of this, non-linear distortion being predominant
in this case. The calculations show that the
correct adjustment of the slot, and the accurate
leading of the film past it, are of the greatest
importance—particularly for the amplitude process.

A failure of uniformity in the illumination of the
slot causes distortion only in the amplitude process,
and cven here the calculations show the distortion
is only slight for the lack of uniformity met with
in practice.

DEMONSTRATIONS OF [HOOVENAIRE GIANT SOUND
AMPLITIERS.—(Rad. Engineering, Jan., 1931,
Vol. 11, p. 33.)

“ For ten hours Christmas carols were broadcast
over an area of approximately nine square miles '
(from the 81st floor of the Empire State Building
in New York).

Tur DEesiGN AND CONSTRUCTION OF BROADCAST
Stubros.—O. B. Hanson and R. M. Morris.
(Proc. Inst. Rad. Eng., Jan., 1931, Vol. 19,
PP- 17-34.)
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I’ IS0LEMENT PHONIQUE ET L'ACOUSTIQUE DES
Sarres DE CixtMa soNorRE (The Sound
Installation and Acoustics of Sound Cinema
Halls).—I. Katel. (Génie Ciril, 14th Feb.
1931, Vol. 98, pp. 164-1066.)

PHOTOTELEGRAPHY AND TELEVISION.

A New TELEvVISION SvysTEM.—(Wireless World,
14th January, 1931, Vol. 28, pp. 38-39.)

A description of the television apparatus demon-
strated for the first time by the Gramophone Co.,
Ltd., at the Exhibition of the Physical and Optical
Societies.

The standard of definition in the projected image
which the H.M.V. engineers have set for them-
selves requires a frequency range in the amplifiers
fromn 20 to 20,000 cycles. Such an amplitier has
been produced with a deviation of not more than
2 decibels over this range. The experiments have
also resulted in a distinct advance in the technique
of construction of photoelectric and Kerr cells.

To provide a picture definitely comparable with
that of the cinema, the image, which is projected
on a ground glass screen 24in. X zoin., 1s divided
into 15.000 eclements. Standard size cinemato-
graph films taken at the minimum speed of 12}
pictures per second are used. These are scanned
by a revolving lens drum, and the light is passed
over five equidistant photoelectric cell apertures
which divide the light simultaneously into five
vercical sections.

The amplifiers are divided into two banks each
containing two stages per section. There are five
channels of communication between transmitter
and receiver, and a sixth channel for synchronisa-
tion, which is carried out by coupling a 1,200-cycle
generator of the phonic wheel type, mounted on
the lens drum spindle of the transmitter, to a
motor of similar design on the receiver mirror drum.

The output from the receiver amplifiers is im-
pressed on a bank of five Kerr cells complete with
crossed Nicol prisms which modulate the light
from a powerful arc lamp.

At present armoured cables are used to link the
transmitter and receiver, and radio communication
has not so far been attempted.

A Murti-CHANNEL  TELEVISION  APPARATUS.
H. L. Ives. (Bell Tech. Jourr., Jan., 1931,
Vol. 10. pp. 33-45; Jown. Opt. Soc. Am.,
Jan., 1931, Vol. 21, pp. 8-19.)

The television enthusiast, when he predicts
carrying the stage and motion picture screen into
the home over electrical communication channels,
has at the back of his mind the kind of detail
presented by an electrically transmitted photo-
graph, in which the number of elements is perhaps
350.000. Already, all parts of the television
system are having serious difficulty in handling
the 4,500-clement image: e.g., the neon lamp
used in the two-way television referred to in pre-
vious abstracts had to be assisted by a frequently
renewed admixture of hydrogen. A discussion
on these lines leads on to a description of a three-
channel apparatus giving a 13,000-element image
[¢f. HM.V. System, above]. The multi-scanning
apparatus uses a scanning disc over whose holes
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are placed prisms of several different angles, and
this plan is also used at the receiver. When
motion picture film is employed, the transmitting
disc scanning holes are in a circle instead of a
spiral, the longitudinal scanning of the film being
produced by giving the latter a continuous uniform
motion at right angles to the motion of the scanning
holes. The continuous motion of the film avoids
the loss of transmission time which an intermittent
motion demands for the shutter interval.

The writer considers that even the improved
results given by this 13,500-element system indicate
that an enormously greater number of elements
is required for gemeral news or entertainment
purposes. LEven this three-channel system presents
one serious practical difficulty—that of keeping
the three channels properly related to each other
in signal strength in spite of sudden changes such
as that from a closc-up to a wide angle view : the
eye is quite sensitive to the irregularity arising
from one channel giving too strong or too weak
signals.

L’FEuisstox BN Trrgvision (Television Trans-
mission).—R. Barthelémy. (L’Onde Llec.,
January, 1931, Vol. 10, pp. 5-35.)

(1) Direct scanning methods, from Sawyer's
1877 project of a lens 1n a pivoted oscillating tube
with rapid up-and-down and slow right-to-left
movements, through Leblanc’s oscillating mirror
to the Nipkow disc with holes, Brillouin’s disc with
lenses, Rosing’s rotating mirror-polyvhedra {followed
by Weiller’s form of the same idea, and developed
later by IKarolus).

(2) Beam scanning methods, originated by
Ekstrém with his oscillating mirror (like Leblanc’s
scanning mirror) utilised by Mihaly; moditied
by Belin and Holweck (also Dauvilliers) with their
two oscillating mirrors ; replaced, by Jenkins,
by his lens-and-prisms disc, and by Baird by his
disc and lenses or his two parallel discs, of equal
speed, one producing a moving luminous spot on
a translucent screen, the other scanning this spot
and handing it on to the subject at twice the speed
of either disc. Finally, Baird’s method in which
the beam transmitted by one lens of his disc is
collected, after reflection, by the succeeding lens
and concentrated on the photoelectric cell; his
infra-red scheme; Alexanderson’s simultaneous
scanning of several parts (¢f. two preceding ab-
stracts) ; and cathode-rav methods (Campbell
Swinton, Schoultz).

(3) Photoclectric cells. After nientioning ILe-
blanc’s idea of using the pressure of light to move
a magnetic surface, and dismissing the sclenium
cell on account of its lag, the writer compares
vacuum and gas-filled photoelectric cells and refers
to the great utility, for comparing sensitivities,
of the electrometer developed by Grassot, the
inventor of the Fluxmeter; it has, for a stable
régime, practically infinite resistance, and it gives
a 10 cm. pointer-movement for roo volts.

(4) This long scction deals with the coupling
of the cell to the amplitier, and with the amplifier
itself. The writer finds that the former problem
has by no means been solved satisfactorily by
some foreign workers. 'He considers at length the
influence of the static inter-electrode capacities,
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increased by the dynamic capacitics when the valve
is in action, on what—in telephony—is called
‘“attack.” To avoid having to reduce the working
resistance and thus the amplification, the use of
the screen-grid valve is necessary. Regarding
the coupling of the amplifier stages, he mentions
the tendency to employ an auxiliary modulation
of the light beam, which he considers as presenting
no difficulties at the transmitting end (where extra
complications do not matter) but as demanding a
simple solution at the receiving end: his own
method (which will be shown at his second lecture,
when his new system will be demonstrated) consists
in producing a very short interruption of the
current at the end of cach line.

(5) The modulation of the carrier wave : propaga-
tion: echoes: parasitecs. The modulated wave
must not be amplified before emission : the modula-
tion must occur on the amplified wave, otherwise
the upper frequencies will be cut down by the
successive stages of amplification. The choice
of wavelengths—depending on the required detail.
Echoes :-——a path difference of 17 km. is enough
to cause a visible disturbance. Parasites:—the
writer is more optimistic about these than about
echoes, in view of the fact that the Verdan principle
of the superposition of several transmissions, so
useful in telegraphy, is an essential part of television.

TeLEvVIsION IN CoLoUR FrRoM MoTtioN PICTURE
Fiem.—H. E. Ives. (Journ. Opt. Soc. Am.,
Jan., 1931, Vol. 21, pp. 2-7.)

After outlining how the problem can be solved
with filnu in which the colours are incorporated by
dves (e.g., the Technicolor system) by means of
the Bell Laboratories’ three-colour transmitting
and receiving system (1930 Abstracts, p. 220) the
writer says that if television from film should
become popular, the chief demand will probhably
be for cheap films which would be shown within
a few hours at most of the event; such a film is
provided by the Kodacolor process, nsing an image
which is black and white but distributed in a
triple linear mosaic by lenticular ridges on the
film. He then outlines two alternative television
scanning arrangements for use with such films.

SoMeE OrticaL I'EATURES IN Two-Way TELE-
visiox.—H. E. Ives. (Journ. Opi. Soc.
Am., Feb., 1931, Vol. 21, pp. 101-108.)

Improvements in the optical features of the
two-way television system (Jan. Abstracts, p. 47,
and 1930 Abstracts, pp. 401, 402 and 577). The
blue scanning beam upset the proper balance of
tone values in the face scanned : this defect is now
avoided by using a purple beam and adding a
group of red-sensitive (caesium oxide) cells tothe
blue-sensitive potassium cells. In making this
change, motion-picture projection incandescent
lamps were introduced in place of arc lamps, and
other alterations made. In the old receiving
system, the heavy current in the ncon lamp,
necessary to give the required brightness, caused
rapid sputtering and the need for frequent renewals :
by the introduction of a condensing lens associated
with each disc-hole, and a fixed collimating lens,
the lamp cathode may be made quite small and
may be removed to a considerable distance from
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the glass wall ; the results are a verv high current
density obtainable for a relatively small expendi-
ture of encrgy, and a long life for the lamp.

EINE TRAGHEITSSCHWACHE SELENZELLE (A Sele
nium Cell with Small Lag [Thirring Cell]
F. Noack. (Rad., B., I'. f. Alle, No. :
Vol. 10, 1931, pp. 84—85.)

A short article on the eell referred to in 1930
Abstracts, p. 512 (Petsch). At its maximum
voltage of 30 V. its maximum sensitivity is about
40,000 microampeéres per lumen (about a thousand
times as great as that of an average photoelectric
cell). This is for static conditions: for periodic
illumination the sensitivity decreases ‘‘ somewhat,’”
and more and more as the frequency increases.
But by connecting the cell in the manner shown,
the grid condenser and the two high ohmic resist
ances (one on either side of the condenser) give a
compensating eftect, and by combining this with
compensation at the other end (e.g., at the receiver
in television or optical telephony) the results are
at least as free from inertia effects as those given
by the more expensive photoelectric cell; while
the higher sensitivity is equivalent to at least two
stages of amplification. The construction of the
cell is outlined.

CELLULES PHOTOELECTRIQUES AUX METAUX AL-
CALINS SUR SUPPORT DE MAGNEsIuM (Photo-
electric Cells employing Alkali Metals on a
Base of Magnesium).—G. Déjardin. (Journ.
de Phys. et le Rad., No. 5, Vol. 1, Series 7,
pp. 66-67.)

Description of a process for the rapid manu-
facture of a sensitive and stable cell by depositing
a very fine coating of the alkali metal on a mag-
nesium layer obtained by vaporisation in a vacuum

PuoroELECTRIC CELL
(Westnik IElektrot.,

THE CASE THALOFIDE
P. A, Tchoodakov.
No. 3, 1930, pp. 52-94.)
In Russian. The results of numerous tests are
given. The sensitivity is good for waves between
0.546 and 1.2, being greatest at about r.ou.

PHOTOELECTRIC PROPERTIES OF OXIDE CATHODES-
—W. S. Huxford. (Phys. Review, 1st Jan.
1931, Scries 2, Vol. 37, No. 1, p. 102.)

Abstract only. “ The effect of applied fields on
the photoelectric work function of barium-strontium
oxide cathodes has been investigated in the light of
recent theories on electron emission from adsorbed
metallic films. . . . A striking dependence of the
photoelectric work function upon the applied fields
has been found.”

PHoTOELECTRIC WORK FUNCTION AND I1TS DEPEN-
DENCE ON THE APPLIED FierLv.—lIuxford

(See above.)

PHOTOZELLEN 1IN WISSENSCHAFT UND TECHNIK
(Photoelectric Cells in Science and Technics).
—B. Lange. (Natmywiss.,, 30th Jan. and
6th Feb., 1931, Vol. 19, Nos. 5 and 6,
pp- 103—-107 and 128-132.)

A general account of the development of photo-
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clectric cells from their first discoverv to the
present time, and of their application to photo-
metric measurements and television.  Special
attention is given to the cell invented by the
author (¢f. Feb. Abstracts, p. 104).

THE MANUFACTURE OF DPPHOTOELECTRIC CELLS.
G. Déjardin. (Revue a'Optique, Sept., 1930,
Vol. 9, pp. 337-352.)
Modern methods of manufacture :
the sensitivity to the longer waves -
cathodes of molecular thickness.

increasing
results with

SoME PHOTOELECTRIC AND THERMIONIC PRro-
PERTIES OF RHODIUM.—E. H. Dixon. (Phys.
Review, 1st Jan., 1931, Scrics 2, Vol. 37,
No. 1, pp. 60-69.)

PuorotsLEcTRIC EMIsSsioNn FroyM THIN FILMS OF
Caesium.—L. R. Koller. (Phys. Review,
1st Dec., 1930, Series 2, Vol. 36, No. 11,

Pp. 1639-1647.)

7Ur QUANTENMECHANIK PHOTOELEKIRISCHEN PRo-
zESSE (The Quantum Mechanics of I’hoto-
electric Processes).—M. Stobke. (Ann. der
Phys., 1930, Ser. 5, Vol. 7, No. 6, pp. 661-

715.)
RECENT DEVELOPMENTS IN PHOTOELECTRICITY.-
C. E. Mendenhall. (Science, 3o0th Jan.,

1931, Vol. 73, pp. 107-113))
Address to the American Association for the
Advancement of Science.

UBER DIE WIRKING ADSORBIERTER GASSCHICHTEN
AUF DEN PPHOTOEFFEKT DER SaLzE (On the
Iittect of Adsorbed Gas Layers on the
Photocelectric Effect of Salts).—J. Kla-
phecke. (Naturwiss., 23rd Jan., 1931, Vol.19,
No. 4, p. 87.)

PHOTOELECTRIC ABSORPTION OF GAMMA
Ravs.—L. H. Grav. (Proc. Camb. Phil.
Soc., Jan., 1931, Vol. 27, Part 1, pp. 103-112.)

THE

MEASUREMENTS AND STANDARDS.

A METHOD FOR MEASURING THE AMPLITUDE AND
FrREQUENCY OF VIBRATION OF DBobiks
WHICH MAY BE HEATED TO INCANDESCENCE.
W. Ii. Meserve. (Review Sciewnt. Instr., Jan.,
1931, Vol. 2, pp. 47 48.)

Light from the vibrating body is focused on an
optical wedge—two prisms of the same index of
refraction, ome clear glass and the other vellow,
placed together so as to form a rectangular bar.
After passing through this compound wedge, the
light falls on a photoelectric cell, whose output atter
amplification is impressed on a stabilised c.-r.
oscillograph with hnear time basc [Bedell and
Reich ‘‘ oscilloscope "’ 1930 Abstracts, p. 581].

AccUrATE METHOD OF MEASURING TRANSMITTED
WaAVE FREQUENCIES AT 35,00¢ AND 20,000
KriocycLeEs PER Seconp.—E. L. Hall
(Proc. Inst. Itad. Eng., Jan., 1931, Vol. 19,
pp. 35-41.)

See January Abstracts, p. 49.
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Sur LA ComPARAISON A DISTANCE DE LA FRE-
QUENCE DES DiapasonNs (The Comparison
at a Distance of the Frequency of Tuning
Forks).—R. Jouaust and B. Decaux. (Comptes
Rendus, 26th Jan., 1931, Vol. 192, pp.
218-219.)

The transmission from the Eiffel Tower was
modulated bv the tuning tork of the National
Laboratory of Radioelectricity, and the pitch was
measured by the National Physical Laboratory
(Teddington) and by the Naval Academy (Livorno),
as well as by the French laboratory, each laboratory
using its customary methods. Although the
measurements only took about half an hour, the
results agreed within a few parts in a million.

InPROVEMENTS IN PI1EZO CRYSTALS IN (GAS-FILLED
Co~ntaINERS (German Pat. 506356, Tele-
funken, pub. 4th Sept., 1930.)

Crystals in neon or neon-helium have the dis-
advantage that their natural frequencies slowly
change with the passage of time : this is attributed
to metallic sputtering of the electrodes, and
according to the present invention is prevented by
the addition of a small percentage of hydrogen or of
argon, krypton and xenon.

INVESTIGATION OF PI1Ezo-QUARTZ OSCILLATOR.—
S. N. Kakurin. (Westnik Elektrot.,, Nos.
4 and 3, 1930, pp. 151-157 and 173-179.)
In Russian. Analvsis of equivalent circuit :
derivation of general equation for oscillating con-
dition : a particular case of oscillation : relation
between dimensions of quartz plate and constants of
equivalent circuit: stable state of piezo-electric
oscillator : two modes of work in grid circuit :
experimental proof.

THE FREQUENCY STABILITY OF PIEZO-IILECTRIC
Mox~itors.—]J. K. Clapp. (Gen. Radio
Lxper., Nov., 1930, Vol. 5, pp. I—4.)

Curves and data are given for the frequency
variations (in the broadcast band) for changes in
temperature, in tuning, in plate and filament vol-
tages, changes in the valve itself, and vibration.

Under average operating conditions, the sum of all

these changes, if they happen to be all in the same

direction, may be expected to amount to | 12

parts in a million.

DEGAGEMENT D' ELECTRICITE DANS LES CRISTAUX
DE Quartz Pak I'LExION (The Sctting Free
of Electricity in Quartz Crystals by Flexion).

E. P. Tawil. (Comptes Rendus, :nd Feb.,
1931, Vol. 192, pp. 274 277.)

In a former Note (1929 Abstracts, p. 159) on the
disengagement of electricity from quartz crystals by
torsiom, the writer mentioned other modes of dis-
engagement, duc to flexion. He has hesitated to
publish his results because they scemed to bein
contradiction to the conditions of symmetry of the
crystal, and to the laws of piezoelectricity. How
ever, he now publishes them in the hope that by
keeping strictlv to the facts and avoiding hasty
conclusions our knowledge of the mechanical
properties of quartz may uscfullv be increased.

The deformation produced by a given cttort
depends not only on the direction in which the
fragment of crystal has been cut from the mother

D
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crvstal, but also on its geometrical form. XNever-
theless his experiments showed identical results
whether plates or rods of rectangular or circular
section were cmploved : he therefore used the
cylindrical form because it allowed a continuous
exploration round the axis. Three cylinders were
made, with their axes (a) parallel to the optical
axis, (b) parallel to a binary axis and (¢) normal to
the optical axis and to a binary axis. One end
was fixed, and the pressure was applied at the
other end normally to the axis.

The following results are given for these three
cases : (¢} Whatever the orientation of the plane
of flexion, electricity is sct free on the envelope,
positive on one half, negative on the other, the two
zones being separated by a plane of zero dis-
engagement which passes always through the axis
and through the direction of the force. (b) When
the force is normal to the ternary axis, the sepa-
rating plane passes through the cyvlinder axis
(binary axis) and the optical axis. If the plane of
flexion is differently oriented, the separating planc
also changes its orientation, but not according to a
proportional law (a curve is given showing this).
(¢) Whatever the planc of flexion, the charges divide
the envelope into 4 zones alternately positive and
negative. There are two planes of zero disengage-
ment, each passing through the cyvlinder axis and
the bisectrix of the angle between the ternary axis
and the direction of the force. They are not
strictly at right angles, however; the writer has
found displacements of several degrees without
being able to determine whether these are due to
errors.

In all three cases, the polarities reverse directly the
effort is decreased or its direction reversed.

MAGNETOSTRICTIVE  OSCILLATOR.—(German  Pat.
505906, lilektroswias, Leningrad, pub. 27th
Aug., 1930.)

Retroaction is provided by mechanically con-
necting the magnetostrictive bar to one plate of a
condenser, the other plate being connected elec-
trically to the grid of the valve whose anode circuit
contains the exciting coil of the bar.

THE

CrystaL Crock.—(Wireless Worid, =21st

January, 1931, Vol. 28, pp. 69-70.)
Cf. 1930 Abstracts, p. 517.

A Hicn PrecisioNn CHRoNoGRAPH.— . E. Sears and
G. A. Tomlinson. (Journ. Sci. Instr., Jan.,
1931, Vol. 8, pp. 21-28)

An accuracy of time measurement of 0.0002 sec.
ts attained.

SENSITIVE VALvE VoLTMETER.—H. L. Kirke and
T. C. Macnamara. (Wireless World, 14th
January, 1931, Vol. 28, pp. 30-32.)

A simple method of increasing the sensitivity of the
slide-back valve voltmeter in the measurement of
low voltages. The method consists in the use of a
d.c. amplifier after the slide-back valve, with a
high resistance in the slide-back anode circuit.
The device can be used for measurements at high
peak voltage and percentage modulation.

An illustration is given of an actual instrument
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of this tvpe in use at the Brookmans Park Station
of the B.B.C.

Dir MESSUNG DES WECHSELSTROMWIDERSTANDES
FLUSSIGER DIELEKTRIKA (The Mcasurement
of the A.C. Resistance of Liquid Dielectrics).

D. H. Black. (Zeitschr. f. hochf. Tech.,
Dec., 1930, Vol. 36, pp. 217-219.)

A substitution method, based on Darbord’s
method for the measurement of dielectric constants.
A bridge circuit is used, one arm of which contains
a test condenser in parallel with a standard variable
condenser. The test condenser at first contains
air only, and then is filled with the liquid under
investigation. The method is applicable to a large
frequency range (600 cvcles to 1 megacycle p.s.)
and being a substitution method requires no great
precautions in screening, etc.

A StmpLE Capacrty TEsT Sut.—W. H. F. Gritfiths.
(CL.W. & W.L.,, Jan, 1931, Vol. & pp.
21 22.)

Description of a portable test set with a range
of 0.00005 to 1.0 uv. on a single rotary dial ** with
no troublesome multiplying devices or range
extensions.”  The enormous range, and the approxi-
mately constant openness of scale graduations
throughout the range, are due to the fact that the
bridge ratio-arms are made continuously variable
by ganging two ordinary air condenscers in such a
way as to make their operation ditterential. Thus
onlv one value of ‘“ known-arm ™ capacity 1s
necessarv to balance a Jarge range of unknown
capacities.

A New MeETHOD oF MEASURING THE CAPACITY OF
Samarr ConpENseRrS. —H. M. Barlow. (Phil.
Mag., January, 1931, Ser. 7, Vol. 11, pp.
184-193.)

In applying the Tleming-Clinton method to
condensers under about too uwr., the inherent
capacity of the commutator and accessory appar-
atus prevents reallv accurate observations. The
writer therefore tried to use a combination of two
triodes in place of the commutator, but the scheme
was unsatisiactory for reasons which he gives.

The successful arrangement finally adopted
was one in which the alternating potential itself
was used to charge the condenser periodically in
opposite directions, through a pair of ordinary
rectifying valves. In some cascs it was desirable
to flatten the crests of the 8oo-cyvcle a.c.—from a
valve-controlled tuning fork —so as to give the
condenser more time to become fully charged:
this was done by using another pair of rectifving
valves of a different type which quickly saturate
as the applied potential rises.

Using a reflecting galvanomete:, scale reacdings
at a metre radius can be obtained of as many
centimetres of length as there are centimetres of
capacity in the condenser under test. This is true
at 800 cycles, and there is no reason why higher
frequencies (e.g., from quartz oscillators) should
not be used, particularly if the above flat-crested
wave-form circuit is employed. For capacities
over 50 ppF. a unipivot galvanometer can replace
the reflecting type.
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ELECTRICAL MEASURING INSTRUMENTS OTHER
THAN INTEGRATING MiTres.—C. V. Drys-
dale. (Jowrn. I.L'I'., Jan., 1931, Vol. 69,
pp. 170-178.)

A review of progress since 1928 in British in-
struments.

THr MEASUREMENT oF SMaLL ELECTROMOTIVE
Forcrs rrom  THrrMmoPILES.—]. Guild.
(Journ. Sci. Instr., Dec., 1930, Vol. 7, pp.

378-385.)

IMPROVED VALVE VOLTMETERS FOR
Wahlig : Wulff, Kordatzky.
Nos. 35-38: 45 and 46.}
The first named authors use the whole potential
drop in the filament to reduce the initial current
to zero, instcad of using a compensating battery.
Then if the filament battery voltage falls, the
emission decreases but so does the compensating
voltage. The last named authors use « compensating
battery of such potential as to compensate the drop
in a high resistance through which the whole anode
current flows ; the meter is placed in one of the
leads from the compensating battery, which is
shunted by a high adjustable resistance.

.C.—Berl,
(Chem. Fabrik,

A MaiNs-DRIVEN  THERMIONIC A.C. GALVANO-
METER FOR USE AS BRIDGE INDICaTOR. ..
Tulauskas. (I-lectvomics, Jan., 1931, PP-
478-479.)

EIN EMPFINDLICHES ZWEISTUFIGES ROURENVOLT-
METER FUR NETZANSCHLUSS (A Scnsitive
Two-Stage Thermionic Voltmeter for Mains
Supply). —K. Schlesinger. (Zeitschr. f.
tech. Phys., Feb., 1931, Vol. 12, pp. 114-115.)

Presumably the voltmeter used by von Ardenne
n his field-strength measuring equipment (Feb.
Abstracts, p. 106). It is independent of frequency
between 50 and 107 cycles/sec., and reads from
.05 to 0.8 v. Tt is insensitive to small changes
imn the mains voltage (this being an advantage of
the 2-stage over the 1-stage volteter), while
large changes, up to 40 %, are provided for by the
controlling resistance embodied in the set.

The frequency independence is due to the use
of d.c. amplification in the second stage. The necd
for a grid bias battery is avoided bv the employ-
men: of a bridge circuit with both cathodes in-
sulated. The sensitivity is increased by d.c.
retreaction—the grid potential of the first valve is
tapped oft a resistance which is traversed by the
output current of the second stage; this d.c.
setroaction leads to no exaggeration of anv error
due to harmonics.

E1N VEREINFACHTES DUANTENELEKTROMETER UND
SEINE BENUTZUNG 2U WECHSELSPANNUNGS-
MESSUNGEN (A Simplified ** Duant *” Electro-
meter [with Semi-Circular Fixed Vanes] and
its Use in A.C. Mcasurements). —IX. Engel
and W. S. Plorte. (Physik. Zeitschr., 15th
Jan., 1931, Vol. 32, No. 2, pp. 81-84.)

April, 1931

UBER DIE GRENZEN DER EMPFINDLICHKEIT DES
VAKUUM-DUANTENELEKTROMETERS (On the
Iimits of Sensitivity of the Vacuum Duant
LElectrometer [with  Semi-circular Fixed
Vanes]). —W. Iggers. (Ann. dev Phys.,
Series 3, 1930, Vol. 7, No. 7, pp. 833-856.)

A FLUXMETER WITH COUNTERBALANCED RESTORING
TorQuE.—F. W. Haworth. (Review Scient.
Insty., February, 1931, Vol. 2, pp. 125-128.)

GRASSOT ELECTROMETER aND ITs Use 1N PHoTO-
ELECTRIC MEASUREMENTS.—Barthelémy.

o

(See abstract under * Phototelegraphy,” par. 3.)

UBER DIE AUSMESSUNG MAGNETISCHER FELDER
MITTELS ELEKTRONENSTRAHLEN (The Survey
of Magnetic IMiclds by means of Electron
Beams) —E. Briiche. (Zeitschr. f. lech.
Phys., Feb., 1931, Vol. 12, pp. 94-98.)

MEASUREMENT OF [oN1ZATION CURRENT BY MEANS
OF THE ZELENY LELECTROSCOPE. —R. Barton.
(Review Sciemt. [usty., TFcbruary, 1931,
Vol 2, pp. 118-124)

RATIONALISATION OF THE ELECTROMAGNETIC EQUa-
TIONS.—A. Blondel. (Compies Rendus, gth
February, 1931, Vol. 192, pp. 318-320))

Tuxixg Coirs axp Wixping Data—A. L. M.
Sowerby.  (Wireless World, 3rd September,
1930, Vol. 27, pp. 210-213.)

An examination of the principles of r.f. resistance
and the effect of coil shape. It is shown how, by
simple graphs, it is possible to calculate the correct
gauge of wire, covering and number of turns to
give the most efficient coil of 1in. to 4in. diameter,
whether a plain or ribbed former be used.

A GRrRAPHICAL CALCULATION OF THY INDUCTANCE
or MuLrti-LaveEr CoILs wiTH ANY TIME
CoxsTANT.—N. N. Soloviev. (Wesinik
Liekivol,, No. 3, 1930, pp. 98-103.)

In Russian.

IINE  ZUSAMMENLFASSENDE UNTERSUCHUNG UBER
STEHENDE ELEKTRISCHE DRAHTWELLEN (A
Recapitulatory Investigation of Standing
Electric Waves on Wires).—R. King. (4nn.
der Phys., Series 1930, Vol. 7. No. 7
pp. So05-832.)

An 1nvestigation of the l.echer wire svstem of
wavelength determination and production of
tuned circuits with linear extensions, its difficulties
and the precautions to be taken in its use.

S0

Somr NOTES ON FIELD-STRENGTH MEASUREMENT.
—Green.  (See under ' Propagation  of
Waves.”")

SUBSIDIARY APPARATUS AND MATERIALS.

SOME APPLICATIONS OF CONDENSERS WITH VAaRI-

ABLE CAPACITY [ROCHELLE Sart .—V. P.
Vologdin. (Westnik Llekirot., No. 4, 1930,
Pp. 120-133.)

A description of experiments on Rochelie sall
D2
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with the object of using condensers of variable
capacity, with this salt as dielectric, in current-
controlling devices such as ordinarily employ
iron-cored chokes. A single crystal of the salt has
an enormous dielectric constant (up to 20,000)
which varies as a function of the applied e.m.f. and
displays a quasi-saturation effect. This function
seems to depend little on {requency, up to
100 kc./sec.

The author proposes to applv these properties
to radio recciving sets and to H.F.-alternator

transmission. Cf. Sawyer and Tower, 1930
Abstracts, p. 343.
A NeEw TyPE oF VariaBLE CONDENSER (THE
“ ARLT-NOSTRATOR "'}. (Rad., B., F. f.
Alle, No. 2, Vol. 10, 1931, pp. 75-76.)
The invention of an Austrian amateur. DBoth

sets of plates are separately rotatable, but about
difierent axes side by side; both have their own
particular shape. The one set acts as the stator
while the other is moved through 180° to give one
complete range (e.g., the short-wave range) : then
this first rotor, now at its position of maximum
entry, becomes the stator, while the former stator
is moved through 180° to give a second complete
range (e.g., the broadcasting range). The two sets
are shaped rather like a fish-hook; in the first
rotor the point is sharp, in the second it is rounded :
the two axes lie at the inside edge of the bends.
The method of adjustment described above is no/
that given in the article, where the movement of
the first stator is presumed to be in a few large
steps only, the actual tuning being accomplished
on the first rotor (with the sharp point). The other
method is that given in the advertising leaflet
enclosed in the journal.

Ox r1HE ELECTRICAL RESISTANCE OF CONTACTS
BETWEEN SoLiD CoNpucTors.—J. Frenkel.
(Phys. Review, 1st Dec., 1930, Series 2,
Vol. 30, No. 11, pp. 1604-1618; 1st Jan,
1931, Series 2, Vol. 37, No. 1, p. 102.)

CatHopeE C.-R. OSCILLOGRAPI OF THE
RusstaN ELECTROTECHNICAL INSTITUTE.
1. Stekolnikov. (Westnik ILlektvot., No. 3,
1930, Pp- 43-47.)

Oscillograms, taken direct on silver bromide
paper, show that a recording speed of about
1,000 km./sec. is attained.

CoLp

AN  AMPLIFIER, STRING GALVANOMETER AND
PHOTOGRAPHIC CAMERA DESIGNED FOR THE
STUubY 01 ACTION CURRENTS IN NERVE.—
A. Yorbes, H. Davis and J. H. limerson.
(Review Scient. Inslr., January, 1931, Vol. 2
pp. 1-15)

To replace the cathode-ray oscillograph. The
highest speed attained, for satisfactory contrast for
reproduction, on a single exposure is about 5 metres
per sec., though faint but legible records have been
made at twice this speed. On the other hand, for
vepelitive phenomena, good records are possible at
speeds up to 20 metres per sec.

A quartz string 7 mm. long and 0.6x in diameter,
tightened to a natural period of 10,000 cycles per
sec., proved capable of recording these short action
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currents without appreciable distortion. A six-
stage amplifier is used, which is described.
A Rotary Pump ror HicH Vacua. —Dulsometer

Eng. Co. (Fngineer, 6th I'eb., 1931, Vol. 151,
p. 168.)

To procduce vacua of one-fiftieth mm. mercury
in onc stage of pumping. Two of these pumps in
series will give a vacuum of 7 X 10”® mm. mercury.

Low VacutM DPRrEssURE CONTROL APPARATUS.—
L. A. Richards. (Review Scient. Insty., Jan.,
1931, Vol. 2, pp. 49-52.)
Applicable to the maintaining of a constant
vacuum, down to a few millimetres of mercury,
independent of atmospheric changes.

I'nr MEASUREMENT [BY A POINT-TO-PLATE SPARK
GaP] orF THE VOLTAGE OPERATING A SEL¥F-
RecTIFYING X-Rav Tuse.—C. V. Kent.
(Review Scieni. Insiv., Jan., 1931, Vol. 2,

PP. 44-16.)

TRANSIENT CURRENTS IN TRansrorMurs.—H. M.
Turner. {Jowrn. Franklin Inst., Jan., 1931,
Vol 211, No. 1, pp. 1-36.)

A presentation of the fundamental principles
underlying the phenomena of transient currents
in transformers, when connected to a source of
power. ‘‘The clements affecting the transient
currents are considered individually. The manner
in which the current depends upon the initial
magnctic state of the core, the magnitude and
phase of the impressed em.f. at the instant of
closing the circuit, and various types of secondary
loads are analysed and experimentally veritied. A
sine wave of impressed e.m.f., ¢ = F sin wt, 1s
assumed in all cases.”

Use was made of a * transient visualizer,” z.¢.,
‘4 synchronous switch for controlling circuit con-
ditions in connection with oscillographic studies of
periodic and transient phenomena.” This enabled
transient curves to be visually observed on the
screen of an oscillograph. It may be used to place
a time calibration on a film.

A Review oF HicH FREQUENCY ATTENUATION
Devices.—R. P. Glover. (Rad. Ingineeving,
Nov., 1930, Vol. 10, pp. 23-20 and 36.)

Resistance- and reactance-potentiometers: vol-
tage-drop devices—special attention is here given
to the National Physical Laboratory device dealt
with by Thomas (1930 Abstracts, p. 404) which 1s
applicable to frequencies up to 6o megacycles
per sec., and consists of a thoroughly shielded
small impedance in the form of a very short length
of fine wirc of high specific resistance.  The writer
refers to the limitation of this and similar devices
by the fact that the lower limit ot the output
voltage is determined by the scnsitivity ol the
current-indicating instrument. He goes on to
describe the Hull and Williams design (Phys.
Review, 1925) of a small known inductance which
may be of the order of one ten-thousandth micro-
henry—a brass rod placed concentrically within
a brass tube, the two being well connected at one
end which forms one output terminal, while the
other terminal is obtained by making connection
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to the rod at various points by short wires passing
through holes in the tube. He suggests that
capacity might be a limiting factor at {requencics
much above 1§ megacycles per sec.

He then deals with devices depending on mutual
inductance, including the mutual inductor at-
tenuator ' described in Radio Fngineering, June
1930, p. 42 (which is stated to hold its calibration
up to about 6 megacycles per sec. and which he
considers an important step forward) and the iron-
coredd current transformers described by Dye
{Jouwrn. I.LE.I., Vol. 03, p. 579) and studied by the
Bureau of Standards (Circ. 74, p. 155). For at-
tenuations of the order of 100,000 to 1, two or
more attenuation devices mav be cascaded, or
different tyvpes mayv be combined—e.g., the current
translormer mav be combined with che Hull and
Williams inductor.

He ends by dealing with special resistance
networks, giving as an example the wiring diagram
of the General Radio 403-C standard generator
embodying such an attenuator; and by pointing
out the serious need for improved apparatus for
ultra-high frequencies.

Practical Rapio Frequexcy CHoxe CoiLs.
A. Binneweg, Jr. (Rad. Engineering, Nov.,
1930, Vol. 10, pp. 34-30.)

U.G.6s.—Marconi
(Marconi Review,

Marcont Uxpurartor Type
Company : J. A. Smale.
Dec., 1930, pp. 17-21.)
For high speed, heavy traffic circuits. No in
terruption of signals takes place between the
finish of one slip and the insertion of another.

SoME PECULIARITIES 1IN TH¥i THERMO-ELECTRIC
PrOrERTIES OF MoNEL METAL. —E. Meschter.
(Science, 3oth Jan., 1931, Vol. 73, pp. 132—

133.)

RepPair  OF NoN-CoNDUCTIVE GALVANOMETER
StrRINGS [DEFECTIVE  GILDED  QUARTZ
FiBres, Wririout RremovaL]. (Science,

3oth Jan., 1931, Vol. 73, p. 131.)

A MagnNETICALLY OPERATED A.C. VoLTagr CoN-
troL DEvICE.—]. G. Sola. (Rad. I'ngineer-
ing, Jan., 1931, Vol. 11, pp. 24-25.)
Description, and illustrative curves, of the device
referred to in March Abstracts, p. 163.

ELECTROLYTIC CONDENSERS — CHARACTERISTICS
AND METHODS OF MEASUREMENT.—W. L.

Dunn. (Rad. Ingineering, Jan., 1931,
Vol. 11, pp. 31-33.)
VARIABLE WIDERSTANDE UND IHRE HYDRO-

DYNAMISCHE ANALOGIE (Variable Resist-
ances and their Hydrodynamical Analogy).—
R. Auerbach. (Zeitschr. f. Phys., Vol. 66,
No. 7/8, pp. 499-512.)

A COMPENSATED THERMOPILE FOR MEASUREMENTS
oF ToraL Rapiartion. -J. Guild. (Journ.
Sci. Instr., Jan., 1931, Vol. 8, pp. 1.4-17.)

A Baruistic IystrresigrarH.—H. C. Lehde.
(Review Scient. Instr., Jan., 1931, Vol. 2,
PP. 16-43.)
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PoweR EQUIPMENT FOR AIRCRAFT RaDI1O TrANS-
MITTERS.—]. D. Miner. (Proc. Imst. Rad.
Lng., Jan., 1931, Vol. 19, pp. 59-77.)
Types discussed are (i) the wind driven gener-
ator, (i) the dyvnamotor, (iii) the main engine
driven generator, (iv) the auxiliary engine gener-
ator set, (v) the combination wind driven gener-
ator and dvnamotor, and (vi) the constant speed
main engine driven alternator. Itis concluded that
no one type is so superior to the others that its
use can be expected to become universal, but the
auxiliary engine generator set has the greatest
theorctical possibilities.
A SivMpPLIFIED MuTioD ForR THE CALCULATION
or IroN CoOxDUCTORS For TRANSMISSION
LiNgs.—W. C. Koolebakin. (Westnik Elek-
trot., No. 4, 1930, Section 2, pp. 49-53) and
Tue CALCULATION OF THE A.C. RESISTANCE
or Ikon Wire.—1. Antik. (ibid., Section 3,
pp- 65-08)

PARAGUTTA, A NEwW INSULATING DMATERIAL FOR
SuBMARINE CaBres.—A. R. Kemp. (Bel/
Tech. Journ., Jan. 1931, Vol. 10, No. 1

Pp. 132-148)

WooDs For InsuLatioN.—A. R. Dunton and A. W.
Muir.  (Iilectvician, 13th Feb., 1931, Vol.
106, pp. 237-239.)
Varicties used : mecthods of impregnation :
breakdown voltages of treated woods.

SynTHETIC REsins: THeir Usis as INSULATOR
AMATERIAL.—E. A, Bevan. (Electrician.
13th Feb., 1931, Vol. 106, p. 239.)

Summary of a recent lecture.

INsULATORS TESTED : (5) VITREOSIL AND PYREN.—
W. H. Griffaths. (Wiveless World, 3rd
September, 1930, Vol. 27, pp. 227 228)

Before the introduction of Mycalex, it was
necessary to use Vitreosil (pure fused quartz or
silica) or Pyrex for insulation it great geometrical
permanence of structure was essential in a piece
of low-loss wireless apparatus, notably in low-loss
air dielectric condensers. {3oth of these insulators
are hard and are, of course, unaffected by heat,
since one is a fused silica and the other a glass.
Vitreosil has a much lower dielectric loss than
Pyrex, but where any degree of strength 1s re-
quired the latter material has to be employed
despite its higher power loss, this being vet another
case of the stronger material being the more
imperfect electrically.

UBER VERLUSTE VON KONDENSATOREN BEL SEHR
SCHNELLEN ELEXKTRISCHEN SCHWINGUNGEN
(On Condenser Losses in High Frequency
Rlectrical Oscillations [108-10% c¢.p.s.]).
E. Darmstaedter. (Arch. . Elektrat., 3o0th
Dec., 1930, Vol. 24, No. 6, pp. 701-714.)

A determination of the differences of loss re-
sistances of rotating plate condensers in air and
various fluid dieclectrics for frequencies from 2 X 10%
to 108 c.p.s.
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DEMONSTRATION OF AN INSTRUMENT Fok CoM-
BINING Two CurvEs INTo ONe.—]. L.
Haughton: R. Pavne. (Proc. Physical
Soc., 1st Jan., 1931, Vol. 43, Part 1, p-112)

SmooTHING. —W. T. Cocking. (Wirveless World,
1gth November, 1930, Vol. 27, pp. 564-568.)

A guide to the choice of components for elimin-
ators. Attention is given to the question of pro-
gressive smoothing, wherebyv each stage of a set is
considered with regard to the amount of sub-
sequent amplification.

Dry PLATE RECTIFIER USING SELENIUM OR SUL-
PHUR.—(German Pat. 511038, Mallory, pub.
25th Oct., 1930.)

This patent, of American priority 1925, covers
the use of a negative electrode consisting of a
combination of an alloy (e.g., brass) with an
element of the Oth periodic group, in a ratio of
about 1 to 5 or 1 to 6, and a positive electrode made
of a light metal of the 2nd or 3rd group.

RESEARCHES ON THE VarvE EFrFECT IN ALU-
MINIUM VOLTAMETERS.—M. Ginat. (Assoc.
Jrang. p. U'dv. des Sci., 53rd Session, pp.
251-255.)

THE POTENTIAL OF THE WaLLs IN THE CATHODE
DARK SPACE, AND THE IFAILURE oF Dis-
CHARGE TUBES.—Beck and Emeléus : Sloane.
(See end of abstract under * General
Physical Articles.”’)

STATIONS, DESIGN AND OPERATION.

ULTRA-SHORT WAVE BROADCASTING: LATEST
ProGrEss.—(Rad., B., F. j. Alle, No. 2
Vol. 10, 1931, pp. 52-353.)

Cf. February Abstracts, p. 89. In the present
article it is stated that a 7.05 m. wave is being
used in the twice-a-week programme (Tuesdavs
and Thursdays, 17.30 to 19.30) now being sent out
by the Tclefunken Company, because it has been
found to reach best to the periphery of Berlin and
to be completely free from interference including
ignition inierference [contrast Februarv abstract].
A simple audion circuit, which can be attached to
the 1.f. stages of anv Broadcast receiver, is sufficient
for reception.

LocAL AMPLIFICATION OF FIELD STRENGTH.— 15,
Schwandt. (Wireless World, 3rd December,
1930, Vol. 27, pp. 622-623.)
An article on von Ardenne’s first scheme referred
toin Jan. Abstracts, p. 52. See also Runge, Feb.
Abstracts, p. 110.

MurLtTipLE RE-BRoaDcast.—(Wireless World, 21st

January, 1931, Vol. 28, pp. 55-56.)
Describing von Ardenne’s second scheme for

long distance reception in cities (see also below).

ZUR TECHNIK DES SENDENS UND EMPFANGENS vON
ULTRAKURZWELLEN, DIE MIT MEHREREN
MODULIERTEN HOCHFREQUENZEN MODULIERT
siND (On the Technique of Transmission
and Reception of Ultri-Short Waves Modu-
lated with Several Modulated High TFre-
quencies).—\. von Ardenne. (Zeitschr. f.
hoch. Tech., Jan., 1931, Vol. 37, pp. 12-15.)
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Two modulation circuits are described which have
shown themselves to be specially suitable for the
modulation of an ultra-short wave bv one or more
radio frequencies (¢f. March Abstracts p. 165). The
importance of effectively screening all parts carrying
the medium radio frequencies, to prevent radiation
and consequent interference, is explained (later
on, the importance of similar screening at the
receiver is pointed out). The writer then considers
the permissible degree of modulation of the ultra-
high frequency by each of the several components.
In practice the percentage would be kept below

- 100 ’
n 4+ nk,
where # is the number of components and k, the
degree of modulation of each component (giving,
for 4 radio frequencies each with 20 9% modulation
an ultra-short wave modulation percentage of
roughly 20). He then deals with the possible
production of interference bv overtones and com-
bination tones between the radio frequencies after
the demodulation of the ultra-short carrier: it
can be shown, however, thut all combination and
over-tones come outside the zane of receplion, provided
that this is limited to one octare of [reguency.”’  Since,
from considerations of power, the number of com-
ponents is limited, this octave is generally sufiicient.

Interference between the several radio fre-
quencies at the transmitter (during the multiple
modulation of the ultra-skort carrier) is avoided
by the introduction of intermediate circuits:
sometimes merely the use of loose coupling is
sutheient.

A diagram (" Abb. 3, p. 14) is given of a
special method of modulating the ultra-short
wave with the broadest possible radio-frequency
bands—such as those required for television. The
paper ends ith a discussion of the receiving
end. ‘" The special advantage of the multiple
[r.f.] modulation system, over a lLi. modulation
system, lies in the fact that the selective properties
of the broadcast receiver can be utilised for separa-
ting the programmes, while the adjustment of the
whole equipment remains very simple.’

DIE GRUNDSATZLICHEN SCHWIERIGKEITEN BEI DER
FELDVERSTARKUNG (The Fundamental Difii-
culties in Field | Strengthening [Distant
Receptionin Cities]).—M.von Ardenne. (Rad.,
B, F. f Alle, No.2,Vol. 10, 1931, pp. 72-75.)

A reply to Runge’s objections to the writer’s first
scheme (Runge, February Abstracts, p. 110, and
von Ardenne, March Abstracts, p. 165). The
questions of selection, quality, and zones of inter-
ference (“ flicker zones ) are dealt with in suc-
cession. judging bv his last paragraph, however,
the writer places his greatest confidence in his
second scheme (multiple r.f modulation of a single
ultra-short wave) dealt with in Jan. Abstracts,
p. 52, and above.

theoretical maximum value #

REBROADCASTING DiISTANT TRANSMISSIONS.-
G. W.O.H.: von Ardenne. (L.W. & W.IZ,
Feb., 1931, Vol. 8, pp. 50-60.)

Editorial on von Ardenne’s proposals (see above).

WIRELESS CoMMUNICATIONS.—Chetwode Crawlev.
(Wireless World, 31st December, 1930, Vol.
27, PP- 729 732.)

A record of progress during 1930. The most
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notable advances are placed to the eredit of wire-
less telephony. Reference is made to the success
of the Imperial long-wave telephone services, and
the commercial short-wave telephone services to
Australia and other countries. The strides made
in ship-to-shore telephony are also chronicled.

In regard to radio telegraph services, attention
is drawn to the increase in the number of short-
wave circuits which cameinto operation all over the
world and to the research undertaken in connection
with the bughear of fading.

NEW GERMAN BROADCASTING STATIONS
INTERFERENCE AND FADING TROUBLES OF
MUHLACKER | DESCRIPTION OF THE HEILS-
BERG STATION, ETC.—(Rad., B., F. J. Alle,
No. 2, Vol 10, 1931, pPp. 49-52.)

THE

THE DisicN axD CONSTRUCTION OF BROADCAST
Stupios. - O. I3. Hanson and R. M. Morris.
(Proc. Inst. Rad. IEng., Jan., 1931, Vol. 19,
PP 17-34-)

THE RoLE oF RADIO IN GROWTH OF INTERNATIONAL
ComwunicatioN.—H. H. Buttner. (Proc.
Inst. Rad. Ewng., Jan., 1931, Vol. 19, pp.
51-58)
Including a world map of radiotelephone services
in operation, under construction and projected,
as in August 1930.

Fi1:LD-STRENGTH CONTOUR MAP oF THE CALCUTTA
BROADCASTING STaTiON.——Rakshit. (See
abstract under ' Propagation af Waves."')

GENERAL PHYSICAL ARTICLES.

THE POTENTIAL OF THE WALLS IN THE CATHODE
DARK SPACE [AND THE DETERMINATION OF
TowxskND’s ToxizaTion CORFFICIENT FOR
ELECTRONS]. . W. Beck and K. G
Emeléus. (Phil. Mag., Jan., 1931, Vol. 11,
pPP- 54-64.)

Brown and Thomson’s method of finding the
potentials in the dark space (1930 Abstracts, p.
353! led to values for the ionization coefficients
which differed from Townsend’s: it was thought
that this might be due in part to the effect of wall
charges in their discharge tubes, and the present
tests were made partly to examine this possibility.
For cathode falls not greater than 440 v. the walls
are strongly positive to the discharge close to the
cathode and negative in the negative glow, so that
walls and discharge are at the same potential in one
place, which proves to be at the boundaryv of the
negative glow and cathode dark space. I'he bearing
of the results on those of Brown and Thomson’'s is
discussed, and the difficulty of obtaining a thcory
of the wall potential is pointed out. The bearing
of the present results on the failure of discharge
tubes is discussed by Sloane in Phil. Mag., Dec.,
1930, p. 1099.

REucHERCHES sUR ULEFFET VoLra (Researches on
the Volta Lttect). “E. Dubois  (dnn. de
Physique, Dec., 1930, Vol. 14, pp. 627-725.)

Volta effect measurements made on the cold
metal after it has been heated in vacuo lead the
writer to conclude that (i) the metal first shows (for
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moderate heating) a variation of Volta efiect in the

+ ve direction (due to removal of oxygen) ; (ii) for
heating to higher temperatures, a — ve variation
is then found (due to removal of water vapour) ;
and (iil) for every heating there occurs a —+ ve
variation with time, for which various explanations
are suggested ; the one favoured as being simplest
is that this variation with time is an intrinsic
property of the metal, the electronic emission 1n
the cold state being more feeble when the metal has
just been the seat of considerable emission due to
the heating.

CoxTACT POTENTIAL BETWEEN IRON AND NICKEL.

G. N. Glasoe. (Phys. Review, wst Jan.,

1931, Series 2, Vol. 37, No. 1, p. 102.)

Abstract only. The contact potential Fe
found to be + o.20 volt.

Ni is

UNTERSUCHUNGEN UBER KONTAKTPOTENTIALE. I
VERSUCH EINER MESSUNG DER KONTAKT-
POTENTIALE ZWISCHEN METALLEN UND Iso-
LaTokeN (Investigations on Contact Poten-
tials. 1. Lxperimental Measurement of
the Contact Potentials between Metals and
Insulators) —F. Polednik.  (Zeitschr. [
Phys., Vol. 66, No. 9/to, pp. 619-631.)

UNTERSUCHUNGEN UBER KONTAKTPOTENTIALE. 1L
EIx VERSUCH ZUR BESTIMMUNG DER POTEN-
TIALDIFFERENZEN ZWISCHEN SALZEN UND

{HREN GESATTIGTEN LOSUNGEN (Investi-
gations on Contact Potentials. 1. Experi-
mental Determination of the Potential

Differences between Salts and their Satu-
rated Solutions).—Marianne Lederer. (Zeil-
schy. f. Phys., Vol. 66, No. g/10, pp. 6©32-645.)

Tur Propuction or HigH Spekp Caxarl Ravs
WitHotUT THE Ust oF HIGH VOLTAGES.
E. O. Lawrence and D. H. Sloan. (Proc.
Nat. Acad. Sci., Jan., 1931, Val. 17, PP
64-70.)

Development of the ' accelerating” principle
of Wideroe (1929 Abstracts, p. 169). Results
already obtained indicate that the technique is
capable of yielding 2,500,000-volt singly charged
mercury ions.

La Caprurr D’ ELECTRONS PAR DES lONS
posiTirs (The Capture of Electrons by
Postive Ions). J. L. Destouches. (Comptes
Rendus, 9gth February, 1931, Vol. 192, pp.
345-348))

IRROTATIONAL MoTioN or a COMPRESSIBLE IN-
viscip Frurip.— H. Bateman. (Proc. Nai.
Ac. Sci., Dec., 1930, Vol. 16, pp. 816-825.)

Sur

Ox THE INTENSITY oF TOTAL SCATTERING OF
X-Ravs BY MoxaToMmic GasEs—Y. H.
Woo. (Proc. Nat. Ac. Sci., Dec., 1930,
Vol. 16, pp. S14-516.)

RELATIONS SIMPLES DU SPECTRE MOLECULAIRE

AVEC LA STRUCTURE DE LA MOLECULE
(Simple Relations between Molecular Spec-
trum and Molecular Structure).— H. Deslan-
dres. (Comples Rendus, 29th Dec., 1930,
Vol. 191, pp. 1404 1407.)
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THEOREMES RELATIFS A LA BRILLANCE DES SOURCES
SECONDAIRES (Theorems relating to the
Brilliance  of  Secondary  Sources).—].
Dourgnon and P. Waguet. (Comples Rendus,
22nd Dec., 1930, Vol. 191, pp. 1314-1316.)

SurR LE CALCUL GRAPHIQUE DES GRANDEURS
ATTACHEES A L'ELecTrRON EN MOUVEMENT
(The Graphical Calculation of the Magni-
tudes associated with the Ilectron in
Motion).—G. Fournier. (Compies Rendus,
22nd Dec., 1930, Vol. 191, pp. 1302-1304.)

OrTiscHE UNTERSUCHUNG DER [UNKENZUNDUNG
IN LUFT VON ATMOSPHARENDRUCK MITTELS
DS KERREFFEKTES (Optical Investigation
of Sparking Breakdown in Air at Atmos
pheric Pressure using the Kerr Eftect).
L. v. Hamos. (Awun. der Phys., Series 3,
1930, Vol. 7, No. 7, pp. 857-888.)

LUFTDURCHSCHLAG UND UBERSCHIAG MIT WECHSEL-
SPANNUNG VON 50 UND 100,000 HERTZ
(Breakdown and Flash-over in Air with
Alternating Voltage at 50 and 100,000
c.p.s.).——]. Kampschulte. (drch. f. Elektrot.,
7th Nov., 1930, Vol. 24, No. 4, pp. 525-552.)

DURCHSCHLAGSPANNUNG UND BESTRARLUNG
(Breakdown Voltage and Irradiation).-
K. Masch. (dwch. f. Llektrof., 7th Nov.
1930, Vol. 24, No. 4, pp. 561-562.)

CALCOLO STATISTICO DELLO SPETTRO DI UN ATOMO
1oN1zzaTo (Calculation, by Termi Statistics,
of the Spectrum of an Ionised Atom).
L. Segré. (Nuove Cim., No. 8, Vol. 7, 1930,
PP- 320-329.)

Die speziFiscHE LapunG DEs lLLkkTRONs (The
Specific Charge on the FElectron).—F.
Kirchner.  (Physik. Zeitschr., 15th Dec.,
1930, Vol. 31, No. 24, pp. 1073-1073.)

Improved measurements with the help of a
piczo-quartz oscillator lcad to the value
7. % 17602 - o
10 = 1.7602 + 0.0025 €.m.u

for the ratio of the specific charge on the clectron

to its mass.

ON THE ROTATION oF DILECTRICS IN LECTRO-
STATIC FIELDS AND RELATED PHENOMENA.
—L. G. Vedy. (Proc. Cam. Phil Soc.,
Jan., 1931, Vol. 27, Part I, pp. g1~102.)

SUR LA MECANIQUE ONDULATOIRE DES CHaMPS
D'OxDES (The Wave Mechanics of Wave
Fields).—Gr. C. Moisil. (Comples Rendus,
19th Jan., 1931, Vol. 192, pp. 149-151.)

RerazioNne I = kv xELLa MeccaNica
ONDULATORIA (On the Relation I7 = /v in
Wave Mechanics).—I2.  Persico.  (Nuove
Cim., No. 9, Vol. 7, 1930, pp. 344347 :
Attt Accad. Lincei, Vol. 11, 1930, pp. 985
988.)

The writer shows that to arrive at the Schrodinger
equation it is not necessary to postulate the rela-

SULLA
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tion = = hv, but that this can be demonstrated
within quite wide conditions : if the frequency of
the de Broglie waves stands in any relation what-
ever with the energy, it can be proved that this
relation must be E = /v + b, where bis the ordinary
additive constant of the energy, arbitrary with
non-relativistic considerations but fixed with
relativistic.

L’INTRODUCTION DE L’EECHANGE DANS LA STATISTI-
QUE D'UN Gaz D'EructronNs (The Intro-
duction of lixchange in the Statistics of an

Electron Gas).—1L.. Goldstein. (Comptes
Rendus, 22nd Dec., 1930, Vol. 191, pp. 1306~
1308.)

UNDULATORY GEOMETRY AND I1Ts Dvyaumic Cox-
SIDERATIONS.—A. Buhl. (Comptes Rendus,
29th Dec., 1930, Vol. 191, pp. 1429-1431.)

Sopra UN ESEMPIO DI TRATTAZIONE QUANTISTICA
DI UN ['ENOMENO DI INTERFERENZA (An
Example of the Quantistic Treatment of an
Interference  PPhenomenon).—G. Racah.
(Nuovo Cim., No. 8, Vol. 7, 1930, pp. 330-
336.)

MISCELLANEOUS.

O~ THE OPERATIONAL SoLuTioN oF LiNeak FINITE
DiFFERENCE lEQuUatiOoNs [THEORY APppLIC-
ABLE TO \WAVE FILTER CHains].—I.. M.
Milne-Thomson. (Proc. Camb. Phil. Soc.,
Jan., 1931, Vol. 27, Part 1, pp. 26-36.)

THE AprrLicATION oOrF LEAST SQUARES.—W. E.
Deming.  (Phil. Mag., Jan., 1931, Series 7,
Vol. 11, No. 68, pp. 146-158.)

“ The principle of least squares is applied to the
general problem of finding the most probable
values of observed quantities and of parameters
that are related by equations of various sorts. . . .
The application to curve fitting is discussed in
detail.”

ON HEAVISIDE'S OPERATIONAL SOLUTION OF A
VOLTERRA’S INTEGRAL EQUATION WHEN ITS
NucLEus 1s A FuncTioN OF (¥ — ) [APPLI-
CATION TO LreEcrrIC Crrcurt Throrv].-——
S. Koizumi. (Phil. Mag., Feb., 1931,
Series 7, Vol. i1, No. 69, pp. 432—441.)

UBER EIN VERFAHREN ZUR GRAPHISCHEN BEHAND-
LUNG  ELEKTRISCHEN  SCHWINGUNGSVOK-
GANGE (On a Method for the Graphical
Treatment of Llectrical Oscillatory Phe-
nomena).—I". Kirschstein. (Arch. j. Elek-
trot., 3oth Dec., 1930, Vol. 24, No. 6, pp.
731-762.)

TuE APPLICATION OF FUNCTIONAL OPERATIONS TO A
CLASS OF INTEGRAL LQUATIONS OCCURRING
IN PHvysICs. [APPLICATION TO ELECTRIC
Circuir THrory].—H. P. Thielman. (Phil.
Mag., Supp. No., Feb., 1931, Series 7, Vol.
11, No. 70, pp. 523-535.}

ON SIMULTANEOUS OPERATIONAL CALCULUS [APPLI-
caTioN To Erkcrric CircuiT THEORY].
B. van der Pol and K. I". Niessen. (Phil.
Mag., Feb., 1931, Series 7, Vol. 11, No. 69,
pp. 368-376.)
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IMPULSE FUNCTIONS [APPLICATION TG THEORY OF
TraNsIENTS].—W. E. Sumpner. (Phal.
Mag., Feb., 1931, Series 7, Vol. 11, No. 69,
PP 345-308.)

EIN ALLGEMEINES INTEGRATIONSVERFAHREN FUR
QUASIHARMONISCHE SCHWINGUNGSVORGANGE
(A General Integration Method for Quasi-
Harmonic Oscillation Processes).—1-.
Schwerin. (Zeitschr. f. tech. Phys., Feb.,
1931, Vol. 12, pp. 104-111.)

The writer first develops an analytical solution
{based on cvlindric functions of the first and second
kind) of an oscillatory process in which the elas-
ticity, as well as the exciting force, varies linearly
with time. Ie then extends his treatment to quasi-
harronic oscillations of any kind, by replacing the
curves elasticity/time and force/time by polygons
as nearly coincident as possible, and applying the
method to the sides of these.

VEKTORDARSTELLUNG VON INTERFERENZER-
scHEINUNGEN (The Vectorial Representation
of Interference Phenomena).—W. Spiith.
(Zeitschr. f. tech. Phys., Feb., 1931, Vol. 12,
pp. 121-122.)

‘ Interference phenomena can be represented
clearly by vector diagrams. The phase variation
passed through by the resultant vector during one
beat is a fundamental magnitude, whose measure-
ment is demonstrated by an example in connection
with a twin-screw turbine ship.”

THE CONCENTRATING OF X-Ravs.—M. Pierucci.
(Nuovo Cim., Vol. 7, 1930, PP 245 247.)

A beam containing rays of different {requencies,
and concentrated in a space of a few mm. in width
and depth, is obtained by reflection in short mica
cylinders of various diameters.

SCHWACHUNG VON  STRAHLEN VERSCHIEDENER
WELLENLANGE DURCH TAU-ScuicHTEN (The
Weakening of Rays of Various Wave
Lengths by Layers of Dew)—C. Miller,
R. Frischand W. Scheib : Bascler. (Zeitschy.
V.D.I., 22nd Nov., 1930, Vol. 74, No. 47,
pp. 1625-1626.)

In connection with his optical train control
system, Biseler found that while his apparatus,
using visible light, was untroubled by fog, certain
fairly rare conditions of thick smoke and of dew
gave trouble by their ctiects on the track mirrors.
The present experiments were carried out by the
Reichsanstalt to see whether the longer infra-red
rays would be absorbed and dispersec to a smaller
degree, as might be expected from Rayleigh’s law.
It was found that under the conditions of the test,
in which dew was formed artificially on the mirror
surface, ravs of 1p wavelength were weakened
two or three times as little as those of 0.63u.

THE DETECTION OF RockK SALT By THE METHODS
oF ELECTRICAL SURVEYING.—T. Alty and
S. Alty. [Canadian Jowrn. of Res., Dec.,
1930, Vol. 3, pp. 521-525.)
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ProrErTIEs oF DIELECTRICS IN ELECTRIC FIELDS
—A. M. Thomas. (Nature, 3rd Jan., 1931

Vol. 127, pp. 14-I5.)
A letter advocating the use of the term *‘ per-
mittivity ” (originally proposed by O. Heaviside)

in place of ‘“specific inductive capacity ” or
““ dielectric constant.”

¢

UBER EIN OPTISCHES VERFAHREN ZUR FOURIER
ANALYSE (On an Optical Method of Fourier
\nalysis).—B. Germansky. (Anm.  des
Physik., 1930, Series 5, Vol. 7, No. 4, pp.
453-469.)

The principle of the method is as follows :—=a
parallel beam of light falls at grazing incidence on
a plane reflecting surface. The function to be
investigated is suitably traced on this surface In
partially covering it with a non-reflecting sub
stance. Measurement of the resulting diffraction
effects gives the desired Fourier analysis.

The theorv of the method and full practical
details for its application are given. Its advan-
tages are (1) rapidity ; for all subsidiary trequencies
are determined at once; (2) that curves mav be
investigated whose subsidiary frequencies are not
moderately  large multiples of a fundamental
frequency. Tt should bc particularly useful for
the investigation of seismic or meteorological
curves,

EIN PHANOMEN DEs AUFTRETENS VOXN
AQUIPOTENTIALLINIEN 1M ELEKTRISCHEN
['ELD (A Phenomenon of the Appearance of
I:quipotential Lines in an Electric Field).
P. Béning. (Zeitschv. f. tech. Phys.. No. I
Vol. 12, 1931, pp. 50-53.)

Description and interpretation along the lines
of space charge and the effect of adsorbed ions,
of new results obtained with glass plates dusted
over with carbon particles.

UrER

Tue BODY AS ANTENNA.—— —. Raab. (Rad., B.

F. f. Alle, Dec., 1930.)

An effect noticed on putting a finger on the aerial
terminal of a small recciver is described : reception
was good and interference (e.g., from ultra-violet
ray apparatus) was greatly reduced in proportion.

IxpUSTRIAL Usts oF ELEcTRON Tuses —W. R. G,
Baker, A. S. Fitzgerald, and C. ¥¥. Whitney.
(Electronics, Jan., 1931, Pp. 467-469.)

Phase-relation control; power control by Thy-
ratron governed by high vacuum triode (Pliotron) ;

Thyratron as a tuned relay (e.g. for remote control

of circuits by carrier current) ; Thyratron flasher,

ete. Other circuits and uses will be given in a

later article.

Hicu LicaTs oN ELECTrONIC DEVICES IN INDUSTRY.
(Electronics, Oct., 1930, pp- 338-339.)
Inspecting high-speed machines with the * Stro-
boglow *’: preparation of printing plates or en-
gravings direct from the copv itself . ‘‘ breath "
relays for extending opcrator’s control (e.g. for
aircraft or motor cars) : etc.
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THE AuscULTATION orF WATCHES WITH THE AID
OF VALVE AMPLIFIERS.—G. P. Arcav and A.

Tissot. (Adssoc. frang. p. I'Av. des Sci., 53rd
Session, pp. 234-238.)

One of three papers on modern research in
chronometry.

CoLoUR DEFINITION By PHOTOELECTRIC MEASURE-
MENTS.—H. Ellsworth and P. McMichael.
(Electronics, Oct., 1930, pp. 320-322 and
360.)

Tne Rapro Kx1re [ELECTRO-SURGERY].—C. R.
Underhill. (Electronics, Oct., 1930, Pp-

317-319 and 362.)

A paper on bloodless surgery with the high-
frequency scalpel (¢f. Bauer, 1930 Abstracts, p.
537).  Of importance is the list given of recent
papers on *‘ radio surgery "’ appearing in the medical
press.

TuE Prorto CELL AS APPLIED TO INDUSTRIAL ProB-

LEMS.—J. V. Breisky. (Llectronics, Aug.,
1930, pp. 227-229 and 266.)
TELEFONIA OTTICA CON RADIAZIONI INVISIBILI

(Optical Telephony with Invisible Radia-
tions).-——A. Majorana. (Nuovo Cim., No. 8,
Vol. 7, 1930, pp. cxc-ccl1.)

STORSCHUTZ ““ RADIOPUK ”’ FUR DEN
(" Radiopur”’ Interference
connection  with
H. Baumeister.
1930, p. 713.)

The AEG are now incorporating a condenser,
inductance, or a combination of both, in their
motors, etc. ; e.g., inside the casing of a fan-motor.

This plan does away with the bad cflect of leads to

i separate unit and is far cheaper than the latter.

Apparatus thus equipped is sold at a very slightly

increased price, under the special tyvpe title < Radio-

pur.”’

Ruxprunk
Suppressor  in
Broadcast Reception).

(AL-G-Mitt., November,

INTERFERENCE  wiTH BROADCAST RECEPTION.
(Journ. Télégraphique, Berne, Aug. and Sept.,
1930, pp. 207 210 and 235-242.)

The second part discusses the administrative and
Izgislative measurcs now being adopted in certain
countries to render obligatory the steps discussed in
the first part, to prevent the production of inter-
ference by electrical machinery, ete.

[Practicar TECHNIQUE or] CATHODE SPUTTERING.
C. 1. Cartwright. (Review Scieni. Instr.,
Dec , 1930, Vol. 1, pp. 758-763.)

PHOTOELECTRIC MASTER VoLTAGE CONTROL, USED
1N Varve Test Roosms.—W. P. Koechel.
(Llectronics, Dec., 1930, pp. 418—419.)

A photoclectric monitoring meter is connected
by a commutator once every %o seconds to the

17 different voltage circuits in constant use. A
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voltage 1 9, above or below normal gives an
immediate alarm.

AuTtoMATIC TELEPHONE CALLS RENDERED AS VOICE
Carrs.—(Il:lectronics, Dec., 1930, p. 424.)

A Bell Laboratories arrangement for use during
the transition from manual to dial operation.
When the subscriber dials a number, the latter is
recorded on relayvs in the sending mechanism and
remains stored until the operator is free to com-
plete the call. On pressing a buiton the stored
number is repcated vocally by means of a number
of short strips of sound film, each mounted on a
separate drum.

INFLUENCE DES OSCILLATIONS A HAUTE FREQUENCE
SUR LES TRAITEMENTS DEs Probuirs
METALLURGIQUES (The Influence of High
Frequency Vibrations on the Treatment of
Metallurgic Products).—G. Mahoux. (Comp-
les Rendus, 22nd Dec ., 1930, Vol. 191, pp. 1328

1330

Remarkable results in improving the characteris-
tics (Vickers-Brinell hardness, magnetic suscepti-
bility, etc.) of steel and certain alloys, used in
aeronautical construction, have been obtained by
the writer with the zid of high frequency vibrations
[frequency not mentioned]. The samples of metal
are either introduced into the circuit ot an ‘* electro-
magnetic oscillator ”’ or are mechanically connected
to a plate of steel in which the h.{f. vibrations are
set up by means of an inductance coil excited by an
oscillating circuit. In most cases (but not all) a
strcam of carburating or nitrogenating gas is
passed over the metal during the treatment, which
lasts 9-10 hours. Turther rescarches are being
carried out at the works of the Soc. Lorraine-
Diétrich and elsewhere.

LLLECTRONIC RECORDING oOF HIGH-SPEED Pro-
JECTILES.—([:lectrounics, Dec., 1930, p. 419.)

METER.-
Hercules

THERMIONIC VALVES
(U.S. Pat.
Powder Co.)

IN A ViscosITy
1780952, Symimes :

TALKING ALONG A BEaM or Ligut.—M. Leeuwin.
(Wireless World, 17th September, 1930, Vol.
27, pp. 290-292.)

Practical instructions for establishing two-wav
communication through the agencvy of a beam
created by a  modulated " flash lamp bulb. The
receiver consists of a well-screened photo-electric
cell coupled by means of a very high resistance to a
three-stage transformer-coupled amplifier.

NaIssaNCE ET DEVELOPPEMENTS DE LA RaDpIO-
ELECTRICITE: {The Birth and Developments of
Radio-Electricity).—A.  Blondel. (Génie
Cwil, Jubilee Number. Nov. 1930, pp.
127-134)
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Some Recent Patents.

7:/16 fqllozt_}in\g absiracts ave prepaved, with the permission of the Coniroller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1/- each.

AERIAL SYSTEMS.
Application dale, s5th July, 1929.

A short-wave aerial comprises a
horizontal conductors, connected in series by
vertical feeders forming a Lecher system. A
standing wave is set up having loops 2t the centre
of each horizontal conductor or radiator. The
acrial is tuned by adjusting the point at which the
power supply is coupled to the Lecher feed-wires.
Radiation is directional in the horizontal plane,
but non-directional vertically, so that changes in
the height of the Heaviside laver do not affect
reception.

Patent issued to M. A. Bontch-Brouewitch and
V. V. Tatarinov.

No.

number of

336223.

ANTI-FADING CONTROL.

Application date, 15th July, 1929. No. 336650.

In order to compensate for signal fluctuations
duc to fading, a small variable condenser C, C, in
the aerial circuit is automatically adjusted by
means of a moving-coil galvanometer G in the
output circuit of the detector valve I/, so that as
the carrier-wave input increases, the corresponding

change in the rectified output diminishes the
effective input to the first HI® stage 1. Con-

versely, a falling-off in the strength of the carrier
wave produces an increase in the aerial coupling

e

v

| |

TO LOUD
SPEAKER

No. 336650.

<0 as to maintain a constant level of volume in the
loud speaker. The control condenser C, C, is so
small thatit does not affect the overall aerial tuning.
As the relative strength of modulation remains
unaltered, no distortion is introduced.

Patent issued to F. S. Barton.

PIEZO-ELECTRIC CIRCUITS.
Application date, 26th July, 1929. No. 337049.

Relates to a method of balancing a piezo-electric
crystal when used as a narrow filter circuit in a
highly-selective receiving circuit, such as that
known as the Stenode Radiostat. Intermediate-
frequencv signals flowing in a coil L are applied

No. 337049

through the crystal @ to a detector valve 17 in such
a wav that the static capacity effect of the crystal
and its holder is neutralised by a variable condenser
C, which forms one arm of a balanced Wheatstone
bridge. After the condenser C has been initially
set to balance the undesired capacity effect of the
crystal, it may be readjusted to reduce the effect
of any interfering signal passing through the
crvstal.
Patent issued to ]. Robinson.

Application date, 26th July, 1929. No. 337050

Two tuned circuits are used in parallel as an
input or intervalve coupling. To sharpen the
resonance curve to the well-known “ crevasse,’’
one circuit is shunted by a piezo-electric crystal,
both circuits and the crystal being tuned to the
same frequency. The two circuits are fed 1in
parallel so tar as the input is concerned, but the
output coil of the second tuned circuit is reversed,
relatively to that of the first, so as to balance
out any transfer of cnergy except that due to the
crystal alone.

Patent issued to J. Robinson.

MOVING COIL SPEAKERS.

Application date, 30th Seplember, 1929.
No. 336084.
The wusual centering-device, for preventing

lateral movement, is formed in one piece with the
support upon which the moving-coil 1s wound, so
that there is only one joint at the smaller end of
the diaphragm, instcad of two. This simplifies
construction and minimises danger of * rattle”
between the jointed parts.

Patent issued to General Electric Co.,
I'. Clark and N. J. McAinsh.

Ltd.



April, 1931

GENERATING OSCILLATIONS.
Convention date (Gevmany), 2nd November, 1928.
No. 334765.

A defect of the mechanical oscillators used
in radio practice, such as piezo-electric or magneto-
strictive substances, is that the normal frequency
of vibration is affected by temperature changes.
The present invention consists in using dielectric
or conductive substances, having a very small
temperature coeflicient, for producing sustained
high-frequency vibrations in combination with a
back-coupled valve. As shown, a rod Q of fused
quartz (which has no piezo-electric action) is
mounted in two end rings R, Ry, in circuit across
the HT battery. Two central clectrodes T, T,
form a condenser, of which the quartz @ is the
dielectric, and which is in series with a grid re-
sistance GL across the batterv HT. Oscillations
in the circuit LC produce an alternating voltage
between the rings R, R;, which in combination
with the direct voltage from the battery HT cause
the rod to be alternately expanded and contracted
longitudinally by the electric ficld through the
dielectric. This varies the effective capacity of
the condensers 7, Ty, so that a fluctuating voltage
is produced across the resistance GL, which is in
phase, and synchronous with the mechanical
vibration of the rod (, so that the vibration is
maintained by the valve 1. A similar arrange-

H.T.
ujs]
No. 334765.

ment is described in which a conducting substance
acts as a mechanical vibrator and back-coupling
element.

Patent issued to Telefunken Gesell. fir Dralitlose
Telegraphie m.b.H.

EXTERNAL-GRID VALVES.
Convention date (Germany), 25th Jume, 1928.
No. 314332.

The control grid is mounted on the outside
surface of a flattened glass bulb, the filament and
plate being mounted parallel to the long axis of
the bulb, so that the discharge stream tlows across
that axis. Various constructions of valve are
described, of which that shown in the Figure is
of the multistage type. A common anode A is
fed from battery B, the negative pole of which is
connected through resistances Ry, R,, R; to the
various cathodes /¢y, K,, K3, and through a loud-
speaker LS to the cathode A, The input from
the aerial is fed through a coil L connected between
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the external grid G; and cathode A of the first
stage, the other three stages being resistance-
coupled in cascade. The cathode is always located

No. 314332.

nearer to the wall of the balb, 7. to the external
grid, than to the anode.

Patent issued to Telefunken Gesell. fiir Drahtlose
Telegraphie m.b.}.

BEAM SIGNALLING.
Convention date (Poland), 5th March, 1929,
No. 334977

In order to reduce the lateral spacing of the
aerial ““arrays’’ used for short-wave directional
signalling, the distance between adjacent aerial
wires is reduced say from one-half to one-sixteenth
of a wavelength, and the directional eftect is
recovered by stepping-up the frequency of the
received signals to a corresponding degree, 7.¢., if the
normal spacing is reduced to one-eighth the fre-
quency is multiplied by eight. Supersonic hetero-
dvning is used, and by separately adjusting the
phases of the different heterodvnes the direction
of the resulting beam can be rotated as desired.

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

TELEVISION SYSTEMS.
Application date, 24th May, 1929. No. 333942.

In transmission a certain portion of the picture
or scene, comprising the focus of interest, is given
an enhanced brilliance over the general background.
To attain this object, in addition to the usual series
of light sensitive cells arranged above and below
the picture, there is provided a central cell fed by
a lens focused on the particular area to be em-
phasised. The output from this extra cell is added
to the modulation currents from the other cells.

Patent issued to J. L. Baird and Television, Ltd.
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AUXILIARY TUNING-INDICATORS.

Convention date (U.S.4.), 17th May, 1928
No. 311821.

When automatic gain control is applied by means
of an auxiliary biasing-valve to maintain a constant
volume of signal in the headphones, an operator
is tc a considerable extent deprived of the audible
:ndication which he would otherwise have to
guide him in making tuning adjustments. To
provide a visible indication, the plate circuit of
the second detector (in a supersonic receiver)
includes a milliammeter the current through which
varies with the signal intensity. Minimum current
in the ammeter indicates that the circuits are in
resonance with the incoming carrier wave. Once
tuning has been effected, deflections in the meter
indicate the extent and duration of subsequent
periods of fading.

Patent issued to
Co., Ltd.

British  Thomson-Houston

STABILISING DIRECT-COUPLED AMPLIFIERS.

Convention date (U.S.4.), 17th October, 1928.
No. 335008.

Ir. cascade amplifiers of the type in which the
plate of one valve is directly connected through
a resistance to the grid of the next, there is a
tendency to instability due to the effect of tem-
perature changes on the coupling-resistances. In
the arrangement shown, this tendency to drift
out of the correct frequency-range is automatically
corrected by means of a relay R, which is inserted
:n the plate circuit of the last push-pull amplifier
stage ¥, and operates to control the effective
intensity of the light-ray from a lamp L falling
npon a photo-sensitive cell C in the input of the
first valve. As shown in the detail figure, a
shutter S is moved by the relay across an opening
O in a screen between the lamp L and the sensitive
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cell. A decreasing current in the output stage
opens the shutter so that more light passes through
on to the cell C, and vice-versa.

Patent issued to British
Co., Ltd.

Thomson-touston

AERIAL EARTHING SWITCHES.
Application dale, 22nd August, 1929. No. 335342

The aerial and earth leads are respectively
connected to plug and socket members P, S, the
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No. 335342

latter of which is spring-biased to make contact
with the former, so that when the set is not in use
the acrial is directly earthed. Connection between
the aerial and receiver is effected by plugging-in
a separate member A/, the terminals of which are
connected across the input circuit of the set.

Patent issued to the Gramophone Co., Ltd. and
A. Whitaker.
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No. 335068.
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RECTIFYING SETS.
Convention date (Holland) 24th
No. 336047.

In order to suppress parasitic high-frequency
oscillations set up in the circuits of a full-wave
thermionic rectifier, a condenser is inserted between
each of the two anodes and the common filament.
Both shunt condensers are housed either in the
cap of the valve or inside the bulb.

Patent issued to N. V. Philips’ Gloeilampen-
fabrieken.

October, 1928,

DIRECTIONAL AERIALS.

(U.S.4.) 7th  September,
No. 318619.

Convention dale 1928-
If a pair of * free end ”” conductors, A, B, several
wavelengths long, are energised in phase opposition

No. 318619.

so that separate standing-wave svstems are set
up, the resultant radiation consists of conjugate
lobes X, V, lying at an angle cc to and in the plane
of the conductors. Radiation normal to the plane
of the conductors is prevented by the spacing
between 4 and B and consequent mutual inter-
ferences between the standing-wave elements.
By staggering the ends of the pair of conductors
by an angle cc asshown in Fig. (b), the two lobes are
reduced to omne. The systein is finally made
unidirectional by arranging a second similar pair
of staggered conductors an odd number of quarter
wavelengths away from, and energised in quadra-
ture with the first pair, so as to cut off the rear
lobe of radiation.

Patent issued to Marconi’s Wireless Telegraph
Co., Ltd.
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LOUD SPEAKERS.
Application date, 23rd
July, 1929.

No. 336322.

The moving-coil sys-
tem M drives a light
cone C through a re-
ducing lever pivoted at
P, the diaphragm con-
sisting of a stretched
linen sheet to which
the flat base of the
cone is secured. The
arrangement allows the
speaker to be adjusted
to favour different
bands of frequency by
varyving (4) the ratio
of moving-coil move-
ment to diaphragm
movement, (/) the size
of the diaphragm, (c)
the size and angle of
the cone.

Patent issued to A.
W. Harris.

No. 336322,

DIRECTLY-HEATED VALVES.

Convention date (Germanv), 8ih November, 1928.
No. 336128,

In order to reduce the effect of residual fluctua-
tions from a rectified a.c. or pulsating d.c. supply,
the total heating-current is passed through a single
scries resistance R, whilst a smoothing-choke L
is inserted only in the branch feeding those valves
V, V, taking the smaller amount of current, i.e.,
the first stages of amplification and detection.
The power stage 17, is, of course, comparatively
msensitive to a.c. Hluctuations. The arrangement
also prevents saturation of the core of the choke L

Vo

Vi

by a heavv d.c. component, and allows the usual
shunt or smoothing condenser to be dispensed
with.

Patent issued to Telefunken Gesell. fur Draht-
lose Telegraphic m.b.H.




