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Editorial.

Percentage Harmonic Distortion.

E publish in this issue a letter from
Mr. M. G. Scroggie in which he
alleges, and seeks to prove, that the
formula which is commonly used for esti-
mating the second harmonic distertion from
the characteristic curve of an output valve
is wrong and gives results only half as great
as his correct formula. He concludes his
letter with a challenge to any protagonist of
the formula in question to come forward and
show him where his reasoning is incorrect.
This we propose to do. It is an important
point, and the error into which Mr. Scroggie
has fallen i1s one which might easily be
overlooked.
It we assume that the characteristic curve
obews a simple square law so that 7 = al?
and that the voltage varies sinusoidally, then

[ = al?=qa(Vy+
= a(V,* + 20V, sin wt - 2 sin? o)

U sin wf)?

which, if we put
1 cos Zw!

sin? wt =
2
becomes
/ TN ayr 02
I=a(Vg? -+ - )+ 2adVysin ot cos 2wl

The first term represents the steady com-
ponent, the second term the fundamental,
the

and last term the second harmoiiic.

Iy

The important point to notice is that the
steady curven! wpon which the [undamental
and harmonic are superposed 1s nol I, bul

2
02\ ‘
a([ s ). Il one makes /un cqual to

2/

5/ 2, and with centre o, draws the arc np.
T
/ v .
then Op \/1\ Vi + —2\ and the ordinate
7/

at P will give the steady component current
on which the harmonics are supcrposed.
Hence I, — I, i1s not the sum of the funda-
mental and second harmonic, nor is [, — I,
their difference.

The distortion, being defined as the ratio
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of the amplitudes of the second harmonic
and fundamental, is equal to aZ-/ZaﬁVO that
i, to 0/4V,,.
Now
Iy =a(V,+ )2
I, =a(Vy—0)?
and [, = al/ 2
Therefore Mr. Scroggie’s {ormula for the
I, 4-1,— 21,
I,—1,

aV %+ at? 4 200V

—=aV 24 av® — 200V

distortion, viz., is equal to
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2u0% . U . .

- e, to ———, which is double the
_JtG.U I o Zl 0
correct value. The ordinary formula, viz.,
I+ 1,—21, . . .
———————— 1s therefore, happily, quite
correct.

Our correspondent points out that his
result agrees with that of Mr. P. K. Turner
on p. 371 of the July number, 1930. This is
true, but it will be seen that the explanation
is the same in both cases.

G. W. 0. H.

Short-wave Single Sideband Telephony.

DEMONSTRATION was given recently at

Trappes, near Paris, by engineers of the

Laboratories of the Matériel Téléphonique
in co-operation with engineers of the International
Telephone and Telegraph Company, of the applica-
tion of the single sideband system to duplex
telephony on wavelengths of the order of 15
metres.

In place of attempting to synchronise between
the suppressed carrier at the transmitter and the
local oscillator at the receiver by means of quartz

crystal control or similar methods which had
proved to be insufficiently constant for satisfactory

results, a new system has been developed which
consists in the transmission of a continuous radio-
frequency “* pilot wave ” in addition to the speech
sideband. This “ pilot” i1s used at the receiver
to synchronise the frequency of the local oscillator
automatically, using purely electrical methods.
A number of important advantages are claimed
for the systemand in the practical demonstration

which was given excellent speech quality was
obtained.
The photograph shows -the equipment at

Trappes which was used for communication with
Madrid.
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The Design of High-frequency Transformers.”
By M. Reed, M.Sc, A.C.G.I, DIC.

N Radio Receiver design, the high-
frequency transformer is employed to
couple the antenna to the receiver, and

alsa to couple the valves which provide the
high-frequency amplification. This article
shows that the same considerations govern
the design of transformers for either of these
purposes, and it also gives an analysis of the
factors which influence the design of high-
frequency transformers.

The bibliography shows that many papers
have already been published on this subject,
but it is hoped that this attempt to co-
ordinate two sections, which have previously
been treated separately, will justify yet
another.

General Equation.

Consider two circuits whose currents,
voltages, and impedances are as indicated
in Fig. 1, and which are coupled by a mutual
inductance whose value is M.

Ci

T it M/[

|\ 8B 1

Vi ) L1 Lo =C2 Va
I, I, -{‘
ral Zy '

Irig. 1.

Applying Kirchoft’s law to this circuit,
we obtain

Vi = 24y + joMI, — (1)
0= Zyl, + jwdl, = (2)
From equation (2) I, = — ij'M 1 (3)
2
Substituting equation (3) in (1), we have
w3

V=201, + 7 I,

Therefore effective input impedance
Vv, w?)?
Il == Zl 1 Zf_, n g (4)

Also from equations (3) and (4), we have for

Zy

* MS. received by E(iitor, August, 1930.

the ratio of input voltage to secondary
current

Vi ZiZ, + o*M?

ZI2 12 ——]wAW (5)
. O M
Now V, o Cila I
from equation (3).
Therefore
Ve S S 7
v, Co 252,25 + M2
I M 1
—u CQ[TZZ | = o 6
let w; = natural frequency of the primary
. I
circult = ,
\/LICI

w, = natural frequency of the secondary

o I

circult = s

vL,C,

J = Irequency of the received voltage,
so that w = 2xf,

= 3 Xy = =2,
w w

L _ R R

e wly’ 2 wL,’

where R, and R, are the resistances of the
primary and secondary circuits, respectively.

off I
Then Z; = R, + i \le wCy)
wlyfd, + 7 (1 - %%
. I
and Z, = R, —i-]\‘sz — ng,'I
wlyld, + 7 (1 — x,°)]

Hence
Z1Zy = oLy Ly[{{dydy — (1 — 2,5 (1 — 257}
Ady (1 — 25°%) + dy (1 — 2,%)}]

wL,Ly (a + jb) ?)
Where a = dydy — (1 — %53 (1 — %% (8)
and b=d, (1 —2x%) +d, (1T —x% (0)

Therefore from cquation (6) we obtain

N 30 ) _’1{ -
CZ[U)ZLlL._. a + 7b) + wzﬂ_fg:l



July,

1931 350 EXPERIMENTAL WIRELESS &
1'~
Now wsY = I{ rorm o B
L0 Komn, = V{24 (1 22 H{d o+ (1 —2,0)%
I'herefore c Wy, = wix,2L, .
2 Casc 2—The value of the natural fre-
also M = «V'L,L, where k — coupling factor. ~quency of the secondary circuit is the only
7 variable. In this case x, is the variable.
2, L, From equation (r2) we have that | 7,
Hence : \/l, (x0) s a minimum when
w4 ay + 7b S da le’L 2 da b db
w o a o
The absolute magnitude of N is therefore Y, l X dxy]
given by Evaluating for ¢ and & from equa-
2, [L, tions (8) and (9), respectively, and putting
‘ 2 K\/L M?* — «2L,L, we obtain as the necessary
N ——l .. {(11) condition
Vi 4 a)® 4 b2 ey 2
(1 —
: : ot - iy I x,2 -1/ . (I5
Further from equ]dtlon (3) we deduce ;lmt \ &) A+ (1 — 222 (15
2 , e 2 .
Zyw=7| < -iLola + 4b) —‘—w;w.‘] Case 3. - The value of both W and x, is
wM varied. In this case both M and x, are
1 T \ adjusted to obtain a maximum value for V.
_ 2 1 2 2 2 B
wig L Pl £ (@ MR+ aw?LyLy)] If we substitute the value obtained for «

The absolute magnitude of this impedance
is therefore given by

2L Ha? + By
| Z15% | e W(;L + 20w?L L,

+ wiM? (12)

Now for given circuit conditions and a
given input voltage, the value of N will be
a maximum when the value of 7, is a maxi-
mum, that is when the value of Z,, is a
minimum.

To determine the conditions under whicl

the value of N is a maximum, we must
consider the following cases :—

Case 1.—The value of the mutual induct-
ance is the only variable in the circuit.

By differentiating equation (12) and
az

. 1 o 12 8 ave | 7 -

evaluating iy O we have that | Z,, | is

a minimum when «w2M?= 2L L,V a® + b2

Now from equation (7) we have that

| ZZy | = w?L,L,Va® + b2
Hence N is a4 maximum when
M= | Z,Z, .o (13)

We have also from equations (8) and (g)
that the value of the coupling factor which
gives a maximum value for N is obtained

the
a maximum in this case is

from equation (14) in equation (13),
condition for

given by

dz? {{_%2)2

dg? (1 —x,%)?

d I — x,° ,
or d:l, L e (16)

In practice, in order to obtain a maximum
value for 7,, the value of x, is made the
variable, generally by changing the value
of C,. In some cases the value of M is also
ad]usted at the same time.

Having obtained the above general equa-
tlons it is now necessary to appl; them to

the design of H.I'. transformers which are
used in the following cases :-

(@) To couple a tuned antenna to the
receiver proper.

(b) To couple an aperiodic antenna to
the receiver proper.

(c) As an inter-valve transformer.

Amplification.

We shall first consider the above three
cases from the point of view of amplification.
For this purpose the value of V,/V, will be
regarded as the amplification for a given

value of the coupling between the primary
and sccondary circuits. The ratio of the
value of the amplification for a given value
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of the coupling and the value of the ampli-
fication for the optimum value of the
coupling will be called the amplification
factor.
. e I,
That is, amplification VZ — N
1
. . N
Amplification factor \

4 ¥ max,

1. The Tuned Antenna.

In this case the primary circuit has a

natural frequency which is the same as that
of the received signal.
Hence
We have, therefore, from equation (15) that
in order that /, may be a maximum, the
value ot x, must be unity.

Hg= 1

Putting %, = 1 and x, = I in equations
(8) and (g), respectively, we obtain

a — did, (17)

and b=o . (1740)

It the coupling is also varied in order to
obtain a maximum, then from equation (I14)
we have that
d\dy

The optimum value for the eoupling is
therefore given by

Kopt. \/alla'2 (18)

From equations (11), (17), (I7¢) and (18)

2
Kom.

we have that the maximum value for | N |
under these conditions is given by
X L
| Ny | = s
| 2Vdd, YL,
_ ! R,
_2d2'\/R1 Te (19)

11 we do not adjust the coupling but keep
it fixed at same value «, then let

£ -4 1 50 that x = A kg
= A,Vid,
Then from equations (11), (17) and (174) we
have that in this case the value for | N | is
given by

Kopt.

K "l—‘_é
NL, 4 I
"+ dd, 1442 VLdd,

& I\/ljg
1+ 4.2d, VR,

N

(20)
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N 24,
1+ 4,2

(21)

Theretore \

4 ¥V max.

2. The Aperiodic Antenna.

In this case it is assumed that the antenna
is sufficiently distuned, from the received
signal, to make its resistance stall compared
with the value of its reactance.

Hence 22 (1 — x,%)*
We have therefore from equation (15) that
&
W2
I — %y 5 (22)
I — x,°
vy
K
or X2 =1 = 2 . (22a)
: I —x;

If the coupling is also adjusted to give a
maximum value for N, then we have from
cquation (16) that

1,
(I — x,%) = 1 %.%) . (22h)
a,
We have also from equation (14) that
Kot, = \/Ilz’[[_zi: dlz(—I— %o%) + @y® (I i ’7172)
+ = @ — o)
2 (z 1,%)%
Hence  «,, — dz(al1 + e
; 1
by substitation from equation (22b).
Now d, <« (1 — %%
Hence Ky = d2. (1 — 2,92
a
d,
or *opt, = (I — %,%) i .. (23)
1

From equations (9) and (16) we obtain
b= 2d, (I — x,%) .. (24)
and from equations (8) and (16) we have
a :
dj 4 (I - xlz)

Therefore irom equations (11), (23), (24),
and (23) we deduce that

%% (1 x12)\/L2
L,
I Nmﬂ$ .7;__:.‘:—_—‘—__:—.—:—
'\/‘11"72{‘%'Z 4 (A

As dEe (T — x5
be Lz LTS
2 VL, Vdd,
- E™ R_2
2d, YR,

a = didy — (25)

Hence N o

(20)
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Equation (224) shows that the coupling
between the antenna and the secondary
circuit causes resonance to take place at a
point which differs from the natural fre-
quency of the secondary circuit, 7.e., when
Xy = T

If this coupling is small, so that
«* ¢ (I — %,%), then we have from equation
(22a) that x, = 1. For this condition, from
equation (20) we deduce that

I /R,
PN S

It is seen that this value is the same as
that given by equation (19), hence, for this
case, there would be no advantage in tuning
the antenna.

If the coupling is not fixed at the optimum
value, then let the ratio of the value of the
coupling at any instant to that of the
optimum coupling be given by

© = Ay s0 that k = dygrey .. (28)
Kopt.

From equation (22) we have

K= (1 — %% (1 — x,?) (29)
and from (23) we have
d,
Ko = (1 — 2,9 (30)

1
Therefore from (28), (29), and (30) we
deduce that
I— x> dp 1
I— %2 dy A2
From equations (9) and (31) we obtain

(31)

b = dy(1 — x,?) (A2 + 1) (32)
and from (8) and (29) we have
a = didy — «* (33)

Substituting for «, a and b, from (29),
(33) and (32), respectively, in equation (11)
we obtain
’(/2 L2
B 4 L

dyVd 2+ (1 — x92(4,2 £ 1)2

Now we have that d « (1 — x,2)2

224 ,(1 — X12)’\/

Therefore the last equation reduces to

%524 2\/25

(A? +1)Vd,d,
o A, Ko //Rz
= 122 1 N dz /\r Rl ° (34)

‘A‘\YI,
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Comparing this equation with (26) we see
that
N 24,
N, A2+ 1

3. The Inter-valve Transtormer.

In this case the primary circuit can be
regarded as consisting solely of the induct-
ance of the primary winding and the
resistance of the valve.

We can therefore assume that

C, = o0 and Ry » oL,
except at very high frequencies.

(35)

max.

From the first condition we have that
Xy = O.

In practice the value of the secondary
condenser is adjusted until the value of the
secondary current is a maximum. Therefore
from equation (16) we have that

d; 1 — x,?
dy I — x,°

Now x; = 0 and d, » d,, hence the above
equation shows that x, does not differ
appreciably from unity.

We have therefore from equation (14) that

V) + 1

did, . since dy» 1

Kopt. — vdle .
xy==0and x, = I.

9
Kopt.

Hence (36)

Because
We have {rom equation (8) that ¢ = d,d,
and from equation (9) that b = 4,
Hence from equation (11) we olytain that

7
dd\/‘z
e Ty

max. - ’\/%—

4d 2 dy?

' N

; Ly
'd.d,. [ *
N %142 LJ

4,V 3dE -1

\/éj . dlldz' since 4,2 » 1.

which can be expressed as

. I /R,
‘\/max. — Zli«_)JRl

If V, is the voltage applied to the grid of
the valve, m is the amplification factor of
the valve and R, is the resistance of the
vidve, then V= w1, and R, = R,

(E1)
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i V, m R,
Therefore N .. = = = T 7
ax. Vn 2d2 R (3/)

So far we have assumed that the mutual
inductance has been varied at the same
time as the value of the secondary con-
denser, in order to obtain the optimum
condition. If the value of the condenser is
the only variable, then we cbtain from
equation (15) that

1 — x,2

1f we put x, =0 and neglect «* with
respect to (4,2 + 1) in the above equation,
we see that in this case, also, x, does not
differ appreciably from unity.

We have therefore as before that

a = dd,and b = d,.

It — Agsothatx = Agry, = AV dd,

Kopt.
Then from equation (1I1) we obtain

L
A3\/d1d2 .Lj

T VdRAE 1)
Ay I /R,
(Ag+1) 42 VR,

after assuming that d,*(44* + 12»1
Making the substitutions as above, we have
that in the case of a valve

Ag m R,
e tn Nk, 69
Comparing equations (37) and (39), we
see that

| NV |

(38)

| N

| N | 24, (
Ii\vmax.’ - (A 32 + I) . 40)
Reference to equations (21}, {35) and (40)
shows that the amplification factor of a
transformer for the tuned antenna, the
apericdic antenna, and also for the inter-
valve transformer, can be expressed by an
equation of the form

N o 24
Now (dr41) @D

where denotes the amplification factor

N
Nmax.
for a given value of the coupling, and
A denotes the ratio of the value of that
coupling and the value of the optimum coup-
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ling. The value of the optimum coupling
for the above transformers is given by

equations (18), (23) and (36), respectively.

It is, therefore, seen that as far as ampli-
fication is concerned, equation (41} can be
used as a basis for the design of the three
types of radio-frequency transformers.

Selectivity.

We have next to consider the three cases
{rom the point of view of selectivity. lor a
given value of the coupling the selectivity
will be taken as the ratio of the value of the
amplification at resonance and the value of
the amplification when the circuit is distuned
by a certain amount. The selectivity factor
will be taken as the ratio of the value of the
selectivity for a given value of the coupling
and the maximum value of the selectivity.
It is not necessary to specify the amount by
which the circuit is distuned; it is only
necessary to assume that the same value of
the distuning will be used throughout, and
that it will be of the order of 10 per cent.

1. Tuned Antenna.

Assume that both circuits are distuned by
the same amount, so that x; = x, = %.

Assume also that the distuning is of the
order of 10 per cent., so that (1 — x%) » d.
Therefore from equation (8) we have

a = ddy — (I — x%)2
and from equation (g) we have
b= (d; + da) (1 — 2.
Therefore {from equation (10) we deduce that

L
XZK'\/ 2
- Ly

W&y 7 (= A 50—}
Since d «(1 — x?), therefore

7
%2;«\/,-g
- Ly

N,=—

Ny

KE— (1 — x%)?

Now we have seen that the value of « is
of the order of Vdd, hence it is small
compared with the value of (1 — %),

therefore x? can be discarded with reference
to (1 — % in the above equation.

sz\/II::

Hence N, T — a2
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From equation (20) we have that at
resonance
Ve
K
L
N, 1
e dydy + «°
Therefore the selectivity
S, — (M| (L= ah?
‘ I\I'l,. (dldz T w)x?
(1 — x2)2 K
S , where A
'!1d2(1 — 4 2) 2 ! Kop

From the above equation it is seen that
for a given value of x the selectivity is a
maximum  when .| 0o, t.e., when the
coupling is zero. We have therefore that

S I —a?
T g dan?
Therefore the selectivity factor
S, I
S an.w. 1 “.I"' A 12 (43)

2. Aperiodic Antenna.

In this case it is necessary to have the
coupling sufficiently loose, and the secondary
circuit sufficiently distuned, to enable us to

assume that
2

5 € (1 — x,%)

F— %g

le., K2 (T — (1 — x,%).

We also assume that the distuning of the
secondary circuit is sufficient to make
dy « (T — x,%) and for the primary circuit
we assume, as before, that ¢, « (1 — x,2).

We have therefore from equations (8)

(9) and (10) that

s

—
x22K \/]L—z
N, =t
< — (T — 2 %)(1 — %,?)
Since x*« (1 — x,?) (1 — v,2). the above

cquation can be reduced to

(44)

(T — ) — )

Now from the fact that « — Agr,y and
from equation (23), we deduce that

= Ay — xlz)\/j2
1

EXPERIMENTAL WIRELESS &
Substituting this value for « in cquation

(44), we obtain

Ly dy  xy°
i Aoy Lody 1«2
From equation (34} we have that at

resonance

) A L. I -

I\'res. 2 2 \/2 - Xo”

Az + 1 LL (/1‘{2
Hence
S N — f — . (L —=,)
N, do(A? + 1) o

For a given value of x,, this is 2 maximum
when .1, == o, hence
(T — %57
‘gm:«u - 8
4y

Therefore
S
S5

~max.

I
A2

o7

I

3. Inter-valve Transformer.

As in the previous cases, we assume that
conditions are such that d, ¢ (1 — x,2).

The primary circuit has no capacity,
hence x, = o.

From equations (8), (9) and (zo0). we have
therefore that

% .2k 1—“’
A N
‘ w47 (@ )T — x5
- R .
Now d; = le where R, = valve resist-

1
ance, hence we can dssume

except at very high frequencies.
L,
xzzK\’/fj

I — )

that d;» 1,

Hence N, -
Therefore
L,
xzzx\/ IT? -
Vi d 2 (1 — x,2)2

I'rom page 353 we have that

N

€T

K — A3Kop;.

=.4 3\/‘71‘72

L
2 2
Xs A*"\/L—l

B \/d12{A 3y + (1 — %572

Hence

dyd,

T
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We have already assumed that
dy« (1 — 2%

N, | =

X

Hence

; -1 '[1
Fron: equation (38) we have that at
resonance
A 1 R
N, 3 . 2
- (A :;2 + 1) dz\/Rl
Hence
S Nres. I x22 B I -
2 N, xp2 T dy(A2 1)

For a given value of x,, this is a maximum
when 45 — o.

I—x,%2 1

Hence 4,

Sln:lx- 2
Xy
Therefore

¢ S

' '\Vmax. I+ ‘4 32

: (47)

From equations (43), (45) and {47), re-
spectively, it is seen that, so far as selectivity
is concerned, the selectivity factor for the
three types of high-frequency transformer

can be expressed by the following equation
S I
42 (48)

S xr
where A4 has the same significarice as that
given on page 353.

In the case ot the aperiodic antenna, the
above result is subject to the conditions
given on page 354.

General Conclusions.

FFig. 2 shows the amplification {factor
N/N ... and the selectivity tactor S,/S,...
plotted for ditferent values of A.

From these curves it is secen that when
designing an H.F. transformer we have to
eflect a compromise between these two
factors. Ior values of 4 below a.5 we have
good selectivity but poor amplification, for
values ol 1 between 0.5 and 1.0 we have
good amplification but poor selectivity, and
for values of .1 greater than 1.0 we have both
poor amplification and selectivity. 1t seems,

I-7

(93

July, 1931

therelore, that a suitable value for 4 would
be in the neighbourhood of 0.5. That is to
say, that the value of the best coupling to
employ would be about one-half the value of
the optimum coupling. IFor each type of
transformer the value of the optimum

coupling can be calculated from the respec-
tive formulae given above.

It is thus seen thiat from the point of view
of amplification and selectivity the three
types of H.I". transtormers can be treated
together, and that their design 1s governed
by the same general {ormulae.

The complete design of these transformers
is not gone into here, because this matter
has already been treated uite fully elsewhere
(see references 2, 3, 4 and 8).
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Thermo-junctions at High Radio-frequencies.’
An Investigation of Mutual Consistency by Comparison
with a Specially Designed Valve Milliammeter.

By F. M. Colebrook, B.Sc., D.IC., A.C.G.IL

(Wireless Division, National Physical Laboratory.)

SUMMARY.—The object of the investigation was to obtain information about the frequency

variation of thermo-junction milliammeters.

A valve rectifier milliammeter was specially designed

for the purpose of inter-comparison of the thermo-junctions investigated and the valve instrument

itself.

A method of calibrating the valve rectifier milliammeter by direct current is described.

The calibration so obtained was found to agree with a low-frequency calibration by thermo-

junction to better than two parts in a thousand.

The calibrations of the valve milliammeter and

of three thermo-junction milliammeters were compared at frequencies from zero up to 107 cycles

per second.

The maximum mutual discrepancy was about 5 per cent. with one of the thermo-

junctions and about 24 per cent. with the other two, most of the variation occurring over the range

10°% to 107 cycles per second.

1. Object and Method of the Investigation.

HE object of the investigation was to
obtain information as to the nature
and magnitude of the variation with
frequencv of the calibrations of thermo-
junctions of the kind used for the measure-
ment of small currents at radio-frequencies.
In the absence of any absolute and inde-
pendent standard of radio-frequency current
measurement, the most that can be done is
to investigate the mutual consistency of a
group of instruments of such different
characteristics as to make it improbable
that their f{requency wvariations will be
identical. If one ol the instruments is of
variable range and the others of various
fixed ranges, the mutual comparison can
clearly be made through the medium of the
variable range instrument. A valve rectifier
nilliammeter of variable range was, there-
fore, constructed for this purpose. A briel
description of this instrument, and of its
calibration by direct current, is given in the
next section.

2. A Valve Rectifier Radio-frequency Milliam-
meter, Calibrated by Direct Current.

The application of the triode valve, used
as a rectifier, to the measurement of radio-
frequency currents and potential differences
has long been known, and has been developed
to a high degree of practical usefulness and
convenicnce by E. B. Moullin. The valve
rectifier arrangement described below has a

* MS. received by the Editor June, 1930.

sensitivity as a milliammeter comparable
with that of the non-contact thermo-junc-
tions now obtainable cemmercially.

20 YOLTS Y 2VOLTS
* = +3. =
R
FLEXIBLE
COPPER BRAID J
SCREENED LEAD
il
i
I
REFLECTING
GALVANOMETER

—-— /

1A ! T
> + ¥ >
gR ( 2R3 )i
',' ! R] = < RQ :
(‘,»—*A—J ¢ |
I

METAL CASE
I

| FLEXIBLE COPPER
BRAID SCREENED LEAD

|

|

Y-
2 VOLTS
Fig. 1.

The circuit is shown in Fig. 1. The valve
actuallv used was a DEH, but any other ot
comparable characteristics would probably
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do as well. The resistances K, I, and ¢,
are tor the purpose of balancing out the
anode current in the galvanometer (R;, 20
chms continuously variable; K,, 16 ohms
fixed ; R 70,000 chms fixed, Loewe type).
Condensers C,, C, and C, are 0.05 uF. mica.
(Paper condensers could be used if of suffi-
ciently high insulation resistance). To mini-
mise the input capacity and also for con-
venicnce of construc-

g . RESISTANCE

tion and operation, WIRE
the valve was mounted e L
pins uppermost, with-

. - VALVE LEGS
out a holder, inside the TURNED

2 . DOWN TO

metal case in the posi- THIN TUBES

tion shown in the
diagram. The galvan-

ometer used was a

reflecting instrument KERAMOT BLOCK
with a sen51t1\;)1ty of Fig. 2.
about 2 X 107 am-

peres per millimetre deflection at a scale
distance of about 2 metres. Flexible copper-
braided leads were used for connection to the
batteries and galvanometer, as shown in the
diagram, to avoid undesirable inductive
loops. The anode voltage was zo, with a
2-volt potentiometer arrangement for the
purpose of maintaining the initial anode
current at a constant value duaring any
set of measurements. (In some earlier
measurements failure to maintain this
constancy gave rise to errors of a few per
cent.).

The wvarious resistances (R in lig. 1)
or cbtaining the desired ranges as a milliam-
meter were of values from 2 to about 100
ohms, and were constructed as shown in
Fig. 2. No. 47 gauge Eureka wire was used
for the lower values, and an even finer wire
for the higher.

Details of the *skin-effect,” capacity,
and inductance corrections required in con-
nection with these resistances arc given
below.

3. Discussion of the Operation of
Rectifier.

In the conditions in which the vilve is used
the rectification is square law in character
to a few parts in a thousand. This implies
a rectification characteristic in which powers
of the grid voltage higher than tlhe third are
negligible, 7.e., if i/, and v, be changes in
anode current and grid voltage, then,

the
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assuming constant anode voltage
1y = av, + bv,? 4 cvp.

(Under the actual conditions of operation
the changes in anode voltage can safely
be neglected).

TFor the above characteristic, il v, be an
alternating voltage I, sin wé (R.M.S. value
LK), then s, the mean value of i, over a
period, is given by

i, = bl?

This defines the rectification performance of
the valve.

The coefficient & can be determined very
simply by direct current measurements as
follows.

One of the prepared resistances R i
plugged on to the grid-filament terminals,
and a measured current ¢ is passed through
it. The change in anode current is given by

1, = a(R1) 4 b(R1)% - ¢(Rq1)3

On reversing ¢ (and of course the galvano-
meter) we have

— 1, = — a(R1) 4+ b(Ri)2 — c(Ri)?
Adding these results
(1q — 14"} = 81, = 2b(R1)?
&1 :
or 2R b1?

Thus, it 37,/2 R?* is plotted against 12 the
result is a straight line of slope 4. This is
illustrated in Fig. 3. The value of & so
determined was §5.794 % I0-*. A subse-
quent comparison with a thermo-junction
at a fairly low frequency (about zo kilo-
cycles) gave the measured value of & from
the rectification characteristic 7, —= b 2 as
5.785 x 10-°. Thus the measured and pre-
dicted values are in agreement to about
fifteen in ten thousand.

In determining & by d.c. measurements,
the maximum applied grid-voltage change
should be made about equal to the maximum
value of the alternating voltage corresponding
to full scale deflection in the rectifier. This
will involve a reduction ol the galvanometer
sensitivity in the d.c. calibration to about
1/1oth of its normal value, by means of a
shunt.

The fact that the valve rectitier can be
calibrated accurately by direct-current
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measurements does not necessarily imply
that this is the simplest way of calibrating
it. Comparison with a thermo-junction
at a fairly low frequency will probably be
simpler in most cases. The d.c. calibration
was carried out in the present instance
because of its theoretical interest in con-
nection with the problem under investiga-
tion.

Sensitivity. — Used as a rectifier the
arrangement described gave full scale de-
flection (z.e., about 8o cms. at a 2-metre
scale distance) for a R.M.S. voltage of 0.18
volt. As a milliammeter it can be used over
a very wide range of sensitivities by a
suitable choice of shunt resistance. Thus,
with R = 100 ohms full scale will correspond

7
I
6 —
15}
Lie)
©
x 4
©
e
o
3
2
i
9 [ I
20 40 60 80 100
2
v
— x 108
39
Fig. 3
to 1.8 m.a., and with R = 2 to ¢o m.a.

This sensitivity is comparable with Dbut
somewhat less than that given by the latest
tvpe ol non-contact vacuum thermo-junc-
tion with the same galvanometer. It has,
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of course, a number of disadvantages when
compared with a non-contact thermo-junc-
tion, in particular the array of auxiliary
apparatus required and the necessary car
in adjustment. On the other hand, its
elasticity of range is an advantage, as is also
the fact that the resistance elements are
easily replaced il they are burnt out by
accident.

It should be noted that the resistance of
the grid-filament path, which will certainly
be higher than 10* ohms, and possibly
of the order 10%, will not play any part in the
performance ol the instrument as a milliam-
meter.

Frequency Corrections.—The two factors
which will limit the reliability of the calibra-
tion at very high frequencies are the residual
inductance of the resistance elements and
the input capacity. Measurement of the
latter showed it to be less than micro-
microfarads. Taking ten as an outside
figure the frequency error due to this cause
can easily be estimated. It will change the
radio-frequency impedance from R to
R/4/1 + «?C2R*. The error will be less
than one in a thousand as long as f X R is
less than 7 X 1o* Thus, with R = 10
ohms, the error will only be one in a thou-
sand at 70,000 kilocycles (about 4 metres).

The inductance correction is more im-
portant, though even this does not amount
to very much except with the lowest re-
sistances at the highest frequencies. It was
arrived at as follows. At the conclusion of
each set of comparisan measurements the
resistance shunt ol the valve milliammeter
was replaced by a short circuiting copper
strip of approximately the same geometrical
form—that is, enclosing about the same space
with the filament and grid leads. The valve
milliammeter deflections given by the same
currents as before were then determined.
It was found that these deflections were very
approximately proportional to the squarc
of the current and the square of the {re-
quency, indicating a potential difference
proportional to current and frequency.
Thus these deflections could reasonably be

assigned to an inductive reactance. The
actual inductance, dctermined from the
formula :
1%
L=,
wl
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cave values as follows :

Inductance in

Frequency. ‘ Wavelength. Microhenrvs.

5 X108 \ 60 metres ©.0091
7.5% 108 40 0.0087

10 X108 30 0.0081
Each resistance was then corrected for

this inductance plus an additional term due
to the actual length of very small diameter
resistance wire, this term being determined
by calculation. Ior the 2-ohm resistance,
for example, the additional term was
0.012 pH. Actually it was only in the case
of the lowest resistance (the 2 ohms) at
frequencies higher than 10% that the in-
ductance correction was at all important.
The only other factor which can be taken
into account is the increase in resistance
due to “ skin-effect.” Calculation showed,
however, that this was entirelv negligible
over the range of frequencies concerned.

4. Comparison of Three Thermo-junction
Instruments with the Valve Milliam-
meter, up to 107 cycles per second.

The actual experimental procedure was
to assume the calibration of the vulve
milliammeter and use it to determine the
apparent calibration of the other instru-
ments, at various f{requencies from zero
to ten million. The actual disposition of
apparatus was as shown in Fig. 4.

Three thermo-junction instruments were
compared in this way.

No. 1.—A non-contact thermo-junction
of N.P.L.. construction of the pattern
lescribed in E.JV. & W.E.,, Vol 5 (1928),

pp- 565 571, used in conjunction with a
Campbell bifilar galvanometer. The heater
resistance was 4.86 ohms, and the range
about 85 m.a.

No. 2.—A non-contact vacuum thermo-
junction of commercial make, of nominal
heater resistance 2q9.4 ohms, measured value
29.40 ohms: used in conjunction with the
same galvanometer as No. I, gave a range
ol about 7 m.a.

No. 3.—A self-contained non-contact
vacuum thermo-junction milliammeter of
commercial make : nominal heater resistance
t15.7 ohms at 20° C. The resistance
measured with direct current varied from

July, 1931

105 to about 116 ohms, depending on the
current. Range 10 m.a.

Each instrument was calibrated over its
full range at each frequency—21 calibra-
tions in all. As was to be expected, there
were no appreciable variations in the general
shape and character of the calibrations with

{requency, which were approximately
TUNED COUPLING THERMO - JUCTION
TO SOURCE AMMETER

/ N
, &
7 4
CONCENTRIC
SGREENED
LEAD VALVE =
MILLIAMMETER
Fig. 4.

‘

‘square law” in every case. After the
first series of measurements the apparatus
was dismantled. It was reassembled about
a fortnight later for the purpose of checking
the measurements. The check confirmed
the mutual calibrations of the thermal
instruments but indicated that the valve
calibration had changed by 2 per cent. in
the interval. It would probably be neces-
sary to age the valve a little to ensure time
constancy of calibration.

The comparison is ilustrated in Fig. 3
on which are plotted the currents corre-
sponding to some convenient fixed deflection
(about {ull scale) for each instrument, the
the corresponding direct current being taken
as 100 in arbitrary units.

As already pointed out, the curves can
only be regarded as an indication of mutual
consistency and there is, therefore, little to
be gained by any elaborate analysis ol the
results. The following points can be noted
however -

{(a) The shape of curves 2 and 3 suggests
that at least two factors of opposite signifi-
cance are involved in the variations. Such
factors might be (2) the heating of the thermo-
junctions by eddy currents induced by the
field of the heater ; (7z) the leakage of current
from the heater to earth through the mutual
capacity between heater and junction. The
first would give a downward displacement
of the curve and the second an upward
displacement. It is notable that the case

B
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in which the downward displacement is most
marked is that in which there are ten strip-
form junctions in series, in close proximity
to a heater wire about 2 cms. long, an arrange-
ment which might well give rise to appreciable
eddy-current heating at very high frequencies.

(b) The other noticeable feature is that
the mutual consistency of the three instru-
ments and the valve is unexpectedly good.

102
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at approximately 107 cycles per second
agrees with that taken with direct current,
does not preclude the possibility of some
error occurring at intervening {requencies.

5. A Note on the Frequency Constancy of
Valve Characteristics.

As already pointed out, it is impossible
in the absence of any absolutely reliable

101 —

—

100

99[
98| —
97}

96! =

PROPORTIONAL TO CURRENT
AT CONSTANT DEFLECTION

(.nr—
o
~

4

LOG OF FREQUENCY

Fig. 5.

The worst case shows only about 3 per cent.
discrepancy at 107 cycles/second, and the
other two only about 2} per cent. There is
admittedly no proof of absolute accuracy
to these limits, but the fact that the valve
and the thermo-junctions depend on totally
different electrical effects gives some little
additional value to the comparison.

(¢) The third point relates to the question
of the apparent constancy of the wvalve
characteristics. It can be stated that the
rectification performance of the valve as
deduced from measurements of its continuous
current characteristics appears to be con-
sistent with thermo-junction measurements
to about 2} per cent. up to 107 cycles per
second. There is, of course, considcrable
probability that the actual frequency con-
stancy of the valve is much better than this,
but no more definite statement than the
above can be made in view of the conditions
of measurement. A further note on this
subject is given in the next section.

(d) The curves for instrument No. 3 in
Fig. 5 show that the fact that a calibration

means of measuring currents of very high
frequency (above 107} to make any direct
investigation of the frequency variation of
valve characteristics, though there may
possibly be indirect methods of doing this.
At least two direct investigations have
actually been carried out (* Detection by
valve ” 1 P. David, Onde Flect., Vol. 7,
1928, pp. 313-361, and “ A study of the
rectification efficiency of thermionic valves

at moderately high frequencies,” W. E.
Benham : Phil Mag., Vol. 5, 1928, pp.
323-324).  Divergent conclusions were

arrived at in these two cases. In the first,
however, the method employed was hardly
of sufficient accuracy to give very exact
information ; and in the second, there would
appear to be no certainty that the variations
observed could not be attributed to the
comparison instrument employed (an electro-
static voltmeter). It is to be hoped that
the matter will be more thoroughly investi-
gated as soon as current measuring methods
ot sufficient accuracy are available. In the
meantime it will be well to emphasise the
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necessity for caution in making assumptions practical interest which has not yet been
in this matter. In default of a clear physical sufficiently explored. It is submitted that
picture of what is actually occurring in the in the absence of the necessary theoretical
inter-electrode space when an alternating and experimental work on the subject, there
electro-motive-force is superimposed on a is no justification for assuming the frequency
steady electro-motive-force, it is difficult to constancy of the valve characteristics, at
estimate the significance of the various least at frequencies higher than 107
factors involved—such as the inertia of the This work was carried out as part of the
individual electron, the time of transit of programme of the Radio Research Board,
an individual electron from filament to and is published by permission of the Depart-
anode (which has been estimated at 10-° ment of Scientific and Industrial Research.
seconds*), the distribution of electric in- In conclusion the writer wishes to thank
tensity, the variation of dielectric properties Dr. L. Hartshorn, of the Electrical Measure-
due to the space charge, and so on. Itisa ments Division of the National Physical
question of considerable theoretical and Laboratory, for advice and assistance in
— - . connection with the measurements of residual
* R LoSmith-Rose and J. 5. McPetrie : " Ex-jpqyctance, and also his assistant, Mr. A. C.
perimental transmitting and receiving apparatus o
for ultra-short waves.'E.W. & W.E, 1929, (ordon-Smith, for thoroughness and accuracy
Vol. 6, pp. 605 -619. in the measurements and calculations.

“Empress of Britain.”
The Largest Marine Telephone Equipment Installed.

Tre apparatus illustvated is covstructed (n the
form of separale wunils: wmodulator panel, main
oscillator panel, and two vectifier panels.

Wavelengths between 16 and 70 metres are used in the short-wave telephony equipment, which is
a part of the general Marconi radio installation on the ‘“ Empress of Britain."”

The telephony service is carried out in conjunction with the British Post Office and with the Inter-
national Telephone and Telegraph Company in the United States, both of these organisations having
land stations erected for short-wave telephony services.

B 2
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The Variation of Magnification with Pitch in

Resistance-capacity Coupled Amplifiers.”
By W. A. Barclay, M.A.

T is now a commonplace that the
resistance-capacity coupled amplifier, at
one time generally held to be the only

perfect means of obtaining linear L.F.
magnification over a wide range of fre-
quencies, does not by any means justify such
extravagant claims. The reason is that such
an amplifier necessarily introduces note-loss
at either end of the audio-frequency scale ;
the low notes failing to receive their proper
amplification owing to losses due to the
coupling condenser, while the high notes
tend to disappear mainly owing to the
action of the valve capacities associated with
the circuit. The resistance-capacity ampli-
fier is, however, one which lends itsell un-
usually well to theorctical analysis, and for
this reason its behaviour is capable of more
scientific study than is possible with other
types.

It is the usual practice in dealing with this
subject to consider high-note loss and low-
note loss as quite separate entities. Ior the
purpose of estimating high-note losses, the
amplifier is assumed to work without loss at

low frequencies, and a formula for the per-
centage losses at the higher frequencies is
evolved on this assumption. Again, in the
estimation of low-note losses, the hypothesis
is expressly made that the amplifier is
“ perfect ” over the higher irequencies.
Neither of these assumptions is, of course,
strictly correct. The truth of the matter is
that there is a certain middle frequency at
which the amplification obtainable is opti-
mum ; on either side of this frequency the
note-losses progressively increase. To show
that this “ middle ” irequency is readily
calculable, and that the losses entailed on
other frequencies no less easily ascertainable
is one of the chief objectives of this article.
It may be instructive here to compare the
treatment of these points given by previous
writers on the subject. In his illuminating
exposition of the effects of stray capacities on
amplification,t Mr. Hartshorn 1S more con-

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

+ “ Inter-Electrode Capacities and Resistance
Amplification,” 1. Hartshorn, L W. & W.L.
August, 1928.

1 .
| R, = G Anode A.C. resistance of valve.
a
R = External anode resistance.
C, = Capacity across anode resistance.
Z - Impedance of R and C, in parallel

at frequency /.
R, = Resistance of R and R, in parallel.
Z, = Impedance of / and R, in parallel.

1 .
R, = 61: Grid leak.
G, I; — Grid conductance of following
valve.
C, — Grid-filament capacity of following
valve.

Symbolism Employed.

AP E= ZIg G, + G, + joC, = Admittance ’
of following grid circuit.

C Grid coupling condenser. }
we = Magnification factor of valve. ,

w = Actual magnification attained at }
frequency f.

Maximum magnification attained. {

lll'"l -
a |
o ™ — Frequency for which magni-
27
fication 1s maximum. |
) ]
f/ Any other {requency.

27

Tl == S fm-
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cerned with high-note than with low-note
losses. He assumes (loc. cit., p. 426) a value
of 0.001ul. or o0.002ulF. for the coupling
condenser, whose reactance at the higher
audio-frequencies may conveniently be dis-
regarded. Again, Mr. Colebrook, dealing
with the problem of ascertaining the best
value for this coupling condenser,* expressly
neg.ects the effects of stray capacities, which
at the lower frequencies need not be taken
inte account (loc. cit., p. 203).

It is not intended to recapitulate here the
theory of the resistance amplifier. The
treatment now to be given derives from the
analysis given by Mr. Hartshorn in the paper
above cited, and to which readers are re-
ferred. It will therefore only be necessary
to recall the symbolism employed, and give
the general equation for the theoretical
amplification which was arrived at in that
article, in order to make this the basis of
subsequent development.

General Equation for Resistance Amplifi-
cation.

The simplified circuit being as shown in

IFig. 1, the general expression for the voltage

o} —

=C

|
I
|
|
|
|
|
|
|
!

o
AN
11

|
|
I
!
|
|
|
|
I
I
|

Tig. r.—Simplified equivalert network for two-
stage amplifier.

amplification obtainable from the assemblage
is given by Mr. Hartshorn as

2 % (0
B= po - : ..
Z -+ R, 1
Z, _’_]Tc;_C‘% Zy
to the neglect of a coupling factor whose
value is negligible over all working fre-
quencies. In his subsequent evaluation of

* '“ A New Development in Resistance Ampli-
fication,” I. M. Colebrook, E.W. & W.L., April,
1927.
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this formutla in its application to high-note
losses, Mr. Hartshorn omitted the term 7:(—;
as of no importance at the higher frequencies.
As it stands, however, equation (1) i
applicable to all audio frequencies, and in
general, therefore, the retention of this
term in the formula when dealing with the
complete frequency range is essential. We
can then proceed to find a general expression
for the relative amplification at various
frequencies as follows :

g = Pol I
Ra ) /I \
I —*—Ag\]*wé—*—zo
_ Mo 2O
R, 1 . /I \
Zs + (G + G, +jwc7) \.]'wCZO +I/
_ Ho
"R
I =
R Hlec, 0301
ZO<I+'C> CitGo |9l ez,
(2)

q

. . C,. . .
Neglecting the ratio C \n comparison with

I . .
—- 1ts equivalent,

unity, and substituting for 7
0

G, + G + jwC,, we obtain

_ Mo I
=R

a@+G+@+G¢J%Wﬁ4n

" (G, +G,) SN

. . . C
Collecting terms, and neglecting the ratio CT
in comparison with unity, this becomes

Mo I

R’Q+G+GH%%+4MQ+Q)
(G, + GG, + G))

i | ®
It is obvious that for some value of w the
coefficient of ;7 in the above expression
becomes zero. If f,, denote this frequency,
the corresponding value of u attains its
absolute maximum, which we may denote

by .
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f - CYCLES PER SECOND

Therefore, in (-}, we have approximately
Lo 1 - 1
pn = B0 c@ Wl = .. (5)
R, G+ G+6G, 16, RR,C(C, | Cy)

100,000 10x10°
50.000 5%10°
40,000 10000001 4x10°
30,000 2 4 0000002 I 3x10*®

3+ 0000003
20,000 4 -+ 0°000004 F2x10°
5 + 0°000005
xT
10-4-0'00001
10,000- 1 L 10¢
8 2 204000002 F
E :-E 30 1 000003 i
& 40 - 000004 |
1 8 50 000005
5,000 2 T I 500,000
4,000 4 100-3-00001 I 400,000
3,000 4 o AL ean |- 300,000
300 -1 00003
2.000 400 + 0'0004 I- 200,000
500 - 0'0005
1,000- + 0001 ‘é g
1,000 8 100000 &
1 -0002 & -
] <] L )
| }- 0003 5 | o«
2 0004
+ 0005 3 i
500 4 o i I 50,000
= o
400 F-o01 L 40,000
300 002 I 30,000
o003 I
200 004 I 20,000
t- 005
o
100 ) 10.000
1 g
1 3
7 03 &
] 04 L
o5
50 o I 5.000
40 1 ) ’ 10 I 4.000
30 b - 3,000
t-30 . .
ordl L 2o Fig. 2.—Alignment chart for the L 2,000
ks equation 27f = !
F 7 CR
S0
10 L1000
The value of f,, is evidently found by In order convenieritly to compute the
value of the optimum frequenc we may
C. 4 C— (G, + G )G, + G) e op brequency f,, we may
wy, (C, 4+ Cp)= o C use the alignment chart of Fig. 2 which
m

relates the three wariables, frequency,
If, now, we regard the symbol G, as included capacity and resistance, according to the
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following equations (6) and (7). lLet us pu 1
obtain the values of two frequencies, f, and . Gy (G)_J.__,'_
f» from this chart, defined by the equations 147 ‘Pwm Cc,+C,) — o ol “}
wfly = = Ga I_ G + G )
2nfy CR, .. (6) ) 1
p I - ¢ —
and 27 e w (7 L AGG, £ G — 1/p))
fe = ¢, T COR, ) T ]lme(G +G + Gy
Then we shall have simply, which becomes after simplification,
m T '\/flf2 0 c R (8) L 1
i : = I
An Example. e I+j.{ (p(R E%S} .. .. (9)
We shall illustrate these remarks by an . . 0 i
amplifier having the following values : Equation (9) is in vector form ; to obtain

R, = 60,000 ohms
R = 120,000 ohms
R, 2 megohms
C 0.005ul.
c,+ C, 200uul’,
Then, R, = 40,000 ohms.

From Fig. 2, using equation (6),

f1 = 16 cycles per sec. (approx.).

Similarly, using equation (7),

f» = 20,000 cycles per sec. (approx.).
)

Whence, /,, = 566 cycles per sec. (approx.).

Relative Amplification.

The equation (3) above gives a vectorial
expression for the total magnification attain-
zble at any frequency f. In practice, how-
ever, ‘we are more concerned with the
relalive magnification sustained by notes of

varicus pitch as compared with that at some .

standard frequency. The {requency f,
being that for optimum magnification, is
obviously suitable for this standard. The

fraction - when u 1s calculated for any other

¢

B
frequency f will then represent the * re-
lative "’ magnification of f as compared with
[, and may be expressed as a percentage of
the latter. It will be convenient, moreover,
to express [ itself as a fraction or multiple of
fm; we shall thus write

p=S/m
If, as before, we assume the symbol G,

to include G,, we have from equations (3)
and (4),

w/w,,

the absolute value of * , which we may
Hm

denote by e , we shall have
Homn
I
Ll : .. (10)
Fom [ (p — 1/p)*

I
NI T G 2R, + Ry

This equation is of such tfundamental
importance in the theory of resistance
amplification that its numerical interpreta-
tion by alignment will, it is hoped. be of
some assistance to those who wish for a
rapid means of estimating the performance
of such amplifiers. Ior this purpose we may
simplify (10) still further by introducing a
new variable T, defined as

T =40 X us = 40 X LS (17)
f1 wy
. 1
Then we have, since w, CR,’
T = jow,CR, (12)

Thus, if we neglect K, in comparison with
R,, we may rewrite (10) as
| \_ by

Hon | 1600(p — 1/p)?
L g

The chart of Fig. 3 has been designed to
facilitate the solution of this equation.
Having found 7 from the defining equation
(11), we scek on the left-hand scale of Fig. 3
the point of value p corresponding to the
particular frequency considered. (Values of
p less than unity are seen to occupy the same
positions on this scale as their reciprocals).

(13)
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The value of ‘ #1is then read off upon the

Hm
right-hand scale in alignment with the
values shown for p and 7. In passing, it
may be noted that the neglect of R, in

VALUES OF p
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be proved by differentiation of equation (13).
The approximation is thus amply justified.
To illustrate the ease with which this
chart may be used to show the relative effect
of pitch variation on magnification, the same
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i, [
1 2 L
09 [
L s IS
L . [
» -
1y L g
os n Fs07,
Lia 10 1
4 1 g
o7 E 507,
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005420 L
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B I 96
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0021 50 o000
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Fig. 3.—Alignment chart velating with
- m
L p and T.
oo——100
99 7%

arriving at equation (r3) will not in general
lead to an error of more than 5 per cent. in the
value of 7. From the chart it will be readily
seen that such an error in 7" cannot cause so
great a Fercentage variation from the true

value of | Lt
1 l"‘"‘"t

That this is so may, indeed,

values of amplifier constants as were taken
in the previous section were employed to

I

|
trace the effect on | of the wvariation in

| Mo |
frequency above and below the central value
of 566 cycles previously obtained for f,,. The
results are plotted to a logarithmic base for
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values of p, and show, as was to be antici-
pated from equation (16) the symmetrical
nature of the magnificaticn about the central
frequency f,, = 566. The value of T is
readilv found from (11) to be a little under
1420, and the percentage magnification
curve is that shown by the full line in
Fiz. 4.

Pitch Loss Factor.

We have thus a ready means of deter-
mining the nature of the falling-off in
magnification as p is varied, and can, more-
over, estimate how much the amount of
this falling-ofi depends on the value of 7.
Indeed, it is obvious from equation (13) that
the quantity 7" may be regarded as an index
of this loss of magnification, and it may,
therefore, be referred to as the * pitch-loss ”
factor of the circuit. For low values of the
pitch-loss factor the falling off in magni-
fication at both ends of the pitch scale may
be very pronounced ; for large values of T
the effect is smaller, and the relative ampli-
fication tends to become uniform over the
entire range. These considerations are
illustrated by the broken curves for the
values 7 = 710 and T = 2840 which are
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constants of the amplifier. Iet us suppose,
first, that the grid leak is reduced to one-
half of its former value, f.e., it will now be
1 megohm, all the other constants re-
maining as before. This will double the
value of /;, and hence the new optimum

frequency f,, will have V2 times its former
value, or 8oo cycles per second. At the
same time, the value of 7 is decreased to
1o00. By using the chart of Fig. 3 the new
response curve will easily be found to be
as shown by curve (b) of Fig. 5, the curve
for the original amplifier being reproduced
for convenience of comparison as curve (a)
in the same diagram. 1t will be seen that the
effect of reducing the grid leak is to cause a
marked deterioriation in the magnification
at low frequencies, leaving the relative
magnification at the upper frequencies un-
changed. Indeed, the two curves (a) and (b)
are indistinguishable over the upper fre-
quency band within the limits of accuracy
imposed by the diagram of Fig. 3. The
reason for this will appear later.

It is to be noted that an exactly similar
effect could have been obtained if, keeping
the value of the leak fixed at 2 megohms, we
had substituted a grid condenser of one-half

100 %,
909

80 %)

70%)|
60%

50%’—,;4 —

PERCENTAGE | £ ‘
Hm

y

Sl
’/
40%}—/ =
d
30% <
//
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7
’
7
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0l
Yios  Vea  Ja2 e b % V2

1 4 [: 16 32 64 128

VALUES OF p

) 18 36 ral 142 283

566 1,132 2,264 4528 9,056 18,112 36,224

VALUES OF f (APPROX.)

Fig. 4.—Curves of relative amplification for optimum frequency fu,

shown for comparison on Iig. 4 about the
same maximum ordinate f, = 566 cycles
per second.

Grid Leak and Condenser Variation.

We shall now examine the effect upon the
response curve obtained above (/,, = 560,
T = 1420) of altering some of the various

566.

of the value originally used, or o.co25ul".
It is easy to see that the curve (b) of Fig. 5
would also represent the performance of this
combination. The above analysis thus goes
to show that the relative magnification of an
amplifier is theoretically unchanged (within
the limits ol the approximation specified)
when R, and C are varied so as to preserve
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their product R,C and hence the frequency
/1 unchanged. 1< or if f; is unchanged, so also
will be /,, and T (since the values of all
the other symbols are, ex hypothest, fixed).

Effect of Anode Resistance Variation.
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magnification which is obtained due to the
decrease in K.

The above curves are, of course, mere
numerical illustrations of equation (10),
and it is by no means intended to suggest

that such ideal curves are practically
When we come to examine the effect of realisable. Usually the value of R, will be
altering the anode resistance, it is convenient much higher than we have assumed above,
100% — — _—
0 S \\ N
&
— BT NG Nz
: v N \e
U4 70%—g /T 7
T 609 & @/ 6) 4’0 \
- VA V4 N\ SN
2 so0%
> / y N %
Z a0% / AN
o \
& 30%/ AN
& N
0% ——+ g ~——
\
0% 1 -
8 16 32 64 128 256 512 1,024 2048 4,096 8,192 16,384 32,768 65536

VALUES OF f

I'ig. 5. —Relative amplification curves for varvious wmplifiers.

to consider the variable as Ry, since if the
A.C. resistance R, of the valve is supposed to
be constant, any change in R is reflected in
a change in the value of R, (In strictness
it should be remembered that the symbol R,
represents throughout the working value of
the A.C. resistance, and not the maker’s
value, from which it usually differs more or
less accordmcr to working conditions. In
fact, the \dlue of R, is itself essentially
dependent on that of P a circumstance that
may easily be lost 51ght of in dealing with
this subject.)

Let us suppose, then, that the value of R,
is decreased. This will result in an mcrease
of f,, and hence an increase in f,. If, eg.,
R, have one-half the value previously
assigned to it, if, that is to say, R, be now
20,000 ohms, the value of e w111 now be
40,000 cyclcs per sec., so that f,, will once
more be 800 cycles per sec. The value of T
will, however, be greater than before, i.e.,
in this case it will be 2000. The response
curve will now be found to assume the form
shown by Fig. 5 (c). This curve, which is
indistinguishable from curve (a) over the
lower frequencies, gives a marked improve-
ment in the relative magnification at the
. higher trequencies. This, of course, 1is
practically discounted by the lower actual

and it may be interesting to show how large
a decrease in relative magnification is to be
expected at the higher {requencies when the
working value of R, assumes the compara-
tively large figure of 600.000 ohms. Taking
then an anode resistance of twice this value,
or 1.2 megohm, we have R, = 400,000 ochms,
or ten times the original value assigned to it.

Assuming  as  befare C = o.0035uF,
R, =2MQ, C,+ C, = 200uul, we have
f1 =16, [, = 2000. Whence, f,, = 179 and

T = 448. The resulting curve is that shown
in Fig. 5 (d). It will be noticed that the
relative pitch loss in the higher frequencies
is here much more pronounced, while as
before the curve is indistinguishable {rom
that of (a) over the lower frequency region.

Variation of Stray Capacity.

Enough has been said to demonstrate the
facility with which the response curves of
Iig. 5 may be set out with the aid of the
alignment diagram of Fig. 3, and it will not
be necessary to trace the similar effect on
these curves of varying the capacity C, — C,.
Mention should here be made, however, of
one of the peculiar advantages of the align-
ment process which renders it of particular
service in the present connection. This is the
virtual segregation of the variables dealt with
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into distinct and different elements in a
geometrical figure, so that the effect of
varying each in turn may be conveniently
studied. In the present case, the capacity
C, is itself known to vary with the anode
resistance in the circuit.* If, therefore, we
car. assign approximate values for C, as R is
varied, we can compute the values of f,
from equation (7) by means of Fig. z pre-
cisely as before. Similarly it would be
possible to allow for the effect of the anode
load on the input conductance, inasmuch as
the foregoing analysis has in fact assumed
the inclusion of G, in the symbol .

Partial Identity of Response Curves.

1t is natural to inquire if the coincidence of
the curves (a), (¢} and {d) over the low-
frequency band in Fig. 5 and of curves (a)
and (b) over the high-frequency band is
mercly accidental or otherwise. That it is
not fortuitous is easily seen by substituting
for T and p their respective values in equation

(13). This becomes, .
B I |
M '\/I + {f.’fz — fl,lf}z (14)

For very low frequencies, f/f, is negligible,
and we have

l Ll s (approximately) . .

| M '\/fiz _Lflz

For very high frequencies, f,/f may be

(15)

* See Hartshorn, loc. cit. p. 423.
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neglected, and we have

Pl=— do (approximately)
2 \/f2 -1 .f22

For these extreme {requencies, equations
(15) and (16) may therefore be employed.
In practice, their numerical interpretation
is .nuch simplified by the N "-Diagrams
described by the writer in Te W iveless World *
With regard to the curves shown in lig. 3,
it is readily seen that the cases (a), (c) and
(d) each have the same value for f;- Hence,
by equation (15) their response over the
lower frequency band is identical. Again,
the curves (a) and (b) in the same figure are
plotted from the same value of f,; hence by
equation (16) they should coincide over the
higher frequencies.

(10)

Conclusion.

In conclusion, the writer may be pardoned
a personal note. While no one could be more
fully alive than himself to the deficiencies of
a purely theoretical paper, none regrets more
sincerely his inability at present to undertake
the experimental work which would give a
practical content to the analysis. In the
present case, however, it is hoped that the
synthesis which is here achieved between
high and low note losses in resistance
amplification will point the way for further
experimental work in this field of research.

* See The Wireless World, oth and 16th Aprils
1930.
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Calibrating Ultra-short Wave Receivers
Employing Super-regeneration.*

Note on a Simple and Accurate Method.
By C. Whitehead.

HE Lecher-wire method of calibrating
ultra-short wave power oscillators is
well known, but the writer has not yet

seen any published description of a simple
and direct method of calibrating a receiver lor
use on ultra-short waves. The purpose of
this note is to describe a method used by the
writer, recently, to calibrate a receiver

(Constancy of calibration of the oscillator
may be doubtful.)

(b) Simultaneous calibration of power
oscillator and receiver by means of the
Lecher wires.  (This is probably the most
rigorously accurate method.)

(c) Calibration of an ** absorption > wave-
meter by method (b), this, in turn, being

designed for use on wavelengths between used to calibrate the receiver. (This is
two and three metres. This method is only undoubtedly the best method where a
suitable for receivers employing super- number of receivers, cach covering the
regeneration, but as practically all successful same wave-band, are to be calibrated.)
ultra-short wave receivers do, and pre- Methods (4) and (b) are inconvenient,
sumably will, employ this, the method expensive and laborious, and so is (c),
a
r———?———T
i '
I aq by
a\\%‘: 0 LEGHER WIRES
IS RS
il A ¥
L )
/ 2 4
o [0
}:———%g/
v R -
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SUPER-REGENERATIVE RECEIVER o—L17T

Fig. 1.—Positions of short-civcuiting wives for equal veadings on M are shown at a a,, and b by.

about to be described should prove gener-
ally useful.

There are three obvious methods of cali-
brating a receiver of this type :

(a) By means of a power oscillator, previ-
ously calibrated by the Lecher-wire method.

* MS. received by the Editor July, 1929.

unless a large number af receivers are to be
calibrated.

These methods, however, have the advan-
tage of being suitable for receivers not
employing super-regeneration.

(d) The method used by the writer makes
use of the fact that {under suitable con-
ditions) the load imposed upon an oscillating
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valve circuit of this type is a simple sine
function of the position of the short-circuiting
“ hridge ”’ along the length of a Lecher wire
suitably coupled to it.

The wmodus operandi is shown by Iig. I.
The super-regenerative receiver is provided
with a suitable *“ signal-strength ” measuring
device, such as that shown at M in the
fignre. (Consisting, in this case, of a diode
rectifier and micro-ammeter.)

If the “ quench ” (super-regeneration) is
now put into operation, a reading will be
observed upon the meter M. This is due to
the “mush” caused by the ‘* quench.”
When a load is imposed upon the oscillating
detector circuit, the noise of this *‘ mush,”
and consequently the reading on M, will
decrease. This reading will be inversely
proportional to the load.

A Lecher-wire system of suitable dimen-
sions is then coupled to the oscillating
detector circuit, and a short-circuiting wire
adjusted along the length of the Lecher
wires until a maximum reading is obtained
on “ M.’ By mecans of the adjustment just
mentioned, and manipulation of the re-
cewver quench and reaction controls, this
reading can be adjusted so as to be near the
full-scale reading of ‘“ 3.” Then, calling
this position of the short-circuiting wire
zero, and successive positions, with reference
to this, “ 67

R = rcos 6.
Where » = reading noted above.
(— Ry Fig 2 (a))
R reading at any point of the
short-circuiting wire, as defined
above.
Since A = 2w

A
R = rcos -,
2

and, under the conditions shown in Fig.
2 (a), R,z of R, recurs at distances
apart (of successive positions of the short-
circuit) equal to half a wavelength. (Any
other value of R recurs /wice in this distance.)

The conditions shown in I'ig. 2 (a) are not
always easy or convenient to obtain in
practice, the usual conditions being as
shown in (b) or (¢).

As this is the most usual and convenient
state of affairs, we choose a convenient
value (R,) of the reading on ““ M (usually
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near R,,.)* so as to obtain * pairs” of
readings ¢y, so that
\

R, = rcos ll‘i +a (See Figs.)

/

and each aliernate recurrence of R takes place
at distances apart of short-circuiting posi-
tions of A/z.

R MaX.—~50

o
&
|2
B
P

61 = 1 am I 5w 3m
h A4 2 4 a b 3 2
{(b)
50 T | m
40f——+— I | I
R 30— — +— —
20}t — ——+ A
2\_1 XX X "y
R‘__Lq'ﬁ{’%‘._ = _i H_Wz_ e ]
i | .6 0
O 0725 o5 (RS
o I 3w {# | 5w 31 [
s 2 i 3 2
b ¢ b
(c)

Fig. 2.—Representing (a) very loose coupling ;
() usual conditions; (c) coupling too tight.

Though the method takes a considerable
time to describe in detoil, it is quickly and
easily carried out in practice, and the
necessary preliminary adjustments are not
critical.

Checked by means of the methods men-
tioned earlier, (¢) to (c), this latter method
proved quite accurate if used with due care.

One 1might say that in this method the
“ quench mush ” is used as an aperiodic
artificial * signal.”

* The valucs of R shown in Fig. 2 are virtual
values, the signal-strength meter (a valve volt-
meter) used by the writer having been calibrated
in R.M.S. values. The values shown are arbitrary
values (approximately, valve voltmeter readings
% 10). As the calibration of most forms of H.TI".
meters follows a * square law,” it is obviously better
to choose a value of R, near the maximum, as this
is more casily read with accuracy.
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Correspondence.

Letiers of interest to experimenters are always welcome.

In publishing such communications the

Iditors do mot mecessarily endovse any techwical or gemeral staiements whick they may contain.

The Resistance Capacity Coupled Transtormer.
To the Lditor, EW. & W.FE.

Sir,—1 have read with interest the article by
F. Aughtie and W. F. Cope, on the Resistance
Capacity Coupled Transformer, which appeared in
the issue of April, 1931, also the letter by A. D.
Hodgson in the June issue,on the same subject.

The considerable advantage and high note
response obtained by using high permeability alloy
cores has been known for some time past, and the
Research Department of RRadio Instruments have
been experimenting with nickel allovs of higher
permeability than those previously employed in
Intervalve Transformers.

As a result of this research, the * Parafeed
Transformer has been produced, the high note
response of which is mainly due to the use of a very
low volume of core : the total weight is only 3} ozs.,
and the Transformer normally gives a flat response
of from 235 up to about §,000 cycles.

As pointed out by Mr. A. . Hodgson, the high
permeability and low iron volume operate jointly
to enable leakage inductance to be considerably
reduced, thereby ensuring tlat high note response.

A number of curves have been taken on this
Transformer by the National Physical Laboratory,
and these appear in a small publication which is
available on request to any of your readers interested
in the subject.

J. Josern, MLLE.E,,
Managing Director,
Radio Instruments, Ltd.

Percentage Harmonic Distortion.
To the Editor, EW. & W.E.
Sir,—There appears to be some ambiguity in
connection with the estimation of percentage
harmonic distortion in the output of power valves,
as methods have been published which disagree
among themselves in the ratio of 2 @ 1.

S
2w
Qe
Fle
2|2
olo
12

—
=]

INPUT VOLTS

I arrive at a formula for 2nd harmonic distortion
due to curvature of valve characteristics, making
the usual assumptions, thus :—

ABCDLE represents a sine fundamental and
FGHJK a 2nd harmonic which when combined

result in the dotted curve FLMK. Ii the load is
non-reactive and a pure input waveform is
assumed, each half-cycle is symmetrical as shown.
The distortion is assumed to be the ratio of the
amplitudes of harmonic and fundamental, and is

GO .. .
therefore equal to —— which it is easy toshow is equal

BO
.0 — P
o ig + Pljg' Translating this into terms of the

output currents LO = I, — [y and PM = I, —~ 1,
. . e I, — 21
hence the distortion — —1-_; —7 0
) 1

This result is in agreement with Mr. P. K. Turner
on p. 37t of Z.W. & IW.IE, July, 1930, dealing with
rectification. On the other hand, the formula
which has been published and which is commonly

I, +1, I, . .
ﬂ—l- - ')I—-—" giving values half as great.
: — 4
Scales for rapid estimation of the maximum output
conditions have also been produced based on this
tormula. As the advertised output figures of power
valves depend upon the assumed permissible dis-
tortion, which is generally agreed upon as 59%, it is
obviously important to make certain that this is not
found in fact to be on a 109, basis in some cases.

Perhaps some protagonisf of the latter formula
will come forward and show where the preceding
reasoning is incorrect.

used is

M. G. SCROGGIE.

Book Review.
National Physical Laboratory.

Collected Researches. Vol. NXII, 1930. Pp.
iv + 41r7. HM. Stationery Office. £1.

This is a collection of twenty-one electrical
papers, reprinted from various journals. The
first six deal with acrials and their field distribution
and arc¢ by Colebrook, Wilmotte and McPetrie.
The seventh on amplifiers is by H. A. Thomas.
The cighth and tenth by Dye arc on high frequency
measurements, the ninth on a high frequency
inductive resistance and the eleventh on the
measurement of condenser losses are both by
Wilmotte. The following six papers are not con-
nected with radio telegraphy, but deal with the
current-rating of cables and other matters. Then
follows a paper on the dielectric constant of liquids
by Hartshorn and Oliver, and one on thermionic
valve measurements by Hartshorn. The con-
cluding two papers by Vigoureux deal with quartz
oscillators.

We should point out that several of these papers
were published as long ago as 1924-1925. Why
they should be reprinted now it is difficult to sce :
why not wait until 1949 and make a jubilee volurme
of 1t ?

G. W. O. H.
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Abstracts and References.

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

PROPAGATION OF WAVES.

EEN STATISTISCHE THEORIE OVER SNELLE FADING.
I (A Statistical Theory of Rapid Fading.

1).—H. J. de Boer. (Tijdschr. Nederl.
Radiogenootschap, Jan., 1931, Vol. 5, No. 1,
pp. 1-18.)

The author defines as a measure of fading the

2 PTEd
 percentage scattering”’ [100] - 4 , where v
v
derotes the deflection from zero position at any
instant, © its mean value with respect to time and
2 the mean value of 2. Ixperimental curves
taken on wavelengths of about 16 m. with a vertical
antenna 9 m. long and a superheterodyne receiver
gave percentage scatterings of 44.5 % and 43.5 %
respectively.

The percentage scattering is calculated from
probability considerations for one antenna and
different numbers, phases and amplitudes of inter-
fering ravs. For variation of phase alone, the
amplitudes of the rays considered being equal and
constant, 2, 3, 4 and m {y»1) inferfering rays
give percentage scatterings of 19.1 %, 22.21 %,
21.32 9, and 21.5 9, respectively. For variation
of phase and amplitude, the mean values of the
amplitudes being the same, 2, 3, 4 and m (»1)
interfering rays give percentage scatterings of
3869, 44.3%, 41 % and 419%. 21.59% s
the value found for anv number of rays for phase
and amplitude variation with different mean
amplitudes.

To explain the huge fading percentage actually
found it must be assumed that cne bundle of
incident ravs is present or that, if several are
present, one bundle is much stronger than the
others. Several bundles of comparable intensity
give 271.5 %.

The phase variation of more than one antenna
is then discussed ; the percentage scattering found
for two ravs with two antennae is ro.5 %, with »
antennae 1/(1 + 4.28 »n). For i rays, two antennae
give 12 9,, and »n antennae 1/(1 + 3.66 #). For a
large number of antennae whose em.f.s are
statistically independent, the rapid fading due
to phase variation alone is inversely proportional to
the number of antennae.  In the case of phase and
amplitude variation of more than one antenna
and s ravs, 2 antennae give 24.6 %, and » antennae

3 t+z2om

3 -+ 207 + 33 n*
Thus the fading for a large number of independent
anzennae is much decreased.

STATISTISCHE THEORIE OVER  SNELLE
FFapinGg. @I (A Statistical Theory of Rapid
Fading. 101).—H. J. de Boer. (Tijdschr.
Nederl. Radiogenootschap, Feb., 1931, Vol
5. No. 2, pp. 57-07.)

A continuation of the article referred to in the

EEN

previous abstract. The effect of rotation of the
plane of polarisation is considered in addition to
those of phase and amplitude variation, and it is
found that it has little effect on depth of fading.
One ray with rotating plane of polarisation gives
a percentage scattering of 19 9% ; two rays of the
same amplitude, phase variation also being con-
sidered, give 19.1 % and = (» 1) rays 2I.5 9%,.
When amplitude variation also is taken into account,
the percentage scatterings for one, two and m
(» 1) rays are respectively 38.6 9%, 39.2 9% and
41 %. If the amplitudes no longer have the same
mean value, the resulting integral for the per-
centage scattering has not been solved but would
probably give a value about 22 9.

Measurements were made on stations using

wavelengths varying from 17 to 20 m. with a
vertical receiving antenna 8 m. long and a super-
heterodvne receiver. The audio-frequency output
was measured with a detector of as nearly linear
a law as possible and a self-registering milliammeter
1 the anode circuit. Details are given of the
measured signal strength of various stations at
Eindhoven; the percentage scatterings found
grouped themselves either in the neighbourhood
of 459, or in that of 23 9. Thus either one or
two or more bundles of incident rays must have
been present at the receiving station.
Das REZIPROZITATS-THEOREM DER DRAHTLOSEN
TerLeGRAarlE (The Reciprocity Theorem of
Wireless Telegraphv).—A. Sommerfeld. (Zeut-
schy. f. hochf. Tech., April, 1931, Vol. 37,
pp. 167-169.)

The writer’s earlier paper under this title (ibid.,
Vol. 26, 1025, p. 93) contained a miscalculation
which is here rectified. The statement of the
theorem remains unchanged.

OVER REFLECTIE VAN FELECTROMAGNETISCHE GOL-

ven (On Reflection of lLlectromagnetic
Waves).—G. J. LElas. ({(T%jdschr. Nederl.
Radiogenootschap, Jan., 1931, Vol. 5, No. 1,
pPp- 19-37)

See next abstract.

ON REFLECTION OF ELECTROMAGNETIC WAVES
AT loNISED MEDIA WITH VARIABLE CoON-
DUCTIVITY AND DIELECTRIC CONSTANT.
G. J. Elas. (Proc. Inst. Rad. Eng., May,
1931, Vol. 19, pp. 891-907.)

Substantially the same paper as that referred
to in the preceding abstract. Deductions are
made from the calculations given in previous
papers (¢f. 1930 Abstracts, p. 330), in which a
horizontally stratified conducting medium with
an exponential law of variation of conductivity and
dielectric constant with depth of medium is assumed
and the relative amplitudes of incident and reflected
waves are obtained bv approximations to the Hankel
functions. Former calculations of the ionisation of
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the upper atmospliere under the influence of the
ultra-violet light of the sun are also used : first
the assumption is made that the upper atmosphere
consists of nitrogen and conclusions are drawn
about the reflection of electromagnetic waves.
For short waves, if w is the angular frequency, ¢
the angle between the direction of propagation
and the vertical, and 7, the height where reflection
chiefly takes place, the values 70, 75 and 80 km.
for %y give values 2.6 x 10% 1.3 X 107, 2.8 x 107
respectively for wcos ¢. The limiting frequency
for retlection in long distance propagation is
w = 2.8 X 10% (A 7 m.).

For the usual long waves, the value of #; is
nearly 65 km., and this increases with decreasing
frequency. There must thus be an intermediate
frequency with a minimum height of reflection.

It the upper atmosphere does not consist only
of nitrogen but contains hydrogen in appreciable
amount, the maximum ion densityv is reached at a
much greater height. Using Wegener's assump-
tions as to the constitution of the atmosphere,
the reflected amplitude would be found to be
much smaller than for nitrogen gas only, in fact
too small to explain propagation to great distances.

A calculation is then made of the time necessary
for the reflection of a signal consisting of a train
of waves of varying amplitude. TUnder various
assumptions, times are found of the order of
5 x 1074 sec., which is quite ditferent from that ol
the long period echocs. These can thus not be
explained with the type of ionisation assumption
made in this paper. ‘Lhe author is of the opinion
that, if retlection is assumed to take place at a
finite height and the retlected amplitude is finite,
the possibilitv of an infnite retlection time has
not yet been rigorously proved.

Rapio TELEPHONY DISTORTION [ON SHORT WAVES :
Partiar DISAPPEARANCE OF MODULATION
WITH RETENTION OF Carrigr!.—T. L.
LEckersley. (Marconi Review, March-April,
1931, pp. 12-18))

In certain conditions the carrier of a telephone
station is strongly reccived but with very little
or no trace of modulation: the effect is most
marked within the skip distance. The writer
shows how the phenomenon can be explained as
the result of the presence of echoes from scattering
centres in the Hecaviside laver; the side waves
being, as a result, random phased with respect
to tne carrier. His explanation brings to light
the fact that single side band transmission with
suppressed carrier will eliminate this eflect. “* Im-
provements in frequency stability of transmitters
will probably enable such methods to be used [on
short waves, where at present they have met with
great difficulties’, and will eliminate not only the
effect discussed, but also the more normal tvpe of
fading dependent on the product of the carrier
and side band intensity '’ [¢/. April Abstracts,
p- 204; and for a demonstration of suppressed
carrier working on short waves, see these Abstracts,
under '‘ Transmission '’ .

THE CyLINDRICAL IoN1sED FIELD AND THE PaTH
Time oF THE Toxs.——Pauthenier and Moreau-
Hanot. (See under '‘ General Physical
Articles.”’)

EXPERIMENTAL WIRELESS &

Hicy FreEQUENCY BrHAVIOUR OF A Prasua.
L. Tonks. (Phys. Review, 15th April, 1931,

Series 2, Vol. 37, No. 8, p. 1020.

An extension of the work referred to in 1929
Abstracts, p. 273. Abstract only :—Earlier work
on spontancous short-wave oscillations in a low-
pressure niercury arc plasma has been extended
to lorced oscillations by experiments similar to
those of H. Gutton (1930 Abstracts, pp. 207-208
and 267;.  Theory gives N — 1 — »,*'v? where »
is the impressed, v, (= 8930 (N,)*) the plasma-
electron frequency, for the specific inductive
capacity of a plasma. The unit cube thus behaves
like a tuned shunt circuit C = 1/4m, L = m,/N,e*.
This disagrees with Gutton’s conclusion. A
modified Mossotti theory requires that a cvlindrical
plasma between plane condenser plates show shunt
resonance when v, — (2)%v.  With a constant
impressed frequency, the positive column of a Hg
arc always resonated at two values of arc current
(lonization density) and sometimes at three, due
possibly to the non-uniformity ot the plasma
cross-section. The two main resonance densities
were roughly in the ratio 2 to 5 and lay above and
below the theoretical value. The variation with
frequency was v,ocvlt  cf. »1.0 theoreticallv. Above
resonance (v,>>(2)ty) the variation of /i with »
as given above was confirmed.
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Zur FRAGE NACH DER NATUR DER LANGZEITECHOS
(On the Question of the Nature of the Long-
Delay  Lchoes).—G. Joos.  (Zeutschr. f.
hocht. Tech., April, 1931, Vol. 37, p. 136.)
Van der Pol’s explanation is based on a largely
decreased group velocity in the ionised lavers.
The writer considers that sufficient attention has
not been given to the fact that such a decreased
group velocity would be accompanied by a very
marked dispersion. Taking the case of a 30-metre
wave, and assuming the group velocity to be
reduced to one hundredth of the vacuum velocity
of light, he arrives at the fact that if the wave were
modulated at 1,000 c.p.s. the one side band would
have a group velocity twice that of the carrier,
while the other side band would have zero group
velocity.  He admits that this calculation is not
correct, since other terms of the Tavlor series
should have been considered ; but it shows quali-
tatively that the dispersion would be so great that
a modulated signal of 1 second’s duration could not
be reproduced as a long-time echo. He therefore
suggests that a test with alternately modulated and
unmodulated waves would decide between van der
Pol’s interpretation and the toroidal space theory
of Stérmer.

VERSAGEN DER KURZEN WELLEN AUF DER LINIE
EUROPA-NORDAMERIKA IN DER ZEIT VOM
&. BIS 12. AUGUST 1930 (Short Wave Failure
on the Europe—N.America Service, Sth
to 12th August, 1930 [and a Possible Con-
nection with Meteoric Showers .—[. Quiick :

Nagaoka. (E.N.T., January, 1931, Vol §,
Pp- 46-48)
The writer refers to the correlation between

magnetic disturbances and fading, worked out by
Mogel in the paper dealt with in March Abstracts,
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p. I144. On certain days, however, the magnetic
disturbances were slight and the fading marked ;
this applies particularly to the period mentioned in
the titie, and the writer looks about for an ad-
diticnal cause for the strong fading. “ A clue is
turnished bv a paper published by H Nagaoka in
the Tokio ‘ Institute of Physical & Chemical
fKesearch '’ under the title ‘ The Possibility of the
Disturbance of Radio Communication by Meteorite
Showers '’ (see also 1930 Abstracts, p. 270).

He then reproduces this paper of Nagaoka's,
which dcvelops the idea mentioned in the above
abstract and mentions that data provided by
Nakagami indicate a corielation bcetween dis-
turbances in the Transoccanic service during the
past 3 vears and certain metcoric showers; the
vbservations of Yokovama (1930 Abstracts, p.
563) are also referred to.

Quick then announces that he will be publishing
the results of an enquiry, in collaboration with
Hotfmeister of the Sonnenberg Observatory, as
to such correlation on the Iturope—XN.\merica
service. Meanwhile, he gives details of the con-
Jditions on that service during the particular period
menrioned. He calls attention to the fact that
other short wave services, to all parts of the world,
suffered from disturbance on those davs, if not
to the same extent ; whereas the long wave services
13-15 km.) were able to maintain communication,
although with decreased speed.

ErFecTts or SuN SpoTs AND TeErrESTRIAL MAG-
NETISM ON LoNG-pisTaNCE RECEPTION OF
Low-FrREQUENCY WavEs. E.  Yokoyama
and 1. Nakai. (Proc. Inst. Rad. I'ng., May,
1931, Vol. 19, pp. 882-8qo.)

A companion paper to that dealt with in 1930
Abstracts, p. 562. Authors’ summary —Daily
average variations of sun spots and field intensity
are not simply related. What mostlv occurs are
the effects which vary as the period of the sun’s
rotation and one-halfl thereof. Phase relations are
generally found in about 180 degrees and go degrees.
There 1s no indication of ditferent effects between
davlight and darkness waves.

The relation between their monthly average
variations is, in general, not obvious. However,
direct relation is observed on some stations in
summer, whereas inverse relation is noted in winter
in several cases, the 1elation being less clear in the
latter season.

Daily average variations of terrestrial magnetism
and feld intensity are also not simply related.
However, lield intensity usuallv reaches its maxi-
mum {rom two to four days before the dav of
accurrence of magnetic disturbance and then
gradually decreases until it rcaches its minimum
trom two to four days after that dav. There is
also no indication of ditierent etfects between
daylight and darkness waves. ‘The relation is not
clearly found for monthly average vanations.

INFLUENCE OF THE MooN oN RADIO RECEPTION.-
H. T. Stetson: Breckel. (Sci. News Letter,
2nd May, 1931, p. 278.)
See also the next abstract. A further note on the
ur:ifavourable influence of the moon on reception
(see June Abstracts, p. 317). Stetson found that
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the average strength of signals for the last few
years between Chicago and Boston was about
100 9%, better when the moon was below the horizon.
It is suggested that the effect is due to a negative
electrical charge on the moon causing a “ pushing
down ”’ of the Heaviside layer. ‘° The unfavourable
influence of the moon on the reception of radio
waves of 4,000 kilocycles has also been indepen-
dently established by Lieut. H. I'. Breckel of the
U.S. Navy Department . . . ' For Pickard’s
criticisnt of Paulson’s report on a lunar effect on
propagation, see 1928 Abstracts, p. 637

O~ THE CORRELATION oF RADIO RECEPTION WITH
THE Posiiiox oF THE Moox 1IN THE OBSER-

VER'S Sky.-— H. T. Stetson. (Phys. Review,
15th April, 1931, Series 2, Vol. 37, No. §,
p. 1021.)

See also preceding abstract. Summary only :—
Observations of the intensities of radio reception
at the Perkins Observatoryv and elsewhere have been
utilized for a study of corrclation of signal strengths
with cosmic phenomena. Papers already published
by the writer and by Greenleaf W. Pickard call
attention to apparcnt change in the altitude of the
Kennelly-Heaviside layer with the change in solar
activity. The same data have now been utilized in
an investigation of the possible relation between the
intensity of signal strength and the position of the
moon with respect to the observer, on the assump-
tion that the moon is at a different electrical
potential from that of the earth. The result of the
observations indicates that the height of the
Kennelly-Heaviside laver is substantially decreased
by the presence of the moon above the horizon, and
elevated as the moon passes underneath the
observer. A plausible explanation follows on the
assumption that the moon is negatively charged
with respect to the earth. The form of the curve
showing correlation between the moon’s altitude
and the intensity of radio reception suggests an
electronic tide which follows a hypothetical equi-
potential surface in the electrostatic field of the
earth-moon system.

DIE AUSBREITUNG ELEKTROMAGNETISCHER
WeLLEN (The Propagation of IElectro-
magnetic Waves).—B. van der Pol. (Zeit-
schr. hochf. Tech., April, 1931, Vol. 37,
PP. 152-156.}

Covering the same ground as the Dutch paper
dealt with in 1930 Abstracts, pp. 560-361.

UBEer

SHORT-DISTANCE OBSERVATIONS ON LoxG-WAVE
PuexovENA—R. Naismith. (E.W. & W.E.,
May, 1931, Vol. & pp. 254-255.)

Long abstract of an I.L.E. (Wireless Section)
paper describing experiments which show that,
contrary to the usual assumption, retlection from
the ionized laver plavs & part in the propagation
of long waves even to relativelv short distances
(roo to yoo km.). Rugbv (18,700 m.) gave surpris-
ingly large variations of intensity at Slough, 111
km. away, over a period of six months. Simul-
taneous measurements of Rugby at Tadworth,
Surrey, and at Manchester—points about equi-
distant —gave 18.6 mv/m. at the former and only

C
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11.4 mv/m. at the latter, though polar curve tests
round Rugby at 35-45 km., where no downcoming
wave effect was found, showed that there was no
direction of maximum raciation. Again, tests on
Northolt (6,950 m.) at Manchester and Exeter gave
an average intensity at the former about twice
that at the latter ; since the distances were almost
equal, the indirect wave received at Manchester
must have been much greater. To Manchester, the
wave travelled approximately in the plane of the
magnetic meridian, and to Exeter, more nearly at
right angles to it. 'The writer suggests that at short
distances more energv is returned in the S.-N.
direction than in the E.-W., and that therefore less
energy is left to travel to greater distancesin the
former than in the latter direction—thus fitting in
with the Marconi Company’s cruise results where no
long-distance signals were received from New York
when the great circle between the vessel and New
York was over or near the N. and S. poles. Other
results discussed deal with magnetic storms, sunset
effects, and the large apparent rotation of the
plane of polarisation.

FIELD-STRENGTH MEASUREMENTS ON DAVENTRY
5NN.—IR. Naismith: Reyner. (L.W. &
./, Mav, 1931, Vol. 8, pp. 253--254.)

Abstract of an [.LE.E. (Wireless Section) paper,

on tests undertaken to elucidate Reyner’s Cornwall
results (1930 Abstracts, pp. 208-209), which he
interpreted as due to a radio shadow thrown by the
Bodmin beam station. The present writer finds no
evidence of such shadows, and attributes the
peculiarly shaped contours plotted in Cornwall,
and the rapid attenuation west of Launceston, to
the influence of the large, irregularly shaped moor
rising to the hill *“ Brown Willy.” A discussion is
summarised on pp. 255-256. For a paper on the
effects of hills, mountain ranges, etc., see next
abstract (Ollendorft).

DiE BEUGUNG ELEKTROMAGNETISCHER WELLLEN
AN KAPAZITIV ERREGTEN SEKUNDARSTRAH-
LERN (The Bending of Electromagnetic
Waves at Capacitively Excited Secondary
Radiators).—F. Ollendorff. (E.N.T., April,
1931, Vol. 8, pp. 147-161.)

The radiators thus defined are obstacles in the
path of electromagnetic waves whose re-radiated
iields near at hand are pre-eminently electrostatic ;
the clectrodvnamic dimensions of such an obstacle
must therefore be small compared with the wave-
length, since otherwise the distinct path-length
differences within the obstacle would prevent this
condition being fulfilled. The treatment is on the
lines of Ravleigh's treatment of optical diffraction.
The secondary radiation is determined by potential
theory methods for a number of technically im-
portant cases. If the obstacle possesses rotational
symmetry it can be replaced, with suthcient
accuracy, by a single Hertz dipole. This already-
known result is put on a quantitative basis by the
introduction of the idea of a '* transit capacity " :
the charging current of this capacity in an incident
wave field, multiplied by the height of the obstacle,
gives that dipole moment of the secondary radiator
on which the excitation of the scattered secondary
waves depends.
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The value of the transit capacitv is found for
several frequently met-with obstacles . —for a

hemisphere, representing a house; for a flattened
ellipsoid of rotation representing a flattened
structure, tlat topped hillock, etc.; for a high,
narrow ellipsoid of rotation, as a model for a high
building or a tower; and finally for an elliptic
cylinder as a model for a mountain range. Since
the secondary waves interfere with the primary,
a diffraction zone is formed around the obstacle,
within which the resultant ficld is markedly different
from the field of the primary waves. The size of
this diffraction zone is calculated for each of the
examples taken. It is found that high buildings
such as are met with in cities are quite enough to
upset the propagation of waves in the broadcast
band. Particularly marked is the effect of long
mountain ranges; here the diffraction wave takes
the form of a cylindrical wave whose intensityv
decreases only slowly, with the square root of the
reciprocal of the distance, so that an especially
large area of diffraction zone results. It is sug-
gested that this phenomenon should be of use in
warning aircraft of their approach to mountains ;
the interference between the direct and the bent
waves being indicated by abnormal fluctuations
in the strength of signals received.

In the above it is assumed that the incident
wave arrives in a direction at right angles to the
mountain range: a later paper will deal with
oblique incidence and its results, which are of
importance—for example—in connection with errors
in direction finding.

TWENTY-FOUR-HOUR RECEIVING MEASUREMENTS
or LOW-FREQUENCY RaADIO STATIONS-
BoriNnas, Borpeaux, KAHUKU, MALABAR
AND SaiGoN.—L. Yokoyama and I. Tani-
mura. (Res. Electrot. Lab., Tokio, January,
1931, No. 297, 110 pp.)

PFEIFTONE AUs DER ErRDE (Whistling Tones from
the Earth).—H. Barkhausen. (Zuitschr. f.
hochf. Tech., April, 1931, Vol. 37, pp. 123
125.)

See 1930 Abstracts, pp. 622—-623. In the present
paper the writer goes rather more thoroughly into
his second suggested explanation. He urges further
research on the subject to decide whether the
source is a distant lightning tlash or whether
T. L. Eckersley’s belief in the dependence of the
“whistlers ”’ on magnetic storms is correct.

A PHOTOELECTRIC  SPECTROPHOTOMETER  FOR
MEASURING THE AMOUNT OF ATMOSPHERIC
OzoNi.—G. M. B. Dobson. (Proc. Physical
Soc., 15t May, 19371, Vol. 43, Part 3, pp. 324—
339.)

OZONGEHALT DER UNTEREN ATMOSPHARENSCHICH-
TEN (Ozone Content of the Lower lavers of
the Atmosphere).—I. W. P. Go6tz and R.
Ladenburg. (Natwrwiss., 1st May, 1931,
Vol. 10, No. 18, pp. 373-374.)

The results of optical experiments on the trans-
parency of the lower atmospheric layers in the
frequency region of the ozone bands, made in the
spring of 1930, show that these layers contain a
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wnoticeable quantity of ozone.
Duhois, June Abstracts, p. 317.

Cf. Chalonge and

OzoNE 1N THE UPPER ATMOSPHERE AND ITS RELA-
110N TO METEOROLOGY.—G. M. B. Dobson.
(Nature, 2nd NMay, 1931, Vol. 127, pp. 668—
672.)

A general account of the present state of know-
ledge of atmospheric ozone.

Tue LErLecTriCAL ILAYERS OF THE ATMOSPHERE.—
W. C. Reynolds. (Nature, 9gth May, 1931,
Vol. 127, p. 704.)
A letter pointing out causes for considering the
existence of a dividing laver in the atmosphere at
a height (in Central Europe) of from 7 to 12 km.

THE INSTRUMENTAL PHASE-DIFFERENCE OF SEIS-
MOGRAPH RECORDS; AN ILLUSTRATION OF
THE PROPERTIES OF DAMPED OSCILLATORY
SysTEMS.—F. J. Scrase. (Proc. Physical
Soc., 1st May, 1931, Vol. 43, Part 3, pp.259-
274.)

APPLICATION OF SPINOR ANALYSIS TO THE MAXWELL
ANxD Dirac Eguations.—O. Laporte and

G. E. Uhlenbeck. (Phys. Review, 15th April,
1931, Series 2, Vol. 37, No. 8, p. 1022))

Abstract onlyv.

Tue PrESENT PoOSITION IN THE DEVELOPMENT OF

THE ULTRA-SHORT WAVES, WITH REGARD
TO THEIR PRACTICAL POSSIBILITIES FOR
BroapcasTinGg. — Gerth. (See under

“ Stations, Design and Operation.’’)

ULTRA-SHORT-WAVE  BROADCASTING.—Schwandt.
(See under ‘* Stations, Design and Opera-
tion.”)

Rapi1o TrANSMISSIONS ON ULTRA-SHORT WAVES OF
THE ORDER OF 17 CENTIMETRES.—Ferrié.
(See abstract under ‘° Transmission.”’)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY.

Low ALTITUDE AURORA.—G. C. Simpson. (Natuve,
2nd May, 1931, Vol. 127, p. 663.)

A. Corlin has described (¢f. June Abstracts,
p- 319) an observation which convinced him that
the aurora can appear under the clouds; in this
letter the author describes a similar phenomenon in
circumstances which convinced him that the whole
effect was an illusion and that the aurora was above
and not below the clouds.

UBER DEN URSPRUNG DER DURCHDRINGENDEN
KORPUSKULARSTRAHLUNG DER ATMOSPHARE
(On the Origin of the Penetrating Corpus-
cular Radiation of the Atmosphere).—B.
Rossi. (Zeitschy. f. Phys., 1931, Vol. 68,
No. 1/2, pp. 64-34.)

Or1GIN oF CosMIC PENETRATING RADIATION.
A. K. Das.  (Naturwiss., 3vrd April, 1931,
Vol. 19, No. 14, pp. 305306
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ULTRA-PENETRATING Ravs.—H. Geiger. (Nature,
23rd May, 1931, Vol. 127, pp. 785-787.)

The opening paper of a discussion at the Royal
Societyv ; a short account of the methods and
results of the various experiments on ultra-pene-
trating rays, particularly of the secondary radiation
experiments.  The conclusion reached is that these
experiments can only be interpreted ‘‘ by regarding
the ultra-radiation as made up of material particles
such as protons with the energy of an ultra-
quantum.”’

AN ATTEMPT TO MEASURE THE LKENERGY OF THE
Cosymic ELECTRONS BY MAGNETIC DEFLEC-
TIoN.—L. M. Mott-Smith. (Phys. Review,
15th April, 1931, Series 2, Vol. 37, No. 8,
pPp. 100I-1003.)

DER STOSS-DURCHSCHIAG DER LUFT NacH UNTER-
SUCHUNGEN MIT DEM KATHODENOSZILLO-
GRAPHEN (Impulsive Breakdown of the Air,
Investigated with the Cathode Rayv Oscillo-
graph).—H. Viehmann. (Archiv f. Elektrot.
15th April, 1931, Vol. 25, No. 4, pp. 253-266.)

DURCHSCHLAG UND UBERSCHLAG IN LUFT BEI
DRUCKEN VON I BIS 30 AT. (Breakdown and
Spark-over in Air at Pressures from 1 to
30 atmos.).—C. Reher. (Awvchiv . Elektrot.,
15th April, 1931, Vol. 25, No. 4, pp. 277-293.)

OBSERVATIONS SUR LES DETONATIONS ATMO
SPHERIQUES PRECEDANT LES PERTURBA-
TIONS SOLAIRES ET TERRESTRES (Observa-
tions on Atmospheric Detonations preceding
Solar and Terrestrial Disturbances).- A,
Nodon. (Comptes Rendus, 27th April, 1931,
Vol. 192, pp. 1047-1049.)

Followed by remarks by E. Esclangon.

ZUR VERGLEICHBARKEIT METEOROLOGISCHEN
STRAHLUNGSMESSUNGEN (On  the Com-
patability of Meteorological Radiation
Measurements).—W. Moérikofer and I°. Levi.
(Naturwiss., 8th May, 1931, Vol. 19, No. 19,
p. 309.)

A note on a method of calibrating the photo-
electric cadmium cells used to measure the intensity
of ultra-violet solar radiation, to compensate for
the varving distribution in the ultra-violet spectrum
at equal heights of the sun.

[ATMOSPHERIC] INTERFERENCE IN OCEaN CABLE
TrLEGRAPHY. — ] W. Milnor. (Elec.
Emngincering, April, 1931, Vol. 50, pp. 281
283.)

WHISTLING TONES FROM THE EARTH.—Barkhausen.
(See under ‘‘ Propagation of Waves.”)

PROPERTIES OF CIRCUITS.

THEORIE DER RUCKKOPPLUNG BEI HOCH-
FREQUENZEMPFANGERN (On the Theory of
Retroaction in High Frequency Receivers).
R. Feldtkeller and W. Kautter. (LZ.N.T.
March, 1931, Vol 8, pp. 93-103))

ZUR

The writers set out to obtain, in as general a
C 2
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form as possible, the fundamental equations of an
amplifier stage with retroaction; they refer to
Watanabe’s treatment of the amplification of a
narrow radio-frequency band (1928 Abstracts, p.
685) but consider that his circuit is of only slight
interest as an input circnit for a modern receiver.
Theyv set themselves to obtain the complete solution
of one of the possible complex svstems—the
admittance svstem ; when this is found, the cal-
culation of other properties of the circuit presents no
theoretical difficulties although the working-out
may be laborious.

They give the generalised retroaction circuit and
show how it mav be represented by six scparate
quadripoles with their input and output terminals
connected in parallel. From this equivalent circuit
thev obtain, in their most general form, the funda-
mental equations (equation 22, p. 96) and from these
thev derive the expression for the total input
admittance (equation 36, p. 97). They then apply
these results to the simplified case of a purely in-
ductive retroaction, and obtain equation 4o0. In
section 5 they obtain approximate solutions for the
amplification and selectivity of the retroactive
circuit, yitelding the equation 71,

24w

LiC w?
where s is the ratio aerial e.m.f. to a.c. grid poten-
tail. If Ve2ar — 1 is called the “ selectivity’’ of
the circuit, it is scen that the product of the selec-
tivity and e is inversely proportional to the cube of
the frequency, provided the aerial capacity Cy4
and the primary winding inductance L; are both
kept constant. If both the quantities, selectivity
and amplification, arve to vemain independently
constant, either the aerial capacity or the primary
inductance, or both, must be considerablyv reduced
with increase of frequency.

The final section deals in detail with the values
of the components of a receiver with constant
primary inductance.

imVesh — 1

THEORY AND OFERATION orF TUNED RaDIO-
FREQUENCY CoUPLING SvsTtems.—H. A.
Wheeler and W. A. MacDonald. (Proc. Inst.
Rad. I'ng., May, 1931, Vol. 19, pp. 738-805.)

Author’s summary :—The subject is the tuned
r-f coupling systems commonly used in broadcast
receivers, to couple the antenna to the grid of the
first tube, and to couple the plate of each r-f
amplifier tube to the grid of the following tube.
The simple tuned r-t transformer used in the
1923 neutrodyne rezeiver has been improved by the
co-operation of different kinds of impedances in the
primary circuit. The ‘ equivalent mutual in-
ductance’ is thereby caused to vary with fre-
quency in a predetermined manner, without the
use of any movirg elements except the tuning
condenser ; this is also referred to as a varying
‘““ effective turns ratio.” The gain of an amplifier
can be held uniform or made to vary with frequency
in anyv desired manner consisteni with the ampli-
fying ability of the tube and the tuned secondary
circuit, and without appreciable loss of selectivity.
A large variety of these improved coupling circuits
are shown and classified in terms of the fixed and
varying components of the ecquivalent mutual
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inductance. A large numbder of these coupling
systems from commercial troadcast receivers are
described in terms of coil structure, electrical con-
stants, and performance. These include antenna
and amplifier circuits dating from 1924 to date, and
used in unneutralised, neutralised, and screen-grid
receivers. Special attentina is paid to antenna
circuits for unicontrol rece vers, whose tuning is
substantially independent cf antenna capacitance
and of the adjustment of z shunt rheostat some-
times used as a volume control.  The problems
involved are trecated mathamatically with the aid
of general theorems and spacific examples.

ZUR THEORIE ZWEIER GEKCFPELTER SCHWINGUNGS-
KREISE. II. (On the Theory of Two Coupled
Oscillatorv Circuits. Part II.).—V. Petr-
zilka. (E.N.T., Merch, 1931, Vol. &, pp.
122-131.)

In the first part of this paper (1930 Abstracts,
p. 625) the writer tound the general expressions
for the total energv applied to two coupled circuits,
and the expressions for the partial energies of the
primary and secondary circuits in dependence on
the dampings, coupling and de-tuning ; further, he
applied these results to th= special case (a) where
o is varied while w; and w, the natural frequencies
of the two circuits) are equu and constant.

In the present part, th> remaining cases are
similarly dealt with, nantely where (8) w; = w,
but both remain constant while w, as before, is
varied ; (¢) o i1s kept cons-ant while either w; or
w, varies; and (d) all thre> frequencies vary, but
maintain a relation represented by the so-called

frequency equation’’ of the intermediate circuit
transmitter circuit already -lealt with by Ieegner,

Pauli, Albersheim and others.

Zur DEMONSTRATION VvOX KOPPELUNGSSCHWIN-
GUNGEN (A Demonstration of the Oscilla-
tions of Coupled 3Systems).-——\W. Kossel.
(Zeitschy. . hochf. Tech., April, 1931, Vol. 37,
Pp- 139-141.)

A simple demonstration apparatus consisting of
two rigid pendulums, each ¢f continuously variable
period, which can be vanably coupled together
by a weak spiral spring. I’erhaps the most im
portant point demonstrat>d is that in order to
obtain resonance phenomena the frequencies which
must be adjusted to equality are nof the natural
frequencies of the separaze pendulums but the
frequencies which each disp avs as a component of
the whole system. The writer considers this resuit
mathematically and examines its implications as
regards electrical oscillatery circuits (cf/. May
Abstracts, p. 265). In such circuits ‘ exactly the
same relations . . . are found provided the coup-
ling is carried out by the adcition of special coupling
organs (coils, condensers). 3ut it is quite otherwise
when, without adding new organs, the circuits are
linked together by the lices of force of alreads
existing inductances.”

SELECTIVITY, A SIMPLIFIEL MATHEMATICAL TREAT-
MENT.—DB. de L. Bayly. (Proc. Inst. Rad.

Lng., May, 1931, Vol. 19, pp. 873-881.)
Author’s summary :—Th s paper gives a simple
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formula for finding the voltage gain of a resonant
circuit at different frequencies in terms of that at
resonance. Tables and curves are given in decibels
below the resonant value so that calculations are
quickly made.

Means of converting the ordinary radio-frequency
circuit into an equivalent simple resonant circuit
are given so that a close approximation of its
behaviour may be obtained, especially in cascaded
circuits of diverse tuning.

The criteria for maximum gain, etc., are dis-
cussed by means of the equivalent circuit. A new
expression for selectivity is proposed in terms of
decibels below resonance. The principle of diverse
tuning of cascading circuits to obtain band-pass
cffects is discussed.

Banp-Pass TILTERING BY DIveirse TUNING oF
Cascaping Circults.—Bayly. (See preceding
abstract.)

THE SUPERHETERODYNE.-
‘“ Reception.”)

SELECTIVITY OF
Cocking. (See under

THE

Baxp-Pass AMPLIFIER STAGES.—Couillard.  (Ses
under “ Reception.”)

Banp-Pass  FILTErRs IN Rapio RECEIVERS.
G.W.0O.H. (Sec under " Reception.”)

A SYSTEM FOR SUPPRESSING HUM BY 4 NEW FILTER
ARRANGEMENT.—P. H. Craig. (See under
* Subsidiary Apparatus.’)

THE AMPLIFICATION OF A Low-FreQUENcY TrRans-
FORMER-COUPLED STAGE AS A I'UNCTION OF
FREQUENCY AND AMPLITUDE.—R. Watrin,
(L’Onde FElec., March, 1931, Vol. 10, Dp.
121-130.)

Second and final part of the paper dealt with in

June Abstracts, p. 321.

BERECHNUNG DER VERSTARKUNG DES /ZWISCHEN-
FREQUENZ-GLEICHRICHTERS (Calculation of
the Amplification of the Intermediate
Circuit  Detector).—P. Hermannspann.
(Zeitschr. . hochf. Tech., April, 1931, Vol. 37,
Pp. 134-135.)

Ballantine, in his paper on detection at high
signal voltages (1929 Abstracts, p. 570}, abandons
the usual d.c. characteristics and starts with the
experimentally determined rectification character-
istic of the valve, building up a new theory in a
series of powers, not of /7, but of mE,, and the
various differential parameters of the rectification
characteristic.  In this series the first order term
gives the rectifving effect (Ballantine calls the
parameter [/, — ¢/ ,/of-, the ‘' tramsrectification
factor,”” analogous to the mutual conductance of the
amplifier theorem). The present writer reproduces
this part of Ballantine’s paper and makes use of it
for the calculation ot the amplitication of an inter-
mediate circuit detector (ratio of the intermediate
frequency voltage in the anode circuit of the de-
tector to the received voltage acting on its grid).
It is found that the optimum amplitication is half
as large as the optimum high-frequency amplification
of the same valve.
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ZUR THEORIE LINES (GLEICHRICHTERS MIT FAL-
LENDER, HYPERBELFORMIGER KENNLINIE

(The Theory of a Rectifier with Falling

Characteristic of Hyperbolic Form).—O.
Stierstadt. (E.N.T., Jan. 1931, Vol. 8,
pp. 31-38.

The method of working of such a rectifier is
examined theoretically. It is shown that the most
important working data, for any particular load,
can be read off a diagram—the '‘rectification
characteristic ’—obtained by selecting various
working points on the characteristic for a fixed
a.c. potential e = ¢ sin w!, keeping the d.c. bias
always greater than ¢, measuring off the mean
current for each point, and plotting these mean
currents against the d.c. bias.

In particular, the rectification characteristics
for constant a.c. power output and for constant
a.c. potential are derived and discussed. The
criteria for stability are considered, and from these
the limiting working conditions are obtained.
Maximum rectified output is given by the rule of
matched resistances.

NecaTive Circurt Coxnstaxts.—L. C. Verman.
(Proc. Inst. Rad. Eng., April, 1931, Vol. 19,
pp. 676-681.)

« .. It is clear, therefore, that a good deal of
work could be done in the development of stable
negative resistances that would stay constant over
long periods and at the same time be applicable to
a.c. circuits. It seems that the progress in this
direction has been rather slow, chiefly owing to
the fact that convenient alternative mecans are
available for accomplishing the chief purposes for
which the negative resistance might be used ; for
example, oscillators, voltage and current amplifiers,
etc. The number of possible applications, however,
has been considerably increased by the suggestion
of negative inductance and negative capacitance
[Bartlett, J.[.E.[., 1927: wvan der Pol, 1930
Abstracts, p. 272], so that now we have at our
disposal, at least theoretically, all the three funda-
mental circuit constants with negative as well as
positive values. It is the purpose of this paper to
discuss some new possible applications of these
negative impedances to accomplish novel results.”

New names arc suggested-—nesistance, ninduc-
tance and napacitance. It is shown that for
transient states the ninductance and napacitance
respond as would be expected of true negative
circuit constants. External circuits are suggested
to vary the nesistance of a given valve system.
A system of circuits is described by means of which
it is possible to obtain impedances proportional to
+ (jw)", where » is any positive or negative
integer.

THE THEORY OrF THE DYNatRON.—Ito. (See under
* Valves and Thermionics.”)

UN NoUvEAU TUBE AMPLIFICATEUR DE PUISSANCE
AvEC TENSION DE GRILLE POSITIVE (A New
Power Amplifier Stage with Positive Grid).-
B. Decaux : L. Thompson. (L’Onde Elec.,
March, 1931, Vol. 10, p. 26A.)

Summary of an Elecironics article. In order to
use valves with high amplification factor, and thus
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with large internal resistance, it is necessary to use
positive grid potentials, which lead to distortion
due to the grid current. Thompson suggests re-
ducing this distortion by connecting two valves in
opposition, the filament of one connected to the
grid of the other. In this way the input trans-
former works in perfect symmetry. In order that
the combination may behave as a uniform resist-
ance, the grid characteristic must be rectilinear ;
this is obtained by the secondary grid emission
which compensates the too rapid rise of the normal
grid current; the filament temperature is also
reduced for the same purpose. Decaux doubts
whether the additional gain (about 3 times) is
worth the complication.

OUTPUT NETWORKS FOR RADIO-FREQUENCY POWER
AMPLIFIERS. —W. L. Everitt. (£roc. Tnst.
Rad. Eng., May, 1931, Vol. 19, pp. 725-737.)

Author’s summary :—At high frequencies a
transformer consisting of primary, secondary, and
mutual inductances cannot be constructed to match
a generator effectively to a resistive load. By
introducing capacitative clements, such a match
can be obtained.

The design of reactance nctworks to connect a
resistive load efficiently to a source of power can
be carried out most conveniently by the thecory of
image impedances. Such reactance networks can
provide not only for high efficiency but can also
attenuate undesired harmonics.

A variety of configurations can be designed to
accomplish the desired result. The network can
also be arranged to provide extremely high attenu-
ation at designated frequencies.

The most efficient network is one designed for
critical coupling, assuming a constant Q for the
inductances. The ecfficiency also depends on the
impedance ratio.

OsciLLATIONS IN THE CIRCUIT OF A STRONGLY
DampPEp Triobr.—I. Vecchiacci.  (Proc.
Inst. Rud. I'ng., May, 1931, Vol. 19, pp. 856—
872.)

Translation of the Italian article referred to in
1930 Abstracts, p. 02z5. Author’s summary :—The
following is a study of the particular action produced
by a triode oscillator when the relation of the
inductance to the capacity, L/C, is greater than the
square of the internal resistance, p?, and when the
reactive coupling between plate and grid is greater
than the limit required for starting oscillation.
The shape of the oscillation curve is clearly other
than sinusoidal, the frequency is much lower than
that usual in the LC circuit, and is determined
essentially from the constants of the triode and
from the current.

OVER DE TRILLINGEN VAN REGULATEURS EN VAN

TrioperavmreN  (On  the Oscillations of
Regulators and of Triodes). — Ph. le
Corbeiller.  (Tvjdschr. Nederl. Radiogenoot-

schap, l'eb., 1931, Vol. 5, No. 2, pp. 39-56.)

A theoretical study of the analogy Dbetwecn
oscillations in an engine regulator and in triode
oscillators ; the case of a thermostat is also con-
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sidered and the extension of the theory to relaxation
oscillations is indicated.

UBERSETZUNGSVERHALTNIS BEI KAPAZITIVER SPAN-
NUNGSTRANSFORMATION (Transformation
Ratio in Capacitive Voltage Transforma
tion).——L. Zakarias. (IE.N.T., Jan., 1931,
Vol. 8, pp. 42—45.)

GroUP THEORY AND THE ELECTRIC CIRCUIT.
N. Howitt. (Phys. Review, 15th April, 1931,
Series 2, Vol. 37, No. 8, p. 1015))

Abstract only. ‘* The paper shows that electrical
networks consisting of inductances, resistances and
capacitances form a group with the impedance
function as an absolute invariant.”

LEINSCHALTVORGANG DER KAPAZITIV BELASTETEN
ENDLICHEN LEITUNG BEI ENDLICHER STIRN-
STEILHEIT DER SCHALTWELLE NACH DER
OPERATORENRECHNUNG (Transient Pheno-
mena in the Capacity Loaded, Finite Cable
with I'inite Initial Steepness of the Transient
Wave, on the Operational Calculus).
W. Schilling. (Archiv f. Elektrot., 15th
April, 1931, Vol. 25, No. 4, pp. 241-252.)

AUSGLEICHSSTROME BEI PARALLELEN [EINZELLEI
TUNGEN, VON DENEN DIE EINE IN DER LERDE
LIEGT UND UNENDLICH LaANG IsT (Com-
pensating Currents in Separate Parallel
Lines, One ot Which is Buried and of
Intinite I.ength) —]. Riordan. (E.N.T,
March, 1931, Vol. 8, pp. 134-136.)

A supplement to Ollendorfi’s work

Abstracts, p. 169.)

(March

CALCULATION OF MAXIMUM LELECTRICAL STRESS

BETWEEN Two WIRE CoNDUCTORS, AR-
RANGED IN DIFFERENT WAYS WITH AIR
As  THE DIELECTRIC.—G. Yoganandam.

(Llectrician, 8th May, 1931, Vol. 106, pp. 686-
087.}

The capacity and maximum electrical stress
between two wire conductors are determined for
the following arrangements : parallel wires, crossed
wires, parallel rings and linked rings. It is found
that the parallel arrangement of rings gives the
least capacity and least electrical stress, while the
linked rings give the greatest voltage-gradient.
“ Such knowledge is of great importance in the
design of high-voltage circuits.”

Die FRAGE DER IFREQUENZ BEI DER INDUKTIVEN
Erwirmung (The Part Played by Lre-
quency in the Heating produced by Induc-
tion).—W. Fischer. (Zeitschr. f. hochf. Tech.,
April, 1931, Vol. 37, pp. 127-133.)

Author’s summary :—In analogy with the skin-
effect in straight wires, the skin-effect in an axial
field is calculated. I'rom the functions thus found,
conclusions are drawn for the dimensioning (a) ot
induction furnaces utilising the inductive heating,
and (b) of component parts in which such heating
is to be avoided.
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TRANSMISSION.

TRANSMISSIONS RADIOTELEGRAPHIQUES OU RADIO-
TELEPHONIQUES SUR (INDES TRES COURTES
(Radiotelegraphic or Radintelephonic Trans-
missions on Ultra-Short Waves [of the
order of 17 Centimetres)).—G. Ferrié.
(Ann. des P.T.T., April, 1931, Vol. 20, pp.
253-258.)

A paper on the ultra-short wave researches at
the Nancy Laboratory of Physics and the DParis
National Laboratorv of Radioelectricity. It deals
first with the Pierret generating circuits (sez Ab-
stracts, 1928, pp. 402 and 463; 1929, p. I149—
two—and 44%— Beauvais; 1930, p. 43— left-
hand column) the “ most practical ”’ of which he
describes as follows :—“ To the ‘horn’ which is
connected to the grid, a copper wire a few centi-
metres long is fixed, constituting the antenna. At
the point on this wire where the potential remains
constant in spite of the oscillations, the antenna
is connected to the positive pole of an accumulator
batterv, or dvnamo, of em.f. 250 to 300 v. The
negative pole is connected to the filament. The
anode is raised to a lower positive potential by a
dry battery of about 4o v. In these conditions,
a suitable adjustment of grid and plate voltages,
antenna length and contact point on the antenna,
will give rise to sustained oscillations in the grid-
antenna combination. When these take place,
a carrent forms in the plate circuit; its intensity
is a fraction of a milliampeére and it passes through
the plate battery in a direction opposing the e.m.f.
of the latter.”” The electrons in the valve oscillate
on both sides of the grid, producing a frequency
twice that of their motion.

The writer describes briefly how these oscilla-
tions are detected and measured by a Lecher wire
system and thermo-junction. ‘A valve of type
Mézal T M C gives a wavelength of about 17 cms ™’
(1930 Abstracts, p. 628, Gutton and Pierret).
The value of the thermo-junction rescnance current
enables one to find the transmitter adjustments
fvoltages and contact-point) which give maximum
strength of oscillation. e then goes on to describe
the use of reflectors (1929 Abstracts, Beauvais,
pp. 140 and 326; Pierret, p. 565). Beauvais, for
ease of construction, used fine metal gauze : ““on
account of the bad contacts between the copper
wires, it is better to employ a continuous metal
surface.”

The Pierret receiver (1930 Abstracts, p. 43, right-
hand column ; also Beauvals, loc. cit.) similar to the
transmitter but with a grid voltage of only 120 v,
is then referred to. Super-reaction greatly in-
creases the sensitivity, and is provided by intro-
ducing into the grid circuit an oscillatory circuit
of wavelength between 15 and 30 m., and coupling
this to a coil in the plate circuit. The correct
adjustment is obtained by varying the coupling
and the potentiometer (across the filament, its
contact leading to the telephone, or input winding
of 1.f. amplitier, in the grid circuit).

The range results of Peauvais (\bstracts, 1931,
p- 39) and of Gutton and Pierrel (Abstracts, 1930,
p. 628), Mlle. Husson’s work on the mechanical
action of the waves (1930, p. 502), Sonada’s deter-
mination of the radiation resistance of very small
half-wave aerials (1930, p. 570; I93I, p. 97), and
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Gutton and Beauvais’ researches, after Garbasso,
on the reflection by resonators (1931, p. I43),
are all brielly referred to.

For the L.T. and T. England-TFrance demon-
siration on 18 cms., see June Abstracts, p. 339.

SINGLE SIDE-BAXD TELEPHONY ON SHORT \WAVES -

Le Matériel Téléphonique, Paris: A. H.
Reeves. (The Times, 2:nd May, 1931,
p. I3

Description of a recent demonstration given
near Paris, when specch was received from Madrid
which was clear, intelligible, and of good and
constant volume. The wavelength is not actually
stated, but it is mentioned that “on a wavelength
of 15 metres a dilference of no more than one-
millionth is admissible’’ (in the accuracy of
synchronisation between the transmitter and the
local oscillator replacing the carrier at the receiving
end). This is obtained by the use of “a high-
irequency pilot signal which, transmitted simul-
taneously with the main wave and requiring very
little power, automatically controls the receiving
oscillator and keeps it within the required limits.”
For a full description of the methods employed,
by a ‘vitness of the demonstration in question,
see Wiveless World, 3rd June, Vol. 28, pp. 590-593.

MopurLaTiox axD ITs Surpression.—V. V. Gun-
solley. (Rad. [Ingincering, April, 1931,
Vol. 11, pp. 46, 48 and 50.)

“The purposc of this article is fto show the
equivalence between the two methods lag in rise
and fall of resonance, and side bands] and to show
that the side-band theory, while perfectly valid,
is nevertheless based on an imaginary conception
having no part in the actual physical phenomena
of broadcasting.”’

REISSDIAGRAMME BEI BARKHAUSENSCHWINGUNGEN
uxD 1HRE THEORIE (** Break-off ” Diagrams
of Barkhausen Oscillations, and Their
Theory).—H. G. Moller and W. Hinsch.
(Zeitschr. f. hochf. Tech., April, 1931, Vol.
37, PP- 145-149.)

In an ordinary reaction receiver the reaction-
adjustment at the oscillating threshold is some-
times smooth and sometimes harsh, according to
the shape of the dynamic characteristic, as affected
—for instance—Dby the filiment temperature. The
sensitivity of the receiver is greatest when the
adjustment is just at the border between smooth
and harsh; a * jumping” oscillation threshold,
such as occurs when the heating current is reduced
too far, is impossible to work with.

Similar effects occur in the case of Barkhausen
oscillations, and are of equal importarnce for short-
wave receivers using these oscillations. The
writers, therefore, develop the theory of these
“jump ” phenomena far enough to give a qualila-
tive knowledge of the effects of filament heating,
anode and grid potentials, and the damping of the
Lecher wire system on the steepness of the thres-
hold ; they check the theory by experiment. The
whole is based on the first writer's papers
(Feb. Abstracts, p. 95) in which he develops the
principle of amplitude and phase balance ; and
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definitions and momenclature are taken from this
former work. The following results are obtained
and confirmed experimentally :—(1) lIncrease of
excitation factor increases the height of the ** jump.”
(2) If a jump is present, the oscillations also display
a “ break off.” (3) The width of the jump is
greatest for medium excitation factors and de-
creases both for an increase and for a decrease of
the factor. For very small and very large factors,
the jump disappears. ‘‘ This result is very re-
markable.”” (4) At the onset of oscillation the
phase displacement is about 9o°, the frequency
1s 1.5 times the natural frequency of the electron
swings, and the wavelength sinks to 0.67 of that
for a purely unreal Lecher wire system resistance.
“ The exceeding of a phase displacement of go°
is again a verv noteworthy result, which would
not be expected by analogy with reaction-coupling
oscillations.” The paper ends with a number of
curves showing the relation between amplitude
and excitation factor, first for various anode and
grid voltages and then for various filament currents.
New Loxg Wave CoumMERCIAL Ravio TELE-
PHONE-TELEGRAPH TRANSMITTERS.-—D. B.
Mirk and S. G. Knight. (Elec. Communica-
tion, No. 3, Vol. 9, 1931, pp. 139 195.)

Irom the International Telephone and Tele-
graph Laboratories. Two master-oscillator type
transmitters are described, one for 1.5 kw. aerial
power, the other for 3.5 kw.; both operating on
wavelengths from 600 to 3,600 metres.

MODERN  QUARTZ-CONTROLLED  COMMON-WAVE
BRoADCASTING TRANSMITTERS.—Gerth and
Hahnemann.

(See under

0

Stations, Design and Operation )

PorTABLE ULTRA-SHORT-WAVE DIRECTIVE TRANS-
MITTER, USING MECHANICAL INTERRUPTER.
—(Brit. Pat. 344020, J. J. V. Armstrong,
5th I'eb., 1930.)

Resembling the Telefunken-Ludenia patent dealt

with in March Abstracts, p. 150.

MULTIPLE-GRID VALVE IN IMPROVED [MorRE Cox-
STANT I'REQUENCY! NUMANS-ROOSENSTEIN
CIRCUIT.—WOoIf.

(See  abstract under ‘‘ Measurements

Standards ")

and

RECEPTION.

AMPLIFICATEURS A BANDE DE I'rfqQuENcEs (Band-
Pass  Amplifier Stages).— L. Couillard.
(L’Onde Elec., April, 1931, Vol. 10, Pp. 171
188.)

A description of several different amplifier stages
with overall characteristics similar to that of a
band-pass filter. The principle underlying them is
as follows :—two identical triodes have their plates
connected in parallel, and work on the straight
part of their characteristics: the total plate
current 1s then proportional to the algebraic sum
of the grid potentials %, and wu,. If these grids are
connected to two suitably chosen points in a system
of impedances in the anode circurt of an amplifier
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triode, and if the impedances are so chosen that
u, and u, are in phase for all currents of frequencies
between the band limits f; and f,, and in opposition
for all currents of frequencies outside these limits,
then the amplification will be high and practically
uniform between f; and f,, and will drop rapidly
outside the band.

In another variation the two identical triodes,
each working on the straight part of the charac-
teristic, are replaced by one double-grid valve in
which the two grids are identical (‘‘ bigrille Métal
GM,” for example). To avoid having to use such
a special valve, two other circuits have been devised
using one triode only per stage (Figs. 3 and 5,
pp. 178 and 180). All these circuits are most
suitable for fairly wide bands; it would, for
example, be difficult, with commercial types of
valve, to obtain an intermediate frequency amplifier
(for a superheterodyne) with a mean frequency of
50 kc. and a pass band of 10 ke. But a final circuit
(Fig. 8) is particularly suitable for such a narrow
band. It is also of special interest because it lends
itself readily to the use of screen grid valves.

TueEory aND OPERrRATION OF TUNED RabrO-
FREQUENCY COUPLING SYSTEMS.—Wheeler
and MacDonald. (See under “ Properties of
Circuits.””)

DivERsSITY REcCEIVING SysTeEM orF R.C.A. Com-
MUNICATIONS, INC., FOR RADIOTELEGRAPHY.
—Beverage and Peterson.  (See under
“ Aerials and Acrial Systems.”’)

Diversity TELEPHONE RECEIVING SYSTEM  OF
R.C.A. ComMmuxicaTions, Ixc.——H. O.
Peterson, H. H. Beverage and J. B. Moore.
(Proc. Inst. Rad. Lng., April, 1931, Vol. 19,
pp- 562-584.)

The problem of bringing together the outputs of
several aerials in such a manner as to be inde-
pendent of phase is more difficult in the case of
telephony than in the case of telegraphy (see
preceding abstract) because of the higher modu-
lation frequencies involved. The simple mixing of
the outputs (each with automatic volume control)
was found to be unsatisfactory. In an attempt to
dissociate more completely the phase relationships
of the various components of the several receivers,
two receivers on spaced aerials were connected to
two loud speakers in a room having considerable
reflection from the walls, and a microphone
reccived the combined output. The output level
was considerably stabilised but the quality was
somewhat deficient owing to the echoes in the
combining chamber.

The method finally adopted at the Riverhead
station for re-broadcasting gives what is prac-
tically equivalent to the automatic switching of the
output circuit to the aerial and receiver having the
highest carrier level, by a system involving no
mechanical relays. If the signal on one aerial is
twice as strong as on another, its receiver will
contribute four times as much to the combined
output as will the other. The switching action can
function very rapidly and will at times improve
even the fastest tyvpes of fading (““ flutter fading ).
The method is as follows :—the signal outputs
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from each aerial pass through separate super-
heterodyne receivers to the grids of individual
second detectors, the plate circuits of which are
energised by a common battery feeding current
through a common load resistance. The audio-
frequency output is taken from across this resist-
ance, and the voltage drop across it is applied,
through a time-constant circuit, to the control grid
bias of the r.f. amplifier valves of all the sets.
Automatic volume control of all the receivers
simultaneously is therefore obtained, and a strong
signal output from any one receiver reduces the
gain of all three, thus preventing the contribution
of noise output by the other two.

The equipment is described and over-all charac-
teristics are given. In addition to its use for
international re-broadcasting, this type of installa-
tion will be emploved at the Hawaiian end of the
San Francisco-Honolulu telephone circuit.

EXPERIMENTS WITH A QUaARTZ CRysTAL RECEIVER
STENODE RADIOSTAT CIrcUIT).—A.
Palmgren. (L. W. & W.IE, May, 1931,
Vol. 8, pp. 250-252.)

The circuit used in the writer’s tests, from which
he draws certain conclusions as to the Stenode
Radiostat, is a 5-valve superheterodvne circuit in
which the intermediate frequency is transferred to
the second detector through a crvstal bridge
circuit.  His conclusions, as regards broadcast
reception, are that (1) the better the bridge circuit
is balanced, the less will be the sensitivity of the
receiver ; (1) the set is 100 times more critical to
tune than an ordinary superheterodyne; and
{ii1) the power of all side-band frequencies of a
received modulated wave is only a small fraction
of the power obtainable with a corresponding super-
heterodyne without crystal.

‘“ As far as | can sce, the system is enormously
uneconomical when used for broadcast reception,
but it cannot be denied that it may give excellent
results in other fields where no modulated waves
are used.”” (Cf. June Abstracts, p. 323.)

ADJUSTING THE SUPERHETERODYNE FOR MAXIMUM
SexsiTivity.—R. J. Knouf. (Ruad. Engineer-
ing, April, 1931, Vol. 11, p. 42.)
Description of the apparatus and procedure.

[AND THE STENODE
(Electromics, April, 1931,

SIDE-BAND SMOKE SCREEN
Rapvrostar].
p. 600.

A quartz crystal ““is a band-pass filter, and if
proyperly used at 175 kc. (the frequency employved
in most present-day superhetcerodynes) will produce
an attenuation of about 22 decibels at 3,500 cycles
off resonance and about 4o decibels at 5,000 cycles.
If, as in the Stenode recciver, an audio amplifier
can be built which goes up at the same rate that
the crystal circuit cuts down the higher audio
freqnencies, and if this amplifier reproduces nothing
at all beyond 5,000 cycles, and if this crystal stage
can be produced as cheaply as sufficient tuned stages
to produce equivalent selectivity, it might be that
a verv compact, exceedingly selective receiver
could be built, in which the crvstal furnishes the
selectivity, and direct-coupled screen-grid tubes
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furnish the gain. All of this has nothing to do with
the side-band theory, and does not involve questions
of * crowding stations closer together.” ”’

BanNp-Pass FILTErRsS IN RaDIO RECEIVERS.-
G. W. 0. H (EW. & W.LE., May, 1931,
Vol. 8, pp. 233-237)

An editorial in which a discussion of inductive
and capacity couplings leads up to an examination
of the theory of the mixed coupling filter, giving an
approximation to constant peak separation, des-
cribed by Page (Mav Abstracts, p. 268). ““ In all
these considerations we have neglected the resistance
of the circuits and the effects of the aerial and valve
which are connected to or coupled to the filter. . . .
The whole chain of circuits from aerial to detector
constitutes a filter, and it is the resultant response
curve of the whole chain that determines the
selectivity and quality of the receiver. There is
room for more research in the direction.”

FREQUENCY CHANGERS.—W. T. Cocking. (Wireless
Worid, 6th May, 1931, Vol. 28, pp. 473—476.)

‘It is not too much to say that the frequency
changer spells the success or failure of the super-
heterodyne.” The article describes the etfect of
different methods on selectivity and quality.

The SELECTIVITY OF THE SUPERHETERODYNE.—
Part I.—W. T. Cocking. (Wireless World,
13th May, 1931, Vol. 28, pp. 498-50rI ;
Parr 11, 20th May, 1931, pp. 547-549.)

The causes and prevention of interference.

An intermediate frequency of about 110ke. is
considered the most generally satisfactory for use
in Great Britain. Suitable band-pass filters can
easily be constructed for an intermediate frequency
of this order and very high selectivity and ampli-
fication are readily obtainable with first-class
quality. In Part II attention is given to the
elimination of harmonics.

RADIATING RECEIVERS AGAIN.—([lectronics, April,
1931, pp. 600—601.)

A paragraph on the subject of ““ new unshielded
radiating superheterodynes made by skimping
manufacturers, or those guilty of inadequate
engineering design.”’

TWENTY-FOUR-HOUR RECEIVING MEASUREMENTS
oF LoOW-FREQUENCY IRanio STATIONS
PoLinas, BORDEAUX, KAaHUKU, MALABAR
AND SalGonN.— L. Yokoyama and 1. Tani
mura. (Res. Ilectrot. Lab., Tofyo, Jan.,
1937, No. 297, 110 pp.)

AvoipinG DEerector Distortion.—I. M. Cole-
brook. (Wireless World, 20th Mayv, 10371,
Vol. 28, pp. 520-532.)

A description of a circuit arrangement whereby
the grid condenser can be reduced to a much
smaller value than would normally be used, without
any loss of rectification efficiency and with a
corresponding reduction in the loss of output at
the higher modulation frequencies.

The circuit difters from the usual system in the
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substitution of a so-called ‘‘ acceptor’’ circuit-
that is, an inductance and variable condenser in
series—for the fixed by-pass condenser. By suitable
design of the inductance the series tuning capacity
can be kept to a verv small value—it should not
be allowed to exceed about 50 micro-microfarads
at the longest wavelength. The audio-frequency
shunt effect of the system with associated loss of
the higher audio-frequencies will obviously be
considerably less than that of any fixed by-pass
condenser satisfving the radio-frequency condition.

SUR UNE MrETHODE DE RECEPTION DES ONDES
COURTES ENTRETENUES (A [SUPER-REGENI-
RATIVE] METHOD oF RECEIVING C.W. TELE-
GRAPHY ON SHORT WavEs).—E. Petrasco :
David: Mesny. (L'Onde [Llec., April,
1931, Vol. 10, pp. 141-170.)

Author’s summary :-—* The transmission of short
waves has reached a high state of perfection quite
rapidly, but their reception gives rise to certain
questions not vet solved. The super-regenerative
receiver, which had almost been abandoned for
200-600 metre waves because of the complexity
of its adjustment, has been made suitable for
short-wave work by the circuit due to P. David
[1928 Abstracts, p. 519]. The super-regenerative
receiver, as originally designed, only worked on
modulated waves. In his work on the classifica-
tion of the various tvpes of super-regeneration,
David succeeded in using the method, under
certain conditions, fo rthe reception of pure c.w.
Mesnyv used a combination of David’s circuit with
a separate heterodyne, for the same purpose [and
it is this version of the super-regenerative receiver
on which the present writer concentrates].

““ The writer has verified experimentally Mesny’s
hypothesis [¢f. David, loc. cit.] that the reception
of the signals is due to a stroboscopic phenomenon
between the beats and the frequency produced
by the modulating valve of the super-regenerative
circuit. He has shown that (as occurs in autodyne
reception) the system possesses a maximum sensi-
tivity under certain conditions; and has estab-
lished the anti-parasitic character of the reception
with regard to disturbances of every kind—a
property possessed by no [other?] system of
reception in itself.’”’

A PSEUDO-SYMMETRICAL (PusH-PUL1) RECEIVING
Circuit  UsinG OxE  FoUr-ELECTRODE
Varve.—C. Krulisz.  (Wiadomosci © Prace,
Inst. Radjotech, Warsaw, No. 6, Vol. 2,
Pp: 209-237.)

In Polish. A simplified theory is given. The
anode and inner grid work in opposite phases on
the output circuit. DBy the use of the static char-
acteristics of a Philips A—141 valve, the uselulness
of the circuit for low-frequency amplification is
shown, and cettain discrepancies between theory
and practical results are explained.

ATTACHMENT ¥FOR ULTRA-SHORT WAVE RECEPTION.
—(Die Sendung, 1st May, 1931, Vol. 8,

p- 375)
Amplification, and corrections, of the construc-
tional article referred to in June Abstracts, p. 325.
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RECEPTION OF ULTRA-SHORT WAVES OF THE ORDER
oF 17 CENTIMETRES.—Ferrié.

(See abstract under * Transmission.”’)

Statistics oF TyPES or BroapncasT RECEIVERS
USED IN GERMANY.—(Rad., B., I'. f. Alle,
May, 1931, p. 193.)

A census in which 75 9 of licence-holders took
part shows that 16 9, still use crystal detectors.
Of the valve sets, 53 9, are batterv-driven, 35 %,
are driven off a.c. mains and 12 9% off d.c. mains.
53 % of all the valve sets are 3-valve receivers.

CoMBATING THE ‘‘Swamp’” EFFecTt ofF HiIGH
Powrr TransMmITTERS.—McMichael, Ltd.
(Elec. Industries, 2oth May, 1931, p. 848.)

Tests on a standard j-valve portable receiver
at 2 miles from the North Regional Station showed
that the high power programme could be cut
right out 15 metres above and below the trans-
mitting wavelength of 479 m. Ifurther tests a
few vards from the masts showed that even here
the “swamp area’ of the transmitter was only
25 metres above and bclow, a number of foreign
programmes being received at full loud-speaker
strength.

INFLUENCE OF THE MooN oN RaDIO RECEPTION.—
Stetson. (See two abstracts under ** Propa-
gation of Waves )

ErFecTs OoF SUN SPoTs AND TERRESTRIAL MAG-
NETISM ON LONG-DISTANCE RECEPTION OF
Low-FREQUENCY WAaVEs.—Yokoyama and
Nakai. (See under ‘‘ Propagation of
Waves.”)

PROCEDURE FOR DETECTORS WITH RESIST-
ANCE CovuPLED OutruT.—Robinson. (See
under ‘‘ Measurements and Standards.”)

TEST

A TESTING EQUIPMENT FOR BROADCAST RECEIVERS.
—Troeltsch.  (See under ‘ Measurements
and Standards.”’)

L’ELIMINATION DES PERTURBATIONS RADIOKLEC=
TrIQUES (The Elimination of Interference
with Radio Reception).—M. Adam. (Rev.
Gén. de I'Elec., 11th and 15th April, 1931,
Vol. 29, pp. 591-602 and 635-643.)

An exhaustive treatment of the subject dealt
with by Leduc (June Abstracts, p. 324). A large
number of connection diagrams illustrate the
methods adopted to cope with the various sources
of trouble.

“ ELIMINATION 0OF RaDIO INTERFERENCE. ' —
Philips Lamps, Ltd. (I:lectrician, 15th May,
1931, Vol. 106, p. 733.)

The material for this booklet has been collected
from various sources (Union Internationale de
Radiophonie ; Larsen; Rahbek and Jorgensen ;
also the experiences of the Philips Laboratory) ;
it deals with forms of interference other than
telegraphic and offers suggestions for its elimina-
tion to manufacturers of electrical motors, vacuum
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cleaners, etc., and to railway and tramway com-
panes.

Low-FREQUENCY INDUCTION : NOISE-FREQUENCY
IxpucTioN.-—Conwell and Warren: Wills
and Blackwell. (Elec. Engineering, April,
1931, Vol. 50, pp. 276279 279-281.)

AERIALS AND AERIAL SYSTEMS.

DiversiTy RecEIviNGg SystEM ofF R.C.A. Com”
MUNICATIONS, INC., FOR RRADIOTELEGRAPHY.
~H. H. Beverage and H. O. Peterson.
(Proc. Tmst. Rad. Lng., April, 1931, Vol. 19,
pp- 531-561.)

The most outstanding method of counteracting
fading is the diversity principle. The various forms
of this method are described, and reasons developed
for he choice of the particular form now in common
use, in which the d.c. outputs of the scparate
receivers are combined in a commor resistor, the
drop in which is used to actuate means for con-
trolling a locally generated tone which may be
transferred to the operator over a wire circuit.
The apparatus is described in detail.

An “aperiodic form of directive receiving array
TH. O. Peterson] isdescribed. The original Beverage
wave-antenna, when adapted to waves shorter
than 100 m., had to be reduced in its physical
length, and its effective height was thus decreased
so that the non-directive effective height of the
down-leads became greater in proportion. The
Peterson modification overcomes this difficulty ;
it consists of a two-wire transmission line along the
great circle path, its near end terminating in a
damping impedance equal to its surge impedance,
while its end furthest from the transmitting station
goes to the receiver. At regular intervals along its
length the line is loaded with un-tuned horizontal
elements, at right angles to the direction of pro-
pagation, coupled through small condensers to the
line ; these capacities are designed so as to keep the
phase velocity above 9o % of the velocity of light.

Polar diagrams (taken with the help of an aero-
plane) showing the directivity of this array, and of
its broadside combinations, are given. A scries of
measurements indicate a gain in signal-to-noise
ratio of the order of 32 db for the European circuits,
as compared with a horizontal doublet. The
effects of echo and cosmic disturbances are briefly
discussed in the final pages.

HORIZONTALE STRAHLUNGSKENNLINIE EINER KURzZ-
WELLEN-RICHTANTENNE ~ MIT  GESPEISTEM
RerFLEKTOR (The Horizontal Radiation
Characteristic of a Short-Wave Beam Aerial
Svstem with Directly-Excited Reflector).-—
K. Kriiger and H. Plendl. (Zeitschr. f.
hochf. Tech., April, 1931, Vol. 37, pp.
142-145.)

The writers’ former ground and aeroplane tests
on the Nauen aerials (1930 Abstracts, p. 631; and
next abstract) referred to a 64-element system with
a reflector radiatively excited (provisional aerial
for Japan service). The present paper deals with
aeroplane tests on the Nauen aerial for N. America
(DFA), which has 192 dipoles with a reflector
divectly excited from the transmitter.
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The observed diagram is first compared with the
calculated diagram, good agreement being found,
and then with the former diagram of the Japan
acrial. Here the great difference lies in the pro-
portion of backward and forward radiation ; with
the Japan aerial this was 1:7 reckoned in field
strengths), while with the N. America aerial it was
less than 1 : 20.

RADIATION MEASUREMENTS OF A SHORT-\VAVE
DIRECTIVE ANTENNA AT THE NAUEN HiGH
Powrr Rapro Startion.—M. Baumler, K.
Kriiger, H. Plendl, and W. Pfitzer. (Proc.
Inst. Rad. Eng., May, 1931, Vol. 19, pp.
812--838.)

English version of the German paper dealt with

in 1930 Abstracts, p. 63I.

DIRECTIVE SHARPNESS OF THE ARTIFICIAL
CHARACTERISTIC OF AXY ARRANGEMENT OF
RADIATORS IN Space.—[ischer. (See under
““ Acoustics.”’)

Tuz

Die WIRKSAME HOHE KURZER LINEARANTENNEN
(The ILffective Height of Short Linear
Aerials).—M. Dieckmann. (Zeitschr. j. hochf.
Tech., April, 1931, Vol. 37, pp. 126-127.)

In plotting the strengths of radiation fields it is
common practice to use, as an exploring aerial, a
frame aerial the effective height of which is very
27AN

A
metres, where A4 is the area of the frame in sq.
metres and N the number of turns. The writer
shows that a small dipole aerial, each half of length
/ metres (very small compared with A) with its
central tuning coil (or coil and condenser) and
associated receiving circuit carefully screened
against the external ficld, has an efiective height

simply derived from the formula /;

24502
given by a similar simple formula /, ; metres.

Thus a frame acrial and a short dipole have the
same ciiective height if /, the half dipole, is equal
to the square root of the frame area multiplied by
the square root of the number of turns.

NOTE SUR LES DEFORMATIONS DU DIAGRAMME D'UN
CADRE EMETTEUR (Note on the Deformations
of the Diagram of a Transmitting Frame
Aerial).—C. Bourgonnier. (.'Onde FElec.,
March, 1931, Vol. 10, pp. 136-140.)

The difference between the theoretical and
practical polar diagrams of a frame aerial is due to
the antenna effect which is so difficult to avoid
entirely. The writer shows that in calculating
the behaviour of such a frame the respective phases
of the antenna- and frame-ellects must be con-
sidered. This can be done by calculation or by a
simple graphical construction.

Tue Saic ‘“ SoUND-FILTER SPHERE ANTENNA.''-
(Rad., B., F.f. Alle, April and May, 1031,
pp. 150151 and 193-194.)

Reports in another journal, quoted here, state
that the results in the heart of Berlin were not
merely surprising but astounding. A well-known
two-valve receiver could receive nothing but
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Witzleben and monigswusterhausen, either on an
outdoor or on an indoor aerial ; while on the Saic
device the receiver gave 30 stations in turn on the
loud speaker. According to the present editorial,
the device appears to consist of a very thin copper
wire round which is wound, well insuiated from it,
another very thin wire of silvered copper. The
combined wire is then coiled into a number of
turns to form a sphere. One end of the silvered
wire 1s connected to the receiver, the other is left
free ; one end of the copper core-wire is earthed,
the other may either be carthed also or connected to
an outside aerial. In the commercial form two
tuning condensers make their appearance, forming
with the “sphere coil’’ a filter circuit * which
enormously increases the selectivity of a receiver and
vet gives good reproduction even of the high notes.”

The original inspiration of Saic’s work scems to be
the reduction of high-frequency resistance by
decreasing the amount of surface which is subject
to the skin eftect, and thus reducing the losses.

KDKA’s AERIAL WITH CONTROLLABLE ANGLE OF
ELevaTioN.—Dinsdale.  (See under “ Sta-
tions, Design and Operation.’’)

VALVES AND THERMIONICS.

Zur THEORIE DES DvNaTRONS (The Theory of the
Dynatron).—Y. Ito. (E.N.T., Jan., 1931,
Vol. 8, pp. 23-30.)

In the ordinary [ anode”-] dvnatron the
negative resistance is assumed to be between
cathode and anode. On this assumption the
behaviour of the dynatron is readily explained so
long as the grid potential remains constant. But
when this alters (as it does, for example, in the
generation of short waves) the phenomena are
much more complex. The same thing applies to
the " grid - dynatron (Feb. Abstracts, p. 98)
where a second oscillatory circuit is connected to
the anode. lHere, a change in the anode potential
corresponds to a change in the grid potential of the
‘anode "’-dynatron. 1In cases where changes occur
in the grid potential of an *“ anode ”-dynatron, or
in the anode potential of a * grid V’-dynatron, it is
desirable to separate the anode current in the
former case, or the grid current in the latter, into
its physical components the primary and secondary
emissions.

The writer attacks in this way the problem of
the * grid ”-dvnatron, investigating first the dis-
tribution of the internal resistances (cathode-grid,
grid-anode and cathode-anode) and then working
out the theory of the equivalent circuit. This
theory explains all the phenomena of the © grid -
dynatron, including the *‘zichen [pulling-into-
tune] effect and the generation of short waves
{Baranowski circuit : oscillatory circuit between
grid and anode, which are both separated by choking
coils from the cathode]. Finally, the theory is
extended to apply to the ordinary ‘‘ anode
(Hull) dynatron.

ErLeEcTrON TUBES 1N INDUSTRIAL SERVICE.-
W. R. G. Baker, A. S, Fitzgerald and C. F.
Whitney. (Electronics, April, 1931, pp- 581
583.)

(i) Various

‘

‘inverter "’ circuits for giving a.c,
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from a d.c. supply, inclucing one circuit in which
the supply of a.c. is started and stopped by push-
button control, no switching of the d.c. being
necessary. (i) Two Thyratrons as a frequencv
indicator—furnishing a dizect current proportional
to the frequency of the voltage applied to the
grids, and (within limits) independent of the grid
voltage.  (iii) Screen-grid valve and Thyratron
combination as a time d:lay device over a time
range of 30 minutes. (iv) Telemetering.

GrID CURRENT REQUIRED BY HoT-CATHODE, GRID
CONTROLLED MERCURY Akcs [ THYRA-
TRONS ']  BEFORE DISCHARGE. — W. B.
Nottingham.  (Phrs. Review, 15th April,
1931, Series 2, Vol. 37, No. 8, p. 1019.)

Abstract only.

THE NEw VARIABLE-MU Vacuum TUupes. —A. G.
Campbell. (Rad. Ingineering, April, 1931,
Vol. 11, pp. 21-24.)

A paper, from the Arcturus Laboratories, on the
tetrode valves referred to in March Abstracts,
P. 156 and elsewhere. Tre important advantages
of the Type 551 valve are summed up as follows :
(1) Increase of maximum allowable input voltage
for distortionless operation by a factor of about 20
(i) Extension of the range of automatic volume
control by a factor of 20. (iii) Reduction of cross-
talk by a factor of several 1undred times. (iv) Im-
provement in uniformity of control over the entire
range of volume control. (v) Reduction of '* hum
on carrier” (modulation of carrier in r.f. valves)
due to incomplete power sack filtering. (vi) Re-
duction in receiver noise. This is brought about
indirectly. In receivers emploving double pre-
sclectors (two tuned circuits betwcen aerial and
first valve) for the purpos: of reducing cross-talk,
the gain in voltage between aerial and first grid is
comparatively low, with the result that the ‘‘ hiss "’
noise is high compared with the signal. The new
valves permit the replacement of the double
pre-selector by a single tumed circuit, with an in-
crease in gain between aerial and first grid which
reduces the noise.

Several types of varicble-mu structures are
discussed and illustrated : some of the other
structural embodiments ¢f the principle which
have been contemplated ind tested are shown :
and the article ends with a table of data for the
old screen-grid tetrode Tyfe 24 and the new Types
550 and 551, and a tablc showing the tentative
rating and normal characteristics of the Arcturus
551, the De Forest 451, and the RCA Radiotron 235.

[A New METHOD 0r] MEaSUREMENT OF VACUUM
IN Rapro Tuges. a New Tuse CONSTANT
—THE [ONISATION I'ACTOR.—M. D. Sarbey.
(Electronics, April, 1331, pp. 594-595.)

With very high vacua, the usual methods cf
‘‘ gas current " [inverse grid current] measurement
demand very delicate apparatus. The procedure
here described obviates th:s, currents of the order
of 3 thousandths of a microampére being readily
measured by a timing method. The writer ends
by pointing out that the statement of a certain
gas current is meaningless unless the exact con-
ditions of measurement ar: given, and even then
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valves of the same type but with different plate
currents will show different gas currents though
their vacua are identical. ' Much indefiniteness
would be obviated if, instead of gas current, the
‘ionisation factor ’ [ratio of grid to plate current]
were used to define vacuum.”

EsIGN  PROBLEMS OF Powkr DPENTODES TFOR
Rapio Rercrivirs.—B. V. K. [Irench.
(Electronics, April, 1931, pp. 576-577 and
614.)

Advantages and limitations: design of the

output coupling device: effect of loud-speaker
impedance/frequency characteristic : tone control
in the pentode output circuit: auto-bias wversus
fixed bias.
SOME  VikwPOINTS OF TuBE MANUFACTURING
Execurives oN THE Vacuusi TuBeE Ixn-
DUSTRY. .1/s0 A SURVEY OF THE VACUUM
Tuse InxDusTRY. (Rad. Engineering, April,
1931, Vol. 11, pp. 25 and 26-28.)

“ PERMANENT "’ VALVES.
P 575)

In an article entitled ** The New Tubes-—A rush
of new ideas and new designs for 193:1,”” the writer
refers to the disappointment {elt in the replacement
market in the U.S.A. at the excessively long lives
reached, irregularly, by the modern valve (up to
and over 5,000 hours). One result of this is that
certain manufacturers are contemplating improving
their valves so that a lifc of 3 to 5 yecars may
uniformly be obtained, and building them into the
set as integral parts thereof, like the transformers or
condensers ;. the avcrage life of a receiver being
apparently estimated at this number of years.

(Lleciromics, April, 1931,

BEOBACHTUNGEN UBER DEN EIN¥LUSS DER BELICH-
TUNG AUF DIE ARBEIT VON LLEKTRONEN-
ROHREN (Obscrvations on the FEffect of
Illumination on the Behaviour of Valves).—
L. Pungs and K. Schulze. (Zeitschr. f.
hochf. Tech., April, 1931, Vol. 37, pp. 157—
159.)

In the course of some quartz oscillator experi-
ments, the writers found that the frequency of a
reaction-coupled auxiliary valve generator varied
according to the amount of light failing on the
valve (ordinary space-charge-grid receiving valve
with oxide-coated filament). On investigation,
a photo-effect was found in two forms:—in an
ascillating circuit, illumination by a 1,000 wW.
incandescent lamp (heat being cut off by a water
filtert produced a frequency change of about
250 cvcles in 3 megacycles; in a non-oscillating
circuit it produced an anode current change of the
order of 2.3 X 107% ampére. The effect was only
‘orund in valves with a getter deposii, and is attri-
buted to changes in the field due to alteration
af the charge of this deposit. This explanation is
confirmed by tests on a special Te-Ka-De valve
:in which the getter laver is provided with an
external contact. It is suggested that the pheno-
menon may be of some importance 1n the measure-
ment of short waves.
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TiME CHANGES IN OXIDE-COATED FILAMENTS. —
E. F. Lowry and W. T. DMillis. (Phys.
Review, 15th April, 1931, Series 2, Vol. 37,
No. 8, p. 1019))

Abstract only.

AN EsTIMATION OF PATCH S1ZEs ON A THORIATED
TungsTEN FiLamexT.—L. B. Linford. (Phys.
Review, 15th April, 1931, Series 2, Vol. 37,
No. 8, p. 1013)

Abstract only.

SoME THERMIONIC PROPERTIES OF BArRitM FiLMs
ABsOrRBED oN TunNGgsTEN.—H. Nelson.
(Phvs. Review, 15th April, 193¥, Series 2,
Vol. 37, No. 8, pp. 1018-1019.)

Abstract only.

THE ALLEGED D’RODUCTION OF ADSORBED FILMs
oN TUNGSTEN BY ACTIVE NITROGEN —I1.
Langmuir.  (Phys. = Review, 15th April,
1931, Series 2, Vol. 37, No. 3, p. 1006.)

Recent experiments show that the film produced

on tungsten by active nitrogen is an orygen film.
‘“ With great care to avoid oxygen and with the
bulb cooled in liquid air, active nitrogen does not
produce any adsorbed film which alters the clectron
emission or the accommodation coefficient, but
instead it is able to remove any oxygen film already
present.”

FERMI-DIRAC STATISTICS APPLIED TO THE I’ROBLEM
oF Spack CHARGE IN THERMIONIC EMISSION.
R. S. Bartlett. (Phys. Review, 15th April,
1931, Series 2, Vol. 37, No. 8, pp. 959-969.)
Author’s abstract :—This paper develops mathe-
matically the state of an electron gus in equilibrium
with a plane electrode when the electron gas obeys
the FFermi-Dirac rather than the classical distribu-
tion law. For a part of the range of integration
graphical methods were found necessary, but
fortunately a change of variable leads to a solution,
shown graphically, which is indcpendent of the
temperature and of the naturec of the emitting
electrode. Thus the single graphical integration
can be applied to anv emitting surtuce at anv
temperature, giving the densitv, electric intensity,
and potentjal at anv desired distance from the
surface. A simple extension of the theory makes
possible the calculation of the thermionic current
between planc electrodes. Numerical examples
are given, and the validity of the assumptions is
discussed briefly.

Positive IoN ExissioNn FROM TriN PrLartiNuwm
FiLms ox Grass.—R. A. Nelson. (Rev.
Scient. Imstr., March, 1931, Vol 2, pp.
173-179.)

GIBT IS EINE ANODENZERSTAUBUNG ? (Does
Anode Sputtering Exist ’)—M. Bareiss.

(Zeitschr. f. Phys., 1931, Vol. 68, No. g/10,
PP- 585-590)
No anode sputtering was detectable in delicate
experiments on the impact of 220 volt and 8oo
volt electrons on gold.
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TreErMiONIC  Emissiox.—S.  Dushman. (Rev.
Modern Phys., No. 4, Vol. 2, pp. 381-476.)

A comprehensive survey.

STUDY OF VALVE MODELS WITH ZELENY [OSCILLA~

TING-LEAF] ELECTROSCOPE.—Barton.  (See
uiider ** Subsidiary Apparatus.’)
DIRECTIONAL WIRELESS.

WIRELESS DIRECTION FINDING SYSTEMS FOR

MarinE NavigaTion [COMPARISON OF].
(Marconi  Review, March-April, 1931, pp.
I-11.)

A comparison between the Marconi-Bellini-

Tosi Svstem and the Rotating I'rame method
exploited by S.F.R., Telefunken, and R.C.A.

DErorMATIONS IN THE Loor AERIAL DIAGRAM.
Bourgonnier. (See abstract under *‘ Aerials
and Aerial Systems.”)

TuHE COLLABORATION BETWEEN WIRELESS AND
AviaTioN.—Martz.  (See under ** Stations,
Design and Operation.”)

DiE JENTWICKLUNG DES FERNKOMPASSES UND

SEINE BEDEUTUNG FUR DIE AUTOMATISCHE
STEUERUNG (The Development of the Dis-
tant-Indicating Compass, and Its Import-
ance for Automatic Control).-—-W. Moller :
Askania Works. (Long Abstract in Physik.
Berichte, 15th March, 1931, Vol. 12, PP
584-585.)

The writer considers that neither the selenium
nor the earth-inductor compass is at present
satisfactory, and devotes himself to the new
Askania development of a pneumatic transmission,
which he reports as giving excellent results.

AIRCRAFT COMPASS ACCELERATION IERRORS AND
Tueir CoMPENSATION.—]. D. Tear and
. J. Lawton. (Gen. Ilec. Review, April,
1931, Vol. 34, pp. 205-268.)

In conclusion we may say that the magneto
compass [1929 Abstracts, p. 347, Rhea] plus the
turn compensator described above has proved,
in exhaustive flight tests, to constitute a thoroughly

reliable and satisfactory direction system for
aircraft.
DeEr ELEKTRONENSTRAHLKOMPASS (The Cathode

Ray Compass).—W.
Vol. 37, 1931, p. 25.)

Bermbach.  (Helios,

MrcnaxicaL EYE FOR AIRCRAFT IN Fog.—W. T,
Westerndap :  G.E.C. (Southern  Daily
Lcho, 22nd May, 1931.)

Paragraph on an apparatus for fixing on the
tail of an aeroplane. It sights an airway light
through the fog and reproduces a ‘ synthetic
beacon "’ on the dashboard. In ground tests it
has worked successfully through two miles of
fog.
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ACOUSTICS AND AUDIO-FREQUENCIES.

URER DIE PEILSCHARFE DER KUNSTLICHEN CIARAK-
TERISTIK EINER BELIEBIGEN ANORDNUNG
VON STRAHLERN 1M Raume (The Directive
Sharpness of the Artificial Characteristic
of Any Arrangement of Radiators in Space).
F. A. Fischer. (E.N.T., Feb., 1931,

Vol. 8, pp. 8g-91.)

An extension of the writer’s work on the artificial
characteristic of non-directive point radintors
disposed over a spherical surface (Januarv Abstracts,
p- 15) to the case where the shape of the group is
not limited to the spherical. Each radiator is
represented by a point-mass proportional to the
intensity of radiation, and it is shown that the
directive sharpness is inversely proportional to the
square of the wavelength, and directly proportional
to the moment of inertia of the system formed by
the projections of the radiators on the plane con
taining the direction of radiation and the com-
pensation direction, about an axis formed bv the
radiation direction passing through the centre of
gravity.

I{ this moment is represented by 7 (v, »). the
general formula arrived at by the writer, from which
the above relations are seen, is

272 . ”
R T e (13)
T{ the radiators lie all in one plane, and the com-
pensation direction is perpendicular to that plane,
formula (15) bécomes that obtained by Stenzel for
the natural characteristic : i.e., for a plane radiator
system compensated normally to the plane, the
artificial and natural characteristics are the same.
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ON THE AMPIITUDE orf DriveN Loup SPEAKER
Cones.—M. J. O. Strutt. (EW. & W.E.,
Mav, 1931, Vol. 8, pp. 238243 ; Proc. Inst.
Rad. Eng., May, 1931, Vol. 19, pp. 839-850.)
Author’s summary - —Bragg’s method for measur-
ing small amplitudes of vibration "1a29 Abstracts,
p- 5319; micrometer adjustment of chattering
contact] was developed technically for the measure-
ment of driven loud speaker cones. It is shown
that amplitudes of T micron at 500 cvcles may
easily be measured within a few per cent. Nodes of
svmmetrical cones mav be diamectral or circular.
It is shown that diametral nodes do not influence
the effective sound radiative area and the effective
mass. Citcular nodes da so, and for different
cones, at different frequencies, a quantity = is
calculated from experimental data, to which both
effective mass and effective area are proportional.
It is shown that circular nodes exist already
at 500 cycles in most ol the paper cones measured,
except specially stiff ones, which up to 2,200 cycles
did not show any circular node. TEffective mass
and effective area of most cones diminish rapidly
with increasing frequency so as to become very
small for, say, 1,000 cycles. lHere again, specially
stiff cones are a favourable exception. Different
loud spcaker svstems were tested for proportion-
ality of amplitude to a.c. strength.”’

I.ow NoTeE RESPONSE OF MUSICAL TNSTRUMENTS
AND LouD SpPEAkERS.—]. M. Schmierer.
(Summary in [lectrouics, April, 1931, p. 604.)
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Lower REGisrir 1IN Movixg Coir Loup
SpEAKERS.—N. W. McLachlan. (Wiveless
World, 6th and 13th May, 1031, Vol. 28,
Pp- 470-481 and 514-510.)

An examination of the experimental results from
(1) using a rubber or other adequately fiexible
surround to mount the diaphragm at its periphery,
the resonance of the diaphragm as a whole in the
surround being below 20 cvcles per second ; and
(2) asing a surround of leather or similar material
and of such tautness that the diaphragm (moving
as a whole) resonates upon it at some frequency
between 50 and 100 cycles.

The conclusions are summarised as follows :

I. When the edge of a conical diaphragm is
quite free, so that it can bend readily, sharp reso-
nances lasting only a few cvcles occur {from 50
cveles up to 200 cycles, after which they are
relatively unimportant. These resonances corre-
spond to modes of vibration of the diaphragm
caused by its bending and assuming certain shapes.
At the lowest resonance the mouth of the cone is
oval and there are four nodes.

2 \When the edge is reinforced it cannot bend
easily and the radial modes disappear. The low-
frequency output is considerably reduced and
weak compared with the upper register.

3. Addition of a rubber annulus or surround
gives a much greater low-[requency output than
eithier a free or a reinforced edge. This is due to
the surround acting as an auxiliary resonant
diaphragm. \When the area and tension of the
surround are properly adjusted, the overall response
of the loud speaker is better balanced than with
either a free ot a reinforced edge.

4. When the surround is very taut, or is made
of a material like leather, the lower register is given
by resonance of the diaphragm vibrating as a whole
thereon. The resonant frequency usually lies
below 100 cycles, and the bass is centred round
this point. The radiation resistance—as referred
to the valve circuit--reaches thousands of ohms.
Being greater than the resistance of a power triode,
it is adequate to cause a * crevasse *’ in the current-
frequency curve. When the diaphragm is im-
pulsed, the magnetic ficld is inadequate to stop
oscillations. This method of producing ‘ bass”’
is very objectionablé

THE

Unkr HOCHLEISTUNGSBLATTHALLER (High Power
Riegger| ‘* Blatthaller ’ Toud Speakers).
H. Neumann and F. Trendelenburg. (Zeil-
schr. 1. hochf. Tech., April, 1931, Vol. 37,
Pp- 149-151.)
Cf. Abstracts, 1930, p. 103, and 1931, p. 158.

'HE OSCILLOPLANE, A VoGT ELEcTRosTaTIC LOUD
SPEAKER.—(Radioélec. et QST framé., Jan-
uary, 1931, Vol. 12, pp. 70-71.)

Lounp SPEAKER LIsTENING TEsTs. —R. P. Glover.
(Rad. I'ngineering, April, 1933, Vol. 11, pp.
357379

“ Description of actual switching arrangement
and circuits emploved in examining the merits of
warious commercial loud speakers.”’
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ALL A.C. RADIO-GRAMOPHONE FOR THE MOVING
Cort. Loup SPEakER.—F. H. Haynes. (Wire-
less World, 13th and 20th May, 1931, Vol
28, pp. 502-506 and 533-536.)

A local station alternative programme receiver
for the home constructor, specially designed for
quality reproduction. Pre-set two-range tuning
on the broadcast band is provided for with arrange-
ments for gramophone reproduction. Undistorted
a.c. power output up to 5 watts over a frequency
range of 4o to 10,000 cycles.

DEVELOPMENTS IN AUTOMATIC RECORD CHANGERS
ForR GraMorHones.—- . S. Trby.  (/lec-
tronics, April, 1931, pp. 584536 and 612}

AN ErLecTrIC Pick-Up GIVING INCREASED FIDELITY,
REDUCED CoOST, AND SEMI-AUTOMATIC
Neepre CHANGE.—(French Pat. 694947,
MacClatchie, pub. gth Dec., 1930).

For summary and diagram see [eev. Gén. de
I’ Elec., 28th Feb., 1931, Vol. 29, pp. 78D-70D.

PoINTS IN THE DESIGN OF THE GRAMOPHONE MOTOR.
——(Wireless World, 25th March, 1931, Vol.
28, pp. 321 325.)

Enumerating the respective capabilities of the
various types—spring and electric—now on the
market. Speed variation tests with a stroboscope
are recommended.

Practically the only disadvantage of the clock-
work motor is the necessity for winding. On the
other hand, its price is half that of the electric type,
its running costs are nil, it is more silent than the
best electric and needs less frequent attention.
Nevertheless, in the higher-priced instruments the
supersession of the spring motor is alreadv com:
plete.
UBrr KOHLEMIKROPHONE (Carbon JMicrophones.
[I.—Production of a Sound Field Constant
in Amplitude over the Audible Scale, for
Testing Microphones : I1.—The Non-linear
Distortion of Telephone Transmitters]).—
M. Griitzmacher and P. Just. (/Z.NV.T.,
March, 1931, Vol. &, pp. 104-114.)

Part [ describes an arrangement for prolucing
a sound fiekd which is constant in amplitude through-
out the whole audible scale. A loud speaker
excited by a heterodvne note-generator directs
its sound on to a condenser microphone provided
with a perforated auxiliary electrode in front of
its diaphragm. This special microphone acts,
through an amplifier and ‘rectifier, on the note-
generator valve, controlling the working point
on the characteristic of the latter and thus main
taining the sound-field intensity at a constant
intensity. The writer then describes the use of
such an arrangement for obtaining the frequency
characteristics of other microphones, and gives
automatically registered photographic records ob-
tained with a number of tvpes of carbon trans-
mitters in general use, including the IEnglsh
“ solid-back "’ type.

Part 1[I deals with tests on similar carbon trans-
mitters as regards their non-linear distortion.
Mever’s ““ exploring note’” method of analysis
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is used (1929 Abstracts, p. 46). To obtain both
summation- and difference-tones, two pure notes
were impressed on the microphones under test,
and from the records the distortion (** klirr )
factors were obtained from the relation

2 21

K D s
Fyt4+ F,2

S and D) representing the summation- and differ-
ence-tones and F; and F, the two fundamentals.
Particularly noteworthy is the very marked non-
linear distortion of all the types investigated.
Another result is that the distortion factor reaches
a maximum at quite small sound pressures and
does not increase beyond that.

Low-FREQUENCY AMPLIFICATION BY A PusH-PuLL

Circuttr  UsiNng ONE  FoUr-ELECTRODE
Varve.—Krulisz. (See abstract under
" Reception.”’)

THE VELOCITY oF SoUND-WaAVES 1N A Tusgk.
G. G. Sherratt and J. H. Awberyv. (Proc.
Physical Soc., 1st May, 1931, Vol. 43, Part

3, PP. 242-253.)

Authors’ abstract :—The apparent velocity of
sound in a tube of diameter 2 cm. has been measured
at temperatures up to 400" C. and with frequencies
of from 3,000 to 14,000 ~. The reduction in
velocity below the free-air valuc is discussed, and
the suggestion is put forward that this reduction,
for a single tube and gas, depends on the wave-
length rather than on the frequency. The theoreti-
cal expression found by Helmholtz and Kirchhoff
for the reduction in velocity does not appear to
be valid, at any rate for the conditions obtaining
in these experiments. The method used by DI\OH
and bv Partington and Shilling for correcting for
the influence of the tube receives support from the
present results.

The experiments reveal the complication which
ensures when the wavelength falls below a certain
multiple of the tube diameter.

THE TUBE EVFFECT TN SOUND-VELOCITY MEASURE-

meNts. —P. S. H. Henry. (Proc. Physical
Soc., 1st May, 1931, Vol. 43, Part 3, pp.
340-362)

PurxoviENa v A Souxping TuBe.—H. S. Patter-
son and W. Cawood. (Nafure, 2nd May,
1931, Vol. 127, p. 667.)

Les Nouveautrts pu CINEMA SoNORE (New
Developments in Sound Films).—Lipoug.
(Radioélec. et QST framg., March, 1931,

Vol.

Including a quotation from a lecture by Gaumont
describing the ' rational” film system in which
two superimposed films are used, one carrving the
pictures and the other the sound (using the whole
width of the film); the combined film is trans-
parent to visible rays but the component carrying
the sound record is made opaque to ultra-violet
(or to infra-red) rays.

12, pp. 20-25.)
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EXPERIMENTAL WIRELESS &
UNIFICATION 1IN  SouND  Pictures.—Winckel :
Mihaly. (Funk, Berlin, March, 1931 ; sum-

mary in Electvonics, April ,1931, p. 605.)

In Mihaly’s system the photoelectric cell is
placed beside the screen, and the sound-modulated
beam projected with the picture beam. It is
claimed, among other advantages, that any tvpe
of film can thus be used. Mention is aiso made of
apparatus for home use ; photographs are given.

Evrects or OpTicAL SLITS IN VARIABLE AREA
SouND RECORDING.—]. P. Livadary. (Llec-
fronics, April, 1931, pp. 587-589.)

SUR UNE METHODE D'INSCRIPTION MECANIQUE
APPLICABLE i L'ENREGISTREMENT ET A LA
REPrRODUCTION DES Sons. (A Method of
Mecchanical Inscription applicable to the
Recording and Reproducing of Sound).
L. Huguenard. (Comptes Rendus, jth May,
1931, Vol. 192, pp. 1084-1085.)

A method depending on engraving, with a kind
of chisel, a groove of constant width but varying
depth on a supple band of celluloid or cellulose
acetate.

A.C. MEASURING INSTRUMENTS AS DISCRIMIN \TORS
AGAINST HarMoxics.—Wolff.  (See under
" Measurcments and Standards.”)

A Direct-REaDING THERMIONIC FREQUENCY
METER FOR 20 1G 10,000 CYCLES PER
and Vecchiacchi.

(See under *“ Measurements and Standards.”)

Tue I'rrect or A Direct CURRENT oN THE FRE-
QUENCY OF A  SONOMETER WIRE.—R.
Schaftert.  (Review Scient. [nstr., April,
1931, Vol. 2, pp. 231-233.)

Explanation of the results of Gogate and Nailk,
who found that a vibrating sonometer wire under-
goes a lowering in frequency when placed in a d.c.
circuit.

PHOTOTELEGRAPHY AND TELEVISION.

IMprOvED ScaNNING METHODS FOrR TELEVISION
AND  TELECINEMA.—(French DPat. 697932,
Barthélémy and Le Duc, pub. 23rd Jan.,
1931.)

A more stationary image is claimed to be pro-
duced by a new way of carrying out the framing
motion : during hall the framing period the motion
is in one direction and leaves alternate bands un-
scanned, during the other half these bands are

fille in by motion in the reverse direction. Methods

are described for carrying out this plan.

CatHoDE Ravs 1N TeLEvVIsiON.—H. R. Wright.
(Rad. I'mgineering, April, rg31, Vol. 11,
Pp- 29-30.)

General outlines, as developed in the \Westing-
house Laboratories.

Firnm Caesiom Puoto-
S. Asao and M. Suzuki.

IMPROVEMENT OF THIN
ELECTRIC T'UBES.

(Proc. [nsl Rad. I'ng., April, 1931, Vol. 19,
Pp- 655-65%.)
Authors” summary :—The photoelectric sensi
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tivity of thin films of caesium deposited on silver
oxide with silver as a basc metal was studied by
I. R. Koller. Thotoelectric tubes with sensitive
surfaces made in this manner have a maximum
sensitivity in the short-wave range and also a
secondmaximum in thered, withthe long wavelength
Jimit moving out into the infra-red. \We have
found that if a thin film of silver or gold is deposited
an the above sensitive cathode surface and after-
wards baked, it becomes very much more sensitive
and shows displacements of the long wavelength
limit still further in the infra-red. By this new
method, which will be described below, sensitivities
as high as 40 and even 48 microampéres per lumen
have been obtained. This is several times better
than for the caesium on silver oxide tubes and about
thirty times better than potassium hydride tubes.
The new sensitive surface or cathode thus formed
may be considered to have a thin film of caesium,
aver which is deposited, as a final layer, a thin
film of silver. The sensitivity as reported was
measured with a gas-filied tungsten lamp operating
at 2,700 deg. K.

EINE FELEKTROLYTISCHE DARSTELLUNGSMETHODE
VON  ALKALIMETALLEN IN KENTLADUNGS-
ROHREN (An Electrolvtic Mecthod of De-
positing Alkali Metals in Discharge Tubes).—
Magdalene TForré and k. Patai. (Zeilschr. f.
tech. Phys., May, 1931, Vol. 12, pp. 256-262.)

Sinice the first application of the electrolyvsis of
glass to the formation of sodium films, many eflorts
have unsuccessfully been made to extend the method
to other metals, in particular potassium. The
present paper deals with an exhaustive investi-
gation of such extension, resulting in the successful
deposition of potassium, rubidium and caesium
coatings without the glass fracturing and even (as
rests with polarised light showed) without putting
the latter into any appreciable state of strain.

The successful method evolved depends on a
preliminary electvolytic process by which the inmer
surface of the soda glass ts comverted, to a ceviaim
depth, into potash glass; the bulb is filled with
KNGQ,; and immersed in NaNQ;, the latter being
connected to the negative pole of the battery.
When this process is complete, the bulb is evacu-
ated in the usual way and the clectrolytic pro-
cedure (already described by the writers—1930
Abstracts, p. 572) is applied, by which the sodium
ions migrate from the outer surface inwards and
the potassium ions on the inner surface are set free,
are neutralised by collisions with electrons, and are
deposited as potassium atoms on the cooled wall
of the bulb.

NEUERE FORMEN LICHTELEKTRISCHER ZELLEN
(New FYorms of Photoelectric Cell).—F.
Schroter.  (Zeitschr. f. tech. Phys., April,
1931, Vol. 12, pp. 193-200.)

The full lecture, a summary of which was dealt
with in May Abstracts, p. 275. Among other new
developments dealt with are the Telefunken
* wall-charge*’ cell (after the principle of their
* peg’’ valve), Zworvkin’s screen-grid cell and his
cell with light-sensitive control grid (somewhat
resembling the older ' luminotron’ of Nakken)},
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and the new American combination of a gas-filled
cell and glow-discharge relay (a kind of photo-
electric thvratron).

Iinally, a short section decals with photoelectric
“ contact detectors '’ : although these have been
known for some time, and were used bv Bose for
optical telephony, a great deal is unknown on the
physical side ; the molvbdenite detector shows that
the eftect is not always concentrated at the point
of contact, since the light mayv be directed on a
spot as much as 1 cm. from the contact without
decreasing the etfect (a result which must be taken
into account when using such a cell for scanning
purposes). Griitzmacher's new progress in this
direction is referred to (see next abstract).

TrE “ GrRUMA " PHOTOELECTRIC CELL OR CELL “* P’
[GrUTZMACHER CrysTar DETECTOR PHOTO-
ELECTRIC CrLL].—(Radioélec. et QST frang.,
January, 1931, Vol 12, pp. 72-73.)

No description of the cell is given, but it is
presumably of the tyvpe referred to in Iebruary
Abstracts, p. 103. According to the present writer,
it will revolutionise television, the talking film,
and above all the gramophone. It requires no
excitation, no costly optical system and slit, eto. ;
it 1s contained in a glass tube 1 cm. in diameter and
8 cms. long. It responds without inertia to all
frequencies between o and 30,000 ; in television it
allows the number of clements, hithierto never more
than 20,000, to be increased to 10o,000. It will
make sound-on-film gramophones for the home an
instant success.

CoNCERNING THE GRID LeEak ofF A Grip-PHoTO-
rLECTRIC CELL.—T. Asada and K. Hagita.
(Journ. [.I:I:. Japan, Feb., 1931, Vol. 51,
No. 2, pp. 17-19.)

More on the subject of the 3-electrode cell dealt
with in June Abstracts, p. 332. It is here reported
that the connection of the grid with the filament,
through a high resistance which is similar to the
grid leak of a triode, is very important ; without
this connection the sensitivitv is not constant
and the cell is subject to self-oscillation. Test
curves illustrating these effects are shown: they
also demonstrate how the frequency response curve
of the grid cell, with the necessary leak, resembles
that of a vacuum caesium hydride cell

ReceNT RESEARCHES ON THE CoOPPER-OXIDE
RECTIFIER AND PHoTO:ELECTRIC CELL.—
Bates. (See under ' Subsidiary Apparatus.”’)

UrrR DiE VERSTARKUNG VON PHOTOZELLEN-
STROMEN (The Amplification of Photo-

electric Cell Currents).—H. Simon. (E.T.Z,,
26th Feb., 1931, Vol. 52, pp. 264-266.)

Including an illustration of a special amplifier
valve (double grid, for use in the space-charge grid
connection to allow the low anode potential of
6 v. to be used when the photoelectric cell is con-
nected as a grid leak) with a very highly insulated
grid ; designed by Mausser, Jager and Vahle, of
the Siemens Company.

D
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PHOTOELECTRIC PROPERTIES OF COMPOSITE SUR-
FACES AT VARIOUS TEMPERATURES AND
Pressures.—D. Ramadanoff. (Phys. Re-
view, I15th April, 1931, Serics 2, Vol. 37,
No. 8, pp. 884-896.)

Cf. June Abstracts, p. 332 (2). Author’s abstract :
—Experiments designed to determine the variation
of photoelectric current with temperature and plate
potential for barium photoelectric cells are de-
scribed. The technique used in making the cells
is also given. A new mecthod, emploving inter-
rupted illumination, a transformer coupled amplifier
and a cathode ray oscillograph, is developed for
measuring the photoclectric current. In this way
the thermionic current'and currents of slow response
are completely eliminated and only the a.c. com-
ponent of the photo-current is amplified.

Experimental results. With constant plate
voltage the photoclectric current increases gradu-
ally with temperature and at about 600°C. is nearly
twice as large as the current at room temperature.
As the temperature however is raised from 600°C.
to 750°C. the increase in photoelectric current for
steady illumination is 100-fold while for inter-
rupted illumination it is only 17-fold. The smaller
increase in the latter case may be explained in view
of the elimination of all sluggish currents produced
by light in some secondary way. While the two
curves for steady and interrupted illumination are
similar in appearance, the latter has a maximum at
560°C. whicli resembles very much a resonance peak.

The increase or decrease in photoclectric sensi-
tivity with temperature for composite surfaces con-
sisting of bariuin and oxygen on platinum may be
explained by the difiusion of barium or oxygen on
the surface. The increase in saturation voltage of
the potential-current curves with temperatures may
likewise be explained by an increase in the contact
potential brought about by a change in the work
function.

ZUR THEORIE DES PHOTOEFFEKTES AN METALLEN
(On the Theory of the Photoelectric Etfect
at Metallic Surfaces).—Ig. Tamm and S.
Schubin. (Zeitschr. f. Phys., 1931, Vol. 68,

No. 1/2, pp. 97-113.)

UBER DIE LICHTABSORPTION IN EINFACHEN IONEN-
GITTERN UND DEN ELEKTRISCHEN NACHWEIS
DES LATENTEN BILDES (On the Absorption
of Light in Simple Ionic Lattices and the

Electrical Demonstration of the Latent
Image).—R. Hilsch and R. W. Pohl. (Zeit-
schr. f. Phys., 1931, Vol. 68, No. 11/12,

PP 721-734.)

THE OrTicAL PROPERTIES OF A LIQUID IN A MAaG-
NETIC FIELD AND TRAVERSED BY A POLAR-
1SED BEAM IN ANY DirecTiON.—Cotton.
(See under ‘‘ General Physical Articles.”)

MEASUREMENTS AND STANDARDS.

ZEIGERFREQUENZMESSER (A DPointer Frequency
Meter).—E. Mittelmann and M. Wald.
(Zeitschr. f. hochf. Tech., May, 1931, Vol. 37,
pp- 187-191.)

Authors’ summary :—*“ In the theoretical part
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of the paper the principle is developed of a new
meter which indicates by its pointer the amount
and sense of the deviation of the applied frequency
from a fixed value. It is shown that the readings
of the instrument are independent of the amplitude,
and also of the absolute value of the frequency;
and, turther, that its sensitivity can be increased
at will without making it dependent on the ampli-
tude.

In principle the instrument consists of an astatic
dvnamometer system, to whose moving coil circuit
a short-circuiting circuit tuned to the fixed fre-
quency is connected in parallel. The sensitivity
of the instrument is only dependent on the ratio
between the inductance of the short-circuniting
circuit to the inductance of the field coil of the
dvnamometer system. In the experimental part
of the paper [see following abstract] it is shown
that the thcoretical expectations can be largely
realised. Frequency changes of the order of
I.4 X 1078 {there is a misprint here in the original]
can be kept watch on by direct pointer deflection.”’

If w, is the resonance frequency corresponding
to the mid-scale reading, and wma. and  wpi.
the frequencies corresponding to the ends of the
wf and - can be chosen to suit
min. max,
one of two types of application. If these ratios
are very close to unitv, the instrument will be
suitable for keeping a watch on the very smallest
variations in a very constantly controiled {re-
quency; e.g., for the continuous control of the
constancv of frequency of a telegraph or broad-
casting transmitter. 13y a suitable design of the
tuned circuit and the rest of the instrument, the
standard frequency can be in any part of the
spectrum, including note frequencies. If, on the
other hand, the ratios are very far removed from
unity, the instrument may be used as a direct-
reading meter over a wide range of frequencies.

scale, the ratios

MESSUNG GERINGER I'REQUENZABWEICHUNGEN MIT
DIREKTER ANZEIGE (The Measurement of
Slight Frequency Variations by a Direct
Reading Instrument).—E. Mittelinann and
Rose Mittelmann. (Zeitschr. f. hochf. Tech.,
May, 1931, Vol. 37, pp. 191-199.)

Supplement to the above paper. It is shown
that with the normal instrument therein described,
frequency variations of the order of 1073 can be
directly indicated ; but that if the paralleled tuned
circuit is so designed that the {frequency under
measurement is near the natural frequency of the
inductance of that circuit, the sensitivity is greatly
increased and in an actual instrument has reached

1.4 X 1076

DIRECT-READING [THErMIONIC] FrEQUENCY
METER. —F. Guarnaschelli and F, Vecchaic-
chi. (Proc. Inst. Rad. Ing., April, 1931,
Vol. 19, pp. 659-663.)

The arrangement referred to in 1930 Abstracts,
p- 463. Authors’ summary :—The frequency meter
described functions over the whole scale of acoustic
frequencies from 20 to 10,000 cycles per secend,
and in addition constitutes a static equivalent
of the vibrating reed apparatus used for precise
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comparisons of a capacity with a resistance and a
time.

A condenser is charged at a given voitage E,
across a triode in a half period and discharged
across another triode in the successive half period ;
for this two grid circuits are controlied by opposite
phases of the periodic voltage variations obtained
from the two secondaries of a single transformer
whose primary is supplied with the frequency to
tie measured. 1f the continuous voltage supply
"» is kept constant, the frequency may be read
directly on the calibrated scale of a milliammeter.
It is possible to attain an almost complete inde-
pendence of the triode characteristics and of the
form and value of the voltage of the applied oscilla-
tion, within very wide limits.

The frequency meter may also serve for the
measurement of very small capacitics.

MISURE ASSOLUTE DI FREQUENZA ALLA RICEZIONE
(Absolute Measurement of Frequency on
Signals Received from a Distance).—U.
Ruelle.  (L'Elettrotec., 25th March, 1931,
Vol. 18, pp. 202-203.)

Description of measurements carried out by
the Italian Naval Institute in collaboration with
the Paris National Laboratory. ILiffel Tower
signals were received at Livorno and the radio
frequency and an audio-frequency measured.
The direct-reading frequency meter dealt with
in the preceding abstract was used successfully.
The carrier wave measured at Livorno gave four
successive values ranging trom 207,356.4 t0 207,374.5
p.p.s., while almost simultaneous readings at the
Paris Laboratory gave values from 207,355 to
207,361 D.p.s.

TEST PROCEDURE FOR DETECTORS WITH RESIST-
ANcE Courrep OutpuUT.—G. 1. Robinson.
(Proc. Inst. Rad. Lng., May, 1931, Vol. 19,
pp. 806-811.)

Author’s summary :—This paper presents a
simple circuit for use primarily in determining
the response, to modulation, of a detector with
resistance coupled output. Only d-c, 60 cycle
a-c, and the corresponding meters are used. The
theory of operation of the circuit is briefly ex-
plained : this theory neglects the effects of capacity
reactances at modulation frequencies but not at
carrier Irequencies. Sample curves obtained by
+his method show marked differences between
the positive and negative peak values of the audio
nutpuat of the detector with high percentage modu-
fation of the carrier.

EINE MESSEINRICHTUNG zZUR UNTERSUCHUNG VON
RUNDFUNKEMPFANGERN (A Testing Equip-
ment for Broadcast  Receivers).—F.
Troeltsch. (E.N.T., April, 1931, Vol. 8,
pp. 137-146.)

Author’s summary :—The inadequacy of the
subjective judging of broadcast receivers by the
use of signals from distant stations has led to the
design of a testing equipment which fulfils very
completely the practical requirements as to sim-
plicity and quickness. The necessary components
—such as transmitter, coupling arrangements,
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artificial aerial, and output-measuring instruments
—are described, their calibration and use discussed,
and the various test processes treated briefly.
As an example, the comparison is described of an
old five-valve recciver with a modern four-valve
screen-grid instrument.

EINE SPANNUNGSMESSMETHODE FUR I'REQUENZEN
Bls zU 1.5 X 108 HerTZz (A Method of
Voltage Measurement for I‘requencies up
to 150 Megacycles/Sec.).—L. Rohde. (Zeil-
schr. f. tech. Phys., Mayv, 1931, Vol. 12, pp.
263-263.)

The writer first refers to the high-frequency
valve voltmeters of Moullin (Abstracts, 1930,
pp. 580-581) and King (same, p. 640), the Kerr
cell method of Pungs and Vogler (same, pp. 460~
461) reliable up to 10 megacycles, and the cathode-
ray method of Kirchner (dnn. d. Physik, 1925,
p. 287) applicable up to 35 megacycles. He himself
has designed arrangements of triodes which are
useful up to 10 megacycles, but at higher frequencies
these are subject to serious errors duc to self-
inductance and capacity inside the valves.

The present method, which works with an error
of about 1 9, (2 % gross error at 100 megacycles,
reduced by a frequency correction formula to
about 1 %), can be apglied to voltages above
1 V. up to 700 v., for the particular special diode
employed. It is a compensation method, the
a.c. voltage to be measured and a compensating
d.c. voltage being applied to the anode and cathode
of this diode. So long as current arrives at the
anode (as shown by a meter with a sensitivity of
3 X 1077 A.) the peak voltage is greater than the
compensating voltage. At the moment of zero
current the two voltages are equal. Calculation
shows that for this particular diode the electron
transit time does not interfere so long as the
potential is as much as 1 v. The minimum voltage
measurable thus depends on the design of the
diode, particularly on the gap between anode and
cathode. This cannot be made too small on
account of the bending of the filament and because
of the internal capacity, which must be as small
as possible—in the actual valve designed by the
writer it is 0.45 cm.

As an example of the use of the method, the
discharge potentials of commercial neon tubes,
filled with various gases, are given for a 4.32-
metre wave.

A THERMIONIC VOLTMETER oF HIGH SENSITIVITY :
DiscussioN.—Benecke : Schulze and Zickner.
(Zeitschr. f. tech. Phys., April, 1931, Vol. 12,
PP 225-226.)

Referring to Benecke’s linear calibration volt-
meter with auxiliary a.c. bias voltage (1930 Ab-
stracts, p. 639) Schulze and Zickner compare it
with their previously announced device (March
Abstracts, p. 169, penult. abstract) which uses a
rectifying circuit in place of Benecke’s amplifying
circuit. They claim that in their method the
potential under measurement is automatically
brought into phase with the auxiliary voltage by
the fact that the input bridge circuit is thrown out
of balance by a definite amount, whereas Benecke’s
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use of a transformer does not ensure similarity of
phase. Benecke replies.

ALTERNATING-CURRENT MEASURING INSTRUMENTS
AS DISCRIMINATORS AGAINST HARMONICS. —
Irving Wolff. (Proc. Inst. Rad. Eng., April,
1931, Vol. 19, pp. 647-654.)

Author’s summary :—Alternating-current meas-
uring instruments are classified and a brief descrip-
tion of a method for obtaining each one of them is
given. They are then discussed from the stand-
peint of the increase in reading which can be caused
by barmonics added to the pure tones. It is
shown that, under certain conditions, the linear
detector mayv be superior to other forms of alter-
nating-current instruments in that the increase
due to harmonics is the smallest, whereas the full-
wave square-law detector or energv measuring
device has the unique superiority of having an
increase which is independent of the phase relations
between the fundamental and the harmonics and
between the harmonics themselves.

SCHLEIFDRAHT-MESSEINRICHTUNGEN MIT ERHOHTER
EINSTELLGENAUIGKEIT (Slide Wire Measur-
ing Apparatus with Increased Accuracy of
Adjustment).—Q. Zwierina. (Ilektrot. 1.
Masch : bau, 8th March, 1931, Vol. 49,
pp. 181-185.)

ON THE UsgE OF THE SCHERING HIGH VOLTAGE
BRIDGE FOR THE MEASUREMENT OF LARGE
CapraciTiES.—G. Zickner and G. Pfestorf.
(Zeitschy. f. tech. Phys., April, 1931, Vol. 12,
pPp. 210-213.)

CHAIN OF STATIC DEMULTIPLIERS FOR THE MEAS-
UREMENT OF FREQUENCIES FROM I0? TO
108 CvycieEs PrkR SeconD.—F. Vecchiacchi.
(L.’Onde Elec., March, 1931, Vol. 10. p. 18A.)

French summary of the Italian paper referred
to in January Abstracts, p. 49.

DETERMINATION OF IFREQUENCY AND DAMPING
orF REsoNATING CIRCUITS [INCLUDING
AgriaLs].—Tykocinski-Tykociner. (See June
Abstracts, p. 322.)

MULTIPLE-GRID VALVE WAVE-METERS FOR SHORT
WAVES. —. Wolf. (I‘unk, Berlin, 27th
Feb.,, 1931 ; summary in Flectronics, April,
1931, p. 606.)

Descriptions of the Numans-Roosenstein circuit
and of an improved form said to be far less de-
pendent on anode and filament voltages than the
original circuit.

QuarTz CONTROLLED \WAVEMETER FOR SHORT
AND ULTRA-SHORT WAVES.—]. Groszkowski.
(Wiadomosci 1+ Prace, Inst. Radjotech., War-
saw, No. 6, Vol. 2, pp. 197—208.)

In Polish. The principle is described of & wave-
meter covering a range of from 5 to 85 mectres
with an error of less than o.1 9, suitable for
calibrating amateurs’ wavemeters for which the
admissible error is 0.5 9%. 7The current {from a
quartz-controlled generator, of a constant known
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frequency, is modulated by the current from a
heterodyne generator of variable frequency. The
range is covered by making use of the quartz-
controlled harmonics.

STABILISATEURS DE

PERFECTIONNEMENTS  AUX

Friguexce (Improvements in Frequency
Stabilising Arrangements [including the

Mounting of Quartz Plates’).—C. Florisson.
(L’Onde Elec., March, 1931, Vol. 10, pp.

131-135.)
The writer considers that many of the troubles
encountered  with  piezoelectric and  similar

stabilisers are due to faulty methods of mounting
the quartz plates, metal reeds, etc. He then deals
with the method of mounting covered by his patent
(1930 Abstracts, pp. 462-463) and goes on to
consider how the reaction of the neighbouring
walls (in the case of quartz plates, the electrodes)
can be avoided. In the presence of a gas to carrv
the ultrasonic waves which cause the reaction,
the walls should be severaf centimetres away from
the vibrating faces, so that the waves are absorbed
by the gas. If the walls have to be close, thev
should be vendeved diffusing to the waves—e.g., by
granulations " of dimensions comparable to the
wavelengths —so as to avoid the formation of
standing waves. If no gas is present, therc is no
trouble with reaction.

INFLUENZA DEL DECREMENTO DEL (QUARZO SULLA
FREQUENzA D1 OSCILLAZIONE DEI PIgzo-
0SCILLATORI (Influence of the Quartz Decre-
ment on the I'requency of a Piezo-Oscillator).

M. Boella. (L’Elettrotec., No. 32, Vol. 17,
PP- 7347730,

A quantitative investigation of the eftect of
the crystal decrement. The writer finds that the
values of the two frequencies for which the excita-
tion of the quartz is a maximum and a minimum
are only slightly affected by the vanations in
decrement. He arrives at a particular circuit by
the use of which he makes the quartz resonate to
the “ maximum’ frequemcy with a variation,
as a function of the decrement, only about one-
tenth of that obtained with the Pierce circuit.
This special circuit should be useful for obtaining
a very stable frequency.

REsoNaNce CURVES OF PIEZOELECTRIC
RrsoNnaTors.—G. Angrisano. (L’'Ilettrotec.,
15th Oct., 1930, Vol. 17, pp. 678-679.)

Including a ‘‘ particularly stable”’
quartz resonators.

THE

circuit for

MEASUREMENTS OF TEMPERATURE COEFFICIENT

AND PRESSURE COEFFICIENT OF (QUARTZ
CrYSTAL OSCILLATORS.—S. Leroy DBrown
and S. Harris. (Review Scient. Instr.,

March, 1931, Vol. 2, pp. 150-183.)

Authors’ abstract :—A\ method of measurement
is used whereby variation in frequency of a high-
frequency oscillator can be measured easilv to a
fraction of a part in a million. The audible ditference
tone produced by a harmonic of a constant, high-
frequency oscillator and a harmonic of a second
oscillator is compared to the tone of a variable,
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calibrated audio-frequency oscillator. Any change
of the frequency of the second high-frequency
oscillator is measured to a fraction of a cvcle per
second. This method of measurement is used to
determine the effects of temperature and pressure
on the frequency of a piezo-electric oscillator.
The temperature effect is of the order of 20 parts
per million per degree centigrade, while the pressure
effect is of the order of only 6 parts per million
per atmosphere.

SUR L'ORIENTATION DES CRISTAUX ET SPECIALE-
MENT DU QuaRrTz A L’AIDE DES LIGURES
pi Corrosion (The Orientation of Crystals,
particularly Quartz, with the Aid of Cor-
rosion Tigures).—C. Gaudefroy. (Comptes
Rendus, 4th May, 1931, Vol. 192, pp. 1113~
1116.)

The corrosion figures produced on the face of a
yuartz fragment by means of hvdrofluoric acid
can be used to orientate the {fragment, of whatever
shape it mav be, even if it has preserved not a
single crystalline face; to find the direction of the
optical axis, the direction and sense of the piezo-
electric axes, etc. This possibility depends on the
fact that each corrosion figure possesses facets in
definite planes and the combined systems of facets
van be studied by goniometric methods as if they
were the natural taces of the crystal.

SUBSIDIARY APPARATUS AND MATERIALS.

UBER HOCHFREQUENZWIDERSTANDE (Resistances
for High Frequencics).—M. Wien. (Zeitschr.
f. hocht. Tech., April, 1931, Vol. 37, pp.
169--172.)

By special methods of winding (e.g., of Wagner
and \Wertheimer) the capacitive and inductive
etfects of ordinary wire resistances can be reduced
50 as to make such resistances serviceable up to
{requencies of the order of 10° p.p.s., though small
resistances of thick wire are troubled also by skin
effects. As the frequency increases, crrors due
to all these causes increase, and for frequencies
in the range 107 to 10® p.p.s. the need arises for
quite special resistances. Such resistances the
writer has already discussed (Jan. Abstracts, p.
48); In the present paper he deals with them in
greater detail. As regards wire resistances, short
straight pieces of resistance-wire (down to o0.03
mm. diam. for manganin, giving 1o ohms for a
length of about 1.7 cm., with an inductance of
about 23 cm.) are satisfactory when suitably
mounted, if the current does not over-heat them.
For continuous loading, they may be embedderl
in parafhin wax, and will then carry up to 0.5 a.
for several minutes. For impulses, the paraffin
is useless, since the heating is adiabatic. In
measuring operations where the resistance has
to be cut in and out, it is best to replace it with a
dummy of copper wire whose resistance mayv be
calculated by the Zenneck formula and tables.

The Siemens ‘‘ Karbowid ™’ resistances (carbon
layer on non-conducting cylinder) have very little
inductance and can be made down to about 30
ohms; they show very little skin effect up to
108 p.p.s., but have a rather high temperature
coefficient ; for a longish passage of current this
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may be counteracted by suspending the cresistance
in oil, but here again large currents of short dura-
tion cause adiabatic heating. This type would be
far the best if only it could be made of still lower
resistance and without appreciable temperature
coefticient.

Electrolvtic resistances have the advantage that
thev can be varied by changing their concentration.
But at high frequencies it must be remembered
that the capacity current will make itself felt;
moreover, measurements by the Kohlrausch method
are upset by electrode polarisation. This last
difficulty can be overcome by measuring by the
barretter method (loc. ¢it.) which will measuie such
resistances accuratelv down to o.1 ohm. An
example of a liquid resistance for high frequencies
is sketched ; the bulb is only about 1.5 cm. 1n
diameter, the electrode plates being corresponilingly
small to reduce the capacity ctfect.

The paper ends by giving the quantitative results
of tests on various commercial resistances of the
several types.

A SvsTEm For SuppreEssiNG Huwm By a NEw
FILTER ARRANGEMENT. —P. H. Craig. (Proc.
Inst. Rad. Eng., April, 1931, Vol. 19, pp.
664-675.)

The system described was designed to produce
better smoothing of current trom rectifier or
commutator-generator sources than that given by
existing types of filter, for the same amount of
inductance and capacity; or alternatively to
produce equal smoothing with less inductance and
capacity. It depends on the principle that if,
on a current given by a full wave rectifier, a similar
and equal current is superposed which is 180°
displaced in phase (as regards the ripple frequency ;
90° as regards the input a.c.) then the resulting
output has a ripple with double the frequency of
either full-wave rectified current, and the amplitude
of the a.c. component is greatly reduced.

Practical wavs of using this principle, by the
emplovment of filter circuits, are discussed ;
actual hum measurements in a particular case are
given, showing that the phase-shifting arrangement
reduced the hum to 0.162 v., whereas the standard
filter, embodying larger inductances and capacities,
reduced it to 0.23 v. The mecthod is also applicable
to frequency doubling.

FRAGE DES WIRKUNGSGRADES UND  DER
NUTZLEISTUNG VON FREQUENZTRANSFOR-
MaTorEN (On the Efficiency and Useful
Output of YFrequency Changers). I
Sammer. (Zeitschr. f. hochf. Tech., April
1931, Vol. 37, pp. 159161

The present paper does not concern itself with
the choice of a suitable type of iron in order to
reduce losses, but deals with methods of connection
and dimensioning which can produce the same
desirable result {¢f. 1930 Abstracts, p. 113).

A special (Tclefunken) circuit is described in
which the several harmonics of a magnetic fre-
quency changer are made use of for the production
of the one required frequency; thus while the
15th harmonic, say, of the first transformer fre-
quency is used as part of the output, the fifth
harmonic is also dealt with in a second transformer,
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stepped up 3 times and added to the output. In
its simplified form this multiple frequency-multi-
plying circuit can be modified so as to resemble the
known * auxiliary circuit and parallel capacity "’
arrangement ; the use of an auxiliary circuit, in
order to increase the di/dt at the beginning of the
demagnetisation, is discussed and compared with
the Telefunken plan of cutting down the amount
of iron and correspondingly increasing the primary
ampere-turns; the auxiliary circuit method is
more complex and has no advantages over the
arrangement thus obtained, except in cases where
the copper losses are of the same order as the

iron losses ; in this event the smaller copper losses .

in the auxiliary circuit method give it an advantage.

VON ISOLIERSTOFFEN
(I'lectro-photography of Insulating Ma-
terials). —A. Gemant. (Zeitschr. f. tech.
Phys., May, 1931, Vol. 12, pp. 250-256.)

Photographic paper placed in a uniform field
between plate electrodes shows blackening due
to glow-discharges in the air. The writer uses
this effect for the investigation, by what he names
electro-photography, of insulating materials. The
test material lies in direct contact with the sensitised
layer. The main blackeningis produced by glow dis-
charges in the air cnclosed in the pores and bubbles
of the material, so that a picture is obtained of the
distribution of the minutest pores and crevices.
Lxamples are given, ranging {rom the very porous
filter paper to the micro-porous cellophanes,
bakelites, etc. A measure of the size of the pores
is given by the voltage at which blackening first
appears, while their distribution is evident from
the pictures themselves. These are best taken
by the use of alternating, not direct, current.

In the case of materials completely {ree from
pores and flaws (e.g., cable paper soaked in oil),
blackening still occurs as a result of ionisation by
collision. ILlectro-photography here throws light
on the breakdown processes.

ILLEKTROPHOTOGRAPHIE

UBER SCHALTANORDNUNGEN BEI KATHODENSTRAHL-
OSZILLOGRAPHEN  ZUR AUFNAHME VON
PERIODISCH  UND  APERIODISCH VERLAU-
FENDEN VORGANGEN IM RECHTWINKLIGEN
KoORDINATENSYSTEM ([Survey of]| Circuit
Arrangements for C.-R. Oscillographs for
Recording Periodic and Aperiodic Processes
in a Rectangular Co-ordinate System).
W. Krug. (LElektrot. w. Masch : bau, 29th
March, 1931, Vol. 49, pp. 233-239.)

EIN BEITRAG zZUR ENTWICKLUNG DES KATHODEN-

OSZILLOGRAPHEN MIT KALTER I{ATHODE
(Contribution to the Development of the
Cathode Ray Oscillograph with Cold

Cathode).—-K. Beverle. (A4rchiv f. Llektrot.,
15th April, 1931, Vol. 25, No. 4, pp. 267~
276.)

A Prriobic CoNTACTOR OPERATED BY A NEON-
TuBe Oscirrator.—H. J. Reich. (Review
Scient. Insty., March and April, 1031, Vol.
2, pp. 164-170 and 234-236.)

Among the several uses mentioned, the device
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has been used for periodically switching from one
circuit to another in simultaneously studving
two voltage waves with a cathode-ray oscillograph.
It may also be used as a source of saw-tooth voltage
of frequency up to about 5,000 cycles/sec.

A SiMpLE OsciLrLograrH.—Tabard :  Sprenger.
(Radioélec. et QST frang., May, 1931, Vol
12, pp. 13-I5.)

Suitable for frequencies up to 3,000 p.p.s., this
equipment consists essentially of a telephone
movement, carrving a very light mirror, and a
rotating mirror-drum.

PAPERS ON THE APPLICATION oF A C.-R. OscILLO-
GRAPH TO PIEzZO-ILLECTRIC MEASUREMENTS.
—\Watanabe. (See abstracts under ** Mis-
cellancous.”’)

APPAREIL ENREGISTREUR I'OUR TOUS DISPOSITIFS
A Spor (Recording Apparatus for ‘* Spot
of Light "’ Instruments)..—M. Prot. (Journ.
de Phys. et le Rad., Series 7, Vol. 1, No. 3,
P 35.)

For simultaneous watching and recording. The
photographic plate can make its complete transit
in times ranging from 10 sec. to several days: its
speed is controlled by a flow of oil through a regu-
lated aperture, and is shown on the plate by indica-
tions made by a lamp controlled by an electric
pendulum.

A BarrLisTiIC RECORDER FOR SMALL ILILECTRIC
CurrENTs.—-LX. B. Moss.  (P’voc. Physical
Soc., 1st Mayv, 1931, Vol. 43, Part 3, pp.
254-253.)

A moditication of the standard thread recorder
of the Cambridge Instrument Company is de-
scribed, whereby it records ballistic throws in
place of the usual steady deflection. The current-
sensitivity may thus be increased at least 25 times
so that the instrument is made to record currents
of the order of 1077 ampére.

PoLYyPHASE RECTIFICATION SPECIAL CONNECTIONS.
—R. W. Armstrong. (Proc. Inst. Rad. Eng.,
April, 19371, Vol. 19, p. 682.)

A number of corrections to the paper dealt with
in May Abstracts, pp. 279-230.

THE TrREORY OF A RECTIFIER WITH IALLING
CHARACTERISTIC OF llvPERBOLIC FoRM.—
Stierstadt. {See under ‘ Properties of
Circnits.”)

GLUHKATHODEN-GLEICHRICHTER FUR HOCHSPAN-
NUNG, INSBESONDERE FUR RUNDFUNKSENDER
(Hot-Cathode Rectifiers for High Voltages,
particularly for Broadcasting Transmitters).
—A. Glaser: AF.G. (E.T.Z., 26th Feb,,
1931, Vol. 52, pp. 277-278.)

A FurL-WaveE MERCURY-VAPOUR RictiFiErR TUBE -
A NeEw REecCTIFIER FOR Low-Powgr Sup-
PLIES.—P. Schwerin. (QST, May, 1931,
Vel 15, pp. 22-24 and 44.)
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NEwW DESIGN oF MERCURY VAPOUR RECTIFIER.
(French Pat. 699041, Oerlikon Company,
pub. gth Feb,, 1931.)

For summary and diagram, see Rev. Gén. de
Elec., 25th April, 1931, Vol. 29, p. 152D. The
new design is based largely on the disproof of the
idea that the chief site of the evaporation was the
cathodic spot, and on the advantage of keeping
the vapour away from the anodes.

RapDprizzaTorl ELETTRONICI (Flectronic  Recti-
fiers).—(L Llettrolec., 5th April, 1931, Vol.
18, pp. 233-234.)
An article on the Ttalian rectifiers type ARWO
made by a Turin firm.

RESEARCHES ON THE CoPPER-OXIDE
RECTIFIER AND PHOTOELECTRIC CELL.—
L. F. Bates. (Science Progvess, April, 1931,
Vol. 25, pp. 570-571.)
A useful summary of recent rescarches on the
copper oxide cell, with references.

RECENT

Some NEW EXPERIMENTS WITH THE ZELENY
[OSCILLATING-LEAF] ELECTROSCOPE.—R.
Barton. (Review Scient. Instr., April, 1931,
Vol. 2, pp. 217-225.)

Experimental study of three-electrode valve
models : experiments with photoelectricity : with
beta rays: comparison of insulation resistances :
absolute measurement of high resistances.

STATIONS, DESIGN AND OPERATION.

JER DERZEITIGE STAND DER ENTWICKLUNG DER
ULTRA-KURZEN WELLEN UNTER BERUCK-
SICHTIGUNG IHRER VERWENDUNGSMOGLICH-
KEITEN FUR RUNDFUNKZWECKE {The Present
Position in the Development of the Ultra-
Short Waves, with regard to their Practical
Possibilities for Broadcasting).—F. Gerth.
(E.N.T., Jan., 1931, Vol. 8, pp. 39—42.)

The writer begins with a short history of the
ultra-short-wave development work carried out
since 1925 by Esau, Gresky, the Lorenz Company,
Fasshender and Kurlbaum (see past Abstracts).
Although the 1930 Berlin tests on 1 kw. power
on a 7-metre wave showed the practicability of
such waves for broadcasting purposes (ranges of
10 km. being obtained to the W. and 5.3V, and of
about 7 km. to the I, N.E. and N., for a trans-
mitter height of 30-50 m.) they made it clear that
intensive work on certain points was necessary.
The received field strengths were only compara-
tively small, and to obtain serviceable signals the
damping of the receiver circuits had to be decreased
by a strong reaction coupling. Improved modula-
tion was essential : self-excited transmitters con-
irolled by the choke control method were subject
10 very marked frequency modulation, and there-
fore the Lorenz Company developed their separately-
excited quartz-controlled set and modulated it by
their grid-voltage system.

The writer then refers to experinmients carried
out by the Lorenz Company in 1929 on the double
modulation of a 3 m. wave, the ultra-short wave
being modulated by a 300 m. (later 1,600 m.} wave
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which was itself modulated at audio-frequencies
(¢f. von Ardenne, Jan. Abstracts, p. 52). He
mentions certain objections to this plan: the
distance of the intermediate-frequency side-bands
from the carrier, too great for the resonance curve
of an audion with strong retroaction: super-
regeneration, which had proved itself so valuable
for note-modulated c.w., and which would give
a considerably wider resonance curve, was found
to be unsatisfactory for telephony on the ground
of noise. The pros and cons of double modulation
require very careful consideration; the Lorenz
7-metre transmitter at RI’Z, Berlin, is equipped with
the system, and research is continuing.

ULTRA - SHORT - WAVE BROADCASTING. — L.
Schwandt. (Wireless World, 20th May,
1931, Vol. 28, pp. 526-528.)

An account of the experiments conducted in
Berlin since October, 1930, by the German Post
Office and the Telefunken Company in broadcasting
on wavelengths of 675 and 7.05 metres. The
object is to provide relays of distant transmissions
over a limited zone of about 40 kilometres radius,
and amateurs within the zone (i.e., Berlin) are
encouraged to build ultra-short-wave adaptors
for addition to their ordinary receivers.

MODERNE  QUARTZGESTEUERTE  GLEICHWELLEN-
sENDER (Modern Quartz-controlled Common-
Wave Broadcasting Transmitters).——I". Gerth
and W. Iahnemann. (E.N.T., March,
1931, Vol. 8, pp. 131-134.)

From the Lorenz Laboratory. The design is
due chiefly to Schumacher and Jacobs. The
practice in other countries of emploving tuning-
fork control was rejected on account of the very
great high-frequency multiplication necessary
{(about 1 :3500) and the consequent expense and
elaboration. By the use of quartz control, a
comparatively simple arrangement is obtained,
and by a special design of the quartz oscillator
and thermostat a constancy of frequency better
than 1 % 1o—¢ was arrived at. \Vith the equip-
ment working at a frequency of 1,320 kc/sec., an
anode-voltage change of 4 209, gave a frequency
change of less than 1 cycle, a grid-bias change of
4 10 %, gave the same, while a 4+ 15 9, change of
filament voltage gave a variation of about 1 cycle.

A prolonged test on two equipments with an
interference note of 50 cycles/sec. was made, and
throughout the test the reed frequency-meter
never showed a change of as much as 1 cycle.
This was without any adjustment to either set
during the test.

The quartz plates were cut with their faces
parallel to the crystal faces, and had a natural
trequency of the order of 7 megacvcles/sec. Llec-
trode-gap effects were eliminated byv silvering the
quartz and by holding it and making connection
to it by light spring contacts. A special thermostat,
about which a separate paper will be published,
was designed to give a constancy of better than
3°C., and actually gave one of not more than
+45°C., the thermostat itself being exposed to the
air. In practice this thermostat was itself en-
closed in a second thermostat maintaining a tem-
perature within 4 17, so that the actual constancy



July, 1931

attained was even greater. Special precautions
were taken to design the circuit so that the quartz
underwent as small oscillations as possible, in
order to keep down the internal generation of heat.
A special circuit (also to be described later) was
employed to minimise the reaction effect of the
oscillatory circuits on the frequency of the quartz.
Many components, whose variation might affect
the constancv of frequency, were themselves
enclosed in the outer thermostat. Reactions of
various kinds were guarded against by careful
screening, by the introduction of an isolating
stage, by ncutralisation, etc. Thus the switching
in or out of the last amplifier stages had no notice-
able effect whatever on the frequency.

SYNCHRONISM OF BROADCAST STATIONS.—Rad.
Ingineering, April, 1931, Vol. 11, P 41.)

Concerning the synchronisation of the ilartford
and  Baltimore stations (WTIC and WBAL).
" We finally solved the last obstacle to practical
synchronisation ” [variation of phase] by means of
a ‘‘ stabiliser ”’ which automatically operates the
station and is itself governed by the frequency
control which comes over the line from the central
point. “ The stabiliser disrcegards line variations
in voltage, momentary changes in frequencv and
other disturbing factors, and for all practical pur-
poses maintains the phase relationship in an ideal
way.” Cf. May Abstracts, p. 283.

R.C.A. DivERsITY RECEIVING SYSTEM FOR RE-
BroaDpcasTiNg.—Peterson, Beverage and
Moore. (See abstract under “ Reception.”)

La CoLLABORATION DE LA T.S.I. ET DE L’AvVIATION
(The Collaboration between Wireless and
Aviation).—P. Marty. (L'Onde Flec., March,
1931, Vol. 10, pp. 97-120.)

After a short review of early days, the writer
gives a detailed description of the Type A.V.L. 10
equipment of the S.F.R. He then deals with this
Company’s automatic *“ distress” transmitter
which enables an untrained person to send out
the distress signal together with his call signal and
position. The rest of the paper deals with direction
finders and beacons, especially the installation at
Abbeville.

KDKA’s NEw 400 kW. TRANSMITTER.—A. Dins-
dale.  (Wireless World, 6th May, 1931,
Vol. 28, pp. 470-472.)

A description of the two experimental trans-
mitters of the Westinghouse Electric and Manu-
facturing Co., at Saxonburg, Pa., used for relaying
KDKA —one on the normal broadcast frequency
and the other on the higher frequencies.

To control the angle of clevation of the trans-
mitted waves, cight poles, round a circle 700 ft.
in diameter, are used to support the aerial, which
has a vertical down lead to each pole. A cage
top links up each pole to form a complete circle.
By varying the phase relation of the currents in
the feeder lines the radiated cnergy can be directed
at any required angle of elevation.

The main goo-kw. rectifier, the largest unit of
its kind ever used for broadcasting, employs six
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190-kvaA. single-phase transformers to provide the
proper voltage and phase relations for rectification
into the desired direct current energy. The rectifier
is further remarkable for its use of the recently
developed mercury vapour rectifier tubes.

FIELD STRENGTH MEASUREMENTS oN DAVENTRY
5XX.—Naismith. (Se¢ under ‘‘ Propaga-
tion of Waves.”)

GENERAL PHYSICAL ARTICLES.

SUR LA MECANIQUE QUANTIQUE DES CHOCS ATOM-
19uEs (The Quantum Mechanics of Atomic
Collisions).—L. Goldstein. (Comptes Rendus,
27th April, 1931, Vol. 192, pp. 1022-1024.)

“ The object of the present note is to show liow
one can calculate in quantum mechanics the pro-
babilities of excitation ef discrete or continuous
atomic levels by collisious of neutral atoms or of
rapid positive ions, without entering into the
details of the calculation, which will be reserved
for later publication.”

SUR LE CHAMP CYLINDRIQUE IONISE ET LA DURLE
DE Parcours DEs loNs (The Cylindrical
Tonised Field and the Path Time of the Ions).

M. DPauthenier and M. Moreau-Flanot.
(Comptes Rendus, 4th May, 1931, Vol. 192,
pp. 1086-1087.)
In a uniform field, an ion of mobility % travels a
. . i2
distance / in a time 4, = P where 1" represents the

difference of potential between the points of de-
parture and arrival. The writers show that if the
field £ = — ‘%/ varies in the space considered, the

l d{ is in all cases greater than ¢,
k) E

In the case of a cylindrical field such as that in a
condenser formed by a wire stretched along the axis
of a cylinder, the field is strongly modified by the
presence of ions due to corona effect. Pauthenier
and Mallard (1930 Abstracts, p. 175) have shown
that this field is constant except near the wire.
The curve representing the variation of potential
is much less concave than in the classic case of a
cvlindrical condenser without ionisation, and
approaches a straight line more and more as the
corona is more intense. It might be deduced that
with this increase of corona the displacement of an
ion from one armature to the other would become
more and more rapid. Thisis confirmed by numeri-
cal examples : in the classic field, without ionisation,
the path time worked out at #, x 3.6 ; with a faint
corona effect, it became £, x 1.47, and with a very
intense corona it was reduced to f, X 1.04. In
normal conditions of temperature and pressure,
therefore, a corona effect can be obtained which is
strong enough to reduce the path time between the
armatures practically to its minimum value t;.

Certain workers have reported on the one hand an
increase of mobility in intense fields (of several
thousand volts per cm.} and on the other a
diminution of mobility a very short time after the
formation of the ions (of the order of 1/100 sec.).
These conditions of field or of time are satisfied in

path time ¢
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the straight portions of the writers’ curves, and
these reported irregularities are, so far as they are
concerned, smaller than the experimental errors.

CGRRECTED VALUES FOR THE COEFFICIENT OF
REcoMBINATION OF Gaseous Ioxs.—O.
Luhr and N. E. Bradbury. (£hys. Review,
15th April, 1931, Series 2, Vol. 37, No. 8,
pPp- 998-1,000).

Authors’ abstract :—Previously published values
[O. Luhr, Feb. Abstracts, p. 112, and 1930 Abstracts,
p. 585] of the coefficient of recombination are found
to ke 12 per cent. too high because of the distortion
of the field between the plates of the ionisation
chamber. Corrected values which may be used for
the purpose of calculation are given as follows:
Air, (1.23 4 0.1) ¥ 107%; O, (1.32 L o.1}) X 107%;
N,and 4, (1.00 — 0.1) ¥ 107%; H,, (0.28 + 0.05)
X 1078,

Les Lois DE VARIATION, AVEC LE MILIEU, DE LA
CHARGE MASSIQUE DE L’ELECTRON ET DE
L’ INTENSITE D'UN COURANT FELECTRIQUE
(The Laws of Variation, with the Medium,
of the Mass Charge of the Electron and of
the Intensity of an Electric Current).—L.
Genillon. (Journ. de Phys. et ke Rad., Serics
7, Vol. 1, No. 12, pp. 135-137.}
Calculations on the assumption that the electric
charge Q depends on the properties of the medium,
as the electric forces do.

SUr LES PROPRIETES OPTIQUES D'UN LIQUIDE
rLACE DANS UN CHAMP MAGNETIQUE KT
TRAVERSE PAR UN [AISCEAU POLARISE DE
DirecTiON QUELCONQUE (The Optical Pro-
perties of a Liquid in a Magnetic Field and
Traverset by a Polarised Beam in Any
Direction).—A. Cotton. (Comptes Rendus,
4th May, 1931, Vol. 192, pp. 1065-1009.)

THE NWERR ELECTRO-OPTICAL EVFFECT IN GASES.—
E. C. Stevenson and J. W. Beams. (Phys.
Review, 15th April, 1931, Series 2, Vol. 37,
No. 8, p. 1021.)

Abstract only.

PROPERTIES OF DIELECTRICS IN [ELECTRIC FIELDS. —
G. L. Addenbrooke. (Nature, 9th May,
1931, Vol. 127, pp. 703—-704.)
A reply to a previous letter on the same subject
(c7. April Abstracts, p. 227).

MISCELLANEOUS.

A Niw DEesiGN or C.-R. OSCILLOGRAPH AND ITs
APPLICATIONS TO PIEZO-ELECTRIC MEASURE-
MENTS : STUDY ON IMPacT TEST BY MEANS
or Prizo-Erectricity aND C.-R. OscCILLO-
GRAPH.—S. Watanabe. (Scient. Papers Inst.
Phys. and Chem. Res., Nos. 212 and 213,
Vol. 12, pp. 8298 and 99-112.)
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ANALYTISCHE AUSWERTUNG EMPIRISCHER KURVEN
(The Analytical Treatment of Empirical
Curves).—W. Holzer. (Bull. d. I'Assoc.
suisse d. Elec., 20th March, 1931, Vol. 22,
No. 6, pp. 147-150.)

SUMMARY OF THE WORK OF THE GERMAN AIRCRAFT
RESEARCH ESTABLISHMENT (WIRELESS DIvi-
SION) FOR 1929/30.—(Zeitschv. V.D.I., No.
52, Vol. 74, p. 1771.)
Giving a series of references to papers already
dealt with in past Abstracts.

Die WIRKUNG DES MAGNETISCHEN FELDES AUF
DIE LANGWELLIGE STRAHLUNG DES ELEK-
TRISCHEN FUNKENS (The Eficct of a Magnetic
Field on the Long-wave Radiation of the
Electric Spark [when passing through a
mixture of Canada Balsam and Motybdenum
Granules]).—N. A. Lewitsky. (Physik.
Zeitschv., 15th March, 1931, Vol. 32, No. 6.
Pp- 252-255)

Tue DiELECTRIC CONSTANT OF CoMPLEX COLLOIDAL
SvysteMs.—C. Marie and N. Marinesco.
(Journ. de Chimie-Phys., 25th November,
1930, Pp- 455-470.)

One result obtained was that in some cases
(e.g., carbon-gelatine) the two constituents, taken
separately, increased the diclectric constant ot the
water to which they were added, while the mixture
of the two decreased it.

LELECTRON TUBES IN INDUSTRIAL SERVICE.—(See
under ““ Valves and Thermionics.”)

PHOTOELECTRIC CELLS IN INDUSTRIAL PROCIESSES.
C. A. Styer and E. H. Vedder. (Indust. and
I'ng. Chem., Oct., 1930, Vol. 22, pp. 1002—
1069.)
Present and prospective uses in various manu-
factures are dealt with.

A PRELIMINARY REPORT OF THE APPLICATION OF
THE PHOTOELLECTRIC CELL TO THE READING
OoF MINIMA IN A MAGNETO-OPTIC METHOD
oF ANALvsIs [oF CHEumIcAL COMPOUNDS
N SoruTtioN].—1F. Allison, J. H. Christensen
and G. V. Waldo. (Phys. Review, 15th
April, 1931, Series 2, Vol. 37, No. 3, pp.
1003-1004.)

THE Usk or FILTERS WITH PHOTOELECTRIC TUBES
[in MEeASURING CONCENTRATION OF SOLU-
tions].—L. R. Koller. (Review Scieni.
Instr., March, 1931, Vol. 2, pp. 195-197.)

MAN-MADE INTERFERENCE
abstracts

THE LELIMINATION OF
wIiTH Rapio RECEPTION.—(See
under “ Reception.”)

SoVIET Russia’s “ I'IVE-YEAR PPLaN "’ FOR RADIO.

—M. Codel. (Llectronics, March, 1931, pp.

548-549 and 572.)
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Some Recent Patents.

The following abstracts ave prepaved, with the peymission of the Conmtroller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampion Buildings, London, W.C.2, price 1/- each.

ELIMINATING MAINS HUM.

Application dates :  oth December, 1929, 2nd
January and 28th January, 1930. No. 340399.

In a multivalve set driven from I).C. mains, or
from rectified A.C., the anode of the first valve
comprises a resistance R, from which a variable
tapping is taken to the grid of the second valve.

No. 340399.

Hum is eliminated by suitably adjusting the position
of this tapping point. A resistance R; inserted in
the negative main provides grid-bias for the last
two valves through taps P;, P, whilst bias for
the first three stages 1s derived from potentio-
meters Py, I°;, Py as shown. The cathodes of the
last three valves are connected together and to
the negative main. A resistance R, in the positive
lead provides variable anode tappings.
Patent issued to O. D. Lucas.

REMOTE CONTROL SYSTEMS.
Application date, 23vd September, 1929.  No. 340259.

The ganged tuning-condensers are coupled
through a belt-drive to the shaft of a ‘ shaded-
pole ”’ induction motor, which is energized for
forward or reverse rotation by means of two keys
on the remote-control board. A variable resistance
in series with a measuring-instrument on the
control board serves to indicate the position of the
distant tuning-condensers at any time. The plate
voltage of certain of the valves is also adjustable
from the control panel.

Patent issued to Kolster-I3randes, Ltd.

HIGH-EMISSION FILAMENTS.

Convention date (Germany), 30th June, 1928.
No. 314551.

Alkaline-carth metals of a specific gravity of 3.8
or less (or their alkyl compounds such as barium
dimethyl with one group of carbon atomis) and
barium diethyl with two groups of [carbon atoms,

are vaporized in a valve bulb which has pre-

vicusly been pumped and degasified. The barium

separates out, first as carbide, and then as the

oxide, which is precipitated on to a tungsten-wire

cathode. The preparation of the barium alkyl

compounds is described in the Specification.
Patent issued to B. Loewe.

ELECTROSTATIC LOUD SPEAKERS.

Convention date (U.S. 4.}y, 14th January, 1929.
No. 339391.

The reactance of the ordinary condenser type of
speaker falls off at the higher frequencies, so that
the lower tones are unduly emphasised. According
to the invention an electrostatic speaker is built
up from a number of condenser units which can be
connected together either in series or parallel with
each other and with auxiliary reactances, either
capacitative or inductive, so that the overall im-
pedance of the ' network’” can be adjusted to
match any type of amplifier. The units may also be
connected in parallel with respect to the polarising
voltage, and in series with respect to the amplitied
signal voltage.

Patents issued to United Reproducers IPatents
Corporation.

COARSE AND FINE ADJUSTMENTS.
Application date, 28th Navember. No. 339478.

An S-shaped spring lever L connects the spindle
of a condenser C dircctly to the shaft of a control
knob K. The periphery of a circular disc L,,
mounted concentric with the condenser axis, B, B,
normally makes contact with the tapered portion
of the knob K as shown. TFor rapid adjustment,

No. 339478.

the knob K is pulled out of contact with the disc
Ly, and is swung bodily about the condenser axis
B, B. Yor fine adjustment the knob is rotated
about its own axis 4.4 whilst in frictional contact
with the slow-motion disc [I.;.

Patent issued to Gramophone Co. Ltd., and
A, G. D. West.
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PREVENTING FADING.

Convention date (Geymany), 19th February, 1929.
No. 342060.

To reduce fading the radiation from a short-wave
aerial of the beam type is circularly polarized.
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piezo-crystal is varied, within limits, by changing
the pressure of a medium in contact with it. For
instance, one face of the crystal is exposed, inside
a horn or flared tube, to a column of air of such
length that it has a natural period of vibration
slightly different from that of the crystal. Under
these conditions the

A crystal tends to oscil-

/ late at an intermediate

\ frequency, but by vary-

ing the pressure of the

_II;__ == |

3
|
i
I

_.._|_ —|——|- -

air, the crystal oscilla-
tions are caused to fluc-
tuate in frequency. The
resulting vibrations may

be used to ‘‘wobble’”

the carrier-wave of a

wireless transmitter,
either to produce a
frequency - modulated

signal, or as a means for

i+

reducing fading-effects

t
I
|
RN

inlong-distanceworking.
Patent issued to
Marconi’s Wireless Tele-

graph Co., Ltd.

No. 342c60.

The radiating system comprises a scries of vertical
oscillators A co-operating with horizontal oscillators
B, all arranged in parallel planes and energized with
a phase-ditference of 9o degrees. The necessary
phase-regulation is secured by inserting impedance
networks in the feed lines. A reflector-array,
similar in construction to the radiating aerial, is
arranged a quarter wavelength behind it.

Patent issued to Telefunken Gesell. fiir Drahtlose
Telegraphie m.b.H.

FREQUENCY-MODULATED SYSTEMS.
Application date, 23rd October, 1929. No. 343538.

The signals are transmitted as frequency-
modulated waves of constant amplitude, and in
reception are heterodyned to a predetermined
frequency range. The various frequency com-
ponents within this range are first amplificd equally,
and the amplitudes are then limited to a definite
value. At this stage they are passed through an
amplifier having a variable-frequency character-
istic, which converts the frequency modulation into
a corresponding amplitude modulation. This is
then rectified in the ordinary way. The system is
applicable to telephony, picture transmission, or
television.

Patent issued to J. H. Hammond, Jnr.

PIEZO-ELECTRIC OSCILLATORS.

Convention date (U.S.A.), 20th June, 1929.
No. 340918,
The fundamental frequency of oscillation of a

=
STABILIZING AMPLIFIERS.
Application date 8th October, 1929. No. 341082.

In order to prevent self-oscillation, impulses of
the same frequency, but of opposite phase to those
tending to set up regeneration, are automatically
applied to the valve when the encrgy in the system
reaches a critical point. The back-coupled valve V
shown in the figure may be one of the stages in a
wireless receiver. An auxiliary valve 1V, is con-
nected across a part of the input coil L as shown,
so that the voltage applied to the grid is in phase-
opposition to that on the grid of the valve V.
The output is fed through the reaction coil L,.

”
L1
= ‘"\JV
T 11
—+ o} ----4-p-—o
L I L
TR AL

No. 341082.

The applied grid bias is normally sufiicient to
allow any current to pass through the valve Vy,
but when a signal of unusual strength is received,
out-of-phase currents pass to the coil Ly, and by
reducing the effective back-coupling prevent the
valve from breaking into oscillation,

Patent issued to J. Robinson.
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TELEVISION RECEIVERS.

date (U.S.A.), 21st December,
No. 340612.

Convention 1928.

The incoming signals are fed simultaneously
to a number of different light-valves, one of
which is supplied as a viewing-appliance to
each of the audience in a theatre, so that each
observer sees the built-up image independently
on the proscenium screen. Each light valve
controls the passage of the rays from one common
arc lamp to the eyes of each observer. By using
this system, instead of applying the received
signals directly to a single Kerr cell controlling
the source of light, greater illumination is attained
without injury to the light-sensitive apparatus.

The arc lamp may be replaced by a cathode-
ray tube in which the electron stream is traversed
across a fluorescent viewing-screen.

Patent issued to Electrical Research Products
Inc.

TELEVISION SYSTEMS.

Convention date (U.S.A)), 18th August, 1928.

No. 317475.

The picture to be transmitted is first scanned
by one or more rotating-mirror drums so arranged
as to spread out successive sections of the picture
into one dimension, thus forming a continuous-
line image. This is
thrown on to a light-
cell containing a sensi-
tive electrode of coiled
wire, the effective induc-
tance of which wvaries
according to the inci-
dence of the light-ray.
In this way each element
of the image is trans-
mitted at a different
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plate circuits. For this reason any modulation
distortion on strong signals is automatically elim-
inated, whilst a linear response is secured even
with an input of several volts. The stage gain is
reduced when the ditference in grid-bias on the two
valves is small.

Patent issued to Radio Frequency Laboratories
Inc.

AERIALS.
Application date, 7th Oclober, 1929. No. 339714.

When tuning half-wave aerials, rapid changes of
resistance and reactance accur as the frequency is
altered which, in turn, tend to introduce asvni-
metrical characteristics on the upper and lower
side bands of a modulated wave. In order to
prevent distortion due to this cause, the aerial is
loaded with a non-radiat:ng element, comprising
an inductance coil and an associated capacity which
serves to increase the distributed self-capacity of
the coil. The inductance and capacity per unit
length of the loading element is greater, though the
ratio of these factors is the same as that of the open
coil aerial.

Patent issued to H. 1. Kirke.

Convention date (U.S.A4.), 20th March, 1929.
No. 340892.
A directional aerial comprises a pair of closely

frequency, though the

range of frequencies is
constant over each line
image. At the receiving
end theincoming signals
are fed to an inductance
coil, and create nodes of
current, which change in
position with variations
in wavelength. These
changes are then utilised
to produce correspond-
ing changes in the posi-
tion and intensity of a
scanning light beam.
Patent issued to E. L. Peterson.

VOLUME CONTROL.
Convention date (U.S.A.), 3rd Oclober, 1929.
No. 343999

Signal volume is regulated by applying the in-
coming energy in parallel to the grids of two ampli-
fiers, the output circuits of which are arranged in
push-pull or phase-opposition. The grids of the
valves are separately biased so as to give different
degrees of amplification, the net output being
determined by the difference of current in the two

No. 3.408¢2.

spaced feeder lines F, I}, to which are coupled a
number of diverging antennae 4 grounded through
surge impedances R. Each antenna is fed with
current having a relative phase-displacement in
step with that of the wave in space as it travels
along the feed-lines. Also the rate of energy flow
along the antennae, resolved in the direction of
propagation, must be equal to the velocity of the
spacec-wave in that direction. These conditions are
ensured by the imsertion of coupling and loading
condensers C as shown.

Patent issued to Marcori’s Wireless lelegraph
Co., Ltd.
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GRAMOPHONE PICK-UPS.
Convention date (U.S.A.), 12th June, 1929.
No. 342635.

The mechanical vibrations of the needle are con-
verted into equivalent current-variations through
the changes in electrical resistance of a layer of
cuprous oxide with which an electrode carried by
the needle makes contact. The contact electrode
consists of a coating of deflocculated graphite upon
a rubber block. The electrode may be so mounted
that movement in one direction increases the
contact resistance at one end of the electrode and
decreases it at the other end, thus giving a push-
pull effect.

Patentissued to Vega Manufacturing Corporation.

Appiication date 14th September, 1929. No. 339949.

The permanent magnet is in the form of a bar
mourted at one end on a pivot-piece and carryving
the winding-spool at the other. Saw-cuts are
made in the top and bottom flanges of the spool to
form housings for a pole-picce and a pole-plate.
The pivot-piece is a horizontal rod supported at
each end by axial pins carried by & swing-arm
moving over the record. The arrangement lessens
the weight of the needle, particularly by avoiding
any mass situated directly over the needle. Most
of the effective mass is disposed as nearly as possible
in the line of the needle rcaction, thus providing an
inertia ‘“ anchorage ”’ which prevents the pick-up
as a whole from being set into vibration. The
magnetic circuit is an open one, the return path of
the lines of force being through the surrounding
air.

Patent issued to . W. Lanchester.

MEASURING DISTANCES BY RADIO.
A pplication date, 27th Seplember, 1929. No. 340531.

In order to ascertain the height of an aeroplane
above ground, or the depth of a submarine in the
sea, or, in general, the distance of any observer
irom a reflecting surface, a steady stream of oscilla-
tions is radiated and advantage is taken of the
resuliant ‘‘ stationarv-wave ”’ formation set up
between the outgoing waves and that fraction of
the energy which is re-radiated back from the
distant retlector. The distance between successive
nodes or loops depends upon the wavelength
radiated, whilst the amplitude varies as the distance
from the retlecting surface. In the case of aero-
planes, the landing field at the aerodrome may be
provided with a network of buried wires to increase
the reflection.

PPatent 1ssued to A. A. Thornton.

HETERODYNE RECEIVERS.
Convention date (U.S.4.), 6th February, 1929.
No. 340569.

Instead of combining the incoming signal wave
with one of nearly the same frequency, the local
pscillations are made approximately one-half the
signal frequency, and the grid of the rectifying valve
is 50 biased that current flows only during intervals
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corresponding to the ' peaks ™ of the local oscilla-
tions. The advantage obtained is a comparative
increase in the amplitude of the resultant * beat ”
or intermediate-frequency oscillation. For in-
stance, in Fig. (a) the local oscillation O is shown
in phase with the signal wave W, giving a * maxi-
mum ”’ beat frequency F ; whilstin Fig. (b) thetwo

No. 340569.

are out of phase giving a “ minimum " resultant
F;. Fig. (c) showsIigs.(a) and (b) superposed. Now
if the grid bias on the detector valve is adjusted
to the level represented by the line g, 7o, the
portion of the curves F, /7y, O below that line
became ineffective. Since a greater portion of the
“ minimum ”’ curve [y is cut out as compared
with the ‘‘ maximum  curve F, owing to the
greater base-line of the former, a net gain is secured
in the average amplitude of the resultant inter-
mediate-frequency wave O.

Patent issued to Standard Telephones
Cables, 1.td.

and

DIRECTION-FINDERS.

Convention date (U.S.A.), 8th March, 1929.
No. 340182.

When using a frame aerial to ascertain the
direction of a distant transmitter, the accuracy of
the reading depends upon the rate ot change in the
field-flux as the frame moves past the critical
position.

In order to increase the sensitivity of the frame
in cither the maximum or minimum positions, the
pick-up voltage is first amplified at radio frequency,
and is then passed through one or more frequency-
doublers before reaching the headphones or
indicating device. The output from the frequency-
doubling stages, being substantiaily proportional
to the square of the input voltage, gives a corre-
spondingly pronounced indication of any slight
deviation of the frame from the true setting.

Patent issued to Marconi’s Wireless Telegraph
Co., Ltd.
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STEREOPHONIC REPRODUCTION.
Application date 15t Novenber, 1929. No. 341999,

Two pick-up microphones are located at different
positions relative to the orchestra, etc., and are
connected to a common recording apparatus, such
as a single gramophone disc on which two separate
impressions are recorded on tracks running side by
side. In reproduction, the loud-speakers operated
from the double track record are located at ditferent
points relatively to the audience so as to ensure a
stereophonic effect.

Patent issued to H. A. Rogers and H. Germain.

MULTIPLEX SIGNALLING.

Convention date (U.S.4.), 31st May, 1929.
No. 343392

A number of different signals are superposed so
as to form a composite wave, and transmission from
the aerial takes place intermittently, sometimes at
constant frequency and sometimes at constant
amplitude, for periods which bear a definite relation
to the amplitude of the complex wave. At the
receiving end the incoming energy is rectified and
separated into its constituent signals.

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

LIGHT-SENSITIVE CELLS.

Application date, 29th August, 1929. No. 340527,

In order to increase the output from a given size
of cell, the anode 4 consists of a coating of sensitized
material laid on the conical inner surface of a
re-entrant part of the bulb. The cathode C is in
the form of an annular truncated cone, so as to
throw no shadow on the anode. The direction of

No. 340527.

the incident light-ray is shown by the arrow.
Alternatively the glass bulb is made conical in
shape and the cathode is mounted on the inner
surface of the glass to co-operate with a conical
anode which is suspended centrally.

Patent issued to L. Kecskemeti-Kaye and British
Talking Pictures, Ltd.
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TONE CONTROL.

Application date, 4th October, 1929. No. 340615.

The first amplifier 4 1s coupled to the next
stage B through a combined resistance-capacity
coupling R, K and a transformer 7. A bank of

No. 349615.

condensers Cy, C,, C,;, C, 1s arranged in the anode
circuit, so that any selected one can be connected
across to the filament circuit by means of a switch
S. The input from a gramophone pick-up is
applied across the points 4.B. A similar system
is described in connection with a back-coupled
valve for wireless reception. The arrangement is
stated to improve the quality of reproduction,
and to reduce needle-scratch or atmospherics.
Patent issued to M. E. Elliott.

MAGNETRON DETECTORS.

Convention date (U.S.A.), 19th April, 1929.
No. 340456.

The split-anode magnetron is a highly-evacuated
tube having a hot cathode mounted between two
anodes in a strong magnetic field flowing parallel
to the axis of the anodes. The device has already
been used to generate oscillations of a frequency
higher than is normally possible with an ordinary
triode valve.

According to the present invention it is employed
to receive ultra short-wave signals (below 1 metre
wavelength) by a heterodyne method. A tuned
oscillatory circuit is connected across the two
anodes, and is coupled to the receiving aerial so as
to produce a beat frequency. This is fed to the
primary winding of a transformer inserted between
a mid-point tapping on the coil of the oscillatory
circuit and the cathode of the magnetron. The
secondary winding of the transformer is in series
with a pair of headphones.

Patent issued to The British Thomson-Houston
Co., Ltd.



