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Editorial

The Design of Coupling Filters in
Broadcast Receivers

HE filter consisting of twe coupled
oscillatory circuits has always formed
an important element in the broadcast

receiver. In 1916 the writer described* a
simple method of explaining the action of
such a filter and of calculating the perform-
ance. The method had the great advantage
of giving one a clear insight into what
happens in such a filter as the frequency is
varied over the band.

Several papers on the subject have
recently been published in Germany, with
special reference to the conditions necessary
for obtaining symmetry between the two sides
of the band when the two coupled circuits
are not identically similar. As we showed
in 1916, two circuits coupled by the mutual
inductance between their coils need not be
identical ; so long as they have the same
resonant frequencies and the same decre-
ments they will be as symmetrical in opera-
tion as if they had equal inductances and
equal capacitances. If in Fig. 1, C, nC,
and L, — nL, where n is any number
whatever, the circuits will have the same
resonant frequency, and if R, — nR, they
will have the same decrement. If now the
two condensers are charged but so that
V, = VnV,, the electrostatic energies will
be equal, and on suddenly discharging the

two condensers, I, — VnI, at every moment.

* See references-at the end.

The two currents die away together as a
single damped oscillation of one definite
frequency, but what that f{requency is
depends on whether the condensers were

charged in the same
.|. y J.
C1 Lg G2
R4 Reo

or opposite directions,
Fig. 1.

that is, on whether the
currents in the two
coils flow in conjunc-
tion or in opposition.
In the former case the
effective inductance of
each circuit is in-
creased, whereas in
the latter it is decreased. It is thus seen that
such a pair of coupled oscillatory circuits
has two possible resonant {requencies, viz.,
fo/VI + k and fo/VI — k where f, is the
resonant irequency of either circuit alone
and k& = M/V/L,L, is the coupling coefficient,
or, calling the lower and upper frequencies

frand £,

9

W= ——

C,(L, + VnM)
. I
wo™ S p——— .

P CL, — VM)

We shall now consider the type of coupling
shown in Fig. 2(a) in which there are no
separate circuits, but in which the coil M’
is common to both. We need not consider
the simple case in which the circuits are
similar, but pass at once to the case in which
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L) =m=nL, and C, = «uC,. We thus assume
that the circuits C,L," and C,L,” have the
same resonant frequency when M’ is short-
circuited. If now the two condensers were
charged as shown and so that V', = nl", and
simultaneously discharged, the discharge
currents ol the two condensers would be

Iig. 2.

equal and a damped oscillatory current
would flow around the circuit C,L,'L,'C,
without being influenced in any way by 17,
across which there would be no p.d.  This
then gives us one of the resonant frequencies
of the combination; it is determined by
C Ly = C,Ly, ignoring M.

If now we picture M’ replaced by M,
and VM, in parallel where M, — (1 + )M’
and M, = (1 + 1/m)M’ so that M, — nM,
then Cy(L," + M) = Cy(L,’ + M,) and on
charging the condensers as shown in Fig. 2(b)
to the same voltage and simultaneously
discharging them, the oscillatory currents
in the two circuits C,L/M; and C,L,'M,
will die away synchronously and nothing
would be affected by removing the links
connecting A, to M, This gives us then
the second resonant frequency of this filter
and it is determined by C,[L," + (1 + #)M’]
= ColLy" + (14 1/m)M']. By comparing
the results obtained for Ifigs. 1 and 2 it is
easily scen that the results are the same if
we make

E, 2J ;_”;r_l M
%+ I
and M = — .M.
2V'n

We are neglecting the small effects due to
differences of decrement. An analogous
problem arises when a condenser replaces
the inductance M’ as the common clement.
This case was considered in detail in our
1916 paper. The important point to notice
in both cases is that the circuits must be of
the same resonant frequency when the
common element is short-circuited.
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Iig 3(a) shows a filter with a condenser
as the common element. 1f L,C\" = L,
and the condensers be charged with equal
quantities, as shown in Fig. 3(s), and
simultaneously discharged, the coupling con-
denser ', will play no part in the resulting
oscillatory discharge. If the common con-
denser C; is replaced by two condensers
aCy and (1 — a)Cy in parallel as in Fig. 3(b),
then if (1 — «)C; = naC,, the two circuits
Ly, Cy, aCy, and L,, Cy, (1 — a)C4 will have
the same resonant frequency and this wil
be the higher of the two resonant frequencies

of the filter. If 1 — o = na then o — ” I» L
and (1 —a) =n(mn + 1) I'he resultant
capacitance of C," and C,/(» + 1) in series is
C,C, L,C,'C,

~——————— and Ry -
Ci/ln+1)+Cy nd 1fe, Cil(n+1) +Cy

whence

2 I mAtI I T Cl"J
W [41C1/+L1C3 Llclli IT(”+I) C3

: ) 1 .
while w,? .- Now the three condensers
L.C,

which are star connected between the points
XYZ can De replaced by three mesh-
connected condensers as shown in Iig. 4(a),
in accordance with the well-known star-niesh

C 4 ’ ’ I_
x G _CQ+ Y _C1+ . _92_
_ hT:‘ + — h1 -f._*| _
Ca «C3 (=)
éL, T LQ% éu . T'l' C3L2
< L
(a) (b)

Fig. 3.

transformation.  This gives us another
common type of coupled filter circuit and
it was in connection with this type that the
discussion on dissymmetry arose in the
German technical press.

The formulae for star-mesh transformation
give the following results for the values of
Ky, Ky, and K,

5 _ Cq'Cr by I 1
AN A Al ol Gl
(= —C2Cs L F R S
1&2—C1,_{_C2,+(30r K, C2/+ n (g
K, C/Cy I I I 5

TG G YR, ey Tey e ey
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A similar transformation could be applied
to Fig. 2, giving a filter like Fig. 4(a), but
with an inductance in place of KA.

Figs. 4(a) and 4(b) show the two modes of
resonant vibration. In Fig. 4(¢) if the two
condensers are charged as shown to the
same voltage and simultaneously discharged,
K, will play no part in the oscillatory
discharge, since N,L; = K,L, as may be
seen from the above formulae for 1/K; and

1/K, which only differ by the factor
n=C,[C,"
X Ks Y

Fig. 4.

In Fig. 4(b) the coupling ctondenser Kj is
replaced by two condensers BK, and yKj
in series, giving the same resultant K5, but

such that y/8=mn= K,/K,. This is
obtained by making B=1-+4 1/ and
y 1 + n. If the condensers were charged

as shown, so that the charge in K, |+ BI;
was equal to that in K, + yRg and then
simultaneously discharged, no current would
flow through the dotted connection, which
could be short-circuited without interfering
with the damped oscillation which would
take place. To find the two resonant
frequencies of this filter we have therefore

o T
UK, + (1 - 1K)
I
2 )
and  w, L,

These are, of course, the same values as
found above for Fig. 3, as can readily be
shown by substituting the values for K
and K in terms of C," and C; 1t will be
noticed, however, that the filter circuit
without the coupling condenser gives the
lower frequency in Fig. 3, but the higher
frequency in Fig. 4, a point of some import-
ance in filter design.

Whereas with the scparate circuits of
Fig. 1 a change of coupling, and therefore of
width of band, has @ negligibly small effect
on the mean frequency, in all the other
cases any change of coupling causes a shift
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of the mean frequency so that the change
of wave-band is unsymmetrical. In Fig. 1
it is easily shown that

W, = w, (I +% k2>.

Another point which is worthy of notice
is that, whereas in Ilig. 1 the charge to be
given to the condensers to obtain a simple
oscillation on simultaneous discharge was
the same for both modes, in all the other
cases one mode required the condensers to
he charged to equal voltages and the other
mode with equal quantities.

Separation of the Two Resonant Frequencies
In Fig. 1
ok  MVLL,
wp Vi—k V1 MY(LL,)

where w, is the resonant frequency of either
circuit alone. In the other types of filter,
however, the resonant frequency of either
circuit in the absence of the coupling
element is not near the centre of the band
and it is more reasonable to express the
separation of the two resonant frequencies
as a fraction of their arithmetical mean w,,.
If this is done for Fig. 1 we obtain

k(I }—%2>

g g |

wy — Wy
Wy
whereas 22—t __ p(1 S g2
wg 8"/
It can also be shown that

a formula which enables us to calculate the
coupling coefficient for any filter from the
two resonant frequencies.

By substituting the values found above for
w; and w, we obtain

g — A
S R R
E\ Wy 2\/1 ’FA
L/ +L, M/
where 4 — ML —2 — L
LE, Ly,

and L,," is the inductance of L," and L, in
parallel.

w w I B
For Fig.3 “2—“1_1__—
3 W 2 \/I B
I ‘/ (‘ ’
where B = Cf +Cy I2

) CS C3
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and C,,’ is the capacitance of C," and C,’
in parallel.

2 — 1 D
For Fig.4 “2 "% 1 7

& Wi 2 '\/I + D
( . B

where D = K, I—\1—+—,K—2 = ,<3

= KGR, Ny,
and K, is the capacitance of K, and K, in
series.

It is probably better, however, to take as
the reference frequency neither /, nor fn
but the quotient of the mean square divided
by the mean since

2 2
Wy — wy B Sl Y
PR —— S e ——) = .
<‘22_+£"1_“> ws? + w,
wy + Wy

Hence the ratio of the separation to this
reference frequency is always equal to the
coupling coethicient.

Although closely related this separation
of the two resonant frequencies is not the
same as the separation of the two humps
which appear in the resonance curve when
the coupling exceeds a certain value, nor
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Is it a measure of the width of the band
transmitted by the filter. For the calculation
of these operating characteristics the method
of approach adopted here is inferior to the
direct application of circuit theory adopted
in the various articles to which reference is
given and to which we intend to refer more

fully in a subsequent number.
G.W. 0. H.
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Chief Engineer of the B.B.C., is seen explaining details of the emitron camera to Lord Selsdon, Chairman
of the Committee.



June, 1937 THE

WIRELESS

ENGINEER 293

Audio-Frequency Transformers*

By E. T. Wrathall,

HE object of this article is to review
the principles of audio frequency
transformers, to apply these principles

to simple and practical methods of design,
and finally to describe the essential tests
which should be applied to a finished trans-
former. It is desired that the paper shall
be as short as possible; therefore trans-
formers for ultra-audio frequencies will not
be discussed, but it is hoped that from the
description given of A.F. transformers and
their associated circuits, it will be possible
for the reader to apply the principles to the
study of transformers for higher frequencies
when desired.

The article is divided into the following
sections :

1. Introduction.

. Nomenclature.

Equivalent circuits.

. The ideal transformer and approximations
to the ideal.

Transformers and associated circuits.

Design.

. Testing.

. List of referenccs.

-F-(_AJN

0o ~1 O\Ul

1. Introduction

Although the A.F. transformer is elec-
trically the same as the ordinary power
transformer, it is necessary to analyse its
operation in a different manner because of
the wide range of frequencies involved ; and
because it is most usually used as an im-
pedance matching device. It is seldom
that the principle of impedance matching is
followed in power work for the reason that
although this gives maximum power in the
load, the efficiency and voltage regulation
are only 350 per cent. Temperature risc is
a negligible factor in almost all A.FF. trans-
formers and the magnetic condition of the
iron is very different from that of the power
transformer. In view of these considera-
tions the A.F. transformer is best studied
and designed on the basis of its equivalent
network which is described in Section 3.

* MS. accepted by th;Editor, June, 1936.

A.C.G.I, AMIEE.

2. Nomenclature

Z,, Z,—Terminating impedances of a trans-
former.

7, Z, —Impedance of primary and second-
ary windings respectively.

e Mutual impedance between trans
former windings.

Z' K, .7, used in equivalent unity
ratio circuit.

z —K,. 7, used in equivalent unity
ratio circuit.

zZ,, vVK,.Z,, used in equivalent unity

ratio circuit.

Z,, Zy Z.,—Impedances in series arm of
equivalent T network ; for com-
venience, three symbols are used
in this case.

Impedance of shunt arm of equiva-
lent 7 network ; for convenience,
two symbols are used in this case.

Z, and Z , are used in con-

nection with the application

of I'ig. 17.

Impedances in series arm of equiva-
lent circuit of equivalent unity
ratio transformer.

—Impedance of shunt arm of equiva-
lent circuit of equivalent unity
ratio transformer.

Z -Impedance.

L Inductance of primary and second-

ary windings respectively.

Leakage inductance of primary and

secondary windings respectively.

l Leakage inductance consisting of
1, and [, combined and referred to
one side of a transformer, the
high or low side being indicated
in the text.

—D.C. resistance of primary winding.

R D.C. resistance of secondary wind-

ing.

—D.C. resistance consisting of R,
and R, combined and referred to
one side of a transformer, the
high or low side being indicated
in the text.

Zc- Z,\‘P

2

o
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MM Mutual inductance between prim-
ary and secondary windings.

M’ —DMutual inductance in equivalent
unity ratio circuit.

T,, T, —Numbers of turns in primany and
secondary windings respectively.

K, A complex factor governing the

impedance looking into one wind-
ing of a transformer, the other
winding being loaded.

K, —Coupling factor between primary

and secondary windings.

K —Impedance ratio of transformer.

H Henry.

/ Frequency p.p.s.

I Resonant frequency p.p.s.

w 27 X f

w, 217 X Af,

Q ——Ratio of reactance to effective
resistance of a winding; this
ratio is a function of /.

Reactance of primary and second-
ary windings respectively.

3. Equivalent Circuits

In this connection it is necessary to define
the impedance ratio K,, which is one of the
most important constants ; it is defined as
follows : the impedance ratio is the ratio

of the terminating impedances into which a

transformer is designed to be connected.

It is desired at this point to stress that in a

practical transformer it is only for two

pariicular impedances of the correct ratio
that the desired characteristic and efficiency

are obtained ; for all other values of im-

pedance, even though their ratio be correct,

the characteristic departs to a greater or less

extent from that which is desired.
Consider the case of a transformer con-

necting an impedance Z, to an impedance

Z,, as shown in Fig. 1 (a); an em.f. “e” is

acting in /. Let T, and T, be the numbers

of turns in the primary and secondary wind-

ings respectively ; then in the design of a

B E

i ¢

» 1
T2 A
It can then be proved that the impedance

Z, viewed through the transformer from the

transformer 1s made equal to

2

primary side is K,7, .[1’2; where K, is a
s

factor dependent on the transformer con-

stants £, Z;, and Z,,, which modifies the

impedance both in magnitude and phase

angle. The value of K, can be made to
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approach very nearly the value 1{0° by

careful design, which value holds for an
ideal transformer. TIn the case of the ideal

transformer then, it will be seen that the
cffect of

the transformer is to load the

@) (b)
I'ig. 1.

Actual

Transforiner Circuats. (a)
civcuit ; (b) Equivalent civcuit.

impedance Z; by an equal impedance to Z,,
2\

namely 7, <§:2 ),
dition for maximum output. The trans-
former is therefore acting as an impedance
matching device and it is in this way that
transformers will be considered ; the process
of design of practical transformers being to
make this matching as perfect as possible,
namely, to make the factor A;, as nearly as
possible equal to Ijo°.

In Fig. 1 (a) the impedances of the primary
and secondary windings are represented by
Z, and Z, respectively; and Z, is the
mutual impedance between the windings:
the coupled circuits of Tig. 1 (a) may be
replaced by an equivalent network consisting
of non-coupled elements as shown in Fig.
1 (b). The equivalent circuit shown is a
T network of three elements 7, Z,, Z,
the values of which for a unity ratio trans-
former are determined by the equations
(1) below.

which is the required con-

Z.l = Zp - Zm g o

7 7 7 for a unity ratio trans
8 g "‘J former .. .. (D
CC Zﬁl

A 7 network could have been chosen to
represent the transformer of [Iig. 1 (a),
but in general the 7" network is the more
convenient and it will be found greatly to
simplify transformer calculations and pro-
blems.

General Case of Nown-unity Ratio Transformer.

Since the transformer is an impedance
matching device, it 1s convenient for the
purposes of analysis and design to consider
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either the high impedance side only, or the
low impedance side only ; these usually being
referred to briefly as the “ high” or ““low ”
sides respectively. In each case, a simple
transformation gives the required informa-
tion for the other side. This may be made
clearer perhaps by reference to FLig. 2 (a),
since the impedance looking in the direc-
tion of the arrow ““ a ”’ will be macle as nearly
as possible equal to Z,, a design for a unity
ratio transformer to suit terminating im-
pedances of Z; would give the constants for
the primary winding, and these would then
have to be modified according to the im-
pedance ratio in order to evaluate the con-
stants of the other winding. What will be
considered in the Design Section is the
equivalent network of the equivalent unity
ratio transformer.

Referring again to the non-unity ratio
transformer of Fig. 2 (a), the impedance

Z, Z, and £, are the

Z
ratio is 2 = K, ;
22 z
transformer constants. It can be shown
that Z,, = VZ,Z, in the absence of mag-
netic leakage.
The equivalent unity ratio circuit is shown
in Fig. 2 (b), in which Z, is replaced by
K, . Z, (hence equal to Z,) and the secondary

Z1=KzZy

Ly
00009

Fig. 2.—Development of LEquivalent Circuits.
(a) Actual civeuit; (b) Equivalent unity ratio
civcuit ; (c) Equivalent of equivalent ity ratio
civcuil.
winding impedance is made K. Z; (which
may be called Z’;). In the circuit of Fig.
2 (b),
Z'=V2,20 V2, K, Z,~VK,Z, . (2)
ie. 2/, =VK,.Z,.
Hence, neglecting leakage, a working approxi-
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mation to the mutual impedance of the
equivalent unity ratio transformer is given
by
vV Impedance Ratio X Z,, of
transformer.

In order to realise what this conversion
means it will be useful to refer to the example
shown in Fig. 4 (a) and assume that the
winding and mutual impedaices are pure
reactances and the coupling factor to be

actual

Z,=KzZy 3 4
i -
- I I
eT ] |
S o 1 4
z QB Z, Z $ 4 z
1 QAE 2 1 § 5, o)
A O <
4 zy | 1z
= — | -~
o .
IDEAL 2 3
TRANSFORMER
(a) (b) (c)

Fig. 3.—The ideal transformer.

unity. The coupling factor, K, is defined
as i— M?
K,? % a 1.

2 LpLg (3)
where L, and L, are the winding inductances
and M is the mutual inductance between
then. _

If K, is unity, equation (3) gives for
Fig. 4 (a), ) e

M =+L,L,= V33 X 1.1 =19H.

Whereas if the equivalent unity ratio
circuit of Fig. 4 (a) is considered (it will be
of the form given by Tig. 2 (b)),

M—=vVEM=v3x19=33H.

Had the equivalent unity ratio circuit
been based on the low side, M’ would have
been 1.1 H. '

The fact that in the equivalent unity
ratio circuit the mutual inductance is equal
to either the primary or secondary winding
inductance, according to which of the ter-
minating impedances is considered, is very
important, and leads to a great simplifica-
tion in treatment.

Equivalen! Circuil of Equivalent Unily Ratio
Transformer.

It is now required to find the values of
non-coupled elements which may be used to
simulate the coupled elements of Fig. 2 (b).
The required network is shown in Fig.



296 THE
2 (c) in which the series impedances are
designated 7, and 7, and the shunt im-
pedance as Z,. The values of the elements
of Fig. 2 (c) may be written down by using
equations (1) and (2).
Zo=2,—2n=2,—VEK,.Z,
Z,=2,~2',=2,—VK,.Z,
Z,=272,=VK, Z,
where Z_, Z, and Z, are constants of the
actual transformer.

4. The Ideal Transformer and Approximations
to the Ideal

An ideal transformer is one in which
there are no losses, which gives perfect
impedance matching, and therefore causes
no reflections when placed in circuit. Fig.
3 (a) shows an ideal transformer connecting
two impedances 7, and Z, (Z, > Z)); it
follows from the definition of an ideal trans-
former that the impedance looking into its
primary winding (1 — 2) will exactly equal
Z, as shown in Fig. 3 (b) ; or, the impedance
looking into the secondary winding will
exactly equal Z,. Although the current in
7, will be less than that in Z,, the voltage
across it will be greater and will be of such
a value that the power dissipated in Z,
is equal to that dissipated in Z,. The
secondary voltage and current are coupled
to the primary circuit through the mutual
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circuit of I'ig. 2 (c) it follows that Z, and Z,
must be zero, and Z, must be infinity.

In order to see how nearly an actual
transformer approaches the ideal from the
point of view of impedance matching, it is
convenient to consider the example shown
in Fig. 4 (a); it will become evident that
even a medium quality transformer provides
quite a good degree of matching. The ex-
ample chosen is that of a transformer
intended to couple two resistive lines, one
of 1800 ohms and the other of 600 ohms.
The transformer is intended to cover the
commercial speech range of frequencies,
namely, from 275 p.ps. to 2750 p.ps.
and has a loss of about 1 db. at 200 p.p.s.
The constants of the windings are shown in
Fig. 4 (a); the circuit can be represented
by that of IFig. 4 (b) in which the mutual
impedance Z,, the leakage inductances
[, and /,, and the D.C. resistances K, and R,
of the windings are shown. Alternatively
the circuit may be simplified still further
as shown in Fig. 4 (c), which is the equfvalent
of the equivalent unity ratio transiormer :
in this case, 7, equals the primary winding
impedance ; R, and R, have been combined
into R, and [, and /, have been combined
into /. This is a close approximation to the
actual conditions and it will be clear that
Z (looking in the direction of the arrow)

Rp lp Rsg ls Zp 20.700/80°
1
1 3 : B
Zy Zs Z 1990
1800 Qg Wp Ws 3Z600n 37 Zm 22 1957 he®
2 4
of Va
| ,
(a) (b) (d)

Fig. 4. —Comparison of actual with ideal transformer.
1.1 H, R, = 23R, T,=916 turns.

33 H, R, =85Q, T,= 1585 turns, L,

Transformer details in (a). L, =
Coupling

Jfactor = 0.98.

tmpedance in such a manner that the im-
pedance Z, is loaded by an equal impedance,
which is the condition essential for maximum
power transference.

In order that an ideal transformer shall
cause zero loss, it [ollows that its primary,
secondary, and mutual impedances must
be infinity, and of course the windings must
have no resistance. In the equivalent

consists of Z;, + R + [ in series, all shunted
by Z,.
Transformer Dala.
R =R, + K,.R,= 85 + 69 ohms
154 ohms.

The value of [ is the value of the induct-
ance measured on the primary side with the
secondary winding short-circuited. As the
coupling lactor is 0.98 (or 98 per cent.) the
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value of I is 2 per cent. of L,, which in this
case is 0.066 H. The defining of ! as a
percentage of L, is very convenient and will
be used later, in the Design Section.

It will be seen that the impedance Z is

5r
3
> @
o
(5
<
[+ 4
w
Q
e
[
)
o
>
o i : 4
100 1,000 10,000
f-p.p.s.

Fig. 5.—Effect of divect curvent on characteristic
of transformer. Curve 1, No D.C. in winding
(1-2) ; Curve 2, 4 mA D.C. in winding (1-2).

the parallel impedance of the combination
shown in Fig. 4 (d). The phase angle and
magnitude of Z, can be obtained from the
Q value of the winding and its inductance ;
for this transformer at Iooo p.p.s. L,
=33 H, Q = 5.3 from which Z, = 20 700

|80°.  (Q is the tangent of the phase angle).
The impedance of R—+1+ K,.Z, (the
last term equals Z;) is 1990 [12°. The

parallel impedance of the combination will
be found to be 1915 | 17° which is not very
different from the value of 1 800 |0° which

would be given by an ideal transformer.

In certain cases, for example, where a
transformer terminates a filter, it is necessary
for the impedance matching to be closer than
this. This can be achieved by using a
multiplying factor for the theoretical im-
pedance ratio to allow for the effect of the
transformer. The magnitude of the im-
pedance Z looking into the high winding
(Fig. 4 (d)) is 1 915 ohms, the ratio of this

1915

to the theoretical value is 1.06, hence
1 800

if the circuit can be arranged so that the
terminating impedance on the low side is
600
1.00
into the high winding will actually be 1 8oo
ohms, but with a phase angle of 17°. By
suitable design and choice of materials, this
factor can be made more nearly equal to
unity and the phase angle reduced.

565 ohms, the impedance looking
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5. The Transtormer and Associated Circuits

Care must always be taken to ensure
that the effects on a transformer of the
associated circuits are fully allowed for.
The associated circuits may have a profound
effect in two main ways ; either by reason of
direct current flowing through the circuit
changing the transformer inductance, or
the combined circuit and winding capaci-
tances may largely affect the terminating
impedance of the transformer ; it is proposed
to refer to one example illustrating the effect
of direct current on the characteristic of a
transformer and to consider two examples in
which interest is centred in the effect of

capacitance :  the illustrations are based
on measured curves.
Fig. 5 shows the characteristics of

an input transformer connecting a 6 000
ohms impedance to a valve similar to an
LSs, with and without D.C. in the windings ;
it will be seen that a current of only 4mA
almost halves the voltage ratio at 70 p.p.s.
but the effect on the characteristic from
I 000 p.p.s. upwards is negligible.

The effect of associated capacitance 1is
shown in lligs. 6 and 7. Lig. 6 shows the
characteristic of an input transformer con-
necting a 60 ohms impedance to an LSj
type of valve. Curve (a) is the characteristic
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= 28

9 2 a

& 24
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Z 22|

s 20

18 ‘ 5 704
700 1,000 10,000
f-p.p-s.

Fig. Effect of shunting secondarv winding
with a vesistamce to veduce vesonance peak.

(a) Transformer working divectly info grid ;
(b) Transforiner secondary shunted by 10°8.

when the transformer is connected directly
into the grid circuit ; in this case, the valve
capacitance combined with the transformer
capacitance causes a marked resonance at
about 6000 p.p.s. followed bv a sharp
decline in response. Curve (b) shows the
effect of shunting the transformer secondary
winding with a resistance of 100 ooo ohms ;
the voltage gain is slightly reduced but the
peak is made negligible and the response
1s quite good.
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In The Wureless Engineer of August 1928
Hartshorn gives a simple formula for
calculating the eftective grid-filament capaci-
tance of a valve with a resistive plate circuit
load.

18[:180 X 103

—
®
=]

E

141140 %g
12b120 £5
n no
z 101160 31
& <
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75 660 ’
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Fig. 7.—Example in which vesonance in windings
15 unimporiant.

Valve differential resistance
Anode load resistance
@ == Magnification factor of valve

let R,
R

Cyy — Geometrical grid-filament capa-
citance of valve

C,o = Geometrical anode-filament
capacitance of valve

('4; = Effective grid-filament capaci-
tance of valve

then, C’ Cop + Cool T + #la
»ogf af ga X R + R, )

The subject is also treated in The Bell
System Technical Journal of April 1924.

It is rather important to notice how a
transformer may be connected so that the
bad effects due to its self-capacitance may
be made a minimum. For example, Figs.
8 (a) and 8 (b) show wrong and correct
methods of connecting a push-pull trans-
former in a valve amplifier ; it will be seen
that the correct method gives a symmetrical
distribution of associated capacitances. Fig.
9 (a) illnstrates how incorrect connection of
an ordinary input transformer may cause a
reduction in gain at the higher frequencies
because of the low impedance path offered
by the inter-winding capacitance ; this
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SHIELD
INNER END

SHIELD

OUTER

(a) (b)

Fig. 8.—Methods of connecting a push-pull
transformer. (a) Incorrect ; (b) Corrvect.

trouble is reduced if the connections of
Fig. g9 (b) are used.

Fig. 7 illustrates the case of a transformer
connecting two lines each of 600 ohms re-
sistance. It will be seen that the inductance
and capacitance of one of the windings
undergo parallel resonance at about 1 00
p.ps., but although after resonance the
winding acts as a capacitance, the shunt
impedance of the equivalent circuit is so
high that its change in character has no
effect on the frequency characteristic.

Transformers are mostlv used in the
Class A condition of amplification; in a
Class B stage the etfect of grid current on
the transformer is negligible because, being
a push-pull arrangement, the grid currents
in each half of the secondary counteract

END " INNER INNER  OUTER
OUTER]  OUTER OUTER% I INNER
= =

(a) (b)
Iig. 9.—Methods of connecting an input trans-
former. (b) is the better method.

each other. A more important effect occurs
on the bias of the valves due to the voltage
change across the grid resistances causing
the bias to fluctuate ; this effect is minimised
by using grid resistances of low value :
incidentally this reduces the bad effects of
associated capacitances as well.

(To be continued.)
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Frequency Measurement*

A New Equipment for the Range 1—70 Mc/s
By H. A. Thomas, D.Sc, AMILE.E.

(Radio Department National Physical Laboratory)

1. Introduction

HE measurement of frequency is of

fundamental importance in the de-

velopment and testing of radio appa-
ratus. The accuracy with which frequency
measurements can be made is now ol the
order of a few parts in ten millien and such
measurements can be used to form the basis
of determinations of other electrical quan-
tities such as inductance and capacitance.

There are at present a number of com-
mercially produced equipments for measur-
ing frequency, embodying one or more
multi-vibrators controlled by quartz-crystal
oscillators. One of these, for example,
covers the range 150-30,000 kc/s and is
controlled by a 1,000 kc/s source. Another
has a [requency range of 1-10,000 kc/s and
is controlled by a 50 ke/s source and a third
has a range of 1-30,000 kc/s controlled by
a 50 kc/s source. All these equipments
make use of devices which mix the harmonic
frequencies generated by the several multi-
vibrators.

At the National Physical Laboratory, the
primary standard of frequency is a 1 kc/s
tuning fork of which the accuracy over short
periods is ol the order of 5 parts in 10® and
over long periods of the order of 3 parts in
10°t. This standard source being available,
it was obviously desirable to make use of it
and consequently the design of the equip-
ment differs appreciably from that ol the
quartz-controlled apparatus previously men-
tioned. There are at present two frequency-
measuring equipments known to the author
which are based on a 1 kc/s source. There
is the multi-vibrator designed by Dye and
known as the N.P.L. Type, the frequency
range of which is Io-I,200 ke/s and the

* MS. accepted by the Editor, January, 1937.

t “The Valve-Maintained Tuning Fork as a
Primary Standard of Irequency.” D. W. Dye

and L. Essen. Proc. Roy. Soc., A, 143, 1934, Pp-
285-306.

equipment used by the Radio Branch of the
Post Office Research Station, covering the
frequency range I1,000-25,000 kc/s.}

In designing the present equipment for
the Radio Department of the lLaboratory,
attention was directed to the ease of opera-
tion as well as the accuracy of measurement.
It was necessary to increase the range to
70 Mc/s and experience had shown the
desirability of using dependable scales to
eliminate calibration charts at the higher
frequencies. In view of the upper frequency
limitation of the original N.P.L. type of
multi-vibrator, it was considered advisable
to explore the possibility of using a system
similar in essential principles to that of the
Post Office. Accordingly, preliminary ex-
periments were made (rom which it was
ascertained that this scheme of obtaining
fixed frequencies related to the fundamental
fork frequency was suitable for the higher
frequencies required. The special features
of the new equipment are consequently
mostly coniined to improvements in the
operation of the instrument whereby accu-
racy may be obtained without the use of
calibration charts and with a minimum of
cross-checking.

2. Principle of Operation

The general scheme of design follows that
ol the Post Office {frequency-measuring
equipment. For the sake of completeness,
the basic principles of this instrument are
re-stated.

Referring to Iig. 1 which shows the
sequence of the various stages in schematic
form, it is seen that an e.m.[. of about one
volt at 1 kc/s derived from a standard fork
controls an oscillator at the same frequency.
The output from this oscillator is fltered

t “ Cryvstal Oscillators for Radio Frequencies—
An Account of Ixperimental Work carried out
by the Post Office.” O. F. Booth and E. J. C.
Dixon. J.I.E.E., 1935, 77, PP- 197-244.
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and amplified and is used to control a
1 kc/s multi-vibrator. This filtering system
and locked 1 kc/s oscillator would be un-
necessary il the master fork were situated
in close proximity to the multi-vibrator,
but in this particular case the fork voltage
is supplied by a long line which picks up a
great deal of extraneous interference from
machines and mains, and consequently it was
necessary to purify the locking signal.

28000-70000k¢ /s 10000-28000 ke /s [— ‘—J

RECEIVER RECEWER [—
! A P, /i\

1000-10000 ke /s T
INTERPOLATION
OSCILLATOR

|
L———— 1000-10000 ke¢/s W—
RECEWER

I

90-110 ke/s
LOCKED
OSGILLATOR 90-110 ke/a
LISTENING
POST
90 - 1O ke/s
SELECTOR )
1 2 3 4 5
3
I ke/e TELEPHONE
MuLTI-VIBRATOR PaNEL
I [
1 kess 1-5 e/
FILTER & °
AMPLIFIER | [ SOuRCE

| ke/s
LOCKED
OSCILLATOR

1 ke /8 FORK SuPPLY

-Schematic  diagvam of frequency
measuving equipnient.

Fig. 1.-

The output from this multi-vibrator is
filtered to reduce the amplitude of the lower
harmonics and a flatly tuned acceptor circuit
is provided to amplify all the harmonics
within the frequency range go-110 kc/s.
Any particular harmonic within this fre-
quency band is selected and used to control
the frequency of an oscillator which can be
adjusted within the same go-110 kc/s range.
A listening post is provided at this point by
which means the setting of the oscillator

THE WIRELESS ENGINEER

June, 1937

and selector can be adjusted to eliminate
1 kc/s modulation. With a little care in
setting these circuits, the output from the
9o-110 kc/s locked oscillator can be made
free of adjacent harmonic frequencies, which
condition is detected by the absence of a
1 ke/s note in the listening post detector
circuit.

The output signal from the locked oscil-
lator is distorted by an over-biased rectifier,
and harmonics between the 1oth and 1ooth
are selected in the 1,000-10,000 kc/s re-
ceiver. An interpolation oscillator covering
the same frequency range as the receiver is
very loosely coupled to the input of the
receiver and gives a heterodvne beat note
with the selected harmonic of the locked
oscillator frequency. By means of the
interpolation condenser, the frequency of
this oscillator can be adjusted to the selected
harmonic. By this method of producing
known harmonic frequencies, it is possible
to obtain a point calibration of the oscillator
over the frequency range 1,000-10,000 kc/s,
and by selecting the frequency of the go-
110 kc/s locked oscillator, it is possible to
obtain a calibrated frequency within + 10
ke/s of any unknown frequency within this
range. In addition to the large number of
fixed-frequency calibrating points, further
fixed points are provided in the following
manner. The fork signal at a frequencv of
1 ke/sis used to generate the audio-frequencies
1,2, 3, 4 and 5ke/s. A signal at any of these
frequencies can be put in series with the re-
ceiver telephones and by this means beats
can be obtained when the interpolation
oscillator frequency is 1, 2, 3, 4 or 5 kc/s
above or below any selected fixed harmonic
frequency.

The process of measurement is therefore
one in which the frequency of the inter-
polation oscillator is set to two known
harmonic frequencies 1 kc/s apart and then
to the unknown frequency which lies be-
tween them, the latter being determined
by interpolation. The accuracy of this
method of measurement is better than 35
parts in a million and can be increased by the
use of an audio-frequency meter or a beat
counter.

For the measurement of frequencies within
the range 10,000-70,000 kc/s two short-wave
receivers are provided with di-pole aerial
systems. The signal of unknown frequency
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is received by one of these receivers and is
heterodyned bv a suitable low harmonic
of the interpolation oscillator, the funda-
mental frequency of which is in turn meas-
ured in the usual manner. The coupling
to the oscillator is so weak that no change
of frequency occurs as the tuning of the
short-wave receiver is varied. By means of
a telephone switching panel the listening
telephones can be connected to the various
stages of the apparatus for checking the
conditions at each point.

One considerable advantage of this method
of obtaining fixed harmonic frequencies is
the readiness with which self-checking can
be utilised. Many of the fixed frequency
points may be derived in more than one
way. For instance, the frequency 8,820
ke/s is the 84th harmonic of 105 kc/s, the
goth harmonic of 98 kc/s or the g8th har-
monic of go kc/s. Consequently, if the
go—-110 ke/s locked oscillator is set to 105,
98 and go kc/s successively, the beat note
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Yig. 2.—Layout of the apparatus.
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between the interpolation oscillator output
and the received harmonic at 8,820 kc/s
should remain unchanged if the receiver is
tuned correctly. This is a simple means of
checking a number of fixed points on the
receiver scale, though in practice it is found
that the scale calibration remains suffi
ciently constant to dispense with this pro-
cedure except on rare occasions when large
temperature changes have occurred and
there is doubt as to the true setting of the
receiver scale.

Although the apparatus is reasonably
simple to use and the control of the 1 ke/s
multi-vibrator and of the locked oscillator
is such that synchronism with the selected
harmonic frequency is maintained over a
period of many hours without adjustiment,
the operation is much facilitated by the
employment of reliable scales and an easily
read interpolating oscillator  condenser.
Consequently considerable attention has
heen devoted to making the operation as
reliable and simple as possible with the
object of eliminating calibrating uncer-
tainties and the use of calibrating charts.
‘The means adopted to obtain these char-

acteristics are described in the following
section dealing with the constructional
details.

3. Constructional Details

(¢) General Lay-oul of Panels.

The lay-out of the various parts of the
apparatus is shown in Fig. 2. The com-
ponents of each panel are mounted on a
horizontal aluminium base plate fixed 1o a
vertical panel which is mounted four inches
behind the actual front panels. A screening
box slides over each compartment from the
back and is clamped into position by four
self-locating screws with easily controlled
knobs so that any panel can be inspected
without dismantling anv other part. The
mechanical controls, scales, etc., are mounted
between the two front vertical panels, thus
separating the electrical and mechanical
parts of the apparatus. Each front panel
can be removed without disconnecting any
electrical connections by unscrewing the
various control knobs on the particular panel.
\ll valves are mounted at the back of the
horizontal panels for accessibility and each
anode circuit is provided with a jack so that

C
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testing for faults is fac#litated. The whole
set of panels is mounted on a standard Post
Office rack, 20lin. wide, the total height and
depth of the equipment being 6ft. 6in. and
1ft. 8in. respectively.

The lowest panel referred to as No. 1,
contains the power supply controls. The
common H.T. supply to all valves is 150
volts and the total current 130 milliamperes.
This is obtained from a 110 volt 50 cycle
A.C. supply by a double-wave valve rectifier :
the D.C. voltage is smoothed in the con-
ventional manner and stabilised by neon-
filled valves; a common grid bias line of
— 20 volts is also provided by the same
power supply unit. It was found advisable
to use a battery supply for filament heating
to obtain clean heterodvne notes, since
trickle charging was found to produce too
much mains noise and indirectly heated
A.C. valves gave instabilitics of a serious
nature. A main switch 1 and H.T. volt-
meter 2 are provided on the front panel, the
switch operating on all three supply circuits
at the same time.

Panel 2 carried the controls of the locked
I ke/s oscillator, filter system and 1 kefs
multi-vibrator. The tuning of the oscillator
and multi-vibrator is adjustable by the pre-
set controls'5 and 6 respectively, which can
only be altered by a special adjustment.
The controls of the go—110 ke/s sclector and
locked oscillator are mounted on Panel 3,
the tuning scales and slow-motion knobs
being represented by 1o, 11 and g respec-
tively ; the pre-set adjusting condensers
for these circuits are 12 and 8. The selec-
tivity of the selector system is controlled
by the knob 14 and a pre-set adjustment 13 ;
correct adjustment can be obtained by noting
the dellection of the rectifier instrument g
when the oscillator is switched off by 3;
when any particular harmonic is correctly
selected, this rectifier instrument reads a
minimum current. This same instrument 4
<an be connected to the anode circuit of the
selector system by the key switch 7 and in
this position shows the maximum selectivity
which can be obtained before self-oscillation
commernces.

The controls of the 1,000-10,000 kc/s
receiver are on panel 4. Tuning is effected
by the slow-motion knob 15; the six fre-
quency ranges are changed by the knob 19
operating the coil switch together with the
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pointer on the scale 20, and the sclectivity is
controlled by the knob 21. A pre-set adjust-
ment 22 enables the scale setting to be
corrected for temperature change of the
oscillation circuit and the anode current
meter 18 enables the operator to note when
oscillation takes place and also serves as an
indicator of the correct tuning to any
selected harmonic or outside signal. A
volume control 24 is provided and also a
pre-set coupling adjustment 23 to the inter-
polation oscillator. The switch 17 changes
the input connections from the harmonic
selector to the aerial I for receiving an out-
side signal. \ith this switch in the * se-
lector ”* position, a second aerial z can be
connected to the receiver by the switch 15,
and in this position direct beating can be
obtained between any outside signal and a
locked selected frequency. By the use of a
frequency-measuring instrument in the tele-
phone circuit, frequency variations over
a small range can be observed without using
the interpolation oscillator. This addition
is very uselul for many applications of the
equipment, such as frequency-drift measure-
ments on oscillators.

Panel 5 carries the controls of the inter-
polation oscillator. A six-range switch 30
is provided and the slow-motion knob 25
operates the frequency-divided scale 27.
The calibration can be adjusted by the pre-
set control 29 and the oscillator can be
switched off by the mercury switch 28. The
special interpolating condenser is operated
by the knob 26, the setting being read off
directly on the scale 27.

The two short-wave receivers covering
the frequency ranges 10,000-28,000 and
28,000-70,000 kc/s are situated above the
interpolating oscillator, the controls being
mounted on panel 6. The frequency setting
is adjusted by the knobs 33 and 35 and read
off on the scales 34, while the selectivity is
controllable by the knobs 32 and 36. The
coupling to the interpolation oscillator is
changed by the switch 31 and the two pairs
of di-poles are mounted on each side of the
frame as shown.

Lastly, panel 7 comprises the telephone
switching svstem 37 and the audio beat fre-
quency sclector system ; the beat {requency
amplitude is controlled by the knob 38
and the required beating harmonic can be
sclected by the knob 39. Three telephone
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plugs are provided on the left of the panels
and an illuminated harmonic tabulator is
situated on the right of the set. This
tabulator gives a list of all the fixed fre-
quencies which can be derived within the
range 1,000-70,000 kc/s and dispenses with
the use of calibration charts.

() Design of Condenser Scales.

As previously mentioned, the ease of
operation is largely dependent on the accu-
racy and dependability of the calibration of
the various frequency scales. With the
object of obtaining a higher accuracy than
can be got by the use of conventional dials

S
BACK PANEL . ﬂ ﬁ,_
; L - -
G oo
i Y
T % i3
b
L I —{
- T FRONT PANEL
c4-
RANGE
SwiTCH

CONTROL

Fig. 3. —Lxample of dial slow motion control
with scale and vange swilch.

and pointers, special illuminated scales have
been used throughout and also each tuned
system has been carefully enclosed in
thermally-lagged screened cases to prevent
any sudden changes of temperature.

The arrangement of the interpolation
oscillator scale and range switch serves as

WIRELESS ENGINEER

303

a convenient example of the design of the
other scales and is shown in Fig. 3. The
earthed condenser spindle 1 is hrought
through the first of the two front panels and
is provided with a special quadrantal drive
arm 2 holding a glass scale 4. The out-of-
balance weight is eliminated by a counter
turning moment provided by the weight 11
and pulley. A slow-motion drive for the
driving arm 2 is provided by the tuning
knob and rubber-edged wheel 3 bearing on
the outer circular arc of the arm.

The range switch which is connected to
a spindle and control knob has six positions
each of which is defined by means of a click
wheel mounted on the switch rotor. A
pulley g is fixed to this same operating
spindle ; this pulley is fixed to the steel
ribbon 8 which in turn is fixed to the bracket
6 sliding on the fixed guide rail 7. By means
of the cord and weight 10, the steel ribbon 8
is kept always in tension and as the pulley
g is rotated by the range switch knob, the
bracket 6 moves along the guide rail. This
bracket carries a pointer 5 which traverses
the graduations on a transparent glass scale
4 fixed to the condenser arm 2. By this
means, the frequency setting is read off
directly without the necessity of reference
to the position of the range switch, which
in fact has no pointer.

The scale markings were produced in the
following manner. A plain frosted glass
scale was clipped on to the arm 2 and the
set was calibrated by harmonic selection.
The calibrating points obtained in this
manner were pencilled on the scale and then
the glass plate was removed and the pencil
marks transferred to an enlarged paper
scale by graphical means. The complete
scale was then drawn by interpolation and
the ke/s values typed on to the scale. A
glass scale of the original size was made
photographically and the surface coated
with a matt varnish to simulate frosting.
This scale was then mounted on the drive
arm in the same position as the original
glass scale. By this means, the complete
frequency range is covered by six scales on
one glass slide, while the reading accuracy
is high since, by using the shadow of the
pointer 5, parallax is avoided, and by the use
of such long scales uncertainty of setting is
removed even at the highest frequency of
10,000 kc/s.

C 2
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(¢) The Interpolation Oscillutor Condenser.

The interpolating accuracy of the oscil-
lator is dependent on the hnearity of the
change of capacitance with setting of the
fine tuning condenser dial, together with the
discrimination of the scale. Considerable
care must be taken to obtain a satisfactory
linear relationship between the scale reading
and the capacitance variation. The method
adopted in the present case is illustrated by
Iiag. 4.

The main feature of the condenser is the
use of a sliding
piston working in
a concentric cy-
linder; if the
gap is  small,
the capacitance
change is pro-
portional to the
axial motion of
the piston over
a large range.
The piston 2 is
made ol hard-
ened steel and
is ground cylind-
rical, the bearing
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scale has jo divisions and the main scale
100 divisions so that the total capacitance
change ot 2 pul. is divided into 4,000 parts,
the accuracv of reading being about a
quarter of a division. The geared and main
scales are so arranged that the two numbers
completely defining the piston position are
seen side by side. Thus a scale change
rom 1085 to 1463 means that the arm 6 has
executed 3.78 turns.

(@) Miscellaneous Constructional Details.

The condensers used for all the calibrated

2

3
1 1 1 1

4

—O

stems being ma-
chined at the
same time as
the piston surface. This piston slides in
the close fitting bearings 7 and is prevented
from turning by the pin and guide 9. The
fixed cylindrical electrode 3 is clamped
between circular insulating plates mounted
in the main earthed casting which is elec-
trically connected to the piston bv the light
metal strip 1. The piston is moved by a
micrometer 12 acting through a steel ball 11
and glass disc 10, the latter being gummed
to the piston stem to prevent the formation
of an oxidising film between the steel ball
and plunger.

The micrometer head is rotated by a
driving arm 4 and pin 5, the latter being
rotated by the arm 6 fixed to the driving
spindle 13. This spindle executes jo com-
plete revolutions for the total piston dis-
vlacement of one inch corresponding to a
capacitance change of about 2z uul'. The
position of the piston is observed by a glass
scale fixed to the spindle 13 and a secondary
geared scale giving the number of complete
turns from the end position. This geared

Fig. 4.

SCALE IN INCHES
Interpolating condenser.

tuned circuits are of the series-gap tvpe
with the moving system earthed ; the rotor
and stator plates are made of heavy gauge
brass to give a high degree of permanence.
The coils are wound on grooved paxolin
formers of cylindrical form and each com-
plete oscillation circuit 1s enclosed in a
thermallv-lagged screening box.

The method of locking the 1 kc/s and the
9o-110 kc/s oscillators is somewhat unusual.
Tetrode valves are used for these circuits
and the locking signal is applied to the
screen grid.+. By a suitable adjustment of
the screen potential, it is possible to get
satisfactory locking with a weak signal and
practically no trace of retro-active etiect into
the locking signal circuit. This is par-
ticularly valuable in the case of the go-
110 kc/s oscillator, since the selector circuit
can be adjusted to exact resonance with anv
selected harmonic independently of the
oscillator setting.

i A I'requencyv-Lock Multimer',7 JoAL
Young, Q.S T, 1935, 19, Sept., pp. 32-33.
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The wvarious grid bias potentials are
derived from the common 20 volt bias

main by high resistance potential dividers,
each circuit being provided with a de-
coupling system to eliminate mutual inter-
ference. A similar svstem of de-coupling
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Fig. 5.

resistances is used for all the anode circuils
and by such means complete independence
ol function is obtained in each stage of the
assembly. A photograph (I'ig. 5) shows the
lay-out and general appearance of the com-
plete equipment.
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4, Operation

The chief operating advantage of this
system of harmonic derivation is the purity
ol the output signal giving simple heterodyne
beating with the interpolation oscillator.
In Dye’s original fork-controlled multi-
vibrator, the radio-frequency output was
modulated by the low-lrequency source.
This modulation gave rise to a large number
of harmonic tones which were difficult to
distinguish. By eliminating this modula-
tion, the Irequency difterence between any
selected harmonic and the oscillator output
is observed without difficulty or ambiguity
by the insertion of the available audio-
frequency tones into the telephone circuit.
A further practical advantage is the entire
absence of calibrating charts. All frequency
calibrations are directly marked on the
various scales and the list of available har-
monic frequencies is always readily obser-
vable by inspection of the illuminated har-
monic tabulator.

The short-wave receivers are not only of
great value in extending the frequency range,
but are also useful when a signal within the
1,000 10,000 kc/s frequency range is sub-
jected to interference. If a satistactory beat
note cannot be obtained when the signal is
received in the normal manner, it is often
possible to receive a harmonic of the wanted
signal, free from interference, on one of the
short-wave receivers and then to measure this
signal frequency by a suitable harmonic
derived from the interpolation oscillator
output. This flexibility of operation is of
great value in laboratory measurements
since considerable interference is often
present.

5. Acknowledgments

The equipment described in this paper was
constructed for use in connection with work
undertaken for the Radio Research Board
of the Department of Scientific and In-
dustrial Research. The author is indebted
to the staff of the Radio Branch of the Post
Office Research Station for helpful sug-
gestions given in the early development
work. The equipment was constructed en-
tirely in the Radio Departinent of the
National Physical Laboratory by Mr. I G.
Murfitt, and the author was assisted in the
design and experimental work by Mr. A C.
Haxton.



300

A

THE WIRELESS LENGINEER

Ground and Ionospheric Rays*

Computation of the Relative Intensities on Various

Wavelengths from Existing Data
By W. Ross, M.A.

(Radio Dept., National Physical Laboratory)

ABSTRACT.—The paper constitutes an attempt to compute the relative intensities of
the ground or direct ray and of the ionospheric ray. It is shown that it is not possible to
calculate the intensity of the ionospheric ray theoretically on account of the incompleteness
of our knowledge of the ionosphere. Such experimental data of the “ reflection coethcient ” of
the ionosphere as is available has, however, been used to calculate the probable intensity of
the lonospheric ray on several wavelengths and ranges up to about 1,000 km. under various
conditions such as time of day, season o! the year, etc. The intensity of the ground ray has
been calculated from well-established formulae for the same wavelengths and ranges and
for two ground conductivities corresponding to average soil, and sea water respectively.
The results are given in the form of graphs for the special case of a transmitter radiating
equally in all directions, vertically and horizontally. It is shown how the relative intensity
of ground ray to ionospheric ray may be estimated for any transmitter whose vertical polar
diagram is known. I'mally the results are used to estimate the probable useful working
ranges of loop direction-finders under conditions when both ground and ionospheric rays
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are present.
free from

1. Introduction

N radio communication the question of the
relative intensities of the ground or
direct ray and the ray which has

travelled by way of the ionosphere is of
importance in several respects. It is, for
instance, of importance in broadcasting in
determining the effective service arca free
from fading effects. It also determines the
range within which direction-finding systems
subject to polarisation errors (such as
closed-loop systems) may be used with any
prescribed degree of freedom from error due
to this cause.

The present paper has been written mainly
with a view to providing data which will
enable the useful working range of loop
direction-finders to Dbe calculated. In a
later section it will be shown from the data
here given, and from a knowledge of the
distribution of energy in a vertical plane
through the transmitting aerial, how an
estimate may be obtained of the relative
intensities of the ground and ionospheric
rays and hence of the range within which a
loop direction-finder (or, indeed, any

* MS. accepted by the Editor, November, 1936.

For instance, on 1,000 metres, at night, the range of a loop direction-finder
night effect ** would be about 40 km.

direction-finder whose polarisation error is
known) may be used with freedom from this
type of error.

2. Ground Ray

The calculation of the intensity of the
ground ray at points on the surface of an
imperfectly conducting spherical earth can
be made by combining the results of Sommer-
feld’s analysis for a plane earth with
Eckersley’s  modification of  Watson’s
formulat for the diftraction of waves round a
spherical earth. Sommerfeld's analysis? will
hold at points near the transmitter while the
diffraction formula applies to distant points.
Curves have leen drawn based on each of the
two formulae and from these it is fairly
casy to sce at what point transition takes
place from the Sommerfeld results to those
of Eckersley-Watson. The resultant curve
for ground ray intensity is then obtained by
selecting and combining the appropriate
sections of the Sommerfeld curve and the
Eckersley curve. [t is believed that in this
way the ground ray intensity is obtained
with high accuracy and this is the method
which has been used for the computation of
this quantity in this paper. Two ground
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ravs have been calculated, corresponding to
soll of average conductivity and to sea water
respectively.

3. Ionospheric Ray

The problem of the propagation of plane
waves through an ionised medium in the
presence of a magnetic field has received
considerable attention, and the special case
in which the properties of the m2dium (such
as density of lonisation) do not change
rapidly with wavelength has been formally
solved bv the well known Magneto-ionic
Theory of Appleton, Hartree and Goldstein.?
The solution, an extension of :lie Lorentz
theory of propagation of waves in a dispersive
medium, shows that the ““ refractive index
for the wave in the medium is complex, thus
implying both refraction and absorption.
‘The real part of the complex qiantity here
referred to is usuallv called simply the
“ refractive index ”’ of the medium and the
imaginary part, the absorptior coefficient,
designated “p” and “ %’ respectively.
Thus for complete knowledge of the absorp-
tion suffered by a wave traversing an
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ionised medium we require to know the
value of *“ £’ at all points along the path of
the wave.

In the general case, the expressions for
o and % become extremely cumbersome, and
are morcover, two-valued. This means that
in general the ionosphere behaves as a doubly
refracting medium, a plane wave being split

into two ‘ magneto-ionic”’ components
having different states of polarisation,
different refractive indices, and difterent

coefficients of absorption. The quantities
“ Lk’ and “ p at any point in the ionosphere
are functions of “ N’ the density of ionisa-
tion, “ »” the frequency of collision between
electrons and molecules, and of the com-
ponents of the ecarth’s magnetic field along
and perpendicular to the direction of propaga-
tion of the wave, at the point considered.

Were all these quantities known, the
problem for plane waves could be solved,
formally at all events. The integrals
involved, however, are so extremely com-
plicated that, except by use of methods of
approximation, the solution could not be
completed.
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The extension of these resulls to spherical
waves could then be made to a first approxi-
mation by assuming for instance that the
factor taking account of absorption was the
same for spherical waves as for plane waves.
This factor is usually referred to, rather
loosely, as the “ retlection coefficient * of the
lonosphere, this being defined as the ratio
of the intensity of the reflected wave which
actually obtains in practice to the intensity
which  would obtain if the ionosphere
behaved as a perfect reflector.

4. Structure of the Ionosphere

By various methods, the complicated
stratified structure of the ionosphere las
been examined, and it has been shown that
two well-defined regions of high ionisation

N = 100 METRES
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exist called the I and F layers at heights of
about 110 km. and 200-300 km. respectively.
The maximum ionisation density in these
regions is known with fair accuracy. The
particular laver which is effective in
“ S : :

reflecting ” a given wave back to earth is
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determined by the wavelength used, time
of day, season ol vear, period in sunspot
cvcle, latitude, etc. For the calculation of

A = 200 METRES.
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the total absorption, or “ retlection
coefficient 7’ a knowledge of A and v and
other quantities such as the strength of the
carth’s magnetic field must be known
throughout the layer or lavers traversed by
the wave.

Without entering into details, it may be
said that our knowledge of the (uantities
required is too meagre for any attempt at
calculating the reflection coefficient to be
made successfully. Several workers have,
by making certain plausible assumptions as
to likely ionisation gradients and values for
collisional frequency, attempted to solve
special cases of the problem, particularly with
a view to determining the likely variation of
the reflection coefficient with wavelength,
angle of incidence, etc. Such attempts
have not yielded much success, the large
variations with wavelength and angle of
incidence forecast by theory not being
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observed in practice. This has led Appleton
and his co-workers to postulate another
region of ionisation lower than any of the
above-mentioned layers—a “ D7 region?
which is largely responsible for absorption
during the dav and which, occurring in a
region where v is large but /N not very
large, is not effective in refracting the wave
to any appreciable extent. The fact that
regions of ionisation below the I layer do
exist has recently been demonstrated directly
as described in recent communications to
“Nature.”” %

Enough has been said to show that it
would be useless to attempt any theoretical
computation of reflectional coectiicients for
the ionosphere, not only on account of the
extreme complexity of the calculation but
also, and to a greater extent, on account of
the lack of sufficient data to perform the
calculation.

5. Measurements of Reflection Coefficient
at Ionosphere

A certain number of workers have,

however, obtained experimental values for
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the reflection coefiicient of the ionosphere
for various wavelengths, and it is proposed
to use such results as are obtainable and to
extend their application in ways which may

A =300 METRES.
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or may not be allowable, to calculate the
intensity of the ionospheric ray for certain
wavelengths.

In speaking of the ‘intensity of the
ionospheric ray "’ it must be remembered
that there are, in general, two rays, the
ordinary and the extraordinary rays. If
the wave incident on the ionosphere be plane
polarised in the normal manner (vertically
polarised), the ordinary and extraordinary
rays both exist and are in general elliptically
polarised having opposite senses of rotation.
These rays will not, in general, arrive in
phase because they are subject to different
refraction effects. The 1mean intensity
obtained when a number of waves arrive
with random phase relationships is obtained
by summing the eneigy (not the intensity)
in the arriving waves. Thus if the two
rays lLere dealt with have greatly ditterent

“
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intensities, as is usually the case, the mean
intensity will not differ very much from that
of the stronger of the two rays. Even when
the two are of nearly equal intensity the
error introduced by taking the mean intensity
as equal to that of the stronger of the two
cannot exceed about 40 per cent. This
assumption has been made in what follows.
Moreover, for very short ranges the angle
between the direction of the ray and the
direction of the earth’s magnetic field is
quite small, and in these circumstances the
two rays will be approximately circularly
polarised. The result is that over a long
period of time the average intensity of the
horizontally polarised component of electric
force in the downcoming wave will be
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about equal to the average intensity of the
vertically polarised component.

Most measurements of reflection coeflicient
have been made at one angle of incidence
only (viz., normal incidence). There is some
evidence that it does not vary greatly with
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angle of incidence, and the assumption has
been made that the reflection coefficient for
any wavelength is a constant for all angles
of incidence.

N _~ 1000 METRES.
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Another question which arises is that of
multiply-reflected signals, i.e., signals which
have been reflected more than once from
the ionosphere. So far as these are con-
cerned, we may take it that these are only
of importance at distances greater than, say,
200 or joo km. At ranges less than about
400 km., such signals have travelled con-
siderably farther than a singly-reflected
signal, and thus, even if perfect reflection
occur at the ionosphere and the ground their
effect on the resultant intensity is not great,
particularly since they have random phase
relationship with the singly-reflected signal.

At greater distances all waves, whether
singly or multiply reflected, have approxi-
mately travelled the same distance, and at
distances of 1,000 km. the eflect of multiply
reflected waves may become important. In
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the following calculations, however, only one
ray is assumed.

The question as to which layer, I or F,
is effective in reflecting any particular wave-
length back to earth has Deen decided by
selecting mean values for the I and I
critical frequencies for day and night periods
in winter and summer {rom results obtained
in the ionospheric rescarch at Slough.

In selecting the best available values for
reflection coefficients, the following publica-
tions have been consulted :—

Appleton and Ratcliffe, Proc. Roy. Soc., vol. 12%,
p. 133.

Ratcliffe and Farmer, Proc. Roy. Soc., vol. 151,
p- 370.

D. F. Martyn, Proc. Phys. Soc., vol. 47, P. 323.

T. W. G. White, Proc. Phys. Soc., vol. 46, pp. 91
and 8o5s.

The general conclusions arrived at after

consultation of these papers are as follows:

Night conditions.
For wavelengths between 50 m. and 250 m.
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the reflection coefficient is approximately
equal to 0.5, and for wavelengths between

N =150 METRES.
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300 m. and 2000 m. reflection coefficient may
be taken as 0.25.

Day conditions.

For wavelengths between 60 m. and 160 m.
the reflection coefficient varies from 0.25 to
0.05. TFor wavelengths above 250 m. the
reflection coefficient is less than o.005 and
thus the intensity of the reflected ray
negligible over the range of the ground ray.

These results have Dbeen applied to the
calculation of the intensity of the ionospheric
ray on several wavelengths and for various
ranges, and the results are given in graphical
forms in Figs. 1 to 13. In the calculation
the following assumptions have been made
(in addition to any mentioned earlier in the
paper).

The transmitter is an imaginary one having
a vertical polar diagram whicl is a hemisphere
ie., radiating equally in all directions, the
total power radiated being 1.5 kW.
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The heights of the £ and F regions have
been taken as rrokm. and 250 km. re-
spectively. The layer at which reflection is
assumed to have taken place is noted against

A =150 mMeTres
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each curve. The curves are based on present
conditions in the ionosphere.

6. Application of Results to Practical Cases

In practice most transmitters will radiate
better horizontally than vertically. Let 6
be the angle which any ray makes with the
vertical through the transmitter (8 will also
be the angle of incidence of the downcoming
wave at the receiver). Suppose that the
vertical polar diagram representing field
intensity of the transmitter is given by f(8),
and suppose further that [ is the intensity
of the downcoming ray, as given in attached
curves, on a certain wavelength and at such
a range that the angle of incidence with the
vertical is 6, then the actual intensity £ of

WIRELESS ENGINEER

June, 1937

the downcoming ray at this range and for
this particular transmitter will be

£~y f0f1(3)

it being assumed that the power radiated
by the transmitter f(6) has been adjusted so
as to give the same intensity of ground wave
as the fictitious transmitter used in deriving
the attached curves.

For instance, with a simple vertical
aerial of length small compared with the
wavelength as transmitter, f(8) — sin 8 and
thus E—=FL,siné

Ihe power radiated by such a transmitter
will be rkw. to give the ground wave
intensity shown.

The value of 6 for any particular range
can be obtained from a knowledge of the

N = 500 meTrRES.
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rangejand the height of the layer from which
reflection is assumed to have taken place.
A curve is given in Fig. 14 showing values of



June, 1937 THE

9 for ranges up to 100 km. and reflection
from either E or I' regions.
It must also be noted that these curves

A = 500 METRES.
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give simply the intensity of the electric
vector (or of the magnetic vector in appro-
priate units) in the downcoming wave and
take no account of reflection at the ground at
the point of reception. It is assumed that,
on the average, the electric vector is as often
horizontal as vertical, and thus for the
purpose of calculating the magnitude (but
not phase) of the resultant magnetic and
electric forces at the point of reflection, the
downcoming wave may be treated as if it
were circularly polarised having an electric
vector given by the attached curves.

Thus, if we are concerned with the applica-
tion of these results to loop direction-finders,
we may proceed as follows.

Suppose a loop direction-finder to be under
the combined action of a ground wave, whose
magnetic vector has a value H, and a down-
coming wave incident at an angle 6 with
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the vertical, horizontally polarised (1.e., with
the magnetic vector in the vertical plane of
propagation), the intensity of the magnetic
vector being H, then the component of
magnetic force at the ground in the plane of
propagation is given by

a = (1 -+ py) H cos 6§

where p, is the reflection coefficient of the
ground for horizontally polarised waves.

To a sufficient degree of approximation
this may be written as

a = 2H cos 8

The maximum value of bearing error
produced in the direction-finder will be e
where

2H cos @
tan e — e
Hl
S 2L cos @
€ =
E,

where I and E, are the magnitudes of the

30— —

22—

24

20/

|- FROM £ LaveR.
i

3

gl o1 — - t

ol F | I/ |

Y

Qla ‘*’ = . ¥ !

8|, ' | |
144 ——

§ | |

3 |

YA

~ -

7 et S P =

S REFLECTION ——, /‘

W

$

<

| ,
REFLECTION FROM |

} /-L/

1 | £ LAVER.
* / , i
! I 1 L [

L |
Oy 10 20 30 #6 s0 66 76 80 S0 /00
RANGE. (/rm)_

14.—Angle of incidence for reflecting from
E and I layers for vavious ranges.



314 THE
electric vectors in the downcoming and
ground rays respectively.

E is related to £, the value of the electric
vector of the downcoming wave given in the
attached curves by the relation

£ =E,0)[ /(7)

where f(6) is the function representing the
vertical polar diagram of the transmitting
aerial.

Thus for a transmitter having a short
vertical aerial

E=FE,sin ¢
2F,sin fcos 8 L, sin 26
and tan e = /070 = 70 .
E, E,
Thus if a polarisation error of 1° is
L L, sin 26
permissible then =% 5. must be < o.0174

1
where E,, I, are read directly from the
curves given.

It may be added that for ranges up to
roo km. and for reflection tfrom F layer,
cos # may be taken as unity with an error
of less than 2z per cent., and for reflection
from E layer the same holds true for ranges
up to 50 km. Thus within these ranges
sin 26 may be written as 2 sin 6.

Let us take as an example the case of a
wavelength  of 1,000 metres. Reflection
(at night) is from the I layer.

| | Fo x Zsing ‘ Max, Error
Range | E; E, Ey x 2sin g | Ey | in Bearing
km, |[mV/m. | mV/m. m\V . Degrees,
20 15 0.35 0.063 | 0.0042 0.25
30 | 10 0.35 | 0.092 0.0092 0.53
40 7.5 0.35 0.123 0.0164 0.93
0.152 0.0252 } 1.43

50 I 6.0 0.35

Thus (approximately) for ranges beyond
40 km. we may expect a (variable) polarisa-
tion error of more than 1° max.

To apply the results to other forms of
direction-finder we must calculate the re-
sultant components of electric force at the
point considered, which are effective in
producing bearing errors. Lor instance,
with Adcock direction-finders the component
of force giving rise to error is the resultant
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component of electric force perpendicular
to the plane of propagation. To calculate
this, p, may no longer be taken as unity
but must be given a more correct value.

Summary and Conclusions

The paper is chielly concerned with an
attempt to calculate the relative intensities
of the ground ray and the ionospheric ray
in order to estimate the effective ranges
within which closed loop direction-finding
apparatus may be used with freedom from
polarisation errors.

The estimated value of the lonospheric
ray must be accepted with some caution, in
view of the scanty data available for its
computation and the assumptions which
have had to be made. The possible working
ranges of loop direction-finders, which may
be derived from the results given here, are
probably under-estimated rather than over-
estimated, and the uncertainty in the
precise range may be of the order of a factor
of 2.

Subject to these restrictions, the informa-
tion in this paper will provide some guide
as to the possible working range of loop
direction-finders or other direction-finders
whose behaviour when under the influence
of a wave of variable polarisation is known.
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Time Sweep of a Cathode-Ray
Oscillograph*®

Calibration Using a Valve Time-base

By F. C. Williams, M.Sc., D.Phil., and J. P. Wolfenden, B.Sc.

N making quantitative measurements on

cathode-ray oscillograms obtained with

the aid of a valve time-base, considerable
errors may arise if the time-base is not
calibrated, for unless it is perfectly linear
over the whole of its sweep, a given distance
does not represent the same angle at different
positions along the X axis. The accurate
determination of angles by direct measure-
ment is then impossible and some form of
time calibration is necessary. When photo-
graphic records are taken a similar inaccuracy
may be introduced by screen curvature.
Further, when voltages of irregular waveform
are recorded it is often necessary to obtain
an accurate zero line. Such a line can be

~
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Fig. 1.

drawn on the recorded oscillogram if the
time base has been calibrated, for the mean
ordinate measured from any arbitrary line
parallel to the X axis can be determined.

The apparatus to be described is designed
to work from the A.C. power supply and has
been of great assistance in the measurement
of phase angles between voltage and current
waves, ignition angles and phase overlap
in grid-controlled mercury arc rectifiers
and in the examination of irregular wave
forms.

In order to explain various {features of
the apparatus it is necessary to mention
several experimental models which were
tested before the final apparatus was evolved.

If the output from an ordinary valve
oscillator is applied to the Y plates of an
oscillograph the distances between successive

* 318, accepted by the Editor, November, 1936.

peaks represent equal time intervals. More-
over, if the frequency of the oscillator is high
relative to that of the wave to be examined,

0

CATHODE
POTENTIAL

O S POTENTIAL OF
SHIELD AT WHICH
IMAGE IS VISIBLE

VOLTAGE FROM
OSCILLATOR

Fig. 2.

these distances become small and accurate
calibration is possible. The obvious dis-
advantage of this method lies in the super-
position of a complete calibrating oscillation,
on the wave studied, with the result that
the wave is either obscured or restricted to
a portion of the screen only. An example of
such calibration is shown in Fig. 1.

This disadvantage can be overcome by
transferring the oscillator output from the
Y plates to the shield or modulator electrode
of the oscillograph. Suitable adjustment
of the steady bias voltage applied to the
shield then results in the time sweep being
broken into a dotted line, the distances
between the dots representing equal time

Lig. 3.
intervals. The mechanism by which this
result is obtained is sufficiently explained
by Fig. 2, which shows the variation of
shield voltage with time.

1t is understood, of course, that the time-
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base remains connected to the X plates
and that its controls must not be adjusted
between the recording of test wave and
calibration. The resulting calibration is
illustrated in Fig. 3. The dots can be re-
placed by short and almost vertical straight
lines, as shown in Fig. 4, by teeding a portion
of the oscillator output to the Y plates and
causing this voltage to lag go° behind the
voltage applied to the screen. However,
the results obtained by this arrangement,
a diagram of which is shown in Fig. 5, did

not justifv the necessary  additional
apparatus.
2o
FRAMHEIS bbbk ey XXITNE: :....'-n
Fig. 4.

The subsequent quantitative examination
of the recorded oscillogram is greatly facili-
tated by the provision of a convenient
number of calibration marks per cycle of
the wave examined, but even if the frequency
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frequencies which is driven from the power
supply and whose frequency is controlled
by the supply frequency. It is designed

+HT.
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Fig. 5.

to operate at 1,800 c¢/s. since this not only
vields a convenient number of dots per cycle
of the s0-cycle supply but is also readilvy
controlled therefrom.

The general principle of operation involves
the use ol two oscillators, the first being
drivent by a harmonic of the supply voltage
and the second by a harmonic of the first

of the oscillator were adjusted to give this oscillator. The circuit used is shown in
result, anv slight wvariation of oscillator Iig. 6.
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frequency would cause the dots to move
across the screen. To overcome this ditfi-
cultv a fixed frequency oscillator has been
designed for use in measurements at power

<
o

The frst stage is essentially a simple
full-wave rectifier except that a 300-ohm
resistance is included in series with the first
smoothing condenser. A series resonant
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circuit selects the third harmonic of the much
distorted 100-cvcle wave which appears
across this resistance and supplies it to the
first oscillator. This oscillator is arranged
to yield a weak oscillation at a frequency of
300 c/s, and is held at that frequency by the
selected harmonic.

The second oscillator is adjusted to a
frequency of 1,800 ¢/s and is similarly locked
to the sixth harmonic of the first oscillator
by means of a distorting diode rectifier and
resonant circuit.

The output of the second oscillator is fed
to the shield of the cathode-ray tube through
a high voltage condenser which must be
capable of withstanding the maximum anode
voltage applied to the oscillograph tube.

In order to permit easy counting of the
dots it is convenient to displace every sixth
dot by applying a suitably distorted voltage
at a frequency of 300 c/s to the Y plates.

fwmvw

Fig. 7.

This displacing voltage is provided by the
diode V; (see I'ig. 6). The distance between

5

displaced dots then represent an angle of 60°
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reckoned relative to the wave examined,
horizontal distances between adjacent dots
represent 10°.

Fig. 7 is an oscillogram showing the re-
sulting calibration applied to the measure-
ment of phase overlap in a mercury arc
rectifler.

In constructing the apparatus it was
found convenient to provide the inductances
with adjustable iron cores which were
clamped in position after the circuits had
been tuned. Rapid readjustment of fre-
quency in the event of changes in the power
supply was facilitated by the provision of
five plug connections, on an external terminal
board, connected to the points shown in
Fig. 6. The oscillograph is used to indicate
correct adjustment by synchronising the
time-base with the power supply and con-
necting the Y plates to the circuit concerned.

The apparatus described was specially
designed for supply frequency measurements
but the principle might well be applied to
measurements at other frequencies. In such
cases the first oscillator would be synchronised
from the source supplying the test voltage.
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The Three Halves Power Law of the Diode
To the Editor, The Wireless Engineer.

S1rR,—Mr. E. B. Moullin’s letter on the above
subject in your April issue was of great interest
to me as, some time ago, in attempting to obtain a
simple physical argument to derive this relation, I
developed an elementary non-mathematical treat-
ment which, although not rigorous, I have found
helpful to beginners.

Consider an ideal parallel plane diode in which
unlimited emission and zero initial velocities are
assumed. The application of a positive potential
to the anode will cause a current to flow and a space
charge to be produced. The agent producing the
flow of electrons is the electric intensity at the
cathode surface and as the accelerating field at the
cathode is obviously diminished by the presence of

space charge the equilibrium condition will be
reached when the field at the cathode surface just
vanishes. In this condition the total space charge
must be just equal and opposite to the total charge
on the anode surface. Therefore the total space
charge will be proportional to the electric intensity
or potential gradient at the anode surface. Simi-
larly, the total space charge lying between any
equipotential surface in the inter-electrode space
and the cathode will be proportional to the potential
gradient at the surface considered.

The accelerated electrons, when crossing any
plane equipotential section of potential ¥V will have
a velocity proportional to +/V and further, the
current, which must be the same at all sections,
will be proportional to the product of the space
charge density and the electron velocity at the
section considered.

D
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The curve of potential against distance, x,
between cathode and anode must be tangential
to the x axis at the cathode and must pass through

the point ¥ —d, V = V, where d is the inter-
clectrode spacing and 17, the anode potential.
Va2¥a
4 v
V=va E
1S
2
’§ 7] 2| 5 | 2
] 3
& ’ 3 /5 ;_d
Fig. 1

Assume some plausible distribution such as curve 1,
Fig. 1. Supposc that the anode potential is now
increased to 21’,. The new curve must again be
tangential at the origin and must now pass through
the point ¥ =d. V 2V, The simplest reason-
able assumption is that the new curve is formed from
curve 1 by doubling all its ordinates. T.et this be
assumed. The gradient of curve 2 for any given
value of v is then twice that of curve 1. Thus the
electric intensity is doubled at every point.

let the inter-electrode space be divided by a
number of parallel plane sections into * slabs,”
e.g. 4, the position of the interfaces being shown
as I, Iy, ctc. in Fig. 1. The total space charge
lying between section F, and the cathode must be
twice as great for curve 2 as for curve 1 and simi-
larly for any other section, e.g. the adjacent one F.

b 2’ 3’ <’
v 5 ~ ~ Az
- 4
1
2 3 4
4 FI A,’ ,
,
£ A A Az
x-d x=2d
Fig. 2.

Theretore the total space charge in slab 3 is twice
as great for V = 2V, as for V = V,. Doubling
the anode voltage thus doubles the space charge
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density at every point. At the anode surface the
space charge density has been doubled and the
electron velocity will have increased 4/2 times.
The anode current is therefore increased in the ratio
of 1 toz2 V2 = 23, or in general, anode current,
I,av2

Now consider, in a similar way the effect of
altering the electrode spacing. Iet it be assumed, as
indicated in Fig. 2 that the cffect of doubling the
electrode spacingis to double the abscissae of curve 1.
The gradient of curve 2, Fig. 2, for any particular
value of ¥ will then be half that of curve 1. Thus
the total spuce charge lying between section F,’
and the cathode (Curve 2) will be half the value
of space charge lying between section £, and the
cathode {curve 1), and similarly for sections /3" and
F,.  Therefore the total space charge between
scctions F,” and Fj’ is half that between scctions
I, and Fj. But the volume ol slab 3’ is twice that
ot slab 3 therefore the space charge density is every-

1

I 1 . .
where reduced to - X of its previous value.
2 2

22
At the anode surface the electron velocity is un-
changed but the space charge density is reduced to

1 . .
, so that the anode current is reduced in the same

ratio. Thus, for and in

. 1
V', constant ]"udz'
E
a2
The argument is not, of course, in any sense
rigorous but serves to illustrate very simply the
physical processes involved.
The University,
Birmingham.

general I, a

James GREIG.

Frequency Changers
To the Editor, The Wireless Engineev.

SiR,—1It may be of interest to mention that since
the article in the April issue of The Wireless
Lngineer on Octode Frequency Changers was
written by Dr. Strutt a triode-hexode has been
developed in the Mullard Laboratories which avoids
most of the effects mentioned by him.

The oscillator slope of this new triode-hexode is
rather high, being of the order of 6 mA per volt at
the starting point of oscillation. Oscillator circuits
may, therefore, be loosely coupled to the valve
which practically eliminates frequency drift.

The Mullard Wircless Service Co., Ltd.
l.ondon, W.1. T. E. GoLpur.
(Head of Technical Service Dept.)

Television Exhibition

TELEVISION Exhibition at the Science
Museum, South Kensington, to which admis-
sion will be free, will be opened to the public

on lriday, June 11th, andis expected to last for three
months. Each weekday it will be open at 10 a.m.
and close at 6 p.m. on Mondays, Tuesdays and
Wednesdays, and two hours later on Thursdays,
Iridays and Saturdays. It will not open until
2.30 p.m. on Sundays and close at 6 o’clock.
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PROPAGATION OF WAVES

2050. PPHASE-VELOCITY OF LELECTROMAGNETIC
WAVES ALONG THE GROUND.—W. Ross &
E. C. Slow. (Nature, 17th April 1937,

Vol. 139, p. 671.)

The writers have measured the phase velocity of
radio waves of f{requency 2.5-13Mc/s by a
cathode-rav-oscillograph determination of the phase
difference between two vertical aerials at a known
distance apart in the direction of propagation of
the waves. The measured values lie very close to
the value 3 x 10'%cm/sec; °‘there is no indica-
tion of a marked change in velocity with fre-
quency "’ so that the group velocity will differ only
slightly from the velocity of light. *° These results
are not in agreement with those of Colwell, Hall,
& Hill " (438 of I'ebruary) whose measurements
however retfer to ““a pulse which has travelled
some kilometres and may not have remained quite
close to the ground all the way.”

2051. THE INFLUENCE oF THE MWATER CONTENT
oN THE REsistanceE ofF GEorocicaL CoN-
pucrors.—V. Fritsch. (L.7.Z., 25th March
1937, Vol. 58, No. 12, pp. 319-320.)

‘“ The resistance of the solid component is, with

a few exceptions, so high that the currents fowing
therein may be neglected. The effective resistance
depends almost exclusively on the liquid com-
ponent. The relation between resistance and water
content is complicated, and dependent on many
subsidiary conditions. Badly conducting kinds of
rock, which electrically differ very little from their
surrounding medium, can sometimes be detected
electrically by the solutions to which they give
rise ”’ [in wet weather the water which penetrates
into them forms solutions whose nature and degree
of saturation depends on hydrological and mineral-
chemical factors].

2052. RADIO EXPERIMENTS IN SUMMER, 1936, ON
THE DANUBE BETWEEN PASSAU AND RUSSE.
V. Fritsch. (Hochf:tech. u. Elek:akus.,
March 1937, Vol. 49, No. 3, pp. 9498)
For previous work see 2522 of 1936 and back

General Physical Articles .. .. 343
Miscellaneous o0 = o344
references. Here, the deformation produced by

rivers and hills in the propagation of waves from
an emitter is first discussed (§1; Figs. 1-z2e).
Experiments on the upper Danube on a wave-
length of 1om are described in §1; the polar
diagram of an emitter in a bend of the river was
determined (Figs. 4, 5 with vertical and horizontal
dipole respectively). Reception in a narrow valley
was also tested (l'ig. 6). Reception of the broad-
casting station at Linz (frequency 886 kc/s) was
measured (Fig. 7). Similar reception experiments
were made on the lower Danube (§ 111; Iigs. 8, o).
The gencral conclusions reached were that (1)
subterranean water-courses have a considerable
effect on the polar diagram ; (2) communication is
possible on the 10 m-band even in narrow wind-
ing valleys; (3) cataracts have a marked absorp-
tion effect which may be due in this case to
mineral deposits in the surrounding hills; (4) in
the cataracts, no emitter could be heard satis-
factorily in the day-time; useful communication
along such stretches of the river is confined to the
night-time.

2053. Tnr MorioN oF ELECTRONS IN a Gas 1IN
THE PRESENCE OF VARIABLE ELECTRIC
FIELDS AND A CONSTANT MAGNETIC FIELD.
V. A. Bailey. (Phril. Mag., April 1937,
Series 7, Vol. 23, Supp. No. 156, pp. 774—

This general theory starts by considering the
mean work done on an electron per collision and
proving the theorem that * the total average
energetic effect of the forces of different frequencies
is equal to the sum of the separate average effects.”

The determination of the collision frequency by

approximate and graphical methods is discussed ;

the theory is illustrated by * the study of the
effects caused by a sinoidal electric field,” and by

“an electric field having two undamped com-

ponents of ditterent frequencies, which are parallel

to cach other and perpendicular to the magnetic
field.” The possible existence of hitherto un-
recognised phenomena in the interaction of radio
waves is pointed out; ‘‘two waves whose fre-

D 2



320 THE

quencies differ only by an audible frequency may
cause variations in the collision frequency of an
audible kind, and so may produce an audible
background in the reception of a third wave whose
frequency differs considerably from the frequencies
of the other two . . . a kind of resonance may
occur in the well-known radio-interaction of two
waves when the frequency of one of them passes
through the value of the local gyro-frequency
(see also 840 of March).

2054. RESONANCE DISPERSION IN IONISED GASES
{fand Wave Propagation in the Ionosphere :
Experimental Investigation].—W. Sigrist.
(Helvet. Phys. Acta, Fasc. 2, Vol. 10, 1937,
pp. 73-106: in German.)

For previous work see 3315 of 1935. From the
author’s summary —'‘ The resonance dispersion of
ionised gases observed by various authors [e.g.
Gutton] is a true electron resonance. My re-
searches on the amplitude-dependence of the
resonance-ion density show definitely that the
quasi-elastic binding of the electrons is a macro-
binding in the sense of Langmuir’s picture of
plasma oscillations. The phenomena can be
explained only by the inhomogenecous distribution
of the ionic density along the electric-field vector.
On this assumption a complete interpretation of the
phenomena of resonance dispersion is possible.”

The writer points out that various workers have
tried to use the phenomena of plasma resonance
for the explanation of certain results in the propa-
gation of electromagnetic waves in the ionosphere.
" But plasma resonance is a very definite in-
homogeneity effect, in which the inhomogeneity
must occur in the direction of the electric field and

. must extend over regions whose dimensions

do not exceed the length of a wave. 1t is very
difficult, if not impossible, to assume a correspond-
ing structure for the ionosphere . . . Resonance
dispersion in an ionic plasma is seen to be a definite
‘ container effect’ arising from the decrease of
ionic density at the confines of spatially limited
gas discharges. It is thus particularly important
in the phenomena of discharges in apparatus such
as rare-gas and metal-vapour rectifiers, metal-
vapour lamps, etc., but not in the very extensive
ionosphere.”

2055. DIELECTRIC CONSTANT OF AN ELECTRONIC
ATMOSPHERE FOR ULTRA-SHORT WAVES.
A. Imam & S. R. Khastgir. (Indian Journ.
of Phvs., Feb. 1937, Vol. 11, Part 1, pp.
37-48) _

" Measurements of the diclectric constant of an
electronic medium between the plate and the
filament of a dull-emitting screen-grid valve (and
also of a triode) have been made for different
thermionic currents and for a certain range of
ultra-short wavelengths [4—-5.1 m]. The dielectric
constant has been found first to decrease and then
to increase with the increasing wvalues of the
thermionic current. This variation has been
explained in view of certain characteristic features
associated with the thermionic valves ” [effect of
time of stay of clectrons in the inter-electrode
space : effect of non-uniform distribution].

““The dielectric constant has been found to
decrease with the wavelength for the shorter wave-
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lengths. This variation is not in perfect agreement
with the Eccles-Larmor formula. Beyond a certain
wavelength the dielectric constant increases again
with the wavelength. The unmistakable turning
point in the dielectric-constant/wavelength curve
suggests some kind of resonance effect.”

2056. PROPERTIES OF THE 10M WAVE 1IN OVER-
seas Trarric [Short Description of Con-
ditions in 1935/36].—E. Fendler. (Hochf:
tech. u. Elek:akus., Feb. Vol. 49,
No. 2, pp. 56-57.)

1937,

2057. RECEPTION ON 28 Mc/s [Distances 50-500
Miles : Regular Reception of Type unlike
the High-Angle Refraction Type met with
in Summer].—D. W. Heightman. (Wireless
World, 2nd April 1937, Vol. 40, pp. 338-
339).

2058. MicRO-WAVES : PART V—PROPAGATION.—
Carrara. (dlta Frejuenza, March/April 1937,
Vol. 6, No. 3/4, pp. 209-214 and 245-246.)
Conclusion of the series referred to in 1736
of May.

OBSERVATIONS OF THE DELLINGER EFFECT
oN 6TH Nov. 1936 [at Pieskow, Beelitz,
and elsewhere].—H. A. G. Hess. (Funktech.
Monatshefte, March 1937, No. 3, pp. 74—76.)

Author’s summary :—* The Dellinger effect has
its origin in an intluence, proceeding from the sun,
on the ionisation of the Kennelly-Heaviside layer.
The eruption centres of hydrogen flocculi are the
cause, either by radiation or by electron emission.
These eruptions have a short duration ; the layer
receives from them an extremely high increase of
ionisation in a very short time, whereby the day
waves used in transoceanic services suffer a weak-
ening in reflection or an absorption, as a result of
too steep ionisation gradients, until the charges
have been dissipated and equilibrium is restored.
Ultra-short waves around 8 m are not affected in
their propagation by the Dellinger phenomenon,
since in any case a high degree of ionisation is
necessary for their reflection. It may therefore
be expected that in certain conditions a trans-
oceanic propagation of waves around 5 m would
be possible during a Dellinger disturbance [thus
the writer learns that in the afternoons of sth &
6th Nov. the 6.9 m sound transmission from the
Alexandra Palace, and probably also the 7.1 m
signals from Witzleben, were received in Johan-
neshurg].

" Further, the. action of the Dellinger effect
seems to increase proportionately with the angle
of incidence of the sun’s rays on the great circle
joining the transmitter and receiver, and with the
length of path illuminated by the sun. On the
other hand the action is inversely proportional to
the radiated frequency. Thus frequencies around
30 Mc/s are less affected than those around
20 Mc/s, while at 40 Mc/s no disturbance can be
found.”

2059.

2060. EFFECT OF THUNDERSTORMS AND MAGNETIC
STORMS ON THE [ONISATION OF THE
KeENNELLY-HEAvVISIDE  LAYER.—Bhar &
Syam. (See 2077.)
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2061. HEIGHTS OF REFLECTION OF Rapio WavVEs
IN THE IoNOSPHERE.—F. H. Murray & ]J. B.
Hoag. (Phys. Review, 1st March 1937,
Series 2, Vol. 51, pp. 333-3s1.) The full
paper, an abstract of which was referred to in
1274 of April. The theoretical method used
to calculate geometrical heights of retlection
from observed virtual heights is given here.

2062. Tue PHvsics oF THE IoNOSPHERE [Survey

with over 300 Literature References].

H. R. Mimno. (Reviews of Mod. Physics,

Jan. 1937, Vol. 9, No. 1, pp. 1-43.)

Including sections on the nature of the accelera-

ting field, Gutton’s ‘‘ quasi-resonance ” (and
Appleton’s refutation), analysis of magneto-ionic
double refraction, collisional {riction, ‘‘ fine struc-
ture,”” tidal effects, local ionospheric clouds,
interaction, etc. In connection with interaction
the writer mentions the ** inertia ”’ results of Ferrier
& Donder (1930 Abstracts, p. 449) in optical tele-
phony, when they found that an absorber placed
near the transmitter, where the rays were con-
centrated, had a different effect from that pro-
duced by the same absorber placed in the weaker
radiation ficld near the receiver.

2063. THE ‘' OnGar” Purse Circuir [giving
0.0001 Sec. Pulses: originally used to Key
the 4o kW Ongar Transmitter].—G. Milling-
ton. (Marconi Review, Nov./Dec. 1936, No.
63, pp. 1-6.)

RECORDED OBSERVATIONS OF THE ['ADING OF
Two StaTions [One 850km away, the Other
220 km : Completely Different I3ehaviour
under Otherwise Similar Conditions].
RR. Theile. (Fumktech. Monatshefte, March
1937, No. 3, pp. 83-85)

A D.C. AMPLIFIER ¥OR LOGARITHMIC RE-
CORDING [for Broadcast Field Intensity
Measurement and Other Purposes: 5 mA
Output across Load up to 5000 Ohms for
3 Volt Input (less than 10pA)].—]. P.
Taylor. (Electronics, March 1937, Vol. 10,
No. 3, pp- 24-27 and 35.)

2004.

2065.

2066. THEORETICAL CALCULATION OF THE Dis-
TRIBUTION OF THE OZONE FORMED BY PHOTO-
CHEMICAL ACTION IN THE ATMOSPHERE.—
Wulf & Deming. (Journ. de Phys. et le
Radiuwm, Jan. 1937, Vol. 8, No. 1, pp.
170-171S.)

ABSORPTION OF OXYGEN AT THE LIMIT OF THE
SorLar SpecTrRUM [Experimental Study:
Contribution of Oxygen to Absorption of
Ultra-Violet Solar Radiation is practically
Zero].—L. Herman. (Comnptes Rendus, 31st
March 1937, Vol. zo4, No. 13, pp. 1035-1037.)

2068. ON

2067.

THE DI’RODUCTION OF AURORAL AND

NI1GHT-SKky LicHT [Night-Skv Lines and
Bands produced by means of the Dis-
sociative Energy of Oxygen: Important

Réle of Metastable Nitrogen : Excitation of
Auroral Spectrum by Impact of External
Particles on Nitrogen Molecules].—S. Chap-
man. (Phil. Mag., April 1937, Series 7,
Vol. 23, Supp. No. 156, pp. 657-665.)
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2069. ELECTRONIC ORIGIN OF THE NITROGEN
BANDS IN THE SPECTRUM OF THE AURORA
BoOREALIS. DETERMINATION OF LENERGY
oF Exciting ELecTrons.—R. Bernard.
(Comptes Rendus, 22nd March 1937, Vol. 204,
No. 12, pp- 993-995.) For previous work
see 1681 of May.

2070. ON CHEMICAL REACTION IN THE ELECTRIC
DiISCHARGE : II—THE SYNTHESIS OF NITRIC
OxipE [as Product of Glow Discharge in
Nitrogen/Oxygen Mixtures : Reaction may
proceed wvia Metastable Oxygen Molecule :
Ion Clusters need not be introduced for In-
terpretation of Such Electrical Reactions].—
E. J. B. Willey. (Proc. Roy. Soc., Series A,
15th March 1937, Vol. 159, No. 897, pp-
247-262.)

. AN ATTEMPT TO DETECT THE PRESENCE OF

METASTABLE ATOMS IN ACTIVE NITROGEN

BY LIGHT ABSorPTION [Negative Results].—

Herbert, Herzberg, & Mills. (Canadian

Journ. of Res., March 1937, Vol. 15, No. 3,

Sec. A, pp. 35-38.)

ALTITUDES AND SPECTRA OF RED AND SUNLIT

AuroRAas [Data of Recent Norwegian

Observations] —C. Stérmer. (Nature, 3rd

April 1937, Vol. 139, p. 584.)

2073. OBSERVATIONS OF THE AURORA AND THE

ZoDIACAL LIGHT [since 1931].—(Nature, 10th
April 1937, Vol. 139, p. 642: mnote on
Memoir 32, Part 3, issued by British Astro-
nomical Association.)

2072.

2074. THE SoLAR AND MAGNETIC CONDITIONS
ASSOCIATED WITH RECENT AURORAS.—]. P.
Rowland. (Nature, 17th April 1937, Vol
139, pPp- 680-681.)

2075. TERRESTRIAL MAGNETIC VARIATIONS AND

AURORAE [Summary and Comparison of

Theories|.—E. O. Hulburt. (Reviews of

Mod. Physics, Jan. 1937, Vol. 9, No. 1,

Pp- 44-68.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

2076. ON THE ORIGIN OF INTERSTELLAR Rapio
DisTURBANCES [Black-Body Radiation fails
by Factor of 10t to explain Observations].—
F. L. Whipple & J. I.. Greenstein : Jansky.
(Proc. Nat. Acad. Sci., March 1937, Vol. 23,
No. 3, pp- 177-181.) It is therefore ** par-
ticularly necessary to investigate more
thoroughly the actual dependence of the
received intensity on wavelength, a problem
which is now being attacked by one of the
authors.”

EFFECT OF THUNDERSTORMS AND MAGNETIC
STORMS ON THE IONISATION OF THE KEN-
NELLY-HEaVISIDE Laver.—]. N. Bhar &
P. Syam. (Phil. Mag., April 1937, Series
7, Vol. 23, No. 155, pp: 513—528.)
Theoretical considerations lead the writers to
search for a ‘' correlation between thunderstorm
activity and abnormal increases of ionisation by
taking into account thunderstorms . . . within a
radius of 200km round Calcutta.” E-region

2077
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ionisation was observed and abnormal ionisations
classified and compared with data of thunderstorms
and magnetic storms. It is concluded that there is
““a marked association between the occurrence of
a thunderstorm and an abnormal increase in E-
region ionisation ; the association, if any, between
magnetic disturbance and abnormal ionisation of
the E region is not very marked ; there is no
association between magnetic disturbances and
thunderstorms.”

2078. AT WHAT POINT DOES A LIGHTNING STROKE
" MAKE For ” ITs STRIKING Prace ?— B.
Walter. (Zeitschr. f. tech. Phys., No. 4,
Vol. 18, 1937, pp. 105-109.)

Every photograph known to the writer of light-
ning striking a high tower shows a distinct *“ kink "’
in the course of the flash at quite a small distance
from the striking place : it is thought that only at
this point does the lightning “ become aware of
the tower. This confirms the belief that the radius
of protection of a high tower provided with a
lightning conductor is only slightly greater than the
height of the tower above its surroundings

2079. LIGHTNING REFERENCE B0OoK To BE ISSUED
Soon [Notice of AIEE Publication].
(Elec. Engineering, April 1937, Vol. 56, No. 4,
p. 488)

Tue EFFECT OF AIrR VELOCITY ON THE
SPARK BETWEEN POINT-PLATE axD Two-
PoINT ELECTRODE SysSTEMS IN ATMOSPHERIC
AR [Little Effect on Spark-Over Potential
of Point-Plate System].—\Wheatcroft, Smith,
& Hoyle. (Phil. Mag., April 1937, Vol. 23,
Supp. No. 156, pp. 718-726)

Discussion oN ““ A DISTURBANCE Dura-
T1I0N R1CORDER.”—Vricr. (Elec. Engineeving,
March 1937, Vol. 56, No. 3, pp. 367-368.)

RADI10-TRANSMITTED COINCIDENCE-COUNTER
MEASUREMENTS OF Cosmic-RAY INTENSITIES
IN THE STRATOSPHERE [Coincidence trans-
mitted as Pulse of H. . Waves|. T. H.
Johnson. (Journ. Franklin Inst., March
1937, Vol. 223, No. 3, pp. 339-354.)
VARIATIONS OF THE ELkcTricaL CoNDUC-
TIVITY OF THE AIR AS A FUNCTION oF Bako-
METRIC DEPRESSION, IN THE PNEUMATIC
CuaMBER [Increase of Conductivity with
Decreasing Pressure is probably due largely
to Increased Mobility of lons].—]. Cluzet &
P. Ponthus. (Comptes Rendus, 22nd March
1937, Vol. 204, No. 12, pp. 995-997.)

PROPERTIES OF CIRCUITS

2084. A METHOD OF INVESTIGATING THE TRANSIENT
CHARACTERISTICS OF KLECTRICAL CIRCUITS
{Development of Infinite Integral Theorem
to a Form suitable for Graphical Calcula-
tion: Use of Cathode-Ray Oscillograph],
also NOTE ON THE ANALYSIS OF TRANSIENTS,
and A FORM OF THE INFINITE INTEGRAL
THEOREM VALID ¥or CIRCUITS WHICH PASS
A STEADY CURRENT.—R. N. Morse : W. G.
Baker : W. G. Gordon. (Journ. 1.EE.
Australia, Feb. 1937, Vol. 9, No. 2, pp.
77-82: 82 : 82-83.)

“ Various qualitative applications suggest them-

2080.

2081.

2082.

2083.
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selves, such as for the design of tone-compensated
receivers and more particularly television ampli-
fiers. The transient response of filter circuits and
telephone lines, and distortion in amplifiers, can
also be conveniently examined.”

2085. THE SvmMmETRY ConDITIONS IN COUPLED
FiLTErs.—H. Baumgartner. (Hochf tech.
u. Llekrakus., Feb. 1937, Vol. 49, No. 2,
pp. 05-67.)

Remark on a paper by Troeltsch & Steinmetz
(3357 of 1936). The writer finds that * the sym-
metry conditions there given for phase-pure
coupled circuits do not correctly reproduce the
actual conditions, as they do not consider the
detuning effect of the coupling member.”” The
theory of the coupled filter (Fig. 1), the capacita-
tively- and inductively-coupled band-filters (Figs.
2, 3), a coupling member involving loss, and band-
filters of variable pass width is discussed. It is
found that the detuning efiecct can be compensated
by proper tuning of the coupled circuits and sym-
metry attained ; formulae are given for the cases
mentioned.

2086. THE EFFECT OF Various TVYPES oF ADJUST-
MENT ON THE ASYMMETRY OF BROADCAST
Baxp TiLteErs.—L. Alsleben. (Hochf tech.
w. Elek.akus., March 1937, Vol. 49, No. 3,
pp. 98-100.)

The writer refers to work by Feldtkeller & Tammn
(2992 of 1936) in which asyvmmetry in a band
filter with the equivalent circuit of Tig. 1 of
the present paper is discussed. He shows by
calculation that if the equivalent circuit contains
coupling by a mutual inductance (Fig. 2), the
adjustments in the work referred to cannot be
carried out. The adjustment can only be done by
the circuits shown in Fig. 3, in which case the
asymmetry resulting from ditferent capacities with
ditferent time constants is shown not to occur ; the
asymmetry “ can be avoided if, for adjusting on
one side of the filter, the two circuits are not
separated from one another but the second side is
only short-circuited. The tuning condenser of the
second side can also be separated or, what comes
to the same thing, the second circuit can be removed
in the case of filters coupled by mutual inductance.
There is however no change in the asymmetry duc
to losses in the coupling reactance.”

Tur USE or CAUER’S SYMMETRICAL FILTER
CIRCUITS IN THE BROADCAST BaND.— Stetfen-
hagen. (See 2135.)

2087.

2088. THE GrapHICAL DETERMINATION OF BAND-
Firter Curves: Correcrions.—Stejskal.
(Funktech. Monatshefte, Feb. 1937, No. 2,

P- 55.) See 1723 of Mav.

Graruical REPRESENTATION oF BaND-Pass
CharacTERISTICS.—C. V. Erickson. (Rad.
Engineering, March 1937, Vol. 17, No. 3,
pp- 12-14 and 23: to be contd.)

2089.

A NOTE oN THE DESIGN OF SERIES AND
ParaLLEL REsoNaNT CirRculrs [where Im-
pedance is required to have Given Values
at Two Frequencies].—L. . Q. Walker.
(Marcont Review, Nov./Dec. 1936, No. 63,
PP- 7-11)

2090.
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UNIVERSAL DPERFORMANCE CURVES FOR
TuNeD TRANSFORMERS [applicable to Design
of R.F. DPre-Selectors, Band-Pass A.F.
Filters, and L.F. Circuits].—]J. E. Maynard.
(Electronics, Feb. 1937, Vol. 10, No. 2,
pp. 15-18.)
Some NoTEs oN TuNeED-CoUurLED CirRCUITS.
~Aiken. (Commn. & Broad. Eng., March
1937, Vol. 4, No. 3, pp. 57 and 30, 31.)
Some of the results of the full analysis
dealt with in 1719 of May.

2091.

2092.

Tne BEvoLuTioN orF THE CrvysTAL \WAVE
FiLrer [General Account].—O. E. Buckley.
(Journ. of Applied Phvs. [formerly Physics],
Jan. 1937, Vol. 8, No. 1, pp. 40-47.)

2093-

CURrRENT Locl IN THE GENERAL LINEAR
A.C. NETWORK [not excluding Amplifiers].

A. Hazeltine. (Flec. Engineeving, March
1937, Vol. 56, No. 3, pp- 325 330)

THE ALTERATION OF THE HARMONICS IN
AMPLIFTERS WITH NEGATIVE FEED-Back.—
H. Bartels. (7.F.T., March 1937, Vol. 26,
No. 3, pp- 53-54)

Feldtkeller (4034 of 1936) has shown that the
introduction of negative feed-back does »of produce
a reduction of non-linear distortion proportional
(as Black gives it approximately) to the decrease
in amplification, and that in certain conditions
parasitic frequencies may even be generated.
The writer now gives a quantitative investigation
of the qualitative fact announced by Feldtkeller,
that the third harmonic and the third-order com-
bination tones can be increased as well as decreased
by weak negative feed-back. He finds that such
an increase of third harmonic can only be very
small numerically, and is likely to appear only under
very unflavourable practical conditions.

2004.

2095.

2096. DyNaMIC CHARACTERISTICS OF AMPLIFIER
\VALVES WITH KRETROACTIVE COUPLING.
R. Feldtkeller & 1&. Thon. (T.F.T., Jan.
1937, Vol. 26, No. 1, pp. 1-7.)

Bartels’s graphical method of obtaining the non-
linear distortion of a retroactively ccupled valve is
invaluable where a general view is required or large
distortion is to be measured. In the region of
very small distortions (as in the case of valves for
the simultaneous amplification of several carrier-
current channels), calculation is more accurate than
graphical determination. The writers therefore,
starting from the space-charge law between anode
current and modulating voltage, derive the ** klirr ”/
constants for the 2nd and 3rd harmonics and show
how they are affected by positive and negative
feed-back and by a varying amplification factor.

2097. METHODS FOR THE REDUCTION OF NON-
LinEAR DistorTiON (LinEarisaTiON). —T.
Sturm. (Funktech. Monatshefte, March 1937,
No. 3, pp- 77-82)

Author’s summary :— ' It is shown that the
linearisation of triode valves by the introduction
of ohmic resistance, and the linearisation by
negative feed-back, are capable of similar repre-
sentation. 13oth provide a considerable decrease in
" klirr ° {actor, accompanied however by a corre-
sponding decrease in amplification factor. Finally
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a method is given by which the linearisation of r.f.
amplifiers also is possible,” by a special form of
negative feed-back, the degree of modulation of
the incoming r.f. being reduced at the input of the
r.f. amplifier by the action of an a.c. voltage taken
from the 1. stages; as in Fig. 11, where H is a
rf. amplifier, D its detector, and S a hexode (in
front- of the r.f. amplifier) whose amplification 1s
varied in proportion to the distorting voltage by
means of a voltage carried from D to its current-
distributing grid. Modulators also can be linear-
ised : part of the modulated output voltage is
taken off to a linear rectifier G (IFig. 12) and after
demodulation is connected in reverse phase in series
with the modulation voltage. This method has
been adopted in Telefunken transmitters.

2098. PREVENTION OF BLOCKING IN RRESISTANCE-
CaraciTy CoUPLED AMPLIFIERS [Blocking
almost always due to First-Stage Grid
becoming Positive and passing Considerable
Current into Coupling Condenser : Ten-
dency reduced to One-Tenth by Extra Grid
Leald in Series with Second-Stage Grid].
0. H. Schmitt. (Review Scient. Tusty.,
March 1937, Vol. 8, No. 3, p. 90.) Typical
cases of blocking are in work on nerve action
potentials, echo investigations where a weak
echo follows a very strong one, and in radio
reception with strong static.

2099. LEAKY CONDENSERS IN REs1sSTANCE-COUPLED
AMPLIFIERS [Grid-Bias Varjation due to
Leakage prevented by Extra Blocking Con-
denser and Grid Leak in liach Stage].
0. H. Schmitt. (Review Scient. Insty.,
March 1937, Vol. 8, No. 3, p. 91.) Enabling
cheap commercial condensers to give a
stability equal to that provided by the
finest mica condensers.

Time DeLay IN ResisTance-CapaciTy Crg-
culrs [as used with Rectifiers in Volume
Expander and A\VC Circuits, Noiseless
Sound-on-Film Recording, etc: Calcula-
tionl.—E. W. Kellogg & W. D. Thelps.
(Electronics, Feb. 1937, Vol. 10, No. 2,

pp. 22-24.)

2100.

MurtirLe-CircuiT Paps [Charts for Net-
works matching Several Iiqual Impedances
to One Other of Different Valuel.—F.
Wheeler. (FElectvonics, March 1937, \Vol. 10,

No. 3, Pp- 33-34)

2101.

Two-TerMINAL LEQuarisers [adding Atten-
vation and D’hase-Shift to improve Network
Characteristics|. ~C. E. Smith. (Commn. &
Broad. Eng., March 1937, Vol. 4, No. 3,
pp. to-11 and 31.) The calculation of the
series-admittance and  shunt-impedance
equalisers is given.

2102.

DiscussioN oN  Two METHODS FOR THE
CALCULATION OF VARIABLE REGIMES START-
ING FROM THE PERMANENT REGIMES. ——
Julia. (Bull. Soc. frang. des Elec., March
1937, Vol. 7, No. 75, pp. 325-328.) See
466 of I‘ebruary.

2103.



324

2104. ON THE THEORY OF RELAXATION OSCILLA-
TIoNs [in General : Method of Calculation
of Amplitude and Period].—]. Haag.
(Comnpies Rendus, 22nd March 1937, Vol
204, No. 12, Pp. 932-934.)

2105. ON THE BEHAaViour oF ELEcTRICAL CIRCUITS

FED  THROUGH RECTIFIERS [Analytico-
Graphical Treatment].—A. M. Angelini.
(L'Elettrotec., No. 21, Vol. 23, 1936, pp.

660-663.)

AN AnaLvsis oF CopPER-OXIDE RECTIFIER
Circurts. —P. O. Huss. (Elec. Enginecering,
March 1937, Vol. 56, No. 3, pp. 354-360
and 366, 367.)

2106.

SvmmETRrICAL TRIODE CIRCUIT FOR Fre-
QUENCY DOUBLING.—Soc. indépend. Télég.
sans Fil. (I'rench Pat. 808 766, pub. 15.2.
1937 : Rév. Gén. de I'Elec., 27th March 1937,
Vol. 41, p. 104D.)

TRANSMISSION

ErecTrRON INERTIA AS THE CAUSE oF Har-
MONICS IN VALVES.—W. E. Benham. (Nature,
3rd April 1937, Vol. 139, PP- 591-592.)

A theoretical analysis is given of the motion of
electrons in a one-dimensional electric field, which
yields ““the electron convection current for any
periodic total current wave-form. The solution is in
terms of the instantaneous electronic transit time,
and permits calculation of the #tf harmonic in a valve
if the transit time is known to the (» — 1)th order
only.”

2107.

2108.

2109. SoME CONSIDLERATIONS ON THE FREQUENCY
STaBILITY OF ULTRA-SHORT-WAVE DRIVING
OsciLLaTors.—K. Posthumus & Tj. Douma.
(Philips Transmitting News, March 1937, Vol.
4, No. 1, pp. 114 : in English and German.)
Continued from No. 4, Vol. 3.

2110. AN ULTRA-SHORT-WAVE TRANSMITTER STa-
BILISED BY MEANS OF A SPECIAL HIGHLY
ResoNaNT Circurr.—Loeb. (Génie Civil,
2oth March 1937, Vol. 110, p. 277.)

Using a grid stabilising circuit consisting of two
cast copper “ shells,”” with their centres joined by a
rod and their spacing adjustable, presumably after
the style of the American ' top hat’’ ' high-Q
circuits (988 of 1935 and back reference) : the
calculated " Q' was 10 000, the measured value
under working conditions was 19o-—'' which is still
considerable.” An anode-voltage change from 450
to 600 volts gave a frequency variation of some
hundreds of cycles per second | the oscillator could
thus be modulated directly by anode control.
The wave-range originally involved was 3-61m,
but later was increased down to 1.40m. The
shortest waves sometimes suffered absorption by
fog. The 3--6 m waves were found to be much more
free from ignition interference than waves in the
7-9 m range. In the Discussion, Gantet & Leh-
mann maintain that ordinary oscillating circuits
can be made with "' Q* values around 50 to 60 ;
they consider that Loeb’s arrangement introduces
supplementary losses and reduces resonance.
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2111. A 5-METRE REcorRD [G5BY’s Transmitter,
Croydon: Rj5 in New York, with Tuned
Diamond Aerial].—H. L. O’'Heffernan. (Tele-
vision, March 1937, Vol. 10, No. 109, pp
171-172 and 1835.)

GENERATOR CIRCUIT USING A MAGNETRON
[Anode Segments across Tuned Oscillating
Circuit connected to Resonant Circuit tuned
to Twice the Frequency].—K. Fritz: Tele-
funken. (Hochf:tech. u. Elek:akus., March
1937, Vol. 49, No. 3, p. 105 : German Patent
638 761 of 1.2.1935.)

ARRANGEMENT FoR PUsH-PUuLL MoDULATION
0 A MAGNETRON WITH AN ANODE OF AT
LEAST Two SEGMENTs [Modulation Valves
in Parallel with Anode-Segment/Cathode-
Path in Magnetron].——H. E. Hollmann:
Telefunken. (Hochf:tech. u. Flek:akus., March
1937, Vol. 49, No. 3, p. 105: German Patent
638 762 of 22.8.1934.)

2112

2113.

AN ACCURATE AND RAPID METHOD FOR THE
MEASUREMENT OF PERCENTAGE MoODULA-
TioN.—Soc. indépend. Télég. sans Fil.
(French Pat. 808 445, pub. 5.2. 1937 : Rev.
Gén. de I'Ele~ . 27th March 1937, Vol. 41,
p. 103D))

2114.

WHAT 1S MEANT BY ‘' GooD MoDULATION * ?
[Requirements as to Frequency Dependence,
Amplitude Dependence, and Background
Noise Level]—H. Briickmann. (T.F.T
Feb. 1937, Vol. 26, No. 2, pp. 25-28))

2115.

A PRACTICAL SURVEY OF PENTODE AND
Beam TUBE CRvYSTAL OSCILLATORS FOR
FUNDAMENTAL AND SECoND HarMonic QUT-
pUT.—]J. J. Lamb. (QST, April 1937, Vol.
21, No. 4, pp. 31-38 and 106, 107.)

2116.

RECEPTION

RECEPTION IN THE DECIMETRE-WAVE REGION
[particularly the Present Superiority of
Retarding-Field Audions (with or without
Super-Regeneration) over Magnetrons : Diffi-
culties of Superheterodyne Reception :
Possibilities of " Wobbling ”” Heterodyne :
etc.].—E. C. Metschl. (Funktech. Monats-
hefie, Dec. 1936, No. 12, pp. 443-448.)

Existing valve technique makes superheterodyne
reception possible for waves around 50 cm: the
indirectly heated SDi1 triode can be used as oscil-
lator, the indirectly heated dipole SAr as mixer ;
but for shorter waves the method needs further valve
development. At present the retarding-field circuit
1s the only one for waves of 1o cm and under.

2117.

2118. A HETERODYNE ADAPTOR UNIT FOR 1.6 M
WAVES WITH AND WITHOUT CrysTar [Tour-
malin] CoNTroL.—H. Awender & E. Buss-
mann. (Funktech. Monatshefte, Dec. 1936,
No. 12, pp. 441-442.) Using an ACH1 triode-
hexode mixing valve, which can generate
waves down to 1 m, in a modification of the

‘* three-point *’ circuit.
2119. ULTRA-SHORT-WAVE QUALITY RECEIVER
[Three-Valve, for A.C. Mains].—(IWireless

World, 23rd April 1937, Vol. 40, pp. 390-393.)
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“ FLUTTER ©’ AND ‘' WANDER ~ IN SHORT-
WaveE ReceivErs.—G. H. Bradbury. (Wive-
less World, 2nd April 1937, Vol. 40, p. 339.)

2120.

A METAL-VALVE COMMUNICATION RECEIVER
[6-Valve, for A.C. Mains or Car Accumu-
lator : for Tropics and Elsewhere].—J]. W.
Paddon. (Television, March 1937, Vol. 10,
No. 109, pp. 166-168 : to be contd.)

2121.

2122. IMPROVED CaAR RECEIVERS [Telefunken Type
3766]. —Telefunken. (Funktech. Monats-

hefte, ¥eb. 1937, No. 2, pp. 52—53.)

2123. A Broapcast RECEIVER DRIVEN OFF A
PararFrin  Lamp  [Successful Exhibit at
Leipzig Fair : Heating Current and Anode
Supply from Generator (without Com-
mutator or Slip Rings) driven by Hot-Air
Motor].—Heinrici. (Funktech. Monatshefte,
March 1937, No. 3, p. 99.)

“ DE Luxe " REcCEIVERS IN AMERICA [Com-
parison of ‘‘ Masterpiece V' 20-Valve
Receiver (12-Valve by German Reckoning)
with  German  Designs].—R.  Wigand.
(Funklech. Monatshefte, Dec. 1936, No. 12,
PP- 448-450.)

A Pre-Set Tuner [with “ Cash Register '’
Station  Selection].-—R.  Baker. (Rad.
Engineering, March 1937, Vol. 17, No. 3,
PP 24-25.)

NEw SHarp TUNING WITH MAGNETIC BRAK-
ING.—E. Schwandt. (Funktech. Monatshefte,
Feb. 1937, No. 2, pp. 53-55.) See also
1756 of May.

2124.

2125.

2126.

2127. ON THE QUESTION OF HIGH-FREQUENCY
DETECTION : DEeTECTOR  [Sirutor, etc.],
Diopg, AupioN [Leaky-Grid Detector], AND
ANODE-BEND DETECTOR.-—H. Lamparter.
(Funktech. Monatshefte, Marca 1937, No. 3,
PP- 39-94.)

The writer considers that in spite of the age of
the problem a renewed discussion of it is desirable,
taking into special account the working conditions
which influence the behaviour (especially as regards
distortion) of all four systems. The series and
parallel connections of the diode are both dealt
with : the treatment of the audion includes the
effect of a choke in the anode circuit, and also
Nestel’'s ‘' improved audion ' circuit and the
similar audion-cum-Sirutor arrangement. Cf.
Tamm, 1749 of May.

2128. MULTIPLE AND COMBINATION CONTROLS FOR
Broapcast Receivers [Failure of Single
Volume Controls owing to Sensitivity Curve
of Ear: Dual and Tandem Controls:
Combination Controls using Trip Switches :
Silent Tuning Devices with Push-In Move-
ment : Rotating-Condenser  Controls].—
H. C. Riepka. (£.T.Z., 25th Feb. 1937,
Vol. 58, No. 8, pp. 207-209.)

“In recent years a certain standardisation has
been reached, whereby a volume control of about
10-30 kiloochms max. resistance is introduced into
the input of the receiver while a second control,
from 0.5-1.0 megohms, controls the low-frequency
portion. The use of a dual control device for this
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purpose is an obvious step, so that in Germany
there is hardly a high-class receiver without this
construction, whereas in France and England-
apparently from lack of good dual-control devices-
two separate controls are emploved.”

2129. VoLuME ExpansioN TEecHNIQUE [and a
Circuit giving 40db Additional Contrast
without Serious Distortion].—L. A. de Rosa.
(Rad. Engineeving, March 1937, Vol. 17,
No. 3, pp- 20, 22.)

CoxTRAST lixpansion [Simple Lamp Method
improved by Constant Auxiliary Heating
Current].  G. Sayers: Weeden. (Wireless
World, 16th April 1937, Vol. 40, p. 378.)
See 506 of February.

2130.

Somi: NOTES ON THE NATIONAL INDUSTRY
IN BroapcasT RECEIVERS aAND ITs I'UTURE
DevELoPMENT.—G. Fassio.  (L'Llettrotec.,
No. 22. Vol. 23, 1936, pp. 693-094.)

2131I.

A MrTHOD OF BROADCAST RECEPTION FREE
FrROM FapiNnG [Combined Use of Short
Vertical and Loop Aerials, with Variable-Mu
Screen-Grid Valve to give Phase Shift and
Intensity Adjustment].—S. Namba & R.
Kimura. (Jowrn. I.LE.E. Japan, Oct. 1936,
Vol. 56 [No. 10], No. 579, pp. 1028-1032 :
English abstract pp. 79-30.)

2132.

PREVENTION OF BLOCKING IN RESISTANCE-
CapraciTy COUPLED AMPLIFIERS, and LEAKY
CONDENSERS IN RESISTANCE-COUPLED
AMPLIFIERS.—Schmitt. (See 2008 & 2099.)

2133.

A Wipe-Banp Tuner [for High-Fidelity
Reception from Iocal Stations: using
Circuits employed in Western lilectric 10A
Receiver]|.-—W. N. Weeden. (Llectronics,
Ieb. 1937, Vol. 1o, No. 2, pp. 19-21.) See
also 1725 of May.

2134.

THeE Ust oF CAUER'S SYMMETRICAL FILTER
CIRCUITS IN THE BROADCAST BAND.
K. Steffenhagen. (Funktech. Monatshefte,
March 1937, No. 3, pp. 85-87.)

1n view of present-day requirements of selectivity,
the writer urges the use of Cauer’s bridge-type
filters as the input band-pass filters in broadcast
receivers. The special type recommended is that
shown in Fig. 5, equivalent circuit Fig. 4, which is
dealt with in Glowatzski’s paper (1034 Abstracts,
p. 50 : see also G.W.O.H,, same Abstracts, p. 381) ;
the complete circuit, with its 1:1 1.f. transformer
and the impedances R, R across the input and
output, is seen in Fig. 6, and the diagram of the
whole receiver input circuit in Fig. 7, where the
matching transformers before and after the filter
are shown. The values of the various L, C elements
of the filter circuit have been worked out in full for
10 important German stations, with the aid of
calculating machines, and the final values are
given in the table at the end of the article. For
all 10 stations the terminating impedance R is
either 25 or 50 ohms. Apart from this, each station
is given a filter of its own, since although the design
of a variable type is possible it presents practical
difficulties ; a later paper will deal with this
problem.

2135.
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2136. A NEw L.I°. CourLING SYSTEM FOR SUPERHET
RECEIVERS : AN EFFICIENT LELECTRO-
MeciianicaL FILTER-TRANSFORMER oF HIGH
SELECTIVITY.—]. J. Lamb : Brush Develop-
ment Company. (QST, April 1937, Vol. 21,
No. 4, pp. 28-30))

The Brush * Transfilter ” consists of a small
steel rod with four very small Rochelle-salt plates
secured to it near its centre: two of these, in
parallel, are used as driver clements, the other two
as output elements. The use of the steel bar
reduces the usually large temperaturc-etfect of
Rochelle salt to such an extent that the {requency
drift of the Type A model is only about 100 cycles
per million per degree Centigrade.

2137. BanD FILTER WITH VARrIABLE BaxDp WIDTH
For  WIRELESS RECEIVERS [with Two
Additional Coils coupled to Band Filter
Coils : Variable Width obtained by switching
Then over|.—F. Below : Philips Patent Co.
(Hochf:tech. u. Elek:akus., Feb. 1937, Vol. 49,
No. 2, p. 71: German Patent 636 591 of
27.7.1935.)

2138. PAPERS ON BRrOADCAST-BAND aND OTHER
I'iLtErRs.—Baumgartner, Alsleben, Mavnard,
Aiken, Buckley. (See 2085/6 and z091/3.)

2139. THE QUANTITATIVE REQUIREMENTS REGARD-
ING SELECTIVITY IN BROADCAST RECEIVERS,
PARTICULARLY SINGLE-CIRCUIT RECEIVERS
NEAR THE LiviT OF THE SERVICE ZONE [and
the Inadequacy of Such Receivers to give
the 100 : 1 Signal/Noisc Ratio].—R. Moebes.
(T.F.T., March 1937, Vol. 26, No. 3,
Pp- 59-62.)

2140. THE LENGTH OF TuE FREE A1k WIRE AND
Its RELATION To SIGNAL VOLTAGE IN
SCREENED-DOWNLEAD INSTALLATIONS.
Bergtold.  (See 2150.)

2141. TESTING A RECEIVER CHASSIS FOR ELECTRO-
STATIC lixposurk [for Quantitative Data
for FCC Inquiry].—E. T. Dickev. (Rad.
Engineering, Feb. 1937, Vol. 17, No. 2,
pp- 12-13 and 14.)

2142. A CONTRIBUTION TO THE I'LasH-OVER
ProsLem  [of Insulators].—H. Eisler.
(Zettschr. f. tech. Phys., No. 2, Vol. 18,

1937, pP- 33-35.)

Many researches have shown that with a uniform
field and with the most careful elimination of all
disturbing secondary influences the air-breakdown
potential is the same as the flash-over potential.
But the actual conditions of a pin-tvpe insulator
correspond more closely to a strongly inhomogencous
field such as that of a parallel-wire-and-plate
arrangement, with which the flash-over potential
is less than the air-breakdown potential even if the
insulator is as clean as in the uniform-field tests.
The present researches on insulators placed between
rod and sphere eclectrodes (replacing the parallel-
wire-and-plate system) confirm the hypothesis that
the difference between the two potentials is due to
the attachment of charges to the surface of the
insulator.  This difference cannot be entirely
eliminated by changes in material or shape of the
insulator, though it is advantageous to make the
projection of the insulator surface, normal to the

WIRELESS ENGINEER

June, 1937

lines of force, as small as possible in the neighbour-
hood of the pin. But by influencing the formation
and distribution of the space charges, botk potentials
(for a given electrode gap) can be increased : thus
when, as in Fig. 5, the rod-and-sphere system was
supplemented by a thin wire (1) parallel to, and at
the same potential as, the rod, the air-breakdown
potential was increased from 68.2 to 26 kv.

2143. " THE CHARACTERISTICS AND PRRFORMANCE
OF APPARATUS FOR THE MEASUREMENT OF
Rap1o INTERFERENCE ” [Book Review].
British Standards Institution.  (Wireless
World, 16th April 1937, Vol. 40, p. 369.)

2144. AN ELicTrRONIC-TYPE OSCILLOGRAVHIC
I'REQUENCY-RESrONSE CURVE APPARATUS
OF WIDE APPLICATION [particularly for
Alignment of BBroadcast Receivers: Curves
up to 50 kc/s Wide at Any Mean Radio
or Audio Frequency from o to 20 Mc/s:
Frequency-Sweep Oscillator using Cabot’s
“ Resistance Tuning ”|.—W. G. Gordon &
A. H. Mutton. (Journ. I.E.E. Australia,
Feb. 1937, Vol. 9, No. 2, pp. 68-73.)

The linear frequency base here described is
entirely non-mechanical (unlike previous methods
discussed at the beginning of the paper) and can
be svnchronised with anv existing time base,
preferably linear, of any type of oscillograph-
c-r, string, or crystal. The {requency sweep is
obtained by varying the * resistance tuning’ of
the patented sweeping oscillator (Gordon &
Makinson), part of whose tuning resistance is made
up of the internal resistance of a 6C6 pentode
working on the negative resistance portion of the
characteristic and giving a linear resistance-change
with grid bias. At 275ke/s, onc volt change
produces about 50 kc/s frequency variation. For
Cabot’s work on resistance tuning see 1934
Abstracts, p. 497.

2145. I.T.  TRANSFORMER  ALIGNMENT using
Cathode-Ray  Oscillograph : " Midwest
Radio ” Technique].—R. Nathan. (Flec-
tronies, I'eb. 1937, Vol. 10, No. 2, pp. 33
and 71.)

STANDARD TESTS FOR RaD10 RECFIVERS.
IN—THE OvER-ALL REsroNsE: \ & VI
ERRORS IN  ACOUSTIC MEASUREMENTS.
(Electrician, 19th & 26th March and 2nd April
1937, Vol. 113, pp. 386--387, 419—420, and
461-462.) See also 1781 of May.

A ConpENSER-TrackING TEsST SET [with
Automatic Visual and Aural Indication
when Condenser differs by More than
o.01uukF].—]. L. Roemisch. (Ilectronics,
March 1937, Vol. 10, No. 3, pp. 12-15.)
PLasTic Cases Fok Tasre Rapios.—DBrill.
(Rad. Engineering, March 1937, Vol. 17,
No. 3, pp- 10 11.)

21406.

2147.

2143.

AERIALS AND AERIAL SYSTEMS

2149. A NOTE ON LAGUERRE POLYNOMIALS
[occurring in Problems of Reflection of
Acoustic and Llectromagnetic \Waves at
Paraboloidal Surfaces|. - W. T. Howell
(Phil. Mag., April 1937, Series 7, Vol. 23,
Supp. No. 156, pp. 807-811.)
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2150. AERIAL DIMENSIONS AND AERJAL VOLTAGE :
THE LENGTH OF THE FREE AIR WIRE AND
ITs RELATION TO THE AVAILABLE SIGNAL
VOLTAGE IN SCREENED-DOWNLEAD In-
sTALLATIONS.—F.  Bergtold. (Funktech.
Monatshefie, Feb. 1937, No. 2, pp. 46-49.)
““Over and over again the strange opinion is
encountered that the available signal voltage of
an aerial system depends chiefly on the vertical
extent of the unscreened part of the aerial.”
Reasons for this erroneous idea are given, and the
true picture of the system is drawn, from which it
is seen that even an aerial without any appreciable
unscreened vertical component, but with a free
horizontal part /, must take up a voltage which in
principle increases with the height 2 of this part
above ground. If k and ! are kept constant and 4,
the screened-lead length, is varied, an increase
of @ means (1) an increase in cable capacity ; this
acts as a load and decreascs the available voltage -
(2) a decrease in the capacity of the {ree aerial, also
decreasing the available voltage: and (3) an
increase of the height of the mid-point of the free
part, giving an increase of available voltage ; this
increase, however, is small compared with the
decreases (1) and (2). Thus an increase of the
screened length always decreases the available
voltage, the more so, the smaller the ratio of
horizontal free part to the height 4. Tig. g9 shows
the available voltage for an acrial of nxed over-all
height of 10 m, as a function of the screened length
of downlead, up to 10 m: the four curves refer to
aerials with 20, 10, 5, and o metres of horizontal
extension (Fig. 10). Fig. 11 shows that with the
vertical downlead completely covered (¢ = 10)
and horizontal extensions of about 6 m and
upwards, the use of two suitable transformers
gives available voltages (curve 3) little less than
those given by a completely unscreened system
without transformers (curve 1).

2151. DETERMINATION OF THE CAPACITY OF AERIAL
SysTEMS [by the Immersion of Small-Scale
Mode] in Badly Conducting Electrolyte in
Metal Tank, and Measurement of RResistance
between Model and Tank].— F. Bergtold.
(Funktech. Monatshefte, March 1937, No. 3,
pp. 88-89.)

The conversion of resistance value into capacity
value is carried out by using an easily calculated
system (such as a sphere) as a reference model.
Usually, however, it is only desired to comipare
different acrial systems. The tank should be so
large that the smallest liquid distance between
model and walls is not less than about three-
quarters of the largest dimension of the model.
The thickness of the aerial wires cannot be repre-
sented accurately to scale, but calculations show
that no noticeable error in capacity is thus
introduced.

2152. THE Marcoxi Fouprep Top AERIAL FOR
Mepium Wavres [Radiation Resistance due
to Horizontal Part of T Aerial, Useless for
Direct-Ray Communication, almost com-
pletely Suppressed].—N. Wells. (Marconi
Review, Nov./Dec. 1936, No. 63, pp. 19-21.)
Successfully used at Viipuri (Finland) and
Jerusalem.
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2153. THE INFLUENCE OF UNEVEN GROUND IN
THE NEIGHBOURHOOD OF AN ANTI-FADING
AERIAL ON THE VERTICAL RADIATION
DiacraMm.—H. Brickmann. (T.F.T., Jan.
1937, Vol. 26, No. 1, pp. 7-10.)

The writer concludes that for an anti-fading
aerial with a zero angle of about 60°, and an
equivalent height (height of a very small equivalent
dipole) of 130 metres, it is sufficient if the land is
flat and level over a radius of 100 metres round the
foot of the acrial. For steeper zero angles or lower
aerials this radius can be decreased, while for
tlatter angles or higher aerials it must be increased.

2154. DIRECTED  VERTICAL  RADIATION  WITH
DiaMOND ANTENNAS : 14 Mc/s RHOMBIC
SYSTEMS WITH STEERAGE CONTROL TO SUIT
TRANSMISSION CoNDITIONS.— M. I£. Moore &
F. 1. Johnson. (QST, April 1937, Vol. 21,
No. 4, pp- 21-24 and 51.)

2155. TRANSMITTING AERIALS —Li. Sicgel & J.
Labus. (Hochf:tech. w. Elek:akus., March
1937, Vol. 49, No. 3, pp. 87-94.)

For previous work see 1934 Abstracts, p. 502.
Here, formulae are first found (§ 11) for the current,
voltage, reactance and impedance at the bottom of
an acrial excited there. These are compared with
measured values (Figs. 1-3). Yhe wavelengths
alone the aerial and in air are discussed (§111).
Deviations of the formulae of § 11 from the measured
values are found to be duc to the diflerence between
the lengths of a standing wave of constant frequency
in air and along the aerial. Adjustment of the
scale of Fig. 3 for the shortening ol wavelength
along the aerial gives better agreement (Fig. 6).
It follows that the usual characterisation of an aerial
by the quantity (height)/(wavelength in air) has
no physical meaning; the aerial properties must
be determined by the ‘electrical height,”
(height)/(wavelength along aerial). In §1v the
field at the earth’s surface is calculated ; the
undesirable effect of the quantity (radiation
resistance)/(distance along aerial) on the high-
angle radiation is deduced (§v). "It s pointed
out that, in order to ensure sinusoidal current
distribution along an aerial for which (height)
(wavelength) is greater than o.5, it should not be
fed at the bottom but at a point above the current
node.”’

2156. APPLICATIONS OF CONCENTRIC TRANSMISSION
Lines—V. J. Andrew. (Electronics, March

1937, Vol. 10, No. 3, pp. 40, 43, 44-)

VALVES AND THERMIONICS

2157. ELECTRON Gas IN A MAGNETIC FieLp.
E. Lifschitz. (Physik. Zeitschr. der Sowjel-
union, No. 2, Vol. 11, 1937, pp. 141-156:
in German.)

Application of the work of Landau (1254 of March)
to a gas, containing particles of charge e and
mass s#, in a homogeneous magnetic field //. The
kinetic equation is derived, giving the distribution
function of the particles. \With the help of this
equation the writer calculates the relaxation time
for the establishment of static equilibrium of the
particle velocities—that is, the time necessary for
the setting up of the Maxwellian equilibrium. ~ The
relaxation times for the velocities perpendicular and
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parallel to the magnetic field are shown to be
different : the former is given by eqn. 18, the
latter by eqn. 19: it is seen that the equilibrium
as regards the velocities perpendicular to the field
Is set up more rapidly than that for the velocities
parallel to it: thus if H is about 1000 gauss,
T (temperature) about 10000°, and v (number of
particles in unit volume) about 10® per cm?® the
“ perpendicular ' relaxation time is about 107? sec.
and the ““ parallel "’ about 1072 sec.

The thermal conductivity of such a gas is de-
termined (egn. 28). It is found that equilibrium
In temperature is obtained more quickly than
equilibrium in density. A cylindrical beam of
charged particles in the direction of the magnetic
field is considered. Such a ray is thickened by
Coulomb interaction : the relation of thickness to
time is given by eqn. 31. \ similar relation, for a
tlat ray, is given by eqn. 32.

2158. DIELECTRIC CONSTANT OF AN ELECTRONIC

ATMOSPHERE FOR ULTRA-SHORT WAVES.—
Imam & Khastigir. (See 2055.)

RESoNANCE DispErsioN IN IoNISED GASES.
Sigrist. (See 2034.)

2159.

A SPECTROSCOPIC STUDY OF THE MAGNETRON
DiscuarGE.—Luhr & Studer. (See 2412.)

2161. ON THE GENERATION OF ULTRA-SHORT
WavES BY THE SPIRAL-ANODE MAGNETRON.
-Uchida & Sekimoto. (Journ. I.E.E.
Japan, Nov. 1936, Vol. 56 [No. 11], No. 580,

p- 1184 : Japanese only.)

2160.

2. NEw TRANSMITTING VALVES oF HIGH OUT-
PUT ror CENTIMETRE Wavis [Cathode-Ray
from Concave Cathode passes through Tube
Electrode (connected to Tuned Circuit)
between Disc Accelerating Llectrodes].—
(Funhtech. Monatshefte, Dec. 1936, No. 12,

. Pp. 466-467.)

With the push-pull form of this valve, *“ efficiencics
of 35% can be obtained even on decimetre waves.”’
Yor a 10 0oo-volt tube the mean anode current is
50ma:  output power 100-140 watts. The
illustrations are diagrammatic only, no construc-
tional details being given.

2163. METAL VALVE FOR GENERATION OF MICRO-
WAVES, WITH WAVELENGTH VARIABLE BY
MICROMETER-SCREW ADJUSTMENT OF GAP.

J.  Pintsch  Company. (French Pat.
808 567, pub. 10.2.1937 : Rev. Gén. de. I' Llec.,
27th March 1937, Vol. 41, pp. 103 -104D.)

2163. THE Acorn Ture [Type 955] IN PORTABLE
PRE-AMPLIFIERS FOR  REMOTE-CONTROL
Work.—\W. E. Stewart. (Comm. & Broad.

Emng., Teb. 1937, Vol. 4, No. 2, pp. g and 19.)

MICRO-WAVES : PART VI—VALVES.—
Carrara. (4lia Frequenza, March/April 1937,
Vol. 6, No. 3/4, pp. 222-229.) For previous
parts see 2058, above.

2165.

2166. POWER AMPLIFICATION AT MICRO-WAVE FRE-
QUENCIES AND THE LIMIT oF RETROACTION
OsciLLaTioNs.—H. Zuhrt. (Hochf:tech. w.
Llek:akus., March 1937, Vol 49, No. 3
pPp- 73-87.)

In previous papers (2616 of 1936) the general
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equations for the current and voltage in a triode
with negative bias were deduced. Here, exact
(§1B) and approximate (§1C) expressions for the
valve constants are deduced {rom them and shown
graphically in Figs. 5-7, the transit time of the
clectrons being considered. Equivalent circuits
(Figs. 2a, b, ¢) for the valve in various connections
are first found bv considering it as a quadripole
(Fig. 1). From these, the voltage amplification and
input impedance of the valve are calculated
(§§ 11, 1) and compared with measurements of
other writers (Table I, Figs. 10, 11). \ physical
explanation of the existence of a positive real part
of the grid current is given (Fig. 9). The magnitude
and limit of the power amplification is evaluated
in §1v; a condition (eqn. 81a) for the retroaction is
found which takes into account all internal and
external energy losses. It agrees with eqn. 63a,
which gives the limit of power amplification for
phase-free voltage amplification. liqn. 56 gives
the general condition for the existence of retroaction
oscillations for arbitrary external resistances; the
optimum condition is given by eqn. 88a. Fig. 12
shows the limit of retroaction oscillations. Numerical
evaluations of the theory are given, with an approxi-
mate formula (eqn. goa), for two practical cases,
and are found to agree well with observed values.

2107. THE SPACE-CHARGE EgQuaTioN rorR ELEc-
TRONS WITH INITIAL VELOCITY : PART 1[.—
W. Kleen & H. Rothe. (Zeitschr. f. Physik,
No. 11/12, Vol. 104, 1937, pp. 711-723.)
For I see 3772 of 1936. In the present paper
“ current/voltage characteristics are calculated for
a system of plane parallel electrodes, into which
electrons enter with homogeneous initial velocity
normal to the clectrodes. It is found that formation
and dissolution of the virtual cathode are connected
with discontinuous changes in the current or
potential distribution. The characteristics have,
in part, branches of negative resistance of arc or
dynatron type.”’

2168. CHARACTERISTICS OF TRANSMITTING TUBES
[Triodes, Tetrodes, and Pentodes: Chart
with p as Ordinates, G,, as Abscissae, giving
R, on Diagonals].—J. G. Sperling. (Comimn.
& Broud. FIing., Feb. 1937, Vol. 4, No. 2,
p- 18.)

2169. THe CoxTrROL PROCESS 0oF THE TRIODE
VALVE [with Field Diagrams and Potential
Reliefs, etc.].—H. Gottmann. (Funktech.
Monatshefte, Dec. 1936, No. 12, pp. 457—461.)
For previous work see 1794 of 1936.

2170. A NEw Tivme Base using A TrioDE Gas-
Fittep Reray Ture [Philips Type 4686,
giving Frequencies up to 50 kc/s instead of
Usual Relay-Tube Limit of 10 ke/s).
Hughes.  (Toute la Radio, April 1937,
No. 39, Supp. pp. 203-207.)

2171. MoOVABLE-ANODE TuBES [Experimental All-
Metal Diodes giving 7.0 mA Anode-Current
Change for o.001 Inch Motion at 1 Inch
from Tube: for Extensometer, Pressure
Indicator, Pick-Up, etc.]—L. D. McArthur.
(Electronics, March 1937, Vol. 10, No. 3,

pp- 16-17.)
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2172. PENTODE AND BEAM TUBES AND THEIR
UstE wiItH CRrystaL OscIiLLATORs.—Lamb.
(See 2116.)

2173. Niw REcEIVING TUBES [chiefly " G ” Type ;
being Duplicates, in Octal Bases, of Lxisting
Valves].—(QST, April 1937, Vol. 21, No. 4,
pp. 55 and 122.)

2174. NUMBERING TUBES [Present System of Valve
Classification and Numbering is now Mean-
ingless : Suggested New Scheme].——(Rad.
Engineering, March 1937, Vol. 17, No. 3,
pp. 5-0.)

2175. A NEw MULTI-COMPONENT RECORDER FOR

CHARACTERISTIC CURVES [of Valves, Trans-
mitters, etc.|.—H. Awender & D. M. Tombs.
(Funktech. Monatshefte, March 1937, No. 3,
PP 94-97.)

An example of the multiple action is seen in
Fig. 8, a record showing the variation of the anode
current of a diode with the heating current and the
d.c. anode voltage. Fig. 7, a record of a push-pull
ultra-short-wave oscillator, shows the relation
between the heating current, anode voitage, anode
current and r.f. output (represented by the rectified
current [, measured in an aperiodically coupled
detector circuit). The writers’ methad of recording
3 or 4 variables on a two-dimensional rectangular-
coordinate diagram can best be understood from
Fig. 1, where, starting from the ordinary curve
of 2 variables, it is seen that a third variable can
be represented by spines of varying length emerging
from closely adjacent points along this curve, all
the spines being parallel to one another and
representing, in length, the values of the third
viriable. If these third-variable spines proceed
upwards from the curve, a fourth variable may be
represented by a second set of spines sloping down-
wards from the original curve (actually at right
angles to the first set). The elaborate system of
separate meters with attached mirrors or optical
shutters (working in conjunction with fixed slits),
lenses, right-angled prisms, etc., by which such
multiple records are made, is seen in Tig. 2. A
single “ Kinox ” lamp provides the necessary light.

2176. A Dynamic MeTHOD oOF PLOTTING THE
CHARACTERISTICS OF VALVES [using Short
lkectangular Voltage Waves and D.C.
Instruments].—L. Pajetta. (Alla Frequenza,
March/April 1937, Vol. 6, No. 3/4, pp.
156-164.) Using a two-pentode circuit, due
to Vecchiacchi, for producing the rectangular
pulse.

2177. GRAPHICAL ESTIMATION OF THE SIGNAL-

HANDLING CaPACITY OF  SCREEN-GRID
VALVES.—R. W. Sloane. (Phil. Mag.,
April 1937, Series 7, Vol. 23, No. 155,
PP- 529534

If + — f(v) represents thc anode current of a
carrier-frequency amplifying valve as a function of
grid-voltage only, and g is the mutual conductance
of the valve, an experimental curve of g against v
can be plotted experimentally. By the graphical
method described this curve will give the peak
value of a sinusoidal variation of v, modulated to
a depth m, which will produce an output current
containing a given percentage of second harmonic
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of the modulation.
its limitations are respected.
frequency changers.

The method is very useful if
It applies also to

2178. ‘* ANLEITUNGEN 2UM ARBEITEN IM ROHREN-
LABORATORIUM ~ [Vacuum [aboratory for
Research on Valves, etc : Book Review].—
M. Knoll. (Flectrician, oth April 1937,

Vol. 115, p. 486.)

2179. THE FIELD DISTRIBUTION SURROUNDING A
ConpucTor-CorRE ColL.—Ohtaka & Mano.
(Journ. I.E.E. Japan, Dec. 1936, Vol. 56
[No. 12], No. 581, p. 1246 : Japanese only.)

2180. VARIATION OF THE SECONDARY ELECTRON
EMISSION OF SOME METALS WITH THE
ANGLE OF INCIDENCE OF THE DRIMARY
CaTHODE-RAY Biam [Experimental Curves
showing Continuous Increase in Secondary
Emission with Obliquity of Incidence :
Theoretical Explanation : FEffect of Density
of Metal]—H. O. Miller. (Zeitschr. f.
Piysik, No. 7/8, Vol. 104, 1937, Pp- 475-4806.)}

2181. SoME DAta ON THE QUESTION OF THE

RELATION BETWEEN SECONDARY ELECTRON

EMmission AND PHOTOSENSITIVITY.

Dobrolyubski. (See 2287.)

2182. ELECTRONIC SELF-PORTRAITS [showing Pro-
gress of Activation in Thoriated Tungsten,
and Other Effects].—Johnson & Shockley.
(Electronics, March 1937, Vol. 10, No. 3,
pp. 22-23.) Using the simple electron
microscope dealt with in 2201 of 1936.

THE NORMAL CATHODE DRrROP AT SINGLE-
CRYSTAL SURFACES OF DIFFERENT ORIENTA-
TioN : 1 [Measurements at Surfaces of Bi
Crystal in Gas Discharge in Argon].—
H. Kurzke. (Zeitschr. f. Physik, No. 11/12,
Vol. 104, 1937, PP- 735-743.) See also 3424
of 1930.

2183.

THE MECHANISM OF ILECTRON EMissioN
FroM CoOATED CATHODES [Qualitative Ex-
planation in Terms of I'undamental
Quantum-Mechanical Ideas].——E. Meschter.
(Phys. Review, 1st March 1937, Series 2,
Vol. 51, No. 5, pp. 377-378 : abstract only.)

2184.

POTENTIAL ATTAINED BY INSULATORS WHEN
BoMBARDED BY ELECTRONS.—Hagen & Bey.
(See 2341.)

2185.

DIRECTIONAL WIRELESS

ERROR-I'REE BEARINGS WITH THE PULSE
DIRECTION-FINDING APPARATUS : SUPPLE-
MENTARY NoOTE.—Diefenbach : Telefunken.
(Funktech. Monatshefte, Feb. 1937, No. 2,

2186.

p. 55.)
See 1823 of May. ‘' In Germany the system was
first proposed, and the fundamental work carried
out, by Dr. Plend] at the DVL. As a result of this

work the Telefunken impulse d.f. equipment
Spez. 2036N  (German Pat. 3592 440) was
constructed.”
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2187. S.F.R. NIGHT RADIOGONIOMETER, ‘‘ BRIEF
StGNaLs 7 SysTEM [with Cathode-Ray Tube
Reception of “* Ticker " Signals of 1/600th
Sec. Duration spaced 1/600th Sec.].—P.
Nicolas. (Bull. de la S.F.R., No. 1, Vol. 10,
1936, pp- 1930
ULTRA-SHORT-WavE Rapio LANDING BEam.
R. Elsner & 2. Kramar : Lorenz Company.
(Comm. & Broad. IEng., March 1937, Vol. 4,
No. 3, pp. 12-16))

2188.

VERTICAL Rapro MarKErR Beam (75 Mc/s
©Z Marker ”].—(Comm. & Broad. Eng.,
March 1937, Vol. 4, No. 3, p. 2))

2189.

AN Aircrart Rapro-Coxrass [RCA Model
AVR-8].—FE. D. Blodgett & . T. Dickey.
(Comm. & Broad. Eng., Jan. 1937, Vol. g,
No. 1, pp. 14--16.)

2190.

METHOD OF SWITCHING DIRECTIONAL AERIALS
[in Morse Rhythm: Order of Switching
from Vertical to Frame Aerial to Avoid
Noise Production].—Lorenz Company.
(Hochf:tech. wu. Elek:akus., March 1937,
Vol. 49, No. 3, p. 106: German Patent
637 690 of 16.7.1935.)

ACOUSTICS AND AUDIO-FREQUENCIES

2192. A NEw TECHNIQUE FOR THE |)EMONSTRATION
AND INVESTIGATION OF NERVE ACTION
CURRENTS AND OTHER SHORT-TIME PHENO-
MENA [e.g. DBuilding-Up Processes in
Acoustics]. —W. Schmitz. (Zeitschr. f. tech.
Phys., No. 2, Vol. 18, 1937, pp. 37-38.)

The usual saw-tooth time-base method not only
demands a number of supply sources and several
valves, but also leads often to over-exposure of the
zero and final points of the record and provides
no zero line. These defects are absent from the
writer’s arrangement, in which current from a.c.
mains, approximately sinusoidal (the wave-form is
mmproved by a resistance-capacity combination), is
used to provide both the time-base deflection and
the exciting current for the nerve —or, in the
acoustic application, the exciting current (then
amplified) for the loudspeaker. The excitation being
arranged to take place just after the sine-wave
maximum, a length of curve, approximately
proportional to time and corresponding to a few
thousandths of a second, is available for the time
base.

For the exciting current, the a.c. is rectified by
a diode R (Fig. 1): across the small inductance
Dr in the rectifier circuit a ' make ™ voltage of
very short duration occurs at each start of a half-
wave, and a very short '‘ break ' voltage at each
ending. Any oscillations tending to occur can be
damped out by a parallel resistance. These two
voltage pulses, of opposed sense, can be separated
from each other by two other rectifiers, G/1 and
G, The selected pulse is isolated from the mains
by means of an insulating transformer, to which
it is fed by a potentiometer, and is then available
for excitation purposes : its shape is seen in Fig. 2.
With this plan, and with proper adjustment of the
phase displacement between the exciting pulse
and the time-base curve, it can be arranged that
when (for instance) the screen spot is moving from

2191.

THE WIRELESS ENGINEER

June, 1937

left to right, at an exactly defined point the exciting
pulse occurs, whereas on the return stroke the
second pulse is blocked by the second rectifier, so
that the spot marks out a zero line. A normal
nerve will take 50 excitations in a second, reacting
to these with great regularity and completing its
action in a few thousandths of a second. With
the arrangement described a stationary picture
of the action currents can be obtained, complete
with its zero line, with a stability hitherto only
realised with continuous periodic phenomena.
Iig. 5 shows an application to acoustical measure-
ments—a record of the decay of the microphone
current of a loudspeaker/air/microphone com-
bination.

2193. A METHOD OF INVESTIGATING THE TRANSIENT
CHARACTERISTICS OF LiLucTrIcaL CIrCUITS.
Morse. (See 2084.)

AutroMaTic RECORDING 0OF AUDIO-FRE-
QUENCY CHARACTERISTICS [by the “ Audio-
graph "’].—Tobe Deutschmann Corporation.
(Rad. Lngineeving, TFeb. 1937, Vol. 17,
No. 2, pp. 20-21.)

2194.

- A S1vPLE TraNSMISSION MEASURING Equip-
MENT L. E. Ryvall & A G. Burgess.
(P.O. Ilec. Eng. Journ., April 1937, Vol. 30,
Part 1, pp. 52-55.)

2196. AN AcOUsTIC IMPEDANCE BRIDGE [consisting
of Ratio Arm Tubes terminated by Known
Reactance Standard and Unknown Tmped-
ance respectively : Balance indicated by
Difterential Microphone].—N. W. Robinson.
(Phil. Mag., April 1937, Series 7, Vol. 23,
Supp. No. 156, pp. 665-631.)

A SCALE FOR THE MEASUREMENT OF THE
" PSYCHOLOGICAL MagNITUDE Prrcr
‘taking Loudness into Account].—Stevens,
Volkmann, & Newman. (Journ. Acoust.
Soc. Am., Jan. 1937, Vol. 8 No. 3,
pp- 185-190.) Prompted by Fletcher's
proposal that pitch should be specified in
terms of a reference tone, at a loudness
level of 40db, which is perceived us equal
to the given tone in pitch (see 1499 of 1935.)

2197.

Phasn
(Revie
1936,

THE Direct MEASUREMENT OF
IN AcousTtics.—Z. Carrifre.
d’Acoustique, Fasc. 1/2, Vol. 3,
pp. 1-23.)
STupY of VERY WEgak Norsks [by Ear
and Movable Reinforcing-Disc Method,
for Sounds below Threshold of Microphones].
F. Canac. (Revue d'Acoustique, Fasc. 3/y,
Vol. 5, 1936, pp. 81 98.)

TuE Non-LiNnear DistorTiON oF LONG
TeLeEpHONIC Circuits IN CaBLE, AND ITs
ErFecT oN INTELLIGIBILITY. —F. G. Liischen.

2198.

2199.

2200.

(Ann. des Postes, T. et T. March 1937,
Vol. 26, No. 3, pp. 226-248.)

2201. DiscussioN oN ‘‘ THE PRrRESENT PosiTion
OF THE TECHNIQUE o0F LONG-DISTANCE
SUBTERRANEAN TELErHONE LINEs.”'— L.
Simon : Brillouin.  (Bull. Soc. frang. des
Llec., March 1937, Vol. 7, No. 75, pp.
329-330.)
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2202,

2203.

2204.

22035.

2206.

2207.

2208.

MusicaL TRANSMISSION OVER LINEs [with
Data on Italian Circuits].—G. Castelnuovo.

(L'Elettrotec., No. 6, Vol. 24, 1937, PP
162--171.)

METHODS FOR THE REDUCTION OF NON-
LINEAR DISTORTION  (LINEARISATION). —
Sturm. (See 2097.)

BALANCED  AMPLIFIERS @ Part  VIL
Preisman. (Commn. & Broad. Eng., Jan.
1937, Vol. 4, No. 1, pp. 8-9 and 16, 24.)

Concluding part of the series referred to in
169 of January.

INVERSE FEEDBACK APPLIED TO THE SPEECH
AMPLIFIER FOR THE AMATEUR '[PHONE
TRANSMITTER [I25 W Output from Two
RK3g Valves|.—]. B. Carter. (QST, April
1937, Vol. 21, No. 4, pp. 46-51.)

REs1STANCE-COUPLED AMPLIFIER DaAta
[Circuit Values for Use with Various Triodes
and Pentodes].—RCA Radiotron. (Elec-
tronics, Feb. 1937, Vol. 10, No. 2, pp. 29-30.)

ErfFecTIivE RESISTANCE-COUPLED AMPLIFICA-
TION WITH PENTODE (SCREEN-GRID) VALVES
[such as RIENS 1284: Losses involved in
Frequency Correction of Microphones, etc.,
made up by High Working Voltage and
Anode Resistance|.—K. Thiele. ([funktech.
Monatshefte, Dec. 1936, No. 12, pp. 451—-453.)

A SiMPLE WaY OF INVESTIGATION AND
SPECIFICATION FOR MICROPHONES [and Tele-
phones|.-— K. Hohage. (Zeitschyv. f. Fern-
meldetech., No. 1, Vol. 18, 1937, pp. 5-7.)

Free from the defects of the C.C.1. comparative

method.

The microphone is treated as a generator,

and it is seen that its properties can be specified
adequately by the measured values of e¢.m.{. and
internal resistance as functions of working con-

ditions.

especially  frequency. Slope S and

“ durchgritf ” D, analogous to those of a valve,
are important quantities which can be obtained
from the curves.

2209.

2210.

2211%.

2212

Horx-Loapep MC  Louvsreaxekks [Cor-
respondence].-—(Wireless Worid, 16th April
1937, Vol. 40, p. 383) Continued from
previous issues.

ROCHELLE SALT OSCILLATOR WITH VIBRATING
STEEL BAR, and EXPERIMENTS ON [PP1EZO-
ELECTRIC OSCILLATIONS WITH ROCHELLE
SaLt CrvysTars.—Lamb : Hiltscher. (See
2318 & 2319.)

Tue ‘“ Macic Voick " LoUDSPEAKER [with
Rigidly Sealed Cavity enclosing Back,
Back-\Wave transferred to Front with Phase
Reversal Ly Five Metal Pipes].—Caulton,
Dickey, & Perry. (Rad. Engineering, Oct.
1936, Vol. 16, No. 10, pp. 8-10 and 22.)

EQUIPMENT aAND METHODS USED IN ROUTINE
MEASUREMENTS OF LOUDSPEAKER RESPONSE.
—S. V. Perry. (Rad. Engineering, March
1937, Vol. 17, No. 3, pp. 7-9 : to be contd))
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2213,

2214.

2217.

2218.

2210.

2220.

2221.

2222.

2223.

2224.

2223.

2226.
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TuE FREQUENCY OF TRANSVERSE VIBRATION
ofF A L.oapep IIXEp-I'REE Bar: I11--ThHE
EFFECT OF THE ROTATORY INERTIA OF THE
Bar [Theory].—R. M. Davies. (Phil. Mag.,
April 1937, Series 7, Vol. 23, No. 1355,
pp- 563-573.) See also 1838 of May.

A NoTte oN LAGUERRE POLYNOMIALS

[occurring in Reflection at Paraboloidal
Surfaces].—Howell. (See 2149.)

. A NEEDLE-SCcRATCH FILTER WITH MULTIPLE-~

Cay SwitcHING.—]. Kessler.  (Funktech.
Monatshefte, Dec. 1936, No. 12, pp. 463-466.)

REcorD " [Book Re-
view].—H. C. Bryson. (Comn. & Broad.
Eng., Feb. 1937, Vol. 4, No. 2, p. 20)

Tue OrrseET-HEap CrysTaL Pick-Upr [and
Its Reduction of Tracking-Error].—]. R
Bird & C. M. Chorpening. (Rad. Engineering,
March 1937, Vol. 17, No. 3, pp. 16-18.)

A REecoOrD-SAVING Pick-Up [ Needle-Tilt "
Principle reduces Change in Tracking Angle].
—R. P. Glover : Baumzweiger. (Electronics,
Feb. 1937, Vol. 10, No. 2, pp. 31-32.)

AN INSTANTANEOUS RECORDING HEAD.—
G. J. Saliba. (Comin. & Broad. I'ng., March
1937, Vol. 4, No. 3, pp. 8-9 and 16, 25.)

A NEW TESTING APPARATUS FOR TELEPHONE
EguipMENT [using a Sound Generator
consisting of Steel Balls falling from Reservoir
and detlected to strike a Mica Membrane :

Frequency Spectrum uniformly  covers
Speech Frequencies].—G. H. Domsch &
O. Bohm. (T.F.7., March 1937, Vol. 26,

No. 3, pp- 49-53.)

Croste-MIKE versis REVERBERATORY
MoniTorING [for Sound-I'ilm Recording]. —
C. Felstead. (Comm. & Broad. Eng., Jan.
1937, Vol. 4, No. 1, pp. 12-13.)

VDE TeLEpHONIC CONFERENCE FROM 33
Districts [with Total Line Length of
7000 km].—(Funktech. Monatshefte, March
1937, No. 3, pp- 98-99.)

INsiDE PUBLIC-ADDRESS INSTALLATIONS.
J. P. Taylor. (Comun. & Broad Eng.,
March 1937, Vol. 4, No. 3, pp. 17-20 and
23, 25)

THE SoUND LEQUIPMENT OF THE GERMAN
OPERA Housk, BERLIN.—A. Mainka.
(Funktech. Monatshefte, Dec. 1936, No. 12,
pp. 469-473.)

NEW INSTALLATIONS FOR AcousTtic Pick-Up
AT THE PosTeE ParisiEN [including the
RRoux, Gamzon, Sollima, & Sarnette Three-
Register System of Electrical Reverberation
Control, and the Lakhovsky ‘° Microstéréo-

phone ' Microphone].—M. Adam. (Génie
Civil, 3rd April 1937, Vol. 110, No. 14,
PP- 309-312.) See also Aisberg, 1419 of
April.

THeE OprTIMUM REVERBERATION OF SMALL
Rooxs. G von Békésy. (Revue
d' Acoustigue, Fasc. 5/6, Vol. 5, 1936,
pp. 145-182.)
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2227.

2228.

2229.

2230.

2231.

2232.

2233.

2234.

2235.

2230.

2237.

2238.
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PROPAGATION OF SoUND IN BUILDINGS
[Summarising Account of Recent Practical
and Theoretical Work].—I<. W. Wagner.
(ELN.T., Feb. 1937, Vol. 14, No. 2,
PpP. 49-66.)

REVERBERATION-TIME CALCULATIONS [with
Curves based on Eyring’s Formula].—A. J.
Ebel. (Comm. & Broad. Eng., Feb. 1937,
Vol. 4, No. 2, pp. 10-11 and 16.)

PorTABLE DIRECT-READING REVERBERATION
MeTER.—H. ]. Sabine. (Electronics, March
1937, Vol. 10, No. 3, pp. 30-31 and 35.)

REVERBERATION AND ABSORPTION OF SOUND
[Lecture, including Recent German Re-
search].-—E. Mever. (Journ. Acoust. Soc.
Am., Jan. 1937, Vol. 8, No. 3, pp. 155-161.)

THE THEORY OF SOUND TRANSMISSION
THROUGH Porous AND NON-PoRrROUS MATER-
1aLs.—DM. Rettinger. (Journ. Acoust. Soc.
Am., Jan. 1937, Vol. 8, No. 3, pp. 172-1735.)

SOUND ABSORPTION IN SoLID BODIES [treated
as Result of Collisions between Sound
Quanta and Debye Heat Quanta: Linear
Frequency Dependence of Absorption Co-
efficients].—Landau & Rumer. (Phystk.
Zeitschr. dev Sowjetunion, No. 1, Vol. 11,
1937, pp.- 18-25: in German.)

A MopiriEp TuBE METHOD FOR THE
MEASUREMENT OF SOUND ABSORPTION [of
Small Samples].—K. C. Morrical. (Journ.
Acoust. Soc. Am., Jan. 1937, Vol. 8, No. 3,
pp- 162-171.) With results on some com-
mercial materials.

ON THE VIBRATIONS OF PIANO STRINGS.-
O. Vierling. (Zeitschr. f. tech. Phys., No. 4,
Vol. 18, 1937, pp. 103-105.)

TRANSIENT PROCESSES IN STRINGED INSTRU-
MENTS.—H. Backhaus (with E. Weise).
(Zettschv. f. tech. Phys., No. 4, Vol. 18,
1037, pp. 98-103.) Lurther development of
the work dealt with in 1932 Abstracts,
p. 289.

THEORY oF THE HASKELL OrGAN PIPE, and
THE ‘' STRIKE NOTE " oF BEeLLs.—A. T.
Jones. (Journ. Acoust. Soc. Am., Jan.
1937, Vol. 8, No. 3, pp. 196-198 : pp. 199—
203.)

DEVELOPMENTS IN AIRCRAFT SoUND CoON-
TROL [Noise Reduction].—H. H. Bruderlin.
(Journ. Acoust. Soc. Am., Jan. 1937, Vol. 8,
No. 3, pp. 181-184.)

THE DIRECTIVE RECEPTION OF NOISES.
E. Paolini. (Alta Frequenza, March/April
1937, Vol. 6, No. 3/4, pp. 165-208.)
linear system of

detectors : circular and spherical systems : system

arranged irregularly in space.

Theory : practical

constructional notes.

2239.

ELECTRICAL STIMULATION OF THE COCHLEA
[involves Same Peripheral Mechanism as
Stimulation by Air-Borne Sounds].—E.
Bdrdny. (Nature, 10th April 1937, Vol.
139, p. 633,

2240.

2241.

2242,

2244.

2246.

2248.

2249.

. AEF

. O~

. Tne

June, 1937

OrIGIN OF THE CocHLEAR EFFEcT [Indirect
Experimental Support for Aembrane
Theory].—O. Gatty & A. FF. Rawdon-Smith.
(Nature, 17th April 1937, Vol. 139, p. 670.)

THE RESPONSE oF THE MAMMALIAN COCHLEA
TO PHASE-REVERSAL IN A CONTINUOUS
MusicaL ToNE [must originate in Some
Non-Resonant Structure: Objective Evi-
dence of Phase-Change Beat]. —C. S. Hall-
pike, H. Hartridge, & A. F. Rawdon-Smith.
(Proc. Phys. Soc., 1st March 1937, Vol. 49,
Part 2, No. 271, pp. 190-193.)

THE AUDIBLE EFFECT OF A SUDDEN CHANGE
OF P’HAsE IN THE CURRENT SUPPLIED TO A
TELE'HONE RECEIVER [demonstrated by
Lllectrical  Experiment].—I.. Hartshorn.
(Proc. Phys. Soc., 1st March 1937, Vol. 49,
Part 2, No. 271, pp. 194-197 : demonstra-
tion circuit.)

PPROPOSED STANDARD TERMINOLOGY
IN AcousTics.—(E.7.Z., 11th March 1937,
Vol. 58, No. 10, p. 285.)

A NeEw ELECTRICAL SPEECH APPARATUS FOR
THE IMITATION oF HumaN VOWELS.
K. W. Wagner. (Elekirot. u. Masch-bau
28th Feb. 1937, Vol. 55, No. 9, pp. 105
106.)

. ON HEARING BY ELECTRICAL STIMULATION

[Experimental Results].—S. S, Stevens.
(Journ. Acoust. Soc. Amn., Jan. 1937, Vol. 8,
No. 3, pp. 191-195.)

THE PRESSURES AND TENSIONS OF RaDIA-
tIoN.—L. Brillouin.  (Revue d'dcoustique,
Fasc. 3/4, Vol. 5, 1936, pp. g9-111.)

THE PROBLEM OF THE QUANTITATIVE
ESTIMATION OF THE FORCE OF A SOUND.
S. N. Rschevkin & A. V. Rabinovitch.
(Revie d’Acoustique, Fasc. 5/6, Vol. 5, 1936,
pp- 183-200.)

EFFECT oF TURBULENCE ON THE PROPAGA-
TION OF SOUND [illustrated by Studies of
Attenuation of Fog-Horn Sound at Sea
Surface|.—H. Dahl & O. Devik. (Natuve,
27th March 1937, Vol. 139, pp. 550-551.)

CHARACTERISTICS OF SHOCK-WAVE PROPA-
GATION NEAR AN EXPLOSIVE SOURCE [ Free *
Sound Field with Velocities Several Times
the Normal Velocity].—L. Thompson &
N. Riffolt. (Phys. Review, 1st March 1937,
Series 2, Vol. 51, No. 5, p. 377 abstract
only.)

MECHANICAL ACTION OF THERMAL
F-LasTic Waves 1nv Liguips [Theory giving
Calculation of Pressure Difterence between
Two Isothermal Planes].—I. Perrin & R.
Lucas. (Comptes Rendus, 22nd March 1937,
Vol. 204, No. 12, pp. 960-961.) Theory
applying to experiments referred to in
1452 of April.
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2251. Acoustic SpecTrRUM OF [Organic] Liguips
[with Fabry-Perot Patterns of Incident and
Scattered Radiation: Some Liquids have
Organised Sound Waves as Part of Thermal

Agitation].—C. V. Raman & B. V. R. Rao.
(Nature, 3rd April 1937, Vol. 139, pp.
584-585.)

. FLOATING PARTICLES IN AN Acoustic FIELD
[Theory and Photographs of ehaviour of
Aerosols and Acoustic Coagulation].—O.
Brandt, H. Ireund, & E. Hiedemann.
(Zeitschr. f. Physik, No. 7/8, Vol. 104, 1937,
pp. 511-533)

TiE SMOKE METHOD OF MEASURING SUPER-
soNi1C VELocITIES [Error Sources eliminated :
Measurement of Supersonic Velocities in
Air, Oxygen, Nitrogen: No LEvidence of
Dispersion|.—R. C. Parker. (Proc. Phys.
Soc., 1st March 1937, Vol. 49, Part 2, No.
271, pp. 095-104.) Tor the method see
Pearson, 2708 of 1935.

2253.

‘Darkx BAXNDS IN THE SPECTRA OF ACOUS-
TicaL AND OPTICAL DoUBLE GRATINGS
THEORETICAL EXTENSION AND ADDITIONAL
RESEARCHES To A Parer By CERMAK &
ScnoENECK.—R. Bar : Cermak & Schoeneck.
(Helvet Phys. Acta., Fasc. 2, Vol. 10, 1937,
pp. 130-138: in German.) See 3474 of
1936.

ABSORPTION AND DIFFUSION OF SUPERSONIC
Waves, AND [New Deductions on] THE
STRUCTURE OF Liguips.—R. Lucas. (Journ.
de Phys. et le Radwun, Feb. 1037, Vol. 8,
No. 2, pp. 41—48.)

SinciNG FrLamis [Special Form of Sensitive
Flame, '‘ singing *’ without any Associated
Resonator : Possible Applications of These
and of Ordinary Sensitive Ilames].—Z.
Carrigre.  (Revue d’Acoustigue, Fasc. 3/4,
Vol. 5, pp. 112-138.)

2254.

2255.

2256.

PHOTOTELEGRAPHY AND TELEVISION
2257. THE LARGE PIcTURE PROBLEM IN TELE-
visioN [VDE lecture on Cinema Television].
—A. Karolus. (Funktech. Monalshe/te,
March 1937, No. 3, Supp. pp. 21-25.)
Beginning with a table giving the illumination,
in lumens, and the number of lines necessary for
various picture sizes (fron the home ciné to specially
large cinemas), for two grades of brightness (25
and 100 lux), the writer goes on to survey the possi-
bilitics of the four main schemes : 1-—Intermediate
film, including various suggested methods of over-
coming the high cost of the photographic film
process, such as Selényi’s electrographic method
(see, for example, 669 of February) which however
he considers would have to use a multi-channel
system, and should therefore really go into Class 2.
The Scophony supersonic-wave mcthod is also
discussed here, together with Alexanderson’s
method of * electrical focusing.””  2—Multi-channel
methods, using Weiller mirror-wheels, etc. 3-
“ Cell raster” methods, which are among the
oldest but which, the writer concludes, provide n
their improved technique (including dry-plate
rectifiers for each lamp, grid-controlled luminescent
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lamps with hot cathodes, cathode-ray switching
devices, etc.) the most hopeful solution. 4—The
high-power cathode-ray tube, which he considers
to be hopeless, especially now that researches in
America have shown that the replacement of
fluorescent miaterials by thermally luminescent
substances is unsatisfactory, owing either to time
lag or (if this is cured) to rapid deterioration.

2258, LARGL-SCREEN TELEVISION |  SCOPHONY
ProsPECTS : GERMAN TECHNICAL VIEWS.
(Television, lieb. 1937, Vol. 10, No. 108
p. 68)

Tygr FuTURE oF TELEVISION | Wny A NEw
TECHNIQUE oOF PRESENTATION MUST BE
Devicoren.—R. W. Hallows. (Wireless
World, 16th April 1937, Vol. 40, pp. 370-371.)

2259.

2260. TELEvIsION : THE B.B.C.’S QUESTIONNAIRE
To VIEWERs.—(Television, IFeb. 1937, Vol

10, No. 108, p. 78)

TELEVISION AT THE BERLIN Rapio ExHIBl
TION, 1936.—Traub : Taylor. (Journ. Tele-
vision Soc., Dec. 1936, Vol. 2, Part 6, pp.
181187 : pp. 188-191.) The second paper
includes a comparative table of results given
by the various receivers.

2261.

2262. MODERN DEVELOPMENTS IN TELEVISION :
PART I-—TRANSMISSION SysTEMS.—S. L.
Stevens.  (P.O. Elec. Eng. Journ., April

1937, Vol. 30, Part 1, pp. 37-45.)

THE Trrevision TRANSMITTER IN THE
PuiLips l.aBoraTory [for Sequential or
Interlaced Scanning].—J]. van der Mark.
(Philips Transmitting News, March 1937,
Vol 4, No. 1, pp. 18-20.)

2263.

2264. PHILCO SHOWS 441-LINE TELEVISION {with
4.5 Mc/s Side-Bands (using Special Method
of Modulation, not revealed) : Comparison
of Results with 345-l.ine Images].—Ihilco
Company. (Electronics, March 1937, Vol. 10,

No. 3, pp. 8-9)

THE MiBALY-TRAUEB SYSTEM UP-TO-DATE.
(Television, Nov. 1936, Vol. 9, No. 105
pp- 635-636 and 668.)

TurE Bamrp  TELEVISOR = RECEIVING SET
[Demonstration and Discussion].—T. M. C
Lance. (Journ. Television Soc., Dec. 1930,
Vol. 2, Part 0, pp. 192-197.)

2265.

2206.

“ TELEVISION’S 7 (GUARANTEED CATHODE
Ray RecEver [for the Amateur Con-
structor].—(Television, Nos. 104—109,
namely :-—QOct., Nov., Dec. 1936, Vol. 9:
Jan. 1937, Vol. 10: Operating Notes on
Time Bases, l'eb. 1937 Reduction in Cost
for Short Ranges, March 1937.)

2267.

2268. TELEVISION WITHOUT MAINS SUPPLIES: A
ScHEME Fok ' PORTABLE W TELEVISION By
THE LOEWE ComPANY [with Frame Time-
3asc Voltage from Rotating Commutator
Disc, Line Time-Base Voltage from Rotating
Condenser Plate].—L. S. Kaysie. (Tele-
viston, Oct. 1936, Vol. g, No. 104, pPp. 571
572

E
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Tur TeLEvVISION RECEIVER: VII—THE
SiGnaL/Noise RaTIO AND SUPERHETERO-
DYNE [INTERFERENCE ProBLEMS —W. T.
Cocking. (Wareless World, 16th April 1937,
Vol. 40, pp. 376-378.)

CoNTRAST OR PICcTURE BRIGHTNESS ? SoME
NOTES ON SECURING THE BEST RESULTS.
R. L. Ashmore. (Television, March 1937,
Vol. 10, No. 109, pp. 145 -146.)

2204,

I'HE PHOTOGRAPHING OF TELEVISION IMAGES
[Notes tfrom the Writer’s Practical Experi-
ence, with Specimen Results].—M. von
Ardenne.  (Funktech. Monatshefte, March
1937, No. 3, Supp. pp. 25-27.)

. MAGNETIC FocusiNGg, and ELLCTROSTATIC
Focusing.—H. Wood : G. Parr. (Wireless
World, 2nd April 1937, Vol. 40, pp. 320-322:
pPp. 328-329.)

. I'orMATION OF ELECTRON LENSES BY MEANS

or RESISTANCE Srirars.—von Ardenne.

(Television, Dec. 1936, Vol. 9, No. 106,

p- 696.) For an abstract of the original

German paper see 322 of January.

2271.

Tue Iox LINE oN CaTHODE-Ray TuBE
ScrEENS.—von Ardenne. (Television, Nov.
1936, Vol. 9, No. 105, pp. 626 and 627.)
For abstract of the original German article
see 292 of 1936.

2274

FruorkscuNT ScREENS.—(Wireless World,
2nd April 1937, Vol. 40, pp. 336-337.)

THeE ABSORPTION OF JoNic CRYSTALS IN
THE ULTRA-VIOLET {Measurements of Bands
of Films of Alkali Halides on Lithium
Fluoride :  Alkaline Earths show Sharp
Absorption Edges].—1:. G. Schneider &
H. M. O'Bryan. (Phys. Review, 1st March
1937, Series 2, Vol. 51, No. 5, pp. 293-295.)

DEPENDENCE OF LUMINESCENCE ON PHYSICAL
STRUCTURE IN ZINC Borate CoMPOUNDS
[Change from Vitreous to Granular State
increases Luminescence : Addition of Acti-
vator results in Condensation of Emission
Bands and Increase in Their Wavelengths :
Bearing on * Solid Solution ”* ldea].-

D. H. Kabakjian. (Phys. Review, 1st March
1937, Series 2, Vol. 51, No. 5, pp. 365-368.)

2275.

2276.

2277.

i, APPARATUS FOR THE MEASUREMENT OF
AVFTERGLOW AND THE COMPARISON OF THE
MaxiMum  BRIGHTNESS OF PHOSPHORS
ESPECIALLY FOR TuLEVISION PURPOSES.
W. Pragst. (Funktech. Monatshefte, Feb.
1937, No. 2, Supp. pp. 19-20.)

“The phosphor is carried on a fixed glass plate PP
Tbetween two discs driven by a common motor but
-adjustable as to the phase angle. Disc 1 (detached
in Fig. 2 to reveal the phosphor plate P) has one
radiul slit, some 12 mm wide, and intervenes
between /> and the condenser lens C (and its ultra-
violet filter U) of the arc lamp B : see also ligs. 2
and 3. Disc 11, on the far side of the phosphor
plate, carries a detachable grating R (seen separated
from its disc in Iig. 3) consisting of six metal
-strips, parallel to the ecdge of the disc, separated
by spaces. On the far side of disc 11 is a fixed
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screen II1 with an opening O on the axis of the
optical system : this is best seen in Fig. 4. It is
through this opening that the processes are watched.

The four middle strips of the grating R on disc 11
are coated with a phosphor (which may be the same
as that under observation, on P); the other two
strips are left plain (Iig. 3). As this grating rotates
on its carrier disc 11 it passes a ““ Kinox " lamp K
(Fig. 4) whose brightness can be adjusted so that
the coated bars of the grating can, in their passage,
be excited to a desired degree of tluorescence.

This glow, as it passes the observation opening O,
can be made to match the glow (seen through the
spaces of the grating) due to the phosphor plate P.
By shifting the phase of disc 11 relative to disc 1
by an angle representing a definite afterglow time,
it can be arranged that the direct, maximum
tluorescence of P no longer reaches the observation
opening through the spaces of the rotating grating :
its brightness is, however, still represented by the
glow of the four grating bars. All that is visible
from P is the afterglow, showing as a more or less
dark background to the bright grating bars. If
the discs are rotated at 10 r.p.s., decay times of
from 1/10th to 1/100th sec. can be represented by
adjusting the phase between the discs, and this
decay time can be increased until the dark back-
ground appears as black as the two completely
black untreated Dbars of the 6-bar grating. The
decay time can then be read off the phase-changing
scale on disc 1, calibrated in fractions of a second.
If it is desired to plot the decay curve, the
grating is removed from disc 11 and the afterglow
light reaching the observation opening is measured
photometrically for various phase angles between
discs 1 and 1. To compare the maximum bright-
ness of two different phosphors, the two discs are
set “in phasc” and the grating glow is first
matched against plate P and then against plate P’
carrying thc sccond phosphor. In all cases the
preliminary step is to adjust the brightness of the
arc lamp B so that the fluorescence excited by its
ultra-violet radiation corresponds to the fluorescence
which would be excited if the material were used
in a cathode-ray tube.
2279. Harp-VarLve Tmve Bases [for Cathode-
Ray Tubes].—Puckle. (Wiveless World,
2nd April 1937, Vol. 40, pp. 316-318.)
TELEVISION INTERMEDIATE [REPEATERS [in
Use on Television Cable Link betwecen
Berlin and Leipzig].—V. Gandtner. (7.F.T.,
Feb. 1937, Vol. 26, No. 2, pp. 37-40.)
TELEVISION INTERFERENCE TEST SET [for
G.P.O.].—(Wireless World, 23rd April 1937,
Vol. 40, pp. 398-399.)
SoME TELEVISION AERIAL
AN ACCOUNT OF PracrTIicaL
Trsts.—(Television, Feb. 1937,
No. 108, pp. 81-82))

2280.

22871,

LLXPERIMENTS :
REckpTiON
Vol. 10,

2282.

LENSES MOULDED FROM ILastics [ Per-
spex,” etc.].—(Television, March 1937, Vol.

10, No. 109, p. 139.)

2283.

REVOLVING M1RRORS-—A THEOREM [of Use in
Study of Distortions in Ray Path].
C. Dalton. (Television, March 1937, Vol. 10,
No. 109, p. 140.)

2284.
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2285. A METHOD OF INVESTIGATING THE TRANSIENT
CHARACTERISTICS oF ELECTRicAL CIRCUITS.

—Morse. (See 2084.)
2286. THE DESIGN oF VISION-FREQUENCY AMPLI-
FIERS [with High and Low Frequency

Correction : Theory and Experimental Con-
firmation| —P. Nagy. (Television, March
1937, Vol. 10, No. 109, pp. 160-161 and
162 : to be contd.)

2287. SoME DATA ON THE QUESTICN OF THE
IXELATION BETWEEN SECONDARY ELECTRON

Eaission AND PHOTOSENSITIVITY . — A.
Dobrolyubski. (Physik. Zeutschr, der
Sowjetunion, No. 1, Vol. 11, 1937, pPp.

115-121 : in German.)

By tests on the secondary emission from layers
of Cs—Cs,0 on silver, copper, and nickel, and by
the analyvsis of their spectral characteristics, the
writer has shown that the value of the coefficient
of secondary emission (from electron bombardment)
is closcly related to the integral photosensitivity
in the ultra-violet region but not in the visible or
infra-red regions. The problem of the origin of
secondary emission seeins therefore bound up with
that of the origin of the integral sensitivity in the
ultra-violet region. Thus the silver, copper, and
nickel variations of the composite cathodes show
marked differences in photosensitivity in the visible
and infra-red regions, and practically equal photo-
sensitivities in the ultra-violet region (Kluge,
3151 of 1935) ; the coefficient of secondary emission
is approximately the same for all of them. Accord-
ing to the writer's measurements, this coefficient
is 2—-3 at 150 volts (and ** 3-4.1 at 150 volts ’—
there is an ambiguity here) : *‘ the higher values
usually obtained with the caesium-oxygen layers
on silver are a result rather of the better techno-
logical process . . . than of the influence of the
under layer itself ”’ (the colour changes of the silver
oxide facilitate the correct preparation of the com-
posite layer).

This lack of dependence of the secondary emission
on the nature of the under layer may be explained
in two ways. The first interpretation, which is
supported by Rudberg’s work on the inelastic
retiection of electrons (3792 of 1936) and by the
known fact that the photosensitivity and secondary-
emission sensitivity of the prepared layers are both
increased by treatment with oxygen and subsequent
heating, is that the secondary emission proceeds
from the Cs,0-Cs layer and that the réle of the
under layer is limited to the storing-up of oxygen
and its release on heating, to {ormm the Cs;O. On
the other hand there are arguments in favour of a
deeper penetration and of a participation in the
emission process by particles of the metal of the
under layer ; a final decision could be reached by
experiments on secondary emission from Cs,0-Cs
layers on an insulating under layer.

When a Cs-Cs,O-Ag cathode is fatigued, the
chief loss of photosensitivity is in the wvisible
and infra-red regions. The only slight change in
the integral sensitivity in the ultra-violet region
corresponds with the only slight change in the
secondary emission. Finally, another fact of
interest is that in various C(s—Cs,0-Ag cathodes
which show marked differences in integral photo-
sensitivity, the falling off is chietfly in the infra-red

WIRELESS

ENGINEER 335
and (to a smaller extent) the visible region, while
the differences in secondary emission are far
smaller : thus one cathode, of photosensitivity 2o
times smaller than that of another, had a secondary-
emission cocfhicient of 2.5 to the other’s 3.5.

2288. SoFT X-RAY AND PHOTOELECTRONS FROM
NickkL AT DIFFERENT TUMPERATURES [with
Discussion of Abrupt Change of Secondary
Emission from Nickel at Curie Point].—
S. R. Rao. (Proc. Itov. Soc., Series A, 15th
March 1937, Vol. 159, No. 897, pp. 283—294.)

THE PHoToELECTRIC WORK FUNCTIONS OF
THE 2I1 AND 310 [’LANES oF TUNGSTEN
[Values determined using Towler’s Method].
—C. E. Mendenhall & C. F. DeVoe. (Phys.
Review, 1st March 1937, Series 2, Vol. 51,
No. 5, pp. 346-349.)

THE SHENSTONE IX¢rFrcT IN BisMUuTH [Varia-
tions in I’hotoelectric Sensitivity of Bismuth
when Electric Currents pass through It
are due to Changes in Gas occluded by
Metal].—A. H. Weber & C. B. Bazzoni.
(Phvs. Review, 1st March 1937, Serics 2,
Vol. 51, No. 5, p. 378 : abstract only.)

2289.

2290.

NoTE ON QUANTUM ABSORPTION [’Ro-
BABILITY IN THE CasE or THE I’HOTO-
ELECTRIC EFFECT [Probability of Absorption
of Quantum is proportional to Square of
Electron’s Normal Velocity Component].—
A. T. Waterman. (Phys. Review, 1st March,
1937, Series 2, Vol. 51, No. 5, p. 378 : abstract
only.)

PHOTOELECTRIC GEIGER-MULLER COUNTERS
¥oR VISIBLE AND ULTRA-VIOLET LIGHT
[New Developments in Technique].-—G. L.
Locher. (Phys. Review, 1st March 1937,
Series 2, Vol. 51, No. 5, p. 386 : abstract
only.)

. INFLUENCE 0oF PRE-ILLUMINATION AND OF
TEMPERATURE ON THE ABSORPTION OF LLIGHT
IN Cu,0.—S. I. Goloub & G. A. Koulev.
(Physik. Zeitschv. der Sowjetunion, No. 2,
Vol. 11, 1937, pp. 168-181 : in French. )

2291.

2292.

ON THE QUESTION OF THE PROPERTIES OF
THE BARRIER LAYER IN " VALVE-LavER”’
ProTtockLLs.—W. P. Jouse [Jusé]. (Physik.
Zeitschr. der Sowjetunion, No. 1, Vol. 11,
1937, pp. 122-127 : in German.)

In his paper on synthetic barrier-layer rectifiers
(2048 of 1935) the writer mentioned that his
attempts to make photocells on the same principle
were unsuccessful so long as his artificial barrier-
layer, spread on the semiconducting Cu,O, was
composed of a substance such as SiO, or B,Og
which had no internal photoettect ; but that a good
‘“valve-layer ' photocell could be obtained if a
substance such as TS, with a large internal
photoeffect, was employed as the artificial barrier
layer. Further researches have brought to light
a marked dcpendence of the phenomenon on the
thickness of the TLS layer, the spectral sensitivity

2204.

curves of cells with thicknesses ranging from
1073 to 107 %cm having different shapes in the

region of the shorter waves. Thus curve 11, of a

cell with a thin TLS layer, has a ““ hump ”’ corre-
E 2
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sponding very closely to the maximum of the usual
frontal Cu,O photocell (curve 1), whereas a thicker
TL,S layer gives no such “ hump " {dotted portion
of curve 111), though both curves coincide towards
the longer wavelengths and rise in a way which
suggests the existence of a second maximum,
presumably corresponding to the photoeffect of
the TI,S.

If, however, special precautions (cooling by liquid
air, etc.) are taken during the process of deposition of
TLS on the Cu,0, to avoid any possible accidental
* sensitisation ” of the Cu,O surface by electron
or ion bombardment, both thin and thick T1,S
layers give curve 111, the first *“ hump " disappear-
ing. In view of the writer’s results it is thought
that the (very small) photocurrents obtained by
van Geel (3988 of 1935), from selenium cells with
artificial barrier layers of substances presenting
no internal photoetfect, must be attributed to such
accidental sensitisation of the semiconducting
surface.

Finally, it is mentioned that these synthetic
photocells in general give much smaller values of
photoetfect than ordinary cells under the same
conditions : the structure of the barrier layer must
play an important part.

MEASUREMENTS AND STANDARDS

2295. ‘* THE MEASUREMENT OF CURRENTS AT VERY
HicH FrEQUENCIES.”—H. Schwarz. (Elec-
tronics, Feb. 1937, Vol. 10, No. 2, p. 56.)
Notice of a U.S. Bureau of Census booklet
including a translation of Schwarz’s paper,
dealt with at length in 1932 Abstracts,
PP- 471—472.

Micro-WaAVES : PART VI-—MEASUREMENT.
—Carrara. (Alta Frequenza, March/April
1937, Vol. 6, No. 3/4, pp. 2306-242.) For
previous parts see 2058, above.

2296.

MEASUREMENT OF  THE ULTRA-HIGH-
FREQUENCY ABSORPTION {in Liquid
Dielectrics] By A TuErMAL DMETHOD.
Zouckermann & Freyvmann. (Journ. de
Phys. et le Radium, March 1937, Vol. 8,
No. 3, pp. 103-110.) For a Comptes Rendus
Note see 3527 of 1936.

2297.

2298. ON THE PROBLEM OF THE MEASUREMENT OF
POWER FROM MAGNETRON GENERATORS ON
DeciMETRE Waves.—S. J. Braude & A. A.
Slutzkin. (Physik. Zeitschr. dev Sowjetunion,
No. 1, Vol. 11, 1937, pp- 69-77 : in German.)

The photocell (anode-heating) method is unsatis-

factory because in the generating condition the
anode is not heated uniformly: Pfetscher &
Puhlmann’s cooling-water method {2950 of 1936)
seems more reliable but can only be applied to
certain designs of magnetron: the method of
Leljakov and colleagues, with ‘ intermittent oscil-
lations,” using a ballast resistance in the anode
circuit (924 of March), is rather difficult to work
out : absorption by incandescent lamps or thermo-
elements in inductively coupled resonance circuits,
as used by various workers, can be applied success-
fully only with small powers, since with larger
powers the filaments would have to be so long
that the circuit would not be applicable to decimetre
wavelengths.
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The task is greatly simplified if the energy is
dissipated by a radiating resistance such as a suit-
ably coupled tuned aerial, but unfortunately the
formulae which fairly simply give the radiation
resistance on longer waves are not applicable to
the very short wavelengths. This is probably due
to the fact that the sinusoidal current distribution
is upset, for very short aerials, by the capacity
effect of the ends and by reflection from near-by
objects. Thus Sonoda found that the measured
radiation resistance of half-wave aerials on 20 cm
waves could be as much as 30°% more than the
theoretical value (1931 Abstracts, p. 97). Specially
large discrepancies would be expected with a
magnetron, since large masses of metal (electro-
magnets) would be near the aerial. In making
power measurements with the help of aerials, the
radiation resistance of the aerial must, therefore,
be previously determined in conditions correspond-
ing to the working conditions of the generator.

Such measurements of radiation resistance, on
half-wave and one-and-a-half-wave aerials, are
described, the method being the plotting of reson-
ance curves, with and without an additional resist-
ance in the aerial, by means of a thermoelement
at the middle of the aerial : a second thermoelement,
in the sliding bridge of the magnetron circuit
itself, was used to keep constant the amount of
energy in that circuit. The spacing between
magnetron circuit and aerial was kept fixed at
2cm. A holder, situated in the aerial near its
centre, enabled the additional resistance to be
introduced or to be replaced by a short copper rod.
This resistance (whose ohmic value must greatly
exceed its inductive value) was formed of a
ro-15 mm length of selected lead pencil, of ohmic
resistance 50-100 ohms. The resonance curves
were taken by varying the length of the aerial.
The radiation resistance of a particular aerial came
out at 71 ohms (wavelength 116 cm), close to the
calculated value. As a check, the damping-factor
method (using Sonoda’s formula involving the
wavelengths at which the current is 0.707 times
the resonance current) was tried : this gave a
value of 73 ohms, higher than the calculated
value.

Returning to the first method, it was found
that on wavelengths shorter than the 116 cm the
radiation resistances measured were greater than
the calculated values (Fig. 3). This was due partly
to increasing capacity ctfects of the aerial ends,
but partly to an artificial effect arising from the
fact that the shorter the magnetron-circuit wave-
length the nearer was the sliding bridge (and
consequently the aerial coupled to it) to the electro-
magnet poles, which were liable to alter the current
distribution and hence the radiation resistance.

2299. ALTERNATING CURRENT POWER MEASURE

MENTS BY MEANS OF REcCTIFIERS.—L. V.
Voroshilov. (Izvestiva Elektroprom. Slab.
Toka, No. 1, 1937, pp. 20—40.)

Experimental investigation to check the theoret-
ical considerations presented in a previous paper
(2357 of 1935). Methods are indicated for designing
the wattmeter, and a description is given of the
models used. Experiments were conducted mainly
at a frequency of so0c¢/s (in a few experiments
300 and 400c/s were used) but it is stated that
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no adverse effects should become apparent until
frequencies of the order of 5000 c/s are reached.
The accuracy and sensitivity of the various models
used, together with their electrical characteristics,
are shown in a number of tables. It appears that
this tvpe of wattmeter is quite suitable for
measuring, at the frequencies specified, powers
ranging from a fraction of a watt to several hundred
watts and higher.

2300. A SUGGESTED METHOD OF POWER MEASURE-
MENT IN Gasrous DiscHARGEs [Defects of
Electrodynamic Wattmeter Method avoided
by Interposition of Valve Voltmeter between
Voltage Winding and Discharge Tube].
H. Schmellenmeier. (Zeitschr. f. tech. Phys.,
No. 2z, Vol. 18, 1937, pPp- 35-37.)

2301. DiscussioN oN ‘' THE VECToriaL REPRE-
SENTATION OF Powegr.”—Iliovici. (Bull.
Soc. frang. des Elec., March 1937, Vol. 7,
No. 75, pp. 332-361.)

2302. A NEw METHOD OF MEASURING THE FERRO-
MAGNETIC PROPERTIES OF METALS IN THE
ReEGgioN oF VERY HIGH FREQUENCIES
(WIRE Brinpgt METHOD).—G. Potapenko &
R. Sanger. (Zeutschr. f. Physik, No. 11/12,
Vol. 104, 1937, pp. 779-803.)

This method is suitable for frequencies 108
1019 ¢/s and requires only very small samples of
the metal under investigation. It is essentially a
Lecher system of parallel copper wires, with a fixed
wire bridge of the required metal at one end and a
movable, completely reflecting bridge at the other.
The resonance curve (variation of energy with
bridge distance) of the standing waves in the
system has maxima whose height depends in part
on the ohmic losses and thus on the magnetic
permeability, which can therefore be measured by
this method. The theory is worked out and the
advantages and sources of error are discussed. A
critical discussion of other methods ot permeability
measurements at high {requencies precedes the
description of the new method.

2303. A HIGH-FREQUENCY RESISTANCE BRIDGE
{for Frequencies 20-2000 kc/s: for Rapid
and Accurate Measurements on lron-Dust-
Cored C(oils, or Direct Comparison of
Condensers : including a Variable H.F.
Resistance (Thin Platinum Coating on Glass
Rod, with Piston-Controlled Mercury Column
as Moving Contact].—C. Austin & A. L.
Oliver. (Marconi Review, Nov./Dec. 1936,
No. 63, pp. 22-26.)

2304. THE CAPACITANCE OF A PARALLEL-PLATE
CAPACITOR BY THE SCHWARTZ-CHRISTOFFEL
TraNsrorMATION.—H. 13. Palmer. (Elec.
Engineerving, March 1937, Vol. 56, No. 3,
Pp. 363-360.)

2305. ON THE CaLcuLATION OF TUE COEFFICIENT
oF MutuaL INDUCTION BETWEEN A CIRCUM-
FERENCE AND A CIRCUIT OF ANY SHAPE
WHATEVER.—R. Sartori. (L’Elettrotec., No.

5, Vol. 24, 1937, pp- 135-138.)
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2306. THE IMPEDANCE OF TUBULAR CONDUCTORS :
APPROXIMATE FoOrRMULAE FoR HIGH I'RE-

QUENCIES [neglecting Dielectric Losses :
Treatment using Hankel Functions]. —G.
Maione. (L’Elettrotec., No. 22, Vol. 23, 1936,

pp. 691-693.)

The results show the limits to the desirable use
of tubular conductors for high frequencies: if
x = 2(ry, — 7, \/f,L p (usual notation) then so
long as x remains less than 0.33 the ratio of the
equivalent resistance to the d.c. resistance is near
to unity, being practically dependent only on the
value of r,/r,; the skin effect is negligible. For
larger values of x the skin effect is no longer negli-
gible, and for values greater than unity the tubular
conductor can be regarded as equivalent in re-
sistance to a conductor of thickness equal to the

penetration depth 4, = 1/27. Volfu. (1 4 $4[rm)-

2307. MEASUREMENTS OF THE HicH-1'REQUENCY
RESISTANCE OF SINGLE-LAYER SOLENOIDS
[by Moullin’s Method : for Testing the
Accuracy of Butterworth’s Formulae].
‘W. Jackson. (Journ. I.E.L., April 1937,
Vol. 80, No. 484, pp. 140-445.)

One formula was found to be correct to within
about 4% for 30- and 50-turn coils over the whole
range of 200-2025 ke/s : for 10-turn coils a second
formula gave reasonably good agreement (under-
estimates by about 5-10%). Lor Moullin’s method
see 1932 Abstracts, pp. 593-594-

2308. SoME SERIES FORMULAS FOR Muruar IN-
puctaNct OF SoLEvoips.—H. B. Dwight
& F. W. Grover. (Llec. Engineering, March
1937, Vol. 56, No. 3, pp- 347-353.)

2309. A METHOD OF MEASURING HiGH IRESISTANCES
[10-100 X 10® Megohms (e.g- “ I'igure of

Merit *’ of Very Small Condensers): Con-
venient Electrostatic Method at 100-200
Volts].-——H. Gonningen. (E.1T.Z., 25th

March 1937, Vol. 58, No. 12, pp. 316-318.)
Also suitable for measurement of the insulation
resistance of highly insulating oils and greases.
The writer’s instrument for measuring the * figure
of merit” (megohms X microfarads) of small
condensers has already been successfully in service
for some years (see 548 of 1935) and it is this, in a
modified circuit, which can be used for the measure-
ment of resistances of the order of 10 100 ‘ tera-
ohms ” (one ‘‘ terachm ” = 10 ohms). The basis
of the method is ISohlrausch’s formula for the
spontaneous discharge of a condenser, It = t/{C
(log V, — log V,)} where Risin ohms, ¢ in seconds,
C in farads, and the initial and final voltages in
volts. This equation yields a family of curves
from which the figure of merit can be derived :
the voltage measuring instrument must take no
appreciable current, so that only one of electro-
static type is suitable, and that actually used is
Palm’s design (1934 Abstracts, p. 334), with amber
insulation. The special oil container is also
insulated with amber. The apparatus is portable,
and measurements can be made in about a tenth
of the time taken by ordinary static methods. The
figure of merit of condensers of unknown capacity
can be read directly off the table.
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2310. A NEw VALVE PuasemeTer.—G. Opitz.
(Hochf:tech. u. Elek:akus., Feb. 1937, Vol.
49, No. 2, pp. 52-56.)

This valve phasemeter is stated to be free from
the calibration difficulties hitherto attaching to
these instruments, and to give a high degree of
accuracy in measurement. The circuit is shown in
principle in Fig. 1; four valves are arranged
svmmetrically. The two outside ones work in a
rectifving circuit (working point Fig. 2a) with
galvanic coupling to the two inner stages (working
point Fig. 2b). The anode current in the inner
valves is shown in Fig. 3; for phase measurement,
this must be made as rectangular as possible. This
can be done by choosing large values of the input
amplitude U, The relation (eqns. 4.2, 4.3)
between the permissible error in the anode current
and the minimum value of Uj is found theoretically
by using a parabolic approximation to the dynamic
valve characteristic (I'ig. 4). The vector sum of
the anode currents of the inner valves is the current
through the indicator (galvanometer or thermo-
element) and measures the phase displacement of
the input voltages ; this is determined bv formulae
5, 5.1, which difier only in sign. Fig. 7 shows the
circuit of an actual phascmeter. The measurement
of inductances (circuits Fig. 8) and capacities
(circuits Tig. 9) is also described, with formulae
(eqns. 7 and 9 respectively).

2311. DIELECTRIC L.oSS MEASUREMENTS PARALLEL
To LaminaTIONS [Test Mcthod for Measure-
ment of Power Factor, Dielectric Constant,
and Dielectric loss Factor of Laminated
Insulating Materials :  Results compared
with Those perpendicular to Laminations,
for Unconditioned and Conditioned I’henolic
Materials].—G. A. Albert. (Journ. of Applied
Phys. [formerly Physics], March 1937, Vol.
8, No. 3, pp. 218-226))

2312. A NoTE onN Hica-FREQUENCY DIELECTRIC
Loss MEASUREMENT USING A STANDARD
CONDENSER WITH SoME Losses.— Nakazi.
(Journ. I.E.E. Japan, Oct. 1936, Vol. 56
[No. 10], No. 579, p. 1127 : Japanese only.)

2313. THE DIELECTRIC POLARISATION OF n-LoNnG
CHAIN KETONES NEAR THEIR MELTING
PPoiNTs [measured by Lecher-Wire Method
at Wavelength 8.9 m].—A. Miller. (Proc.
Roy. Soc., Series A, 15th Jan. 1937, Vol. 158,
No. 894, pp. 403-414.)

2314. THE MEASUREMENT o¥ RAPID VARIATIONS OF
FrREQUENCY [Commercial, Audio-, or Radio-] :
FREQUENCY-MODULATION MEASUREMENT. —
V. Babits. (Elektrot. w. Masch:bau, 28th
Feb. 1937, Vol. 55, No. g, pp. 102-103.)

A condenser C (Fig. 3) is charged from a battery
B, and discharged through a resistance R, the
charging taking place during a half-period of the
frequency under observation and the discharge
during the other half-period : this process is con-
trolled by the valve E, in a Class B amplifier con-
nection. The voltage changes at the end of the
discharge process and beginning of the charging
process are amplified by the amplifier 1, whose
first valve is so negatively biased (battery B,) that
all parts of the curve lying to the left of (Fig. 2)
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are completelv suppressed. The amplitied voltages
are applied to one pair of plates of a cathode-ray
oscillograph, the other pair providing the horizontal
time-base from the relaxation oscillator . Since
the condenser voltage at the end of the discharge
process depends on the time given to that process
(controlled by the second half-period of the fre-
quency under observation), if the frequency is
practically constant the envelope of the peaks is
approximately a straight line.

The vertical displacement of the peaks can be
calibrated by a constant known frequency. If
sudden fluctuations occur, the envelope is no longer
approximately a straight line ; in this case photo-
graphic recording is impossible since the plate
sensitivity is not high enough, and visual observa-
tions are necessary. It is pointed out that for
aperiodic fluctuations of frequency the von Ardenne
polar-coordinate oscillograph (1103 of March) is
specially suitable.

2315. A LaABORATORY FREQUENCY STANDARD
[Crystal-Controlled Clock and Auxiliary
Equipment allowing Measurement of Radio-
and Audio-Frequencies to 1 Part in 10° or
better].-—Harnwell &  Kuper. (Review
Sctent. Instr., March 1937, Vol. 8, No. 3,
pp- 83-86.) Standardised by signals from
WWV.

“ SuorT SIDE " VIBRATION OF A RECT-
ANGULAR OSCILLATING QUARTZ PLATE, AND
THE TEMPERATURE COEFFICIENT OF ITs
FrEQUENCY, and QUarTz PLATES OF ZERO
TEMPERATURE COEFFICIENT, EAsy To CUT -
Koga & Shoyama: Yoda. (Journ. I.LE.E.
Japan, Oct. 1936, Vol. 56 [No. 10], No. 579,
p- 1123 : p. 1124 : ]Japanese only.)

2316.

DIMENSIONS OF A RECTANGULAR OSCILLATING
QUARTZ PLATE AND THE TEMPERATURE
CorfFrICIENT oF l1s Low FREQUENCY.
Yoda. (Journ. I.E.E. Japan, Dec. 1936,
Vol. 56 [No. 12], No. 581, p. 1245 : Japanese
only.)

2317.

2318. Tur Brusu ‘“ TRANSFILTER ” [Rochelle Salt
Oscillator combined with Vibrating Steel

Bar].—Lamb. (See 2136.)

2319. EXPERIMENTS ON PIEZOELECTRIC OSCILLA-
TIONS WITH KROCHELLE SALT CRVYSTALS.—
R. Hiltscher. (Zeitschr. f. Physik, No. g/10,
Vol. 104, 1937, pp. 672-680.)

The theory of the piezoelectric effect for Rochelle
salt crystals is worked out ; it is found that a plate
of Rochelle salt cannot be excited to produce trans-
verse oscillations (in contrast to quartz). Experi-
ments on longitudinal oscillations (circuit Fig. 3)
and connected optical effects (analogous to those
for quartz described by Giebe & Scheibe, Zeitschr.
f. Physik, Vol. 33, 1925, p. 335) lead to the con-
clusion that Rochelle salt crystals would be very
inefficient sources of supersonic waves. They
would give only 1% of the power obtainable from
quartz crystals.

2320. AN OVERLOADABLE VALVE VOLTMETER.—
\V. Kautter. (IE.N.T., Feb. 1937, Vol. 14,

No. 2, pp. 45-438.) ]
This valve voltmeter can be used at both audio
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and high frequencies; it is particularly recom-
mended for use with a current recorder. The circuit
is shown in Fig. 2 ; the chief point is the use of grid
rectification by means of the diode-triode ABC 1.
Details of the working are given ; Fig. 3 shows the
calibration curves for the various ranges. The
input impedance remains unchanged on switching
from one range to another, since switching takes
place on the d.c. side.

2321. A CALIBRATED SIGNAL GENERATOR FOR THE
SIMPLIFICATION OF ATTENUATION MEASURE-

MENTS. —O. l.imann. (Hochf:tech. u.

Llek:akus., Feb. 1937, Vol. 49, No. 2,

_pp- 57-64) ) )
This generator is intended for attenuation

measurements by the detuning method (Fig. 2 ;
attenuation factor eqn. 2); it has a tuning con-
denser with a logarithmic calibration curve and a
fine adjustment calibrated in degrees of detuning
(Fig. 8). 1t can be used for measurements on
oscillating circuits which are built in to other
apparatus. Detuning of the generator bv changing
its self-inductance (§ 11a) is described ; a new coil
with a * Sirufer ”’ core was devised (Figs. 3, 4) but
permitted measurements over only a limited range
of frequency, so the capacity variation method
(§ ub) “was chosen instead. The theory of the
condenser with logarithmic calibration curve
(Fig. 5) is given; the device used for fine adjust-
ment is shown in Fig. 6 and its use described. The
procedure of determining the voltage is given in
§ u1 ; the output of the gencrator has an attenuating
clement by which the output voltage can be reduced
in the ratio 1:1/4/2. Fig. 9 shows an ohmic
potentiometer for doing this and for obtaining
different voltage ranges. The calculation of the
resistances composing it is given. The whole
generator circuit, with its mains connection, a
modulation valve, and the output potentiometer,
is shown in Fig. 13; its calibration and test arc
described (§ v). In addition to its use as an attenu-
ation meter for oscillating circuits and receivers
(§ via), it can be used as a calibrating and test
generator for broadcast receivers (§ vib) and to
measure the temperature coefficient of oscillating
circuits (§ vic) by measurement of small {requency
changes.

2322. MEASUREMENT OF THE PLATE RESISTANCE OF
Hicu-FREQUENCY Crass 13 axp C AMPLI-
FIERS.— V. A. Babits. (Comin. & Broad.
Eng., Jan. 1937, Vol. 4, No. 1, p. 7.)

2323. A NOTE ON THE SENSITIVITY OF THE SCHERING
BRrIDGE NETwWORK [Simplified Treatment for
High-Voltage Bridge]. —E. Bradshaw.
(Journ. Roy. Tech. Coll., Glasgow, Jan. 1937,
Vol. 4, Part 1, pp. 144-146.)

2324. PRECISION MEASUREMENTS WITH AN A.C.
PorentioMETER.—D. Connelly. (Journ.
Rov. Tech. Coll., Glasgow, Jan. 1937, Vol. 4,
Part 1, pp. 159-172.)

2325. A CONDENSER-TRACKING TEST SET [with
Automatic Visual and Aural Indication when
Condenser differs by More than 0.01 pul].—
J. L. Roemisch. ([Llectronics, March 1937,
Vol. 10, No. 3, pp. 12—-15.)
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2326. * ELEKTRISCHE MESSGERATE UND MESSEIN
RICHTUNGEN ** [Book Review].—A. Palm
(Electvician, 2nd April 1937, Vol. 118, p. 458.)

SUBSIDIARY APPARATUS AND MATERIALS

2327. TuE CoUrsE or¥ Tni Rav 1IN ELECTRON-
OPTICAL  SYSTEMS with  Electrostatic
Lenses).—Gans. (Zeitschy. f. tech. Phys.,
No. 2, Vol. 18, 1937, pp. 41-48.)

Author’s summary —  The potential fields along
the axis of a central-aperture stop and of an
immersion lens are calculated. \With the numerical
values thus obtained the course of the ray and the
positions of the focal and principal planes are
calculated, the equation for the ray (eqn. 1) being
numerically integrated by the Runge-Kutta process
(Section 4). Other methods of calculation are
provided by the replacement of the potential curve
by part of a polygon (Section 5: see also dotted
lines of Fig. 2) or by portions of a parabola
(Section 7).

The methods are illustrated by simple examples.
All of them can be made to give accurate results,
but the advantage of the ‘‘ polygon” method is
the rapidity with which approximate results can
be obtained : it is an extension of the method of
Davisson & Calbick (1933 Abstracts, p. 224). The
‘ parabola ” approximation is more accurate, and
is used in a slightly different way by RRecknagel
(1954 of May). Incidentally, with reference to
eqn. 16’ for the focal distance of an immersion lens,
4 footnote states that the formula given by Bedford
(532 of 1935) is not correct.

2328. LELECTRON OPTICS [Survey].—Rodda. (Journ.
Television Soc., Dec. 1936, Vol. 2, Part 0,

pp. 198-212.)

2329. RECENT PROGRESS IN THE DESIGN  OF
CaTHODE-RAY OsciLLoGRAPHS [and the
AEG High-Vacuum Portable Equipment

with *“ Virtual Screen [Enlargement '’].—
Pieplow. (E.T.Z., 4th March 1937, Vol. 58,
NoO. 9, PP 242—244-) )

The tube is provided with an additional, weakly
positive stop I3 between the \Wehnelt cylinder and
the clectrostatic lens: without this, the ray could
not be strongly concentrated without loss of
intensity. The ' virtual enlargement " of the
10 cm-diameter screen, enabling any particular
portion of the ordinary record to be examined on a
larger scale, is attained by increasing the deflection
and simultaneously shifting the zero line downwards,
if necessary below the edge of the screen.

2330. NEW CaTHoDE-RAY TUBES FOR MEASURING
Purposes [including Dual-Ray and Polar
Coordinate Types : Nomogram for Choice of
Tube for Given Recording Speed : etc.}].—
von Ardenne. (Funktech. Monatshefte, Dec.

1936, No. 12, pp. 453—456.)

I'ue HoT-CaTHODE CATHODE-RAY OsciLLo-
GRaPH [and Associated liquipment] OF THE
H1GH-VOLTAGE TESTING 1_ABORATORY,
CossoNay CaBLE Works.—Foretay. (Budl.
Assoc. suisse des Elec., No. o, Vol. 28, 1037,
pp. 121-120 in French.)

2331.
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“ DIE PRAKTISCHE VERWENDUNG DES ELEK-
TRONENSTRAHLOSZILLOGRAPHEN "' [Book Re-
view|.—Klein. (Funktech. Monatshefte,
March 1937, No. 3, p. 102))

2332

2333. THE CaTHODE-RAY OsciLrocrkarH [and Its
Applications].—Hill. (Wireless World,
2nd April 1937, Vol. 40, pp. 326-327.)

2334. OTHER PAPERS ON CaTHODE-Rav TUBES.
(See under *‘ Phototelegraphy and Tele-
vision.”’)

2335. VARIATION OF THE SECONDARY I[MISSION OF
SoME METALS WITH THE ANGLE OF Ix-
CIDENCE OF THE PRiMary CATHODE-RAY

Beam.—DMiller.  (See 2180.)

A New TiME BasE usiNg A Gas-FiLLep
TrioDE, PHILPS TYPE 4686.— Hughes. (See
2170.)

2330.

THE RECORDING OF TRANSIENT [LECTRICAL
PHENOMENA OF Rarip OCCURRENCE BY THE
CATHODE-RAY  OSCILLOGRAPH :  DISCRIP-
TION OF AN ARRANGEMENT #OR THE [Ex-
ponential] TiME-Base DEFLECTION [and
Ray  Locking].—Angelini. (L’Elettrotec.,
No. 2, Vol. 24, 1937, pp. 34—46.)

With specimen oscillograms at frequencies up to
3.34 Mc/s. A long section deals with the analysis
of the distorting effects of the parasitic capacities,
and other disturbing elements, on the time-base
deflection for high recording speeds. The writer's
apparatus (Figs. 14-17 : alternative circuits Tigs. 3
and 4) is designed, on the basis of this analysis, to
reduce these causes to a minimum: thus the
connecting leads are kept extremely short, the
adjustable spark-gaps being mounted on the end
of the condenser, and the condenser-discharging
resistance, of negligible inductance, lying axially
inside the condenser, which itself is designed to
have minimum armature resistance: its time
constant is certainly not more than 107 sec.

2337

2338. RECENT PROGRESS IN THE METHODS oOF
ATOM- AND ION-BEAM INVESTIGATION [in-
cluding Canal Rays, the Cyclotron, Ion
Optics, etc: General Survey].—Ritschl.
(Physik. Zeitschr., 1st March 1937, Vol. 38,
No. 5, pp. 141-157.)

2339. MAGNET Coirs INSIDE Vacuum TUBEs,
WOUND WITH ALUMINIUM WIRE INSULATED

WITH OXIDE ‘‘ STOPPED ~° WITH SoOpIUM
SiurcaTe.—Iernseh  Company. (German
Pat. 808 080, pub. 28.1.1937: Rev. Gén.

de I'Elec., 27th March 1937, Vol. 41, No. 13,

p. 102D)
2340. APPARATUS FOR THE MEASUREMENT OF
AFTERGLOW, ETC., OF FLUORESCENT Ma-

TERIALS.—Pragst. (See 2278.)

POTENTIAL ATTAINED BY INSULATORS WHEN
BoMBARDED By ELECTRONS [Measurements
for Glass, Willemite, Zinc Silicate, Calcium
Tungstate : Potential and Secondary LEmis-
sion : Results analogous to Those for
Conductors].—Hagen & Bey. (Zeitschr. f
Physik, No. g/10, Vol. 104, 1937, pp. 681
684.)

The method used is the direct measurement, by

2341.
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means of an electrometer string, of electrical field-
strength in the space between the anode accelerating
the electron beam and the insulated bombarded
screen (arrangement Iig. 1). For work by an
indirect method see Knoll, 3037 of 1936, and
Striibig, 3491 of 1936.

2342. THE I'IRST INTERNATIONAL I’HOTOLUMINES-
CENCE CONGRESS IN WaRrsaw, May 1936.
(Acta Physica Polonica, Vol. 5, 1936, 431 pp.)
A large number of papers, many in German,
a few in I'rench, and one in inglish.

2343. AEF PROPOSED STANDARD TERMINOLOGY OF
PRESSURES 1IN  Vacutm  TECHNIQUE.
(E.T.Z., 11th March 1937, Vol. 58, No. 10,
pp. 284-285))

2344. THERMOCOUPLE GAUGE FOR Vacuum
MEASUREMENT [0.1 to 107*mm Hgl—
Dunlap & Trump. (Review Sciemt. Instr.,
Jan. 1937, Vol. 8, No. 1, pp. 37-38))

2345. A HigH-Vacuum Cut-Orr [Ring Seal with
Steel ““ Hat” floating on Mercury and
manipulated by Electro-Magnet].—Schmitt.
(Review Scient. Instr., Teb. 1937, Vol. 8,
No. z, pp. 68-69.)

2346. THE RESOLVOMETER [for testing the IResolv-
ing Power of Photographic Material for
Various ’urposes].—Burmistrov. (Tech.
Phrys. of USSR, No. 12, Vol. 3, 1936,
pp- 1079-1089 : in English.)

2347. ARC EXTINCTION IN A THYRATRON [and the
Bridge-Over Effect of the Positive Ion
Sheath].—Watanabe & Aoyama. (Journ.
1.EE. [apan, Oct. 1936, Vol. 56 [No. 10],
No. 579, pp. 1049-1056 : English summary
pp. #2-83)

2348. ON STRIKING A THYRATRON BY POSITIVE
Grip ImpuLsis.—V. I.. Inosov. (Izvestiya
Elektroprom. Slab. Toka, No. 1, 1937,
pp. 9-16.)

A report on an experimental investigation of the
relationship between the magnitude of the positive
impulse applied to the grid of a thyratron and the
duration of this impulse necessary for the thyratron
to strike. Rectangular impulses were obtained by
discharging a condenser through a momentary
contact, the latter being effected by swinging a
small stcel ball connected to one side of the con-
denser against a stecl plate connected to the other
side. The duration of the impulse was regulated
by adjusting the initial detlection of the ball and
by using balls of different diameters. In this way
impulses lasting from 30 to 100 psec. were obtained.

It appears from this investigation that the
striking of a thyratron by positive impulses is very
irregular and that it can onlv be predicted with o
certain degree of probability. A table is however
given (p. 16) showing, for impulses ranging from
+ 2V to + 15V, the shortest durations necessary
to ensure that the thyratron will strike (100 to

45 psec).
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2349. A NEw RECTIFIER WITH CATHODE HEATED
ur BY PRELIMINARY GLOw DISCHARGE
TURNING TO ARC.—Grau. ([Llektrot. u.
Masch:bau, 25th Feb. 1937, Vol. 58, No. 8,
p. 226.) After the ignition (taking only a
fraction of a second) the rectifier works for
voltages down to 12 volts.

2350. A CoLD-CATHODE RECTIFIER [Tmproved
Form].—Knipp. (Phvs. Review, 1st March
1937, Series 2, Vol. 51, No. 5, p. 377
abstract only.)

2351. THE STROBOTRON [lts Various Applications
and Circuits: Starting Characteristics].
Germeshausen, Ldgerton, & others. (Elec-
tronics, Feb. & March 1937, Vol. 10, Nos. 2
& 3, pp. 12-14 and 18-21.)

2352. AN ELECTRIC DISCHARGE STROBOSCOPIC
Tuse [Mercury-Vapour, Hot-Cathode, with
Four Starting Tilectrodes]. — British
Thomson-Houston. (Elecirician, gth April
1937, Vol. 118, pp. 494-495.)

2353. THE GrOWTH-TIME OF A GrLow DISCHARGE
[Theory and Experiment on Neon Dis-
charge].—Schade. (Zeitschr. . Physik,
No. 7/8, Vol. 104, 1937, PP- 487-510.)

2354. CARBONISED EMISSIVE ILLECTRODES AND
““ BIELECTRODES ~’~ FOR DISCHARGE TUBES.
Abadie. (Bull. Soc. franc des Elec., March
1937, Vol. 7, No. 75, pp. 377-378 : summary
only.)

To give long life. Emissive electrodes in a.c.
driven tubes are destroyed when they act as anodes
and not when they act as cathodes : this effect is
connected with the anode drop of potential, and the
““ bielectrodes > described make use of this fact.

2355. ON THE QUESTION OF THE PROPERTIES OF
THE BARRIER LAYER IN ‘° VALVE-LLAVER "
PHOTOCELLS.— Jouse. (See 2294.)

2356. AN ANALYSIS OF CopPrER-OXIDE RECTIFIER
Circuits.—Huss. (Elec. Engineering, March
1937, Vol. 56, No. 3, pp. 354-360 and
366, 367.)

2357. ON THE NATURE OF THE ELECTROLYTIC Dii-
POLARISING EFFECT oF A HIGH-FREQUENCY
CURrENT [Experiments at 3 Mc/s Frequency
proving Effect to be Purely Thermal].
Ranzi & Ricamo. (Nwove Cimento, Jan.
1937, Vol. 14, No. 1, pp. 1I-7.)

2358. NEW INVESTIGATIONS ON DBRUSH DISCHARGES
[Gleitentladungen].—Baasch. (Bull. Assoc.
suisse des Elec., No. 7, Vol. 28, 1937,
PP 147-149 : in German.)

“ Surface discharges often reduce the spark-over
voltages of insulators, condensers, etc., seriously
below the value expected on grounds of the air
distance ; this explains the great importance, for
the industry, of preventing their occurrence. Of
special importance, particularly at high voltages,
are the brush discharges—generally best known in
the form of Lichtenberg figures. The present paper
describes new researches on internally metallised
insulating tubes.” The writer is led to the
hypothesis that the electrons projected by the
negative point on to the surface partly covered

with positive ions do not neutralise themselves
immediately with these ions but group themselves
in a superficial negative charge side by side with
the positive. When the numbers of electron and
ion charges are equal, a ‘‘ quasi-neutral ’’ state
occurs, and the insulator surface appears neutralised,
though in reality holding both a positive and a
negative charge on its surface. The electrical
resistance of such a quasi-neutral zone is very slight
compared with a true necutral zone, and heavy-
current discharges can readily occur and (owing to
the small voltage-drop in the quasi-neutral zone)
attain great lengths. Oscillographic and strobo-
scopic results are given

2359. IMPULSE-VOLTAGE STRENGTH OF INSULATORS
\ND MaTERIALs [concerned in Lightning
Protection!— Dowell & loust. (Gen. Elec.
Review, March 1937, Vol. 4o, No. 3,
pp. 141-152.)

2360. A CONTRIBUTION TO THE FrLasu-OVER
ProeLEM [of Pin-Type Insulators].—Eisler.
(See 2142.)

2361. CERAMICS AS INSULATORS [Survey].—(Elec-
tronics, Feb. 1937, Vol. 10, No. 2, pp. 7-10.)

2362. C.E.I. SCHEME OF STANDARDS AND INSTRUC-
TiIoNs FOR TEsTs oN DIELECTRICS.
(L’Elettrotec., No. 4, Vol. 24, 1937, Supple-
ment : 1T pp.)

2363. THE PROPERTIES OF A DIELECTRIC CONTAIN-
ING SEMICONDUCTING PARTICLES OF VARIOUS
SHapEs [Experimental Results (Almost
Spherical Water Drops in Wax) disagreeing
with Wagner’s Analysis: Analysis of Case

of Spheroidal Particles :  etc.].—Sillars.
(Journ. I.E.E., April 1937, Vol. 80, No. 484,
pp- 378-394.)

“It is concluded that a minute amount of
conducting impurity in the form of fine needles
could produce a serious loss at low {requencies,
although the effect of the same quantity of impurity
in spherical form would be negligibie.”

2364. EFrEcts or ULTRA-VIOLET RAYS ON THE
ELrcTRICAL CONDUCTIVITIES OF SoLID In-
sULATORS.—Shimizu. (Journ. I.E.E. Japan,
Oct. 1036, Vol. 56 [No. 10], No. 579,
pp. 1042-1048 : English summary p. 81.)

2365. ON THE ELIMINATION OF EDGE EFFECT OF
ELECTRODES IN THE BBREAKDOWN OF SOLID
DigLEcTrIcs [by the Use of Sputtered
Film].—Saito. (Journ. I.E.E. Japan, Oct.
1936, Vol. 56 [No. 10], No. 579, pp- 1036—
1041 : English summary pp-. 80-81.)

2366. A [Direct, Electrical] METHOD OF MEASURING
THE THERMAL CONDUCTIVITY OF INSULATING
MarteriaLS.—Weh. (Gen. Ilec. Review,
March 1937, Vol. 40, No. 3, pp. 138-140.)

2367. NEw INSULATING MATERIALS | SIPa 14,
MiroLaMm, Troritur 111, TroLITUL LUV
(Luvican), etc.—(E.T.Z., 4th March 1937,
Vol. 58, No. 9, p. 254.)
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A NEw Ceramic INsuLaTok, KERAFAR U,
AND SoME CoNDENsSErs [including the
“ Multi-Hole "’ or ‘* Chessboard *’ Type].
(E.T.Z., 25th Feb. 1937, Vol 58 No. 8,
p- 227.)

REGULATING CONDENSERS Leakage Current
of Wet Electrolytic Condenser utilised to
prevent High Switch-On Voltage Rises in
Receivers : Required Leakage Characteristic
obtained by Correct Composition of
Solution].—Aeroyvox Company. (Rad.
Engineerving, Oct. 1936, Vol. 16, No. 10,
pPp- 11-12))

" ELEKTROLYT-KONDENSATOREN [Book RRe-
view].—Giintherschulze & Betz. (Ilectrician,
znd April 1937, Vol. 18, p. 458))

2363,

2369.

2370.

INSTRUMENT FOKR THE DIRECT MEASUREMENT
OF THE FIGURE or MERIT (MEGOHMS X
MICROFARADS) oF SmaLL CONDENSERS.
Gonningen. (See 2309.)

2371.

MersEa ISLAND SEA-CORROSION TESTING
StartioNn [and the Akure Tropical Test
Station].— Robinson. (Mavcon:  Review,
Nov./Dec. 1936, No. 63, pp. 12--18.)

2372.

FiNisiEs rFor Rapio Avparartus [and the
Need for Selection of Suitable Composition
for Each Purpose: Examples]—Klinken-
stein. (Rad. Engineering, Feb. 1937, Vol. 17,
No. 2, pp. 22 and 27))

2373

A NEW METHOD OF MEASURING THE FERRO-
MAGNETIC I’ROPERTIES OF METALS AT ULTRA-
HiGH AND MICRO-WavE I'REQUENCIES.
Potapenko & Sanger. (See 2302.)

2374.

SoME UsEs or THE TorQUE MAGNETOMETER
‘Measurement  of Anisotropy Constants,
Coercive FForce, Rotational | lvsteresis Losses,
etc.|—Williams.  (Review ~Scient. Inustr.,
Feb. 1937, Vol. 8, No. 2, pp. 56 60.)

2375-

2376. METHOD OF MEASURING THE |.0SSES IN
Small Specimens of] MAGNETIC SHEETS.
di Pieri. (L'Elettrotec., No. 6, Vol. 24, 1937,

Pp. 160-162.)

Co1Ls witH CoMrrESSED-PowpER CORES OF
SMALL HYSTERESIS FOR CARRIER-FR EQUENCY
TELEPHONY . — Kersten & Hesse. (EN.T.,
Feb. 1937, Vol. 14, No. 2, pp. 66-74.)

These coils were developed in order to avoid the
use of non-ferromagnetic cores and so to economise
in space and copper. The theory of the limiting
hysteresis conditions to be satistied is givenin § 1 ;
they are compared with those recommended by
the CCI. The permissible amount of hysteresis is
defined by the necessary limits to the non-linear
cross-talk between the various frequency channels ;
this leads to a discussion of the connection between
the hysteresis resistance and the ** klirr ”' factor,
§ 2 describes how the choice and treatment of the
core material satisfied the hysteresis conditions ;: a
special carbonyl iron powder with very good
magnetic stability was used. §3 gives some
experimental data of the comparative losses in
various parts of the coil and some remarks on its
construction and winding ; very low values of loss
angle were found.

2377

WIRELESS ENGINEER

2378.

2379

2380.

2381.

2382.

2383.

2384.

2385.

2386.

2387.

June, 1937

Stupy ofF Dust CORE FOR HigH-FREQUENCY
CoiLs [obtained from Factory * Scale ” by
Reduction and Powdering : giving Coils
with  Q 140 at 1 Mc/s].—Sanehud;.
(Journ. I.L.E. Japan, Dec. 1936, \Vol. 56
[No. 12], No. 581, pp. 1222-1226 : English
summary p. 95.)

Higa-FreQuENcY MAGNETIC MATERIAL
“ Magicore "’ : a Magnesium-Ferrous Allov
Powder with Crolite Ceramic Binder]
Crowley.  (Rad. Engineeving, Oct. 1936,
Vol. 16, No. 10, pp. 15-16.)

VARIATION OF THE MAGNETIC SUSCEPTIBILITY
OF A HAEMATITE POWDER AS v FuxcTiow
OF THE 517 OF THE GRANULES Susceptibility
decrcases  with  Granule Diameter].
Chevalier & Mathieu. (Comptes Rendus,
15th March 1937, Vol. 204, No. 11, pp.
854-856.)

THE LAwW OF THE MAGNETISATION OF FERRO
MAGNETIC SUBSTANCES IN WEak FIeLDs
[Rayleigh’s Law and Jordan’s Development :
the Importance of the Rayleigh-]Jordan
Relations in  Telephone Engineering
Kersten. (Zeitschr. f. tech. Phys., No. 2,
Vol. 18, 1937, pp. 39-41.)

AN EXPLANATION FOR DIRECTIONS OF EAsY
MAGNETISATION IN FERrROMAGNETIC CUBIC
CrystaLs [in Terms of Distribution of
Magnetic Dipoles in Atoms of Iron and of

Nickel].—~Bozorth & McKeehan. (Phys
Review, 1st Feb. 1937, Series 2, Vol. 51,
No. 3, p. 216)

InE DEPENDENCE OF THE MAGNETIC AFTER-
Errect [of Iron/Nickel Alloys] ox INTERNAL
Tensions [Experimental Curves].— Kindler
(Ann. dev Physik, Series 5, No. 4, Vol. 28,

1937, PP- 375-3%4.)
TowrsioN oF AN IrRON OR NICKEL WIRE FACILI-

TATES MAGNETISATION  DISCONTINUITIES
WITH AN AXIAL ALTERNATING CURRENT.

Procopiu & Vasiliu.  (Comptes Rendus,
2z2nd  March 1937, Vol. 204, No. 12,
PP- 971-973.)

A THEORY OF THE FERROMAGNETISM OF
ALLoys [giving Dependence of Spontaneous

Magnetisation on Temperature for Any
Homogeneous Phase : Possibilities of More
than One Critical Temperature and of

(Phys. Re-
Vol. 51,

Chemical Separation].— Bitter.
vtew, 1st March 1937, Series 2,
No. 5, p. 383 : abstract only.)

ON THE EXCHANGE INTERACTION IN MAGNETIC
CrysTaLs. —Opechowski.  (Physica, March
1937, Vol. 4, No. 3, pp. 181199 : in English.)

AN  EQUIVALENT [EQUATION FOR THE
Hystrresis Loop: I1.—Sedlmayr. (Elek-
trot. u. Masch:bau, 28th March 1937, Vol. 55,
No. 13, pp. 153-156.) Cf. 3235 of 1935
and 1933 of 1936.
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TuE ELECTRICAL CoONDUCTIVITY OF THIN
FILMS OF THE ALKAL] METALS SPONTANE-
ousLYy DEPOSITED ON GLASS SURFACES [with
Evidence for regarding Films as Monatomic
Layers.—Lovell. (Proc.  Phys.  Soc.,
1st March 1937, Vol. 49, Part 2, No. 271,
PP 89-94)

THE STRUCTURE AND LiLECTRICAL CoON-
pucTivity of ThHIN FiLms oF INDIUM
[Effect of Adsorbed Gas|.—Cosslett. (FProc.
Phys. Soc., 1st March 1937, Vol. 49, Part 2,
No. 271, pp. !121-131: Discussion pp.
131-133)

AUTOMATIC STARTING RESISTANCE [ Starto "
Tubes of Semiconductor (Silicon with Ceramic
Binder) in Argon, giving High Resistance
when Cold and Low when Hot].—Philips
Company. (Electronics, Feb. 1937, Vol. 10,
No. 2, p. 62.)

Tue Use or URDOX

ELECTRICAL APPARATUS.

. Fernmeldetech., No. 1
Pp- 15-16.

D.C. AMPLIFIER FOR MaiNs CONNECTION
wITH COMPENSATION OF VOLTAGE VARIA-
Tions.-—Reisch.  (Hochf.tech. u. Elek:akus.,
Feb. 1037, Vol. 49, No. 2, pp. 49-52.)

The magnitude of the effect of variations of the
mains voltage on a d.c. amplifier, without and with
voltage stabilisation by glow-discharge tubes, is
first discussed theoretically with reference to a
circuit (Fig. 1) given by Holzer (1166 of 1936).
A circuit (Fig. 2) is then described in which the
sensitivity to voltage variations is reduced by correct
mutual balancing of the degree of stabilisation of
the various feeding voltages.

2388.

2389.

2390.

RESISTANCES IN
Werner. (Zeitschr.
Vol. 18, 1937,

2391.

2392.

AvuTtomaTic Si1PHON TaPE RECORDER [for
Code Signals direct from Radio Receiver].
Sidoroff. (Comm. & Broad. Eng., March
1937, Vol. 4, No. 3, p. 22.)

2393

AN ErLrcTrONIC-TYPE OSCILLOGRAPHIC FRE-
QUENCY-RESPONSE CURVE APPARATUS OF
WiIDE AppLicATION.—Gordon & Mutton.
(See 2144.)

2304

A NEw MuLTI-COMPONENT RECORDER FOR
CHARACTERISTIC CURVES.— \wender &
Tombs. (See 2175.)

A D.C. AMPLIFIER FOR LOGARITHMIC RECORD-
ING.—Taylor.  (See 2005.)

2396.

CALCULATION AND CONSTRUCTION OF OSCILLO-
GRAPH STRINGS [excited Electrodynamically :
Approximate IFormulae ; Current Sensitivity
decreases with Cube of Natural Frequency].
Sochting. (Arch. f. Elektrot., 231d Jan. 1937,
Vol. 31, No. 1, pp. 31-40.)

2397

A CirculT For COUNTING IMPULSES AT HiGH
Sreeps OF CoUNTING [Effect of a Given
Number of Pulses integrated to give One
Count].—Griftiths. (Froc.  Phys. Soc.,
1st March 1937, Vol. 49, Part 2, No. 271,
pp. 85-88.)

2398.
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2399. A Nuw METHOD OF VIEWING FiLms AND
Prates [ordinarily viewed as Trans-
parencies : Increased Contrast obtained by
Double Passage through Sensitised Laver].—
Wolf & Riehl. (Zeitschr. f. tech. Phys.,
No. 4, Vol. 18, 1937, pp. 89—90.)

By backing the film or plate with a tluorescent
surface and illuminating {rom front with ultra-
violet light (first passage): the visible rays of
fluorescence pass out (second passage) to eye.

STATIONS, DESIGN AND OPERATION

2400. EXPERIMENTS IN WIRELESS TELEPHONY ON
400 MEeGacvcLEs/StconD  [Tests around
Geneva with Very Portable Transceivers
using “ Acorn ” Valves Type 955 for Trans-
mitting and Receiving].—Luthi. (Bull.
1ssoc. suisse des Elec., No. 5, Vol. 28, 1937,
pp. 103-106 : in French.) )

An enthusiastic report on the performance ot
these sets : using retlectors of vertical rods, perfect
two-way conversations were maintained at distances
up to 120 km (grazing optical path).

2401. 60-MEGACYCLE TELETYPEWRITER ‘Bureau of
Air Commerce 40-Mile Washington/Baltimore
Circuit].—Martin. (FElectronics, March 1937,
Vol. 10, No. 3, pp. 10-11.) The aerials are
800 ft below the line of sight.

2402. THE BROADCASTING SERVICE DURING THE
XI OLvumpic GAMES IN BERLIN. —Wratzke &
Schrock. (T.F.T., Jan. 1937, Vol. 26, No. 1,
pp- 10-13.)

2403. THE RELAY STATIONS OF THE HUNGARIAN
BROADCASTING SysTEM.— Tomits. (Rev. Gen.
de I'Elec., 27th March 1937, Vol. 41, No. 13,
p. 100D : summary only.)

2404. SHORT-WAVE BROADCAST TRANSMITTER T'OR
BririsH IND1a ——(Philips Transmitting News,
March 1937, Vol. 4, No. I, pp. 15 17.)

WuaT WE DonNT Kxow aBouT Rapio [Some
'CC Queries to Radio Engincers].—
(Electronics, Feb. 1937, Vol. 10, No. 2, p. 5.)
For instance, ‘* what constitutes a favourable
ratio between desired and undesired
signals 7 "/

2405.

GENERAL PHYSICAL ARTICLES

LELrcTRON Gas IN a MaGNETIC TIIELD.—
Lifschitz. (See 2157.)

TeE CHARGE ON THE ELECTRON [New Value
of Air Viscosity, with Oil-Drop Data, gives
Agreement with X-Ray Value].—earden.
(Phys. Review, 1st March 1937, Serics 2,
Vol. 51, No. 5, p. 378 : abstract only.)

2406.

2407.

A DETERMINATION OF h/e FROM THE SHORT
WAVELENGTH LiMiT ofF THE CONTINUOUS
X-Ray SpeEcTRUM.—DuMond & Bollman.
(Phys. Review, 15th March 1937, Series 2,
Vol 51, No. 6, pp. 400-429.)

2408.

2409. PROTON-NEUTRON TRANSFORMATION UNDER
AcTioN oF GaMma RabpiatioN [Calculation
of Probability].—Rumer. (Physth. Zeitschr.
der Sowjetunion, No. I, Vol. 11, 1937,
Pp- 48-54 : in German.)
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2410.

2411.

2412.

2413.

2414.

2415.

2418.

2419.

2420.

2421,

2422,

THE

CONCENTRATION OF NEUTRON BEAMS [by
Paraffin Lenses].—Lewis & Schutz. (Science,
12th March 1937, Vol. 85, Supp. p. 10.)

ON THE Laws oF DISTRIBUTION OF VELOCI-
TIES OF D’ARTICLES UNDERGOING EwIssiox
AND ABSORPTION IN A RADIATION FIELD.
Kishen & Saha.  (Indian Journ. of Phys.,
Part 6, Vol. 10, 1936, pp. 413—419.)

A SPECTROSCOPIC STUDY OF THE MAGNETRON
DiscHARGE [in  Helium: Evidence for
Presence of He++ Ions from Intensity of
He 11 Spectrum: Efficiency of Magnetron
Source in Producing Higher Ionisation
States] —Luhr & Studer. (Phys. Review,
1st March 1937, Series 2, Vol. 51, No. 5,
Pp. 306-310))

MISCELLANEOUS

CONTOUR INTEGRAL EXPRESSIONS FOR
POTENTIAL Fux~crions.—McLachlan &
Meyers. (Phil. Mag., April 1937, Series 7,
Vol. 23, Supp. No. 156, pp. 762-774.)

SOME SERIES CONNECTED WITH DBESSEL
Funcrions [generalising and extending
Them].—Delsarte. (Comptes Rendus,

31st March 1937, Vol. 204, No. 13, pp. 1024—
1026.)

IMMERSION oF THE FOURIELR TRANSFORM IN
A CoNTINUOUs GROUP OF TUNCTIONAL
TrRaNsrOrRMATIONS.—Condon.  (Proc. Nat.
Acad. Sci., March 1937, Vol. 23, No. 3,
PpP. 158-164.)

- A NOTE ON LAGUERRE I’OLYNOMIALS.
Howell. (See 2149.)
- ON THE CALCULATION OF ERRORS [Analysis

and Formulae for Erratic LExperimental
Errors].—DeVore. (Phys. Review, 1st March
1937, Series 2, Vol. 51, No. 3, PP- 349—354.)

THE FUNCTIONS ASSOCIATED WITH a RING
OF OvAL Cross SECTION.—Lebedev. (Tech.
Phys. of USSR, No. 1, Vol. 4, 1937, pp. 3—24 :
in English.)

THE INFLUENCE OF THE \WATER CONTENT
ON THE RESISTANCE oF GEorLocicar Con-
DUCTORS.—I'ritsch.  (See 2051.)

A NeEw TECHNIQUE FOR THE DEMONSTRATION
AND INVESTIGATION OF NERVE ACTION
CURRENTS AND OTHER SHORT-TIME
PHENOMENA —Schmitz.  (See 2192.)

ON THE ‘' TIEFENWIRKUNG ’’ [Deep Action]
IN ULTRA-SHORT-WAVE THERAPY.
Takagisi. (Journ. I.E.E. Japan, Nov. 1936,
Vol. 56 [No. 11], No. 580, p- 1188 : Japanese
only.)

“ BEITRAGE zUrR PHYSIK DER WUNSCHEL-
RUTENFRAGE ”’  [Divining Rod Problem :
Book Review].—Fritsch & Jelinek.
(Elektrot. u. Masch:bau, 14th March 1937,
Vol. 55, No. 11, p. 136.)
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2423.

2424.

2427.

2428.

2429.

2430.

2431T.

2432.

2433

2434

2435.

2436.

. PROGRESS
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PRESENT TENDENCIES OF POWER DEVELOP-
MENT AND THEIR REPERCUSSIONS UPON
TELECOMMUNICATION SysSTEMS. — Frost.
(P.O. Elec. Eng. Journ., April 1937, Vol. 30,
Part 1, pp. 1-14))

A SURVEY oOF MARINE Rapio PROGRESS,
WITH SPECIAL REFERENCE TO R.M.S. Queen
Mary.—Loring, McPherson, & McAllister.
(Nature, 1oth April 1937, Vol. 139, pp. 621
622 : short note on recent I.E.E. paper.)

IN ENGINEERING KNOWLEDGE
DURING 1936, and DEVELOPMENTS IN THE
ELECTRICAL INDUSTRY DURING 1936.—Alger :
Liston.  (Gen. Elec. Review, Dec. 1936,
Vol. 39, pp. 572-587: Jan. 1937, Vol. j0,
No. 1, pp. 5-63.)

26. SciexTtivic PROPERTY [and the Proposal to

Protect Scientific Discoveries and Inventions
whether Patentable or Not].—Williamson.
(Journ. Scient. Instr., March 1937, Vol. 14,
No. 3, pp. 73-76.)

MORE ABOUT SCIENTIFIC ENGLIsH.——Rickett.
(Science, 8th Jan. 1937, Vol. 85, pp. 45—46.)
For previous letters see 776 of February.

DISSEMINATION OF SCIENTIFIC LITERATURE
BY MEANS OF MICROFILMS, and MICROFILMS
HAILED AS NEW WAY TO DUPLICATE BoOKS,
PicTurEs.—Seidell : Davis. (Science,
5th  March 1937, Vol. 85, pp. 240-242:
Science News Letter, 20th March 1937,
Vol. 31, pp. 179-180.)

ELECTRICAL VOCABULARY PREPARED BY
IEC [* International Vocabulary ” to be
published during 1937].—(kKlec. Engineering,
April 1937, Vol. 56, No. 4, p. 496.)

“ LEHRBUCH DER HOCHFREQUENZTECHNIK '’
[Book Review].—Vilbig. (7.F.T., Jan.
1937, Vol. 26, No. 1, pp. 23-24.)

SHOULD You CHoost Raplo ENGINEERING
As A CAREER ? PRACTICAL SUGGESTIONS
FOR DETERMINING YOUR OWN VOCATIONAL
Frrness.—Merrill. (QST, April 1937, Vol. 21,
No. 4, pp. 52-53 and 112, 114, 116, 118.)

ELECTRON APPARATUS AT THE DHYSICAL
SocieTy’s  ExHIBITION.—(Television, Feb.
1937, Vol. 10, No. 108, pp. 76-77 and 78.)

Rap1o TECHNIQUE AT THE LEIPzIG FAIR.—
Schwandt. (Funktech. Monatshefte, March

1937, No. 3, pp. 99 102.)

ELECTROMAGNETIC METHOD oF DETECTING
BROKEN STRANDS IN STEEL-WIRE CABLES.

Darré & Wellenstein. (Zeitschv. V.D.I.,
3oth Jan. 1937, Vol. 81, pp. 134-135.)

MeasURING [Smoothness & Hardness of
Suriace of] TEXTILE GELATINES WITH A
Pro~xoGrapr Pick-Ur.—Saxl. (Electronics,
Jan. 1937, Vol. 10, pp. 40 and 42, 44.)

PNEUMATIC AMPLIFICATION [ Solex ™ Air-
Jet Micrometer and Its Applications].-
Mennesson. (Génie Civil, 20th March 1937,
Vol. 110, pp. 276-277.)



June, 1937

THE WIRELESS ENGINELR

345

Some Recent Patents

The following abstracls ave prepared, with the permission of the Controller of H.M. Stationery Office, from

Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price

1/- each.

A selection of abstracts from patents issued i the U.S.A. is also included, and these beay a seven-figure

sevial niunbey.

AERIALS AND AERIAL SYSTEMS

458 018.—Means for winding up the trailing aerial
used in aircraft radio sets.

Romeylowerk Ges. fur Drahtlose Telegraphie.
Convention date (Gevmany) 5th June, 1935.

458 084.—Aerial with flexible down-lead arranged
to receive (a) short-wave or (b) med'um and long-
wave signals.

Mavconi’s W.I. Co. and N. M. Rust.
tion date, 8th June, 1935.

Applica-

458 150.—Circularly arranged system of aerials
designed to radiate a flattened field without any
marked directivity in the horizontal plane.

Soc. Francaise Radio-Electrique. Convention date,
(France) 13th April, 1935.

TRANSMISSION CIRCUITS AND APPARATUS.

459 235.—Wireless telephony system in which sub-
scribers are given two-way communication in the
same way as overland-lines.

Wallace and Tievnan Products Inc. (assignees of
J. R. Hackay). Convention date (U.S.A) 11th June,
1934.

459 303.—Piezo-electric oscillator for ‘‘ wobbling
the carrier-wave frequency in a secret system of
wireless telephony.

Marconi's W.T. Co. and T. D. Parkin. Applica-
tion date sth July, 1935.

450 348.—Regulating reaction in a ' three-point ”’
valve circuit used for generating very short waves.

Telejunken Co.  Convention dale (Germany)
3th June, 1935.

RECEPTION CIRCUITS AND APPARATUS

457 721.—Short-wave receiver of the superhet or
super-regenerative type, employing a magnetically
controlled split-anode valve.

C. Lovenz AkRt. Convention dates {Gevinany) 25th
February, 1oth April, and 16th August, 1935.

458 059.—* Geographical "’ tuning-scale or indi-
cator for a wireless receiver.
F. I. Magneti Mavelli.

Convention date (Italy)
6th February, 1935.

458 147.—Eliminating re-radiation irom a superhet
receiver by means of a hexode mixing-valve.

Radio-Akt D. S. Loewe. Convention date (Ger-
many) 12th March, 1935.

458 235.-—Muting circuit for a wireless receiver in
which a discharge tube operates as an attenuator.

Standavd Telephones and Cables (assignees of
H. M. W. E. Reichle and G. N. Thayer). Con-
vention date (U.S.4.) 10th June, 1935.

458 861.—Valve amplifying circuit arranged to
prevent distortion due to grid current.

Baird Television, G.
and P. W. Willans.
1935.

459 251.—Amplifier circuit giving a uniform gain
over a wide band ol frequencies.

The Geweral Electric Co., G. W. Edwards, and
D. C. Espley. Application date, 31st Oclober, 1935.

460 305.—Wircless receiver with single-span tuning
control over a wide frequency range.

E. K. Cole and R. I. Cowley. . lpplication dale,
30th August, 1935.

W. White, A. J. Brown,
Application date, 27th May,

460 673.—Screen-grid amplifier arranged so that
the anode voltage keeps in phase with the control-
grid voltage.

T. H. Bridgewater.

Application date 26th Sep-
tember, 1935.

461 330—Circuit for suppressing whistles ”* in a
wireless receiver without cutting-out the corre-
sponding frequency from the signal.

E. i. Cole and A. E. Falkus. Application date
15th August, 1935.

461 763.—VUltra-short-wave circuit utilising a nega-
tive conductance eftect produced between the
electrodes of the valve.

Standard Telephones and Cables (assignees of Le
Materiel Telephonique Soc. Anon.) Convention
date (France) 24th November, 1934.

VALVES AND THERMIONICS

457 928.—VUtilising a space-charge effect to increase
the etticiency of a screen-grid valve when operating
either as an amplifier or frequency-changer.

N. V. Philips’ Lamp Co. Convention date
(Gevmany) 9th August, 1934.

DIRECTIONAL WIRELESS

457 681.— Direction-finding system in which the
desired bearings are shown as a direct luminous
indication on a geographical chart.

J. Mavique and S. . Iniernationale de T.S.F.
Convention date (Belgium) 24th January, 1935.

457 771.—Oscillation-generator of the multi-
vibrator type for use with direction-finding systems
utilising overlapping beams of radiated cnergy .

Marconi’s W.T. Co. and N. H. Clough. Applica-
tion date 31st May, 1935.

453 734.—Monitoring arrangement for radio navi-
gational transmitters of the overlapping-beam type

Telefunken Co. Convention dale (Germany) 4th
June, 1935.

460 188 —Preventing the repetition of ““ direct”

and ** space-wave’ signals in direction finding

systems.
Telefunken Co.

Convention date (Germany) 24th
May, 1935-
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460 883.—Safety arrangement for radio-navigational
svstems of the overlapping-beam type.

Telefunken Co. Convention date (Germany) 24th
September, 1935.

ACOUSTICS AND AUDIO-FREQUENCY CIRCUITS
AND APPARATUS

458 287.—Loud speaker with a rotating magnetic
core designed to apply the driving force in the plane
of greatest mechanical strength and with maximum
efficiency.

H. Vogt. Convention dates (Germany)
November, 1934 and 1st October, 1935.

3rd

TELEVISION AND PHOTOTELEGRAPHY

457 531.—Cathode-ray television transmitters of
the Iconoscope type.

J. D.McGee, G. S. P. Freeman, and W. S. Brown.
Application date 6th June, 1935.

457 757-—Arrangement  of the accelerating and
other electrodes in a cathode-ray television receiver.

Radio-Akt. D. S. Loewe. Convention date (Ger-
many) 3rd March, 1934.

457 8oo.—Limiting the intensity of the cathode-
ray stream in a television receiver in order to pre-
vent spurious ‘‘ flashes” on the screen due to
interference.

A. G. D. West and Baird Television.
date s5th June, 1935.

458 382.—DMeans for preventing undesired ' after-
glow ”” on the fluorescent screen of a television
receiver.

Scophony, J. D. Baynes, and G. Wikkenhauser.
458 586.—Preparing a photo-electric mosaic-cell
surface for use in a cathode-ray tube.

L. Klatzow. Application date 20th March, 1935.

459 042.—Television system in which a high-speed
rotating lens is combined with a moving shutter
and a parallel slit for scanning purposes.

H. Vierl. Convention date (Germany),
March and 11th October, 1934.

459 178.—Generating saw-toothed oscillations for
" cross-scanning *’ in television apparatus.

J. C. Wilson and Baird Television. Application
date 4th July, 1935.
459 400.—Television system in which a high rate
of picture repetition i1s used in combination with
interlaced scanning.

Farnsworth  Television Inc.
(U.S.A.) sth November, 1934.

459 735.— Constant-gain amplifiers for transmitting
television signals.

The General Electric Co. and D. C. Espley. Appli-
cation dates, 24th Ociober, 1935 and 14th July, 1936.

459 963.—D’rotecting device for cathode-ray tele-
vision receivers.

The General Electric Co. and D. C. Espley. Appli-
cation dale 22nd October, 1935.

460 204.—A television receiver in which a picture
recorded on a photographic film is projected, before
the film is dried, on to a viewing screen.

T. E. Bray and Baivd Television.
date 22nd July, 1935.

Application

27th

Convention dale

Application
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SUBSIDIARY APPARATUS AND MATERIALS

457 820 —DMeters for measuring the frequency of
electric oscillations independently of variafions
in voltage.

Standard Telephones and Cables and V. J. Terry.
Application date, 7th June, 1935.

458 032.— Photo-electric amplifier in which
" fatigue ' etfects are automatically offset.

S. Vasilach. Convention date (France) 6th June,
1934.
458 270.—High-speed cathode - ray tube
means for trapping ‘' retrograde rays”
travel with the main electron stream.

R. V. Whelpion and Metropolitan Vickers Elec-
trical Co. Application date 24th June, 1935.

with
which

458 635.—Method of preparing iluorescent screens
from inorganic oxides by vaporisation and pre-
cipitation.

N. V. Philips’ Lamp Co.
many) 29th May, 1935.

Convention date (Ger-

458 601.—Compensating for the effect of tempera-

ture-change in electrical tuning devices, par-
ticularly condensers.
H. W. Sullivan and W. H. F. Griffiths. Applica-

tion date 26th June, 1935.

458 746.—Maintaining the electron stream of a
cathode-ray tube in correct focus, in spite of varia-
tion in the deflecting potentials, or in spite of the
fact that the stream travels over a surface of
varying curvature.

J. E. Keyston, F. H. Nicoll, and O. Klemperer.
Application dates 19th March and 7th May, 1935.

458 889.—Dry contact rectifier in which two
electrodes of different emissive power are separated
by a layer of solid non-conducting material.

N. V. Phitips’ Lamp Co. Convention date (Ger-
many) 1st June, 1935.

MISCELLANEOUS

458 307.—Signalling system, particularly for aero-
dromes, in which a wireless transmitter and also
a group of Neon lamps, are supplied from the same
high-frequency source.

J. Fodor. Application date 16th March, 1935.

458 450 —Resistance-capacity-coupled amplifier de-
signed to have a large time-constant and adapted
for measuring heart-beats.

Marconi’'s W.T. Co. and O. E. Keall.
date, 215t fune, 1935.

Application

458 505.—Low-loss composition, including finely
divided magnetic particles, for conducting high-
frequency currents.

F. K. Nagelschmidi. Application date 17th April,
1935.
459 645.—Seli-levelling mounting for piezo-electric
crystal oscillators.

Marconi’s W.T. Co. (assignees of H. J. Schrader
and R. F. Bov). Convention date (U.S.A.) 14th
June, 1935.



