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Editorial

The Effect of the Earth’s Curvature on Ground-wave
Propagation

in the Proceedings* of the American
Institute of Radio Engineers em-
bedying work undertaken for the Radio
Wave Propagation Committee of the In-
stitute. The mathematical dctermination
of the diffraction of waves around the carth
is a very complex problem. The principal
foundations were laid over twenty years
ago by G. N. Watson, but the detailed
development of his method was limited to
an earth of infinite conductivity. It is
only in the last three or four years that this
limitation has been largely removed by the
work of Wwedensky, van der Pol, Bremmer,
T. L. Eckersley, Millington and others.
Although it is now theoretically possible to
calculate the propagation for any values of
dielectric constant and conductivity, the
computations are, in fact, very lengthy and
involved, and the object of the paper referred
to is to make the results of this recent
work more readily available to the engineer.
This the authors have done by plotting a
series of curves from which the received
field may be determined for any given con-
stants with sufficient accuracy for practical
purposes.
The method adopted is to determine the
field for a plane earth of the given constants

THIS is the title of a paper published

% C. R. Burrows and M. C. Gray. Proc. Inst.
Rad. Eng., Jan. 1941.

and to multiply this by a factor, which they
call the shadow-factor, to allow for the
earth’s curvature. The earth is assumed to
be smooth and free from irregularities and
the atmosphere is assumed to be free from
abrupt discontinuities. The effect of the
gradual decrease in the dielectric constant
with increasing height can be allowed for
approximately by assuming the radius of
the earth to be 4/3 times its actual value
when determining the shadow-factor. The
strength of the field is given by the formula
E =FEA,FG,G, where E, is what the
field would be with a flat earth of perfect
conductivity, A4, is the attenuation factor
to allow for the actual conductivity and
dielectric constant, F, the shadow-factor
to allow for the curvature, and G, and G,
aerial height factors. If the aerials are both
on the ground G, = G, = 1.

Curves are given from which the value of 4,
can be read off, but even this is not a simple
matter. Each curve corresponds to a certain

ﬁn—\; e is the dielec-
tric constant, ¢ the conductivity in mhos
per metre, and A the wavelength in metres
(the M.K.S. system of units is used through-
out). Instead of the actual distance 4 in
metres the abscissae represent a numerical

value of Q where Q =

value {, = 3 X Ze—ﬂ for vertical polarisation
[
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. d_ 2
of the electric field, and ¢, = 3 X =T for
e’l"
horizontal polarisation, where
&y = ‘o and €m —€) — I €y =—¢€ —]'600)\.
€g — I

Some readers may feel uneasy about the
dimensions of ¢ and 60cA, but it should be
pointed out that 60 is 2/10° times the velocity
of light, while the dimensions of oA are the
reciprocal of a wvelocity. The f{following
considerations throw some light on the
nature of e, which figures so prominently
in the above expressions. If a transmission
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line down into the earth consisted of two
parallel plates of zero resistance I cm. apart,
the magnitude and phase of the field at any
depth x would be equal to that at the surface
multiplied by e~ where

a= R+ X(G +7B);

R=0, X =L =4n/10°, G =0 and
we

Substituting these values gives
s foo 22 (T
N e 109 4m. 9. 101
or puttmg w = 27f = 27 . 3.1010/A

a—] N/e—]60(7)\—])\\/60

The actual abscissae of the curves are the
magnitudes || and |{,,| which are given by
the formulae

d _ 2ma/{e — I)§+?2
bl =3y

d T
Gl = 2

Vet e

where 8 = 6ocA.
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It will be seen from Fig. 1 that with this
numerical value as a base, the value of 4,
s represented by a single curve at great
distances for all conditions, but that this
desirable simplification is not possible at
medium  distances. =~ For  horizontally
polarised waves, however, the divergence is
small, the curves for all possible values of
e and o lying between those for = o, and
Q = o0. With vertical polarisation the
divergence is greater, but even here a fairly
close approximation can be made for any
value of @ from the three curves shown
in Fig. 1.

Two limiting shadow-factor curves were
given by van der Pol and Bremmer. These
are shown in Fig. 2 in which curve 1 is for
vertically polarised waves over a perfectly
conducting earth into which, therefore, the
waves could not penetrate, (Q = o), and
curve 2 for similar waves over a very ab-
sorbent earth into which the waves could
readily penetrate () = oo). Itisremarkable
that Fig. 2 also applies to horizontally
polarised waves for any condition of the
earth. The abscissae of Fig. 2 represent
_ d 2m
AT (2mr/A)3
7 1s the corrected radius of the earth, i.e
the actual radius multiplied by about 4/3.
Putting in the value of » we have

. d
Ca:h}_{i'_

A

d and A are in metres.

a numerical value {, in which
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IFor vertically polarised waves, Iig. 2
does not lend itself to accurate interpolation
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for given values of ¢ and ¢. Burrows and
Gray have tried to modify the abscissae in
such a way that a single curve, viz. curve
2 in Fig. 2, will give the shadow-factor for
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all conditions. Instead of {, the abscissae
represent n = £, f(3) where 8 is the so-called
ground-constant ;

27y \ 23 I

8 ( /\ ) €,
They give curves from which the correcting
factor f(8) can be read for any value of 8.
They also give curves from which the
magnitude and phase angle of 8 can be read
for various values of A, € and o, thus avoiding
the calculation of the above formula.
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Although they did not succeed in reducing
the two curves of Fig. 2, and all that lies
between them, to a single curve, they greatly
improved the accuracy and ease of inter-
polation.

If either antenna is raised above the earth
the factor G, or G, is no longer unity but
is given by the curves of l'ig. 3, in which
their values are plotted against a relative
height y. For vertical polarisation

b g
X = Xe — A \4/-62__@2_ ,\I 0

for horizontal polarisation

—a g

B, o p———e
X = xm = 5278/ (e = D* + B~

This only applies to moderate heights ;
at short distances to heights for which
2mh h,/Ad is somewhat less than unity, and
at long distances to heights for which
X/\/ 3 (=0.0167h/A23) is less than about o.5.

The paper referred to goes into other
cases and formulae and curves are given for
great heights and distances and also for the
case when one or both aerials are raised until
they are in the line of sight. The paper
should certainly be consulted by anyone

interested in the numerical calculation of
such cases. G.W.0. H.

Diode as Rectifier and Frequency-Changer”
By D. A. Bell, MA., AMIELE.

Introduction.

Iiffect of diode resistance in
rectifier.

3. Input damping of imperfect rectifier.

4. Rectifier with tuned load.

5

6

—

the simple

N

Signal noise ratio of diode-frequency-changer.
Acknowledgment.

I. Introduction.

HE diode rectifier with resistive load
1s a familiar part of most radio re-
ceivers, and the conditions usually
allow the approximation of assuming perfect
rectification :  e.g. the damping imposed
on the circuit feeding the rectifier is equiva-
lent to a shunt resistance having half the

value of the actual diode load resistance.
But the diode is also useful as a frequency-
changer in either of two circumstances :
when the signal frequency is so high that
transit-time effects are troublesome in multi-
electrode valves, or when the output at
difference frequency must be linearly pro-
portional to the smaller of the two input
voltages, but independent both of the
amplitude of the other input and of valve
operating potentials and of frequency. When
the diode is operated as a frequency-changer,
so that the useful load consists of a tuned

* MS. accepted by the Editor, June 1941.
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circuit, the appropriate D.C. load has to be
determined, and if the internal resistance of
the diode becomes appreciable compared
with the load impedances the effect of im-
perfect rectification has to be studied.
Apart from frequencies too high for multi-
electrode valves, the diode frequency-changer
has two special applications by reason of the
proportionality of its output to the smaller
of the two inputs :

{(a) as frequency-changer
equipment,

() as a limiter to remove amplitude
variations of the signal, the signal being in
this case the larger of the two inputs.

in  measuring

2. Diode Resistance in the Simple Rectifier.

In the simple circuit of Fig. 1 the rectifica-
tion ratio (i.e. ratio of D.C. output voltage
to peak input voltage) depends both on the
time-constant CR and on the internal
resistance of the diode. In principle, the

time-constant of the

load circuit (or rather

the product of this

time constant and the

operating frequency)

controls the ratio of

the maximum poten-

"1 tial to which the con-
\Y
!

denser is charged to
its mean potential ;
while the internal re-
sistance of the diode
controls the difference between the maximum
condenser potential and the peak input
voltage. But the two effects are not inde-
pendent, for increasing CR reduces the
fraction of the cycle during which the diode
is conducting, and if the increase is due to a
larger value of C with R constant, the
instantaneous current through the diode
must be greater, and its internal resistance
becomes more - important ; increasing R,
on the other hand, decreases the charge
transferred per cycle as well as the conduction
period, and therefore has little effect on the
voltage drop across the diode.

Referring to Fig. 2, the input is taken to
be of the form E cos p¢, and the periods
during which the diode is conducting are from
pt=2nm — 0 to pt =2nm + ¢; so that
from pt = 2nm + ¢ to pt=2m+1)7 — 40
the condenser discharges through the re-

Fig. 1

THE WIRELESS ENGINEER

October, 1941

sistance, while from 2n7 — 6 to 2n7w + ¢
it is charged through the diode. If the
diode had infinite conductance, the con-
denser potential would follow the input
E cos pt from 2znm =6 to 2nm and fall
exponentially from that point; but owing
to the voltage drop across a practical diode,
the condenser potential lags behind E and

=. / (it T
6 o¢ \\ ” // an \\ am / oy sn /
\ / \ / \ y
N/ / A\
~s N/ ./
Fig. 2

continues to rise until £ has fallen to meet it.
The current will be small after 2n=, since the
values of E and the condenser potential V
are rapidly approaching each other ; conse-
quently the rate of rise of V falls away
rapidly after the peak value of E has been
attained, as shown by the heavy line in

Fig. 2. The charge gained by the condenser
during each cycle is
@
'=1_’ 1 ¢
Qin -—J 1(z-dt=;55ia.d(j’f) (D)
-6 —6

==

where 7, is the current through the diode.
The charge lost per cycle is

Qo =3 | IR )
] 2n—@0
_ pIRS V.o -+ 15% LV.d(pl) (2)

It now remains to find expressions for V
and 7, in terms of E and circuit parameters,
and equate Q,, to Qg

The simplest case is obtained by letting
the load time-constant become infinite com-
pared with the periodicity of the applied
voltage, so that the load voltage V remains
constant throughout the cycle. Since V is
now the same at the beginning and end of the
charge, it follows that arc cos V/E = 6
= ¢ — a/2 where a« 1s the total angle of

conduction. This gives the discharge per
cycle as
2n V
Qout - F I'_?
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and the charge per cycle through a diode of
resistance R, as

I /2
Qin = mg_(fzcos pt— V). dpl)
I
PR,
Putting V = Ecosa/z and equating ¢;,
to Qou{r

{2E sin a/2 — aV}

given in Fig. 4.
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The curves in Figs. 3 and 4
can be roughly extrapolated, as indicated
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by the dotted portions, from the knowledge
that not until R,/R becomes infinite does
1’/E become zero and « become 180°.

The next step is to consider the practical

case when fCR is not infinite, but remains

large enough to give good efficiency.
maximum value of V' 1s V, the value at any

If the

point in the discharge portion of the cycle is

%E BB = p‘zxa“ (2E sin /2 — aE cos a/2} Ve Ve ot = Voo ik
- where ¢, is the time at which V' =V, 1e.
R, _2sina/z —acosaf2 .. (3) Pfo=¢ The second term of integral (2)
R 27 COS /2 therefore becomes
1 T : i] !‘ ] ! | l T II I ?‘" g
1 i + fCR=x0 | \ | —— I FrT ;;R J V 0 d(pt) =
el || | 4
0.8 [ 1] . ! = \}} + —~ 9
N | 1™ Ll .
P‘L.N Vo J (p1—9) o
o (2 pCR ==
N\ l | (amr—0—¢)
° AN T CVy{r —e~" 2R } (4)
N
| | \J Let the minimum value of V be
> | il . denoted by V:
‘ | ..~_L__J _lem— 68— @)
o I | 1 - I'w VI = V()e PCR
Pa/R
Fig. 3 (Above). — Effect of diode T H
vesistance on vectification ratio. i \ \H‘ W—W‘ ﬁ
Fig. 4 (Right)—Effect of diode ] L !
rvesistance on conduction angle. } ‘ |
Rl
! | ! A | Ml
For any chosen value of «, and | y i
hence of efficiency since V/E % s v i EEE
= cos a, a corresponding value of A ’ ‘\
R,/R can be evaluated ; a graph / | L
of V/E against R,/R derived jizg | ||
from the equation is shown as ror=s| | LI, __,_;;" ]
the full-line curve, fCR = %, in 3o — duis -1 ——T——"“" '
Fig. 3. It may be noted that a /”’}%Mm M
loss of 6 db (i.e. V/E = 0.707) M I | 1
occurs when R, is about 6} per 0 0001 o.0m oo or .
cent. of R ; but for the accurate Ra/R

measurement of peak voltage,

note that to get V within 1 per cent. of £
requires a ratio of R,/R of the order of 10
A graph of conduction angle against R,/R is

During the charging period the potential
V rises from V, to V,, but the exact form of
the curve has not been determined ;

it
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depends upon the ratio of V, and V, to E,
neither of which has yet been evaluated.
However, a useful approximation can be
obtained by assuming a linear variation, as
shown by the thin line in Fig. 2 ; this gives
an expression for V during the charging

period :
_ Vo — V1>
V=V (gt —
The first half of the integral (2) is therefore
[
I . 0 —+ d’ VO + V1>
s&) Vo= ()= 6
Evaluating V, in terms of V, and adding
(4) and (5) gives

Qow = VO {%{? 1+e (ﬁﬁi;éf;?_.,b))
+C(r—e¢ E’%}%))} »

To evaluate integral (1) we put
1g = (E = V)[R,

1qg = (1/RH{E cos pt — V
Vo=V,
e )

@
. %j i d(pt) = (1/pR){E(sin ¢ +sin )
' em 0 g)
PCR)(0 + ¢}
s .. (1a)
Since the discharging part of the cvcle
commences and ends when E is equal to V
we may also write
Vo= FE cos ¢ .. .. .. (6)
V,= Ecos 8 e > {7
and we shall denote the sum of # and ¢ by o
This enables us to divide the conduction
angle o into its two constituents # and ¢
for any given value of the product of fre-
quency and time-constant; substituting
for Vyand V', in terms of E and then elimina-
ting E between equation (6) and (7) gives
an equation for ¢ :

e ~(m=A/pCR _ o5 o
tan ¢ =

sin o (®
This equation gives values of # and ¢ for
selected values of a, to be inserted in the
equation relating R/R, to 6 and ¢ which
results from equating (ra) to (2a) :

R, I
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As a reasonable practical example, pCR/2n
was put equal to 5, and the ratio R,/R
cvaluated for a series of values of « and
hence of efficiency ; since it is the D.C.
component of the output voltage which is
useful, not the peak value, an approximation
to the D.C. component was taken as the
arithmetic mean of maximum and minimum
values of 17,

V= 1Ecos¢.(1+ ¢ (2m—2CRY (10)
and the graph of V'/E against R,/R is shown
in a dotted line in Fig. 3, with the corre-
sponding curve for conduction angle in
Fig. 4. The useful rule is found that when
R,/R is great enough to cause the rectifica-
tion ratio to fall appreciably from its
maximum value for the given time-constant,
the loss is practically independent of time-
constant. For other values of fCR, therefore,
the labour of tabulating the right-hand side
of (9) can be avoided by finding the value of
o which gives ¢ = o (this corresponds to
R,/R = o) and drawing a nearly horizontal
line through the corresponding value of
V/E at R,/R =o0 to the limiting curve
JCR = co.

To obtain an experimental check on these
results, the circuit of Fig. 1 was set up with
R = 10 megohms and a steep-slope triode
with grid and anode joined as diode (Cossor
41 M.H.). To approximate fCR = o, C was
made 4 uF and f = 250 ¢/s, so that f/CR = 104
(The idea of using a still higher frequency
was rejected for fear of spurious effects due
to diode self-capacitance: 20 uuF has a
reactance of 10 megohms at just under
8 kefs.) The circles on Fig. 1 are the ex-
perimental results under these conditions,
with various values of resistance connected
in series with the diode, and assuming that
the resistances of the diode and the source
of voltage were negligible ; this is probably
not justified, but the accuracy of ohservation
was not high since the only independent
check on the true peak input voltage was by
measurement on the screen of a cathode
ray oscillograph. The points marked with
crosses are for fCR = 5 obtained by putting
C = o.01 pu¥ and f = 50 c/s, while keeping
R = 10 megohms. Although the accuracy
is rather poor, the experimental points do

R~ pCR cosd{(u/zpCR) (1 4 ¢ (en—a/FCR) L T — ¢ (am — pCE)

9
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confirm the close agreement of the two
curves for the larger values of R, /R, and the
shape of the curves.

Referring to Fig. 1, it seems evident that
the internal resistance of the source of
voltage E must be added to the diode
internal resistance in order to get the effec-
tive value of R, : yet applied to the common
radio receiver circuit of Fig. 5 where R may
be 0.1 MR and the rectifier be fed {rom a
tuned circuit of dynamic resistance about
0.1 MQ, giving R,/R — 1, Fig. 3 predicts
an output voltage of only 20 per cent. of the
peak value of E, which is absurd. The

[
I
2 2 Pa
(olobe s 3. R
Loss) & T 20082 a/a
Fig. 5 Fig. 6

explanation is that since the resistance R,
is operating on a non-sinusoidal current, it is
incorrect to include in it a dynamic resistance
which is only applicable to sinusoidal
currents : if « is small, we may say that at a
certain point in the cycle, the diode load
condenser C is connected in parallel with the
tuning condenser C,, and the resulting drop
in peak voltage will be a function of C/C,
rather than of the dynamic resistance of the

Po

3. Input Damping of Imperfect Rectifier.

If R,/R = o, the loading imposed on the
source of R.I. voltage by the circuit of
Fig. 1, is known to be equivalent to a resist-
ance R/z; this is exact provided the R.I.
voltage remains sinusoidal. When R,/R
is finite, the input loading must be deter-
mined by adding the powers dissipated in
the load resistance R and in the diode
resistance R, ; the former is

V2R = (E?|R) cos® «/2
and the latter is obtained from the energy
dissipation per cycle. In the case of fCR — o0,
this is
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W= ;S 2 R d(pl)

a2

g S“E2 (cos pt —cos a/2)%d(pl)

pRa af2
7 Salz‘( + c0s 2pl)
F 1 +cos2
PR o,
2 cos /2 . cos pt -+ cos?a/2}d(pt)
E? Y
~ R, {a(} + cos®u/2)
+ Llsina — .4 cosa/2 . sin o/2}

E: , .
= bR {a(} + cos?a/2) — § sina}
' (x1)

This is the energy dissipated per cycle, i.e.
in time 2m/p, so that the power is W qp/2m.
The power dissipation corresponding to
equation (11), if £ is the peak value of a
sinusoidal voltage, is equivalent to a shunt
resistance load across the input circuit of
magnitude

27 R, |

Pr="g {I—-‘}TZ cos?a/2 —(3/) sin o (12)
The power dissipated in R is equivalent to a
shunt resistance

R

P2 2 costa/z
so that the equivalent circuit for input
damping is as shown in Fig. 6.

If o is small, cos a/2 == I and (sin &)/ == T,

so that P, tends to infinity. In general the
equivalent resultant shunt resistance is

(13)

|
a7 = Gem i - o (149)

It is found that for all values of o« (i.e.
values of R,/R) p, is greater than R/z ; this
means that the additional dissipation in the
diode is less than the reduction in dissipation
in the load due to the lower output voltage.
For values of « less than 357, the diode dissipa-
tion is negligible, and p,= K/(2 cos?a/2) ;
the ratio of p, to R/2 is plotted against
R,/R in Fig. 7. For large values of R,/R
it is more convenient to express p, in terms
of R, as in Fig. 8, where po/R, is plotted
against R,/R. When the load resistance
becomes small compared with R,, the input
impedance becomes asymptotic to a value of
twice the diode resistance ; the factor of two
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arises here because the diode is conducting
for half the time, in the limiting case, so
that the power dissipated, FE2%/p,, is one-
half of E¥R,.
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diode current during the conduction part
of the cycle is
ta= (Eo =V —v)/R, (15)

If the condenser C receives a

| single charge and is left to dis-

[ charge from potential V, it will

execute a damped oscillation so
that

V = Ve *cos (t/VLC)

(16)

where the exponential factor k

depends upon the losses in the

circuit LC. Provided £ is reason-

ably small, this has no D.C. com-
ponent ; and provided that suc-

LA

Fig. 7.—Input resistance of imper-

— i

1 Ject vectifiev.

0.0001 0.001 0.01

Rq /R

4. Rectifier with Tuned Load.

A simple diode frequency-changer circuit
is shown in Fig. 9, where the circuit LC is
tuned to the difference of the frequencies of
E, and E,, which is assumed to be small
compared with these frequencies. The time-

- constant RC, is assumed to be very large

cessive charges arrive on C at
regular intervals which are not

related to the period 2#V/LC, the resultant
of a large number of charges arriving on C
will be zero, since there is no D.C. component
and the A.C. components in various phases
will balance out (V' = o). The circuit LC
is still important, however, since it may con-
trol the magnitude of diode current for given
values of R, and E, —v. If L is suffi-
ciently large, the diode current -

r will flow entirely into the con-

g

1 +H

b

1]

Fig. 8 (Left).—Input resistance of

A high-resistance vectifier.

Ra/R

compared with any of the frequencies in-
volved, so that it serves as a source of bias
on the diode. Let the potential difference
across C; be v and across C be V, and let
E, be the resultant of £, and E,. Then the

Fig. 9.

denser C, and the charge received per cycle
when the input is of the ftorm E, cos pt
will be

¢
Qin = PiRa j_(OEo — v)d(pr) (17)
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This is derived from equation (15) remem-
bering that ¥V = o. This charge is received
from the valve anode, and must during
the discharge pass through the resistance R
to return to the cathode ; but since RC, is
very large the current through R remains
constant throughout the cycle, so that

I [‘" 2m v

o= 3| vodip) =22
Q 4 PRJO (P) P R
Equations (17) and (18) show that as far as
the D.C. component resulting from an input
of constant amplitude is concerned, the

(18)
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tion is small, so that « is controlled by RC
and is not appreciably affected by the depth
of modulation. We may then write the
rectifier current I as
I = (1/R)E (1t + xsin wt) cosa/2  (I9)
The component in terms of sin wf will pro-
duce across the tuned circuit LC, of im-
pedance Z, an output voltage
V' = (Z|R)E yx sin wt . cos «/2 (z0)
The diode impedance R, will usually be
fixed by the best diode available, and at
high frequencies Z may be fixed by the best
circuit that can be constructed ;

the problem then is to find the

= T:E{:;}:r--,f_j s —

.

A

_,_JJ‘ INEt -
Ee—
T 1] f;
T —
|| +
RN
|
i
R./R

circuit of Fig. 0, provided both LC and RC,
have long time-constants, behaves in the
same way as Yig. 1 if the resistances R are
the same in both cases. Consequently the
resistance R in Fig. 6 controls e, the conduc-
tion angle of the diode, in accordance with
the graph of Iig. 4; and R also controls the
damping on the input circuits in accordance
with Figs. 7 and 8.

Now suppose that the input consists of
components at two frequencies, whose differ-
ence frequency is equal to w/2m=1/2 7V LC.
In a frequency-changer one of the signals
will normally be much smaller than the other,
so that the resultant of the two can be
expressed as an amplitude-modulated signal.

E, = E'(1 4 x sin w!) cos p't
Now the steady input E cos p¢ produces a

voltage v = E cos a/2 across the resistance R
and therefore a rectified current of magnitude

I = (E/R) cos a/2
In most practical cases the depth of modula-

optimum value of R for given
values of Z and R,. These latter
quantities being fixed, the output
‘ for constant input voltage is pro-
1 a—t—“ portional to R,(cos &/2)/R, whiclh

|| is plotted in Fig. 10 against R,/K.
But this is not an entirely fair
representation, since the source
of signal usually has an appre-
1‘ ciable impedance ; the voltage E,

is then not a constant, but pro-

Fig. 10.—Output factor for constant
voltage input.

portional to the square root of the input
impedance presented by the rectifier (assum-
ing correct matching can be achieved). If
the signal source is of impedance Z,, and has
a terminal voltage E, when working into
another impedance of the same value, the
voltage applied through a matching trans-
former to a resistance py will be E,V po/Z,
and equation (20) can now be written as
V' = xE.Vpo/Zy - (Z|R) sin wt - cos a/2
.. .o (21)
In the adjustment of the value of K the
problem is therefore to find the maximum
value of that part of (21) which depends
upon R, namely

v = (1/R)V p, cos a2 (22)
In order to use only functions already
evaluated, the factor used is

R,

R

Po .,
R/2

cosajz = V2R, .y =V

(23)
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and this is plotted in Fig. 11*. Tt will be
seen that even allowing for the factor

V'po/Zy, the output increases as the D.C.
load resistance R decreases; but this is
subject to the condition that the A.C.
output voltage across LC must be small
compared with the D.C. voltage across R,
so that the conduction angle « of the diode
is independent of the modulation. This
only requires a very small value of R when
working as a frequency-changer on weak
signals, but a much larger value in the
application as a limiter where good per-
formance is required with as deep modula-
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amplitude of the applied voltage and of
cathode temperature, etc.; maximum
stability of calibration would then be
obtained by working where the output for
constant input voltage derived from a
constant-impedance source does not vary
rapidly with R,. Irom equation (20) the
requirement is seen to be minimum change
of cosa/2 with R,, and reference to Fig. 3
suggests that R,/R should be either large
or very small, in particular avoiding the
neighbourhood of R,/R = 1/10.

5. Signal/Noise Ratio of Diode Frequency-

tion as possible (i.e. small ratio of the ampli- Changer.
tude of the two input signals). In the Equation (19) shows that the mean
current through the diode is 7 =
o T ]’Il [ 1 P (Eo/R) cos afz; since the diode
- HHT i1 will be operating in the space-
osf | ' charge limited region, the tluctua-
| / tion component of this current
A will include a factor F2 and will
¢ be given by
l | L/l iV4n =
I T / Inz —
ot Ht—H % 2FYE,JR) cos a2 edf .. (24)
T V wlere e is the charge on an elec-
o - ! tron and df is the band-width of
| | f'/ - the recciver or amplifier. The
corresponding voltage generated
ol I / . A . 3 z
1 o in the load circuit of impedance Z
[ T = will be
et p— s
oooom 2 0001 0.01 0.1 1 10 I/Y "2 = Z21 "2 =
Ra/R 2/ *(E/R) cosua/z .edf  (25)
Iig. 11 (Above). — Output ¢ I T
Jactor for constant power i !
nput. o o L l
|
°lcd | ,' i:{ l L0
Vig. 12 (Right). — Signal| =1 ° 1 T il
noise factor of diode fre- | : i Al
quency-changer. | ] | I il
________________ 0.8001 ©.001 04l01 a.'l . ‘I = "0
Ra/R
application to measuring equipment, there The mean square signal output can be

i1s the further consideration that the re-
sistance of a diode is a function of the

* Curves 10, 11, 12 have a peculiar kink in the
region of R,/R = 0.6; this corresponds to the
reversal of curvature in Fig. 3 at this value of
R,/R a reversal which must occur to satisfy the
asymptotic condition V/E -0 as R,R — co.
Since the basic equation (3) is transcendental,
there is no algebraical expression for the various
curves,

obtained from equation (21),
V2= V"2 = LaE 2py | Z) (22 R?) cos*a, 2
(26)
Hence the squared signal/noise ratio is

Ve _ X*E%gpg cOs /2
V.t 4Z2E Redf
In terms of R this is proportional to (p,/R)

(27)
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cos a2, a factor which is plotted in Fig. 12.
This shows very little variation and although
it shows an upward trend at R,/R = 1.5,
it must be remembered that this corresponds
to a conduction angle o = 160°, so that the
approximation of a linear charge and dis-
charge characteristic used throughout this
paper might cause an appreciable error in
this region. Taking as a typical value
(po/R) cos a/2 = 0.55, the limiting condition
of signal equal to noise is given by

42 F2E jedf = 0.55 x2E ;* (28)
Now x2E 2/ Z,1s the signal power, F? may be
about 0.1, and e is 1.59 X 107! coulombs
so that

minimum signal = 1.82 X 0.4 £y X1.59

X 10739df watts (29)

Suppose I, = 5 volts and df = 4 X 10%¢/s:
then minimum signal is

1.82 X 0.4 X5 X 1.59 X 107 X 4 X 10°

= 2.32 X 107'? watts

which corresponds to about 15 uV. in 8o
ohms. This figure is of course only an
approximation, since the diode has through-
out been represented by a constant resist-
ance, whereas in fact it follows a 3/2 law
and its resistance is therefore a function of
applied voltage. But the diode resistance
only appears directly in the calculation of
signal/noise ratio through the function
plotted in Fig. 12, which varies very slowly
with diode resistance. The figures given
should therefore be sufficient to show the
order of signal required for such purposes
as television on frequencies high enough to
demand a diode frequency-changer.

It is worth noting that the signal/noise
ratio of a diode rectifier is expressed in terms
of a power input, and is largely independent
of diode characteristics (though the factor
F?can vary between unity and less than 0.1),
whereas the performance of an amplifying
valve is usually expressed in terms of an
equivalent noise resistance on the input side,
i.e. an input voltage. This arises from the
fact that an amplifying valve is nominally
a voltage-operated device, and although at
very high frequencies the power absorbed
is substantial, there is no direct connection
between power absorbed at the input and
power delivered to the output circuit; a
diode frequency-changer, on the other hand,
is a power-operated device. This makes it
difficult to compare the signal/noise per-
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formance of a diode frequency-changer with
that of an amplifying valve; the only
reasonable common basis is to take (mA)?2
output per microwatt input. For the diode,
we find from equation (21) that the output
current at signal frequency is
I ¥2EE pocosal/z R,
Z, R R R,

Cos a2

(30)
Now the first factor on the r.h.s. of (30) is
the power input (which will normally be
measured in pW.), the second factor has
been plotted in Fig. 12, from which it will
be seen that in round figures it is equal to
0.5, and (cos 2/2) (R,/R) should be deter-
mined from Fig. 3 for the particular value
of R,/R, but a typical value would be 0.2, so
that a rough approximation for equation
(30) 1s

12 = 0.1 X (1/R,) X (watts input)
or if the units are reduced to mA, k2 and
wW, the diode has a performance in units
of (mA)?/uW of

Sa= 1074R, (31)
For a multi-electrode valve with mutual or
conversion conductance G and input re-
sistance p, the output current squared is

1?2 = G2L? = (%, X (watts input)
or if G is converted to mA/V, p, to k& and
1 to mA, the performarice factor is in units
of (mA)2/uW .,

S, = 103G, .. .. .. (32)
Now the squared noise current is in both
cases (diode and multi-electrode valve)
directly proportional to the D.C. component
of anode current, so that the signal/noise
figure of merit is (MA)?/uW-mA (where the
mA in the denominator refers to D.C.
current) and is obtained by dividing S, or
S, by the appropriate anode current s,
For example, if a diode has an internal
resistance of 500 ohms and is run at a mean
rectified current of T mA,

Safte = 107405 =2 X 1074

(mA)2/pW.-mA.
Now consider a multi-electrode amplifying
valve with G = 10 mA/V. operated at a
frequency where p, = 500 ohms, and with

an anode current of 15 mA.,
S,/i, = 1073 . 10%.0.5/15 = 3.3 X 1073

(mA)2/uW.-mA.
Thus the diode frequency-changer cannot
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readily compete with an amplifying valve
at a frequency where the latter gives appre-
ciable gain, provided the value of G/i of the
amplifying valve is of the order or 0.5 or
more ; in this case the factor appears as
G/i instead of G2/ because one factor G has
already been taken in assuming Gp, is
several times greater than unity to give
gain where the amplifier feeds into another
similar valve. This conclusion is, however,
based on the assumption that a diode for
use at ultra-high frequencies cannot readily
be made with an internal resistance less than
500 ohms at currents of a few milliamps ;
it is for those who develop new valves to
show whether it is easier to lower the re-
sistance of a diode or to increase the factor
G%,/t of a multi-electrode valve at ultra-
high frequencies.
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Theory of Short-Wave Oscillations with the
Magnetron

To the Editor, ““The Wiveless Engineer’’.

SirR,—In a series of papers in the Quarterly Journal
of Mathematics' 1 have discussed space charges
in a magnetic field and the theory of short-wave
oscillations with the magnetron. This note gives
an account of the papers and an observation on the
tilt of a split-anode magnetron,

The first paper solves the problem of the steady
motion of a saturated space charge between a thin
filament and a coaxial cylinder, in a uniform
magnetic field parallel to the filament. The time
taken by an electron to pass from the filament
to the turning point is 2.85/107H, so that the wave-
length in ether corresponding to oscillations whose
periodic time is the time taken by an electron to
traverse one orbit is 17,100/H centimetres when the
current is saturated. The greatest radius of sheath
that will catch the electrons is 15,40013/H}, where
I is the emission current per centimetre length of
the filament.

In the second paper it is pointed out that the
saturation current is considerably greater than that
usually used in magnetrons, so that some progress
can be made by neglecting the effect of space charge.
The theory is given first for a single anode mag-
netron. In this and the following papers current
is calculated by a method of great importance
which seems to have been first used by Ballantine?,
and explained more fully by v. Engel and Steen-
beck.® The latter authors show that the current
due to a charge of e electromagnetic units, between
two electrodes which together enclose it com-
pletely, is evE, where vE is the scalar product of
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the velocity and the electric force for unit difference
of potential between the electrodes. This current
has also been used by Bakker and de Vriest. Current
is reckoned as the rate of increase of the charge
induced in one electrode by the enclosed charges,
and flows during the whole time that the charges
remain between the electrodes. To reckon current
by the number of electrons which fall on an elec-
trode is wrong, and reduces to absurdity many
investigations on short-wave oscillations. Ballan-
tine’s theory is correct until the wavelength of
the corresponding electric oscillations has become
short of the order of the distance between the
electrodes, while the other process is only correct
when the wavelength is very long. In my second
paper [ suppose that the electrons emitted by the
filament just graze the anode in the steady motion,
and are caught on the filament when they return.
Condenser oscillations of frequency v — jw, where
w = He|m, are shown to be maintained.

Similar methods are applied in the third paper
to the split-anode magnetron. The frequency
v = w is selected for caiculation. The current
is not sinoidal, but the fundamental or first har-
monic is the real part of (a, — 1b;) I exp ivf, where
the oscillatory potential is proportional to the real
part of exp ivt. Oscillations are maintained on
Lecher wires of suitable length if a; is negative.
Calculation shows that a;, = — 0.233, so that the
condition of maintenance is satisfied.

Methods are devised in the fourth paper for
calculating the effect of the filament on electrons
which come near it, and the precession caused at a
distance. It is curious that both depend on the
same functions, which resemble the elliptic func-
tions, the real orbit having much the same relation
to a circular orbit as the finite motion of a pendulum
has to an infinitely smali one. The field due to a
small alternating potential between the segments
of the anode has hitherto been allowed foraccurately,
but that field is now taken to be uniform. If the
oscillatory potential is of the order of 5 volts, most
of the returning electrons miss the filament. The
methods of this paper provide a means of finding
expeditiously whether any electron is caught on
the anode or filament, and when. It is common
for an electron to go round five or ten times before
falling on the anode.

These results are used in the fifth paper to find,
in a particular case, whether oscillations are main-
tained with multiple orbits. The approximation
of a uniform disturbing field, used in the fourth
paper, yields the number a, — 0.204 instead of
— 0.233 for the first orbit, so that the approxi-
mation is fairly good. That number is changed to
+ 0.436 for the sum of the first seven orbits, at
which stage the calculations are stopped, since 95
per cent. of the electrons have by then been caught
on the anode. Thus oscillations ot 5-volt ampli-
tude are not maintained in this case. At the end
of the fifth paper 1 calculated the strength of
oscillations of different frequency maintained by a
single anode magnetron, for which the calculations
are simple, and found (for a single orbit) an ampli-
tude of potential proportional to - cos 2vr/w,
the condition of maintenance being that cos 2vnm/w
shall be negative.

The points brought out in these papers are that
current must be correctly calculated, that orbits
after the first must be considered when the oscilla-
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tion is large, and that we can only properly find
whether a magnetron will maintain oscillations ina
circuit, without inquiring whether it has any specific
frequency of its own. There has been much
misunderstanding of the last point.

1t is well known that strong oscillations require
the magnetic field to be inclined to the filament
at a certain angle called the tilt, which may be as
much as 8 deg. This tilt was attributed by
Kilgore® and Linder® to the reduction of space
charge. The experiments of Harvey” show that the
tilt decreases with the emission and appears to
tend to zero for small emissions. The emissions
recorded do not fall below 5 mA. With a CWi1o
magnetron adjusted to give waves of length 26 cm.
in an aerial, and an emission of 0.2 mA., I have
found the maximum oscillation with the magnetic
field parallel to the filament, and a continuous
decrease with tilt. With an emission of 0.25 mA
there is still oscillation with the field parallel to the
filament, but it is increased slightly by a tilt of
1 deg. on either side.

1t is not easy to see what effect space charge has,
so that the view of Kilgore and Linder is a pure con-
jecture. The true theory of the tilt for large oscil-
latory currents seems to have been given by Terman®.
1t is, essentially, that if the first orbit is favourable
for maintaining oscillations, subsequent orbits
tend to become unfavourable by precession; and
we can stop at a favourable point by tilt or by end
plates. Terman refers to Kilgore and Linder, so
that a casual reader might suppose the theory to
be theirs, whereas it is Terman’s so modestly pre-
sented. Terman’s theory is borne out by the
calculations of my fifth paper. I have recalculated
the values of a, for the first and subsequent orbits,
with the following result:

First orbit .. a, = — 0.204
First two orbits .. — 0.422
First three orbits .. — 0.317
First four orbits .. — 0.048
First five orbits + 0.306
First six orbits + 0.498
First seven orbits + 0.463

The last figure is given as 0.436 in my paper: I
cannot now say whether this figure is due to an
error of calculation or a misprint. We see that the
strength of oscillation in this numerical example is
first increased by adding orbits, and subsequently
reduced, so that four orbits will only just oscillate.
To remove all but two or three orbits by tilt or end
plates would be best in this instance.

On the other hand, oscillations are maintained
by the first orbit alone, as shown in my second and
fifth papers. 1If, therefore, there is a certain
emission velocity to ensure that electrons in the
steady orbit are caught when they return to the
filament, a really small oscillation will always be
maintained : by this we mean one so small that
electrons are not deflected or retarded from the
filament by the oscillatory field. This, 1 think,
accounts for Harvey’s observations.

In the paper of Harvey® on the magnetic cut off,
various possibilities of explaining the foot of the
curve are examined and excluded. It seems to
me that the effect is due to a cause not there
mentioned, namely the scattering of electrons by
near approach to each other, whereby it becomes
inadmissible to treat the field as the Coulomb
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field of the average charge. For information on
this phenomenon reference may be made to the
review of K. T. Compton and Langmuiri®. A
method of calculating the number of electrons at
any point in the classical theory of a cylmdrlcal
diode (without magnetic field but with emission
velocity) has been given by Wheatcroft!!.

I'. B. PIDDUCK.
Corpus Christi College, Oxford.
Aug. 16th, 1941.
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Noise in Receiving Aerials
To the Editor, *“ The Wireless Engineer "’

Sir,—It appears to be becoming customary to
describe the external noise-level at a receiving site
in terms of the ‘ equivalent temperature of the
radiation resistance ”’ of an aerial situated at that
point. The chief advantage is that the figure so
obtained would appear to be independent of band-
width of the receiver, which would not be true if
the noise were expressed in pV/m.

But the whole value of this mode of expression is
vitiated by the fact that in noisy sites the noise
received by the aerial probably has not the
characteristics of thermal noise. The definition of
‘“ fluctuation noise ”’ is that it is the resultant of
numerous components in random phase, and in
consequence its mean squared voltage varies as the
band-width and its peak voltage approximately as
the square root of the band-width. Impulsive
noise, on the other hand, consists of a series of
separate impulses of more or less steep wave-front,
and provided the pulse duration is short compared
with the time-constant of the receiver, the peak
voltage is linearly proportional to the band-width.
These differences in characteristics are important in
three ways :—

(1) For a given r.m.s. energy (to which the
equivalent temperature corresponds) the acoustic
annoyance of impulsive noise is greater than that of
thermal noise.

(2) Various limiting circuits are fairly effective
on impulsive noise, but not on thermal noise.

(3) In communication by frequency-modulation
there is a very marked difference in the response
to impulsive noise and to fluctuation noise, particu-
larly in relation to very weak signals and the
threshold of improvement of signal noise ratio.

In view of the importance of impulsive noise
(most ‘* man-made-static ' is of this type) and the
marked difference of its characteristics from those
of thermal noise, it would be preferable to define
aerial noise-level in terms of peak pV/m. in a given
band-width, with a statement of the proportion of
impulsive noise if this is known.

London, N.z21.

3oth August, 1941.

D. A. BELL.
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Coupling Circuits as Band Pass Filters—Part I1.*
By E. K. Sandeman

(Continued from page 367 of September issue)

The Capacity Tap Coupling Circuit
HIS circuit 1s shown in Fig. 1. It will
be recognised as a circuit in common
use for coupling the anode of a valve
to its load.

The derivation of the formulae for the
design of this circuit as a band pass filter is
instructive because it applies the general

method of solution of

] O ; dissymmetrical  filter
al I sections, that is flter
R LBr A=c, r,$ structures which possess

a non-symmetrical ar-
rangement of their ele-
ments so that the input
and output image im-
pedances are unequal. I am indebted to
Group Captain W. P. Wilson for introducing
me to this simple line of approach.

1 2
Tig. 1.

Conventions
Z, — image impedance at terminals 1, 1,
Fig. 1
Z, image impedance at terminals 2, 2,
Fig. 1
SC, = short circuit impedance looking into
terminals 1, 1 (i.e. with terminals

2, 2 shorted)

- short circuit impedance looking into

terminals 2, 2

OC, = open circuit impedance looking into
terminals 1, 1
OC, = open circuit impedance looking into
terminals 2, 2
P — propagation constant of the structure
R, and I, — values of Z, and Z, at geometric
mid-band {requency.

Iet o, B and y be respectively the im-
pedance of the elements C,, C,, and L.

The relations derived immediately below
are not all essential to the present solution,
but certain of these have been given on
account of their intrinsic interest.

— 7t Y
SCI—thdnhP—y+a (D)
0C, — 7, coth P (j_;f);, @)
SC, = Z, tanhP-—a i (3)

0C, = Z,coth P = B(a;—_ﬁf_); 4)
Hence
. Yo (a4 B)
Sy ey R )
_ afy )
il ey Ty R ©
tanh? P = wlx + B +y) (7
@+ By +a ’
Z, «+ B
Z_{_';'wra ®)
. aBy
2l = g o )
. p I
e I — tanh® P
:(_0t+}52)(/ y o) )

Equations (1) to (10) are quite general for
all 7 structures. For the structure shown
in Fig. 1 the following substitutions are now
made :

_ % __J _ =

St w (x1)

Note that « (—Zl (r1a)
7 _ ma

B_ Cojor Cow (r2)

Note that ma - % (12a)
2

y = Ljw = cw (13)

Note that ¢ = jL (r3a)

Then equations (5), (6) and (8) become

2
a2

s — (m + 1)

S

Cw~§)(m+1)“6w = % \
] *m + 1)

(cw? —a ~m+_1)(0w2~a) a

a%cw

15a)

* MS. accepted by the [iditor, June, 1941.
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— m?a® a a
S A L b
o =
—[Cw—g(m+I):](m+I)u—
. w w
ma®
B ot (6a)
[cw? —a-m + 1](m + 1)
a
Zy Cw‘_;(mjLI)_c(quI)wz
Z, —ma a  micw® — a)
w e

(8a)

The cut-off frequencies of this structure
exist at the frequencies where Z, and Z,
are respectively o, 0; 0, ®©; oo, 0; or
o, 0. Inspection of equations 5a and 6a

shows that the cut-off frequencies f; ::)—‘

7
Wa
and fy = o

frequency, are defined by

where f, is the lower cut-off

a
w12=—

c (14)

wf:9m+n (15)

w, is the upper cut-off frequency because
m-+ 1> 1.

Note also that
(16)

Determination of the value of L.

Eliminate a and m between 5a, 14 and 15,

w?w w2t
(‘“2 - ‘U22) (‘“2* ‘“12)

Zp=

Putting ¢ = jL and w? = wyw,

P w,Bw 3L
! (‘“22 - wl‘“z)(‘”ﬂ”z o= ‘“12)
w12w22L2

(wy _‘”1)2

Determanation of C, and C,

Eliminate # and ¢ between 5a, 14 and 15.
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a%w? @y
2P = 2 -
(@* — W) (e — w,?
Putting a = é— and w? = wyw,
1
0123‘ I
R — — w, C?
(wyws — ‘“221(‘“1‘“2 - ‘“12)
wzz' I
_wrcy
(wy— ‘“1)2
Je
= —4— v .. {18)

. 2m(fy _fl)R:
From 11 and 12
C, =mC,, and from 16

e R R
i f12 - flz
fa
c._ Cy i S ) .\
2 om 27(fo— fORy (o2 — fi9)
_ b
27T(f1 +f2)(f2 _f1)2R1
(19)
I'rom 8a, 14 and 15, putting w? = w,w,,
o2
& B w—; LW Wy
R,
: (ané — 1) (wywy —wy?)
- w23 = /23
(w22—w12)(‘“2_‘”1) (f1‘+ fz)(fz—fﬂ‘z

(20)
From (19) and (20) an alternative solution
for C, can be found in terms of R,.

h
C _ /2 — /1
® 2nfoR,  2nf,R,.. (19a)
Summary.
a— (/2 _flﬁ C - /2
2mfyfs Y ooeafi(fs — fOR,
O
R, (fit+/fa(fe—/1)?
C, Sife N

“zn(i+ e — )Ry 27f°R,
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The Inductance Tap Circuit
The circuit is shown in Fig. 2, there being

no mutual inductance

! La ; between L, and L,.
o Equations 1-10 are
R oxy JElo R:3 still applicable, but in

i Fig. 2
Fig. 2. %= Ljow = ““’(ZI)
Note that a = jL, (21a)
B=Lyjw =maw .. e - (22)
Note that ma =L, .. (22a)
] c

e L -
Note that ¢ = —é—, (23a)

Substituting these in equations 5, 6, and 8

2
=i aw(aw -+ maw)
w

2t — p
(awItm — &) (aw — )
w w
_ w?ca®(1 -+ m) (25)
(a?w?1 + m —c)(aw? — ¢)
a3w3m2(aw — C— )
2= = (26)
(awT + m — 2)(aw -+ maw)
Z, _ ca(r - m) . (@)

Z, ma(c — dw?

Cul-off frequencies : f, and f, corresponding

10 w, and w,.

These occur when Z, and Z, are o, o}

0, 00 ; 0,00 ; Of 00, 0.
a
Hence awy, —— =0
w3
¢
2
we* = — - . A 28
2= (28)

c

and aw, (1 + m) = —
e _* ¢
I+m a

Comparison of 28 and 29 shows w, > w;
since m is positive, and also that

(29)

wy
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w22
—2:m+1
Wy

(30)

Determination of L,.

Eliminate ¢ and m between 25, 28, and 30.

2

w
watw,? 22
@,

Z2—

2
(awzw—2 — aw,?)(aw? — aw,?)
"-’12 2 2

o w2(l2w22
(0 — ) (@ — wy®)

Now put w? = w,w, so that Z, = R,.

(31)

2, 4
Then R 2 = s bl
< (w1wp — 0 N w0y — wy?)
= adtwy!
(wz = w1)2
Buta =7L,
L 2wt
3 R 2 i a 2
! (wy — w,)?
Hence L, = — 1R
(f2 277/{12) 1 (32)

Determination of L,

From 21a and 22a, L, = mL, and from
2

30, m = Z—zz — 1
Hence !
B U2 AU —fR
L (f12 0 La 2mf 2,

(33)

Determanation of C.
Eliminate ¢ and m between 25, 28, and 30.

2 2
2.2 & W2
wic?—, 3
72__ Wo Wy
L= e w2 c
e 2 2 __
(— w 5 — 0 (5w c}
Wy w, w,

and putting w = w,w,

R.2— w1w202 _ — 2
. (‘“1‘“2_‘“12) (“’1‘“2_‘“22) (“’2_“’1)2
(34)
_J
But ¢ = c

——
C¥wy — “’1)2

R2—
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I

C=—_~ . ..
27 (fe — 1Ry 33)
Impedance Ratio : R,
R,
Eliminating ¢ and m between 27, 28 and 30.
2
242 Y2
21 woe a w12
=
Ze (w—2 — I)a{wy21 — aw?)
wy
Putting w? = w,w,
R, _ S
Ry (wp? — w)?) (ws? — wyw,y)
/2 5 .. (36)
(v + ) fe — f2)?

Alternative expression for L,.

Substituting the value of R,, obtained
from 36, in 33:
o =01 J2°R,
. 2mf*f, (f2 = fA(f = f1)
_ [:R,
27rf12
Summary.
1, Ve 1R
271'f2
f& —fl ) f2 —fl)Rlz f2R2
2mf2f 5 2mf?
I
~2n(f, — )R,
R, . f?

R, (h+f(fi=f)

The Single Parallel Tuned Mutual Coupling

The circuit is shown in Fig. 3(a), and one
equivalent circuit, obtained by replacing the
mutual coupling by its equivalent circuit
is shown at 3(b). (The equivalent circuit
for the mutual coupling could have been
drawn as in Fig. 3(c), in which case a solution
appears in terms of a Shea Type 111, half-
filter section. Neither this solution nor
the one shown here is to be preferred on
grounds of simplicity).

In 3(b), the circuit of 3(a) has been re-
placed by an inductance tap circuit plus an
ideal transformer: the solution of the
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inductance tap circuit appears in the pre-
ceding summary.

From this solution, and inspection of
Fig. 3(b) it is evident that

H~Wﬂd=Ld=%:§Rp G7)
sk
R2L (= L;) = o -R .. (38)
1 b 277_/1 L2 2 3
(Since the impedance facing the shunt
. . k2L
inductance is h—sz Ex L21 R,)
Je
Jog = waz 43 S (39)
From 37 and 38
I o f2 . 27rf2 L R
I—R zafi fo—f, L.R,
Ry f5°
= - (1 — k2 10
RL -7 CTH W
G-k, MigE
(a) (v)
1 2
Fig. 3.
1 T L0

Also from the formula for the impedance
ratio in the inductance tap case:
7R, _ _vaLz _fz

kR, - Rok*L, + [ (fa—

fl)

(41)
From 40 and 41

1— kR k2
e —f) (h+ R0 = )¢
Rfi? = (@ — B — f?)
k2f22:f22 _f12
AR /7
Substituting 42 in 41
R.L, S22 — O f° __ /e

" ReLy TR KT s =T T,
C

(42)
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. _f2—f1.R1
B A
:iz_—fl_&._ f%
fa R, anf?™*
_Sfe—hp
- L o (43)
Summary.
fo—f /;
L= 27-1'f21R1 Lz:Z_”';?RZ
I
k= VI—fif# C=m—prp
R1 k2f23

2‘ i (1 +f 2)(fa — f1)?

(The formula for C has not been derived,
but is evidently the same as in the inductance
tap circuit).

The Tapped Inductance Circuit

This is shown in Fig. 4(a). The inductance
is tapped at a point such that the fraction
of the total inductance L between the tap
and the lower end of the inductance is nlL,
the remainder of the inductance is »L.

_n_

{E}{E}@

10E A
‘rnANsronm Er

(b)

Fig. 4—1In (b) m = v (1 — k¥ ; k = coupling
factor between vL and nL in (a).

The ecquivalent circuit obtained by re-
placing the tapped inductance by its equiva-
lent network is shown in Fig. 4(b). The
derivation of this equivalent network is
given later.

The circuit of Fig. 4(b) consists of an
inductance tap circuit plus an ideal trans-
former such that the inductance tap circuit

_mR2

where m = (1 — %% and % is the coupling
between the two parts of the inductance
L in Fig. 4(a) lying respectively each side
of the tapping point.

Referring to the summary of the solution
for the inductance tap circuit it is evidently

. I
works between impedance R, and
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possible to write

mlL = L, = 2 f 2f1
L=R, [s—N i
g (44)
Also
I I—m
(1 —mL=L,= o i R,
_Rz. fz
L_W ek .13 .. (45)
From equation 36, and inspection of
Rl_ I f23
Ry, 1—-m (fi +f2)(f> —f?
(1 — m) 2 R,,
- e 6
R S AT AT o)
From 44 and 45
7 = Ryfy 27fy® 12’ mR,
27Tf1 fz f1 f1(f2 S Ry
(47)

From 46 and 47

Il Ry S Ry
Ahtffe—f)F R [ —f) R
. I —m m jl
3 R e 8
TR TR W
Determination of n
From 47 and 48
f2 R2
"= 5L - .
=R 'R L2
Determination of L
From 48 'md 44
S - <
0= 7Tf (30\
Determination of r
fi?
m=7r(1 — k?) = 4
e
- -
(HE= T BT e .. (51)

In the derivation of the equivalent circuit
for the tapped inductance given below, it is
shown that
I —n —7)?

k? _{ i (see equation 68).
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Substituting this in 51, and solving for »
it can be shown that

r—I—f—nj:Z\/ (I—fﬁ) (52)

The negative signs of the roots apply when
k is positive and the positive signs when &
is negative.

Substituting in 51 the value of # from 49

. i fz _R2
TITTR-AR
o TETR R
:fz\/}{iﬁ . ffz"ﬁi
f2 R2 .i[l _l_f2 R2
‘I+A—¢;Eiﬂ\/ fo Ry
(52)

Determination of C.

This is evidently the same as in the in-
ductance tap circuit, i.e.

€=l =TiF:

Summary.
r=hifR o-prta
e L
"I+AfAR

The mnegative sign of the root applies
when /% is positive and vice versa.

Ja= f1
A=l

[ \/f1+f R]

My thanks are due to Mr. D. Maurice and
Mr. P. Nirodi for working out the detailed
algebra of the last solution and for plotting
the design curves.

Equivalent Circuit for Auto-transformer
or Tapped Inductance

The circuit is shown in Fig. s5(a), and it
will be shown that it is equivalent to the
circuit in Fig. 5(b).
where D = r(x — k3L,
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F =11 4 r(k?
n
I —m

—1nlL

and 12 =

where m = r(1 — £?)

Open and short civcuit tmpedances.
Let OC, and OC, be the open circuit

impedances respectively looking into 1,
1 1 D 1:t°
rL 2
& z, F r
3 :
! 2 ) TRansroRmen 2

(e) (b)

Fig. 5—t = turns vatio of ideal transformsr.

I and 2, 2; and let SC, and SC, be the
correspondmg short circuit impedances.

Then OC, = Ljw and OC, = nljw

Determanation of SC,.

’

Withanem.f.“ ¢ applied at 1, 1, let ¢, be
the current entering terminals 1, 1, and 1y the
current flowing through 2, 2, the senses
being in accordance with the equations :

e = rLjwt, — Mjwi, (53)
0 = Mjwi, — nLjwi, (54)
I'rom 54
. M .
=T (55)
From 353 and 54
M2 Rny
SCI—— = jw(rL — —L)=]wL(r— = )
== ]er(I — k?) (56)

Determanation of SC,.

Choose convention such that i, and iy
enter at 2, 2, 1; flowing through »L and i,
through »L.

Then ¢ = vLjwi;, — Mjwi,

= nljwi, — Mjwi, .. (57)
nlL + M .
1’1 7’L + 1[ 2 (58)
. . nl + M.
= (I +m)iz
~vL +nl + 2M . L
) rL + M Py L+ M2
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vrL + M .
L v A
L+ ul +2M V5 .
T wl 4+ M nL+M
rL + M
Iy =——F

(i1 4 42)

and £, =

("1+")

= jw(rnL -4 vM — rM — M?)
= jw(rnL —k2rnlL)
= JarnL(1—k?)

By inspection, from Figs. 5(a) and 5(b).

(59)

0C, =D+ F = Ljw .. (60)
SC, =D =171 —k)Ljw .. (61)
0C, = 1?F = nljuw (62)
SC, = ¢2 ﬁD_{_LF = mmLjw(l — k%) (63)
From 61
D =71 —kF)Ljw =mLjw say, (64)
where m = 7(1 — &?
From 60 and 64
F=(1—m)jLe (65)
From 62 and 65
nLljw ”n
pp=tl 2 (66)

Relation between v, n and k.

Since in two series connected coupled
inductances, L, and L,, with mutual M
between them, the total series inductance

L=L,+L,+2M
In Fig. 5(a) Ly=#%nL, Ly,=7vL and M
=kVIL,L, = kVaLrL = kLV nr,
Hence L =unl + vL £ 2kLV 1y

I~=n-—vy
b=+ 6
:i: 2\/721’ ( 7)
—_ — 2
md  p=E=nm (68)

October, 1941

Design Charts
Single Parallel Tuncd Mutual Coupling.

The design chart for this is given in Fig. 6
and its method of use is the same as that of
the charts for the double parallel tuned and

Lya Ly mvuH CinpuF

2(f2- )
foe fy

PERCENTAGE BAND WIDTH =

Fig. 6.— Mutual coupling civcuit. Single
parallel tuned. k, C, L, and L, against per cent.
band width for R, — R, — 10,000 2 and

f= 1+ fa) = 10° ¢fs. k '\/I filfe s
I fo—fu
C=—noe ; Ly = . ;
2a(f, — fLIR ! 27"f12 !
Lye= 2?12.
series parallel tuned circuits previously

discussed (see Wireless Engineer, September,
1941.)
Capacitance Tap and Inductance Tap Circuits.

The design charts for these are given in
Figs. 7 and 8. In these filters the im-
pedance ratio and band width are inter-
dependent, so that if the impedance ratio
is chosen, the percentage band width is
fixed by the curve given for the relation
between R;/R, and percentage band width.

The other curves give the values of the
filter elements plotted against percentage

band width for a structure having a value of

= }{f1 + f2) = 10° cfs. and designed to
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work from one impedance of 10,000 ohms
connected on the same side as the inductance
in the case of the capacitance tap circuit
(Fig. 7), and on the same side as the capaci-
tance in the case of the inductance tap circuit
(Fig. 8). The second impedance, facing the
other side of the coupling is then determined
by the impedance ratio of the coupling.

LExample :

(1) Given impedance ratio 5,000 : 100 then

%:50 and from curve between R,/R,

arfd band width, the band width = 11
per cent.

(2) Given
f2 - 527r500'
Percentage band width

2(f; — f))

R, = 35,000, f; = 472,500,

= I00 F = II per cent.
f2 -i-— fl
100000110, i e ) A = 000
R L C‘J- [[
1 Cz Rz 7
//
\ 7/
9,
N 9/
10,000| 1,000 N " . oo
N [>F W 4
s / 7 -
& w &
§ <
ug' 5, & 7 o
z ||| 18 SN A1 w
P STTE, | S A/ i
N i | \ / | z
g 3 z
g8 @ | Cq 15
- oY | \Né
1,000 100 b 10
v
ITL Q"ﬂ u
.. _3 - o | N
L] y AR _ ﬁ [
§ & i &l
> & 1T
&l {l i | \\
H__%w & ].[ I«
9 ~
_,4_/“:‘,* I! g |
v }
100 - l - 10
100 10 1
PERCENTAGE BAND WIDTH — M 100
fo+f,

YFig. 7.—Capacity tap coupling civcutt. R,/R,,
L, Cy and C, against per cent. band width for
R, = 10,000 Q and f= (f, + f.) = 10° ¢/s

P fa? e — OB,
B Ay AT Ay AL T A
(= = Se = Nl )

Yooanfi(fo—fORT TR 2n(fiHf)(fe—S )R,
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10,/ 100
g /
= v y 4l e 1o
i 20—
= Neai 7 -
N SmAvAN N &
% ¥
: ANl ‘ §
Z TAL v
E> N )
] H1& fon 4 D T
P@\ “Q~ \\i o % L
I ‘!‘ov 1:7 z
1 e / ( Z -
z L N \ -
F ' i N
J L X ™ e 3'°
g T \ = D Wt
I Y N S
Y v AY N =
pd \ H \
| : . | Nl _l‘
%
)2 HERAJIL N
A | v (N [T
<Rl
ot
U l G N
| i
1 ho
100 10 10
2(fy-f.)
PERCENTAGE BAND WIDTH 100 = ———— 100

farfa
Fig. 8.—Inductance tap coupling circuit without
mutual. R,/R, C, L, and L, against per cent.
band width for R, = 10,000 R, and

f=4fi+f,) = 109¢)s.
B 7 .
BBy = G A (7 =T

I

(fo— IR,
s — fOR
L =,
= (fzz—flg)(f‘.’ _fl)Rl - &
! 2mf 3 y? 2mf,?

From curve between R,/R, and band
width

Ry,
R, 77

It will be clear that the above two ex-
amples specify the same network in different
ways. The remainder of the design is then
the same for both specifications. It may be
noted also that since the R,/R, curve is the
same for both capacitance tap and inductance
tap circuits, the design may now proceed
in terms of either.

Capacitance tap (Fig. 7).
From chart ; corresponding to 1T per cent.
band width.
L = 180 uH.
o = 660 pul.

,000
HCHCe R2 = 5—? = I00.
J

C, = 160 puF.
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Transformation for impedance.
Multiply the capacitance and divide the

. 10,000 10,000
mductances by =
R, 5,000
Transformation for frequency.
10° 10°

Multiply all eleme ==
ultiply all elements by 7 300,000

Inductance tap (Fig. 8).
C=145 upF. L, =150 uH. L, = 38.5 uH

Transform for impedance and {frequency
as above.

Tapped Inductance Circiut.

Two design charts are required for this
circuit and are shown in Figs. g and 10.
Fig. g shows values of L, C and =, plotted

104

T 1D 0 T %000

l'
| L]
X
E
Py
5
&

\ T
HA-A A L
Lo |
N IS —4100
HHH + Hi1 ‘f_7é
R AR - s
: 7
= M
N 1 A A :
3 } i \ /:u » _
g | M A
© y/>< '
pums 77 N ©
2 % b,
27 |
‘ 9/ I N
| / | | . \\
248 |
il IR
.n!!ll Jlli]ll 1o
100 10 e
PERCENTAGE BAND WIDTH = zif:z'f:) 09

Fig. 9.—Inductance tap coupling civcuit with
mutual. L, C and n againsi pev cent. band
width for R, = R, — 10,000 2 and

f=30f1+1)

:f’ fi B o
=" B = R
/

.R2
R,

= 10%¢/s.

—h

against band widtli for a filter structure
having a value of f = }(f, + f,) = 108 ¢/s.
and designed to work between impedances
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R, = R, = 10,000 ohims. 1 is the fraction
of L observed between terminals 2z and 3
with terminal 1 open circuited, (see circuit
on Fig. g). f, and f, are the cut-off fre-
quencies,

500

350}
300)

77
27/

:
I
|

100
80|

v - s

P

g
va

/,"‘
4
f
/4
T
/A
H 7
y/a
7
i/

1l

L

R, [R,
I

“

A

!
7

z;’}( @48

\e74
/'/ Ay
1 /‘1

1
X
X

L

r
Wi

1 =
T

- ~
e » &

oc

2fo-f4)
a1 00

PERCENTAGE BAND WIDTH =
fo+f,

Fig. 10.—Inductance tap coupling civcuit with
mutual.  v/n against per cent. band width for
various values of R\|R,.

-f1
= == I+ 2
¥/n I+ 7 Rl: \/
I —n—7

k== =
2\/;17

Tig. 10 shows values of ﬁr plotted against

r1+fa ]

R .
band width for various values of =1, r is the

2
fraction of inductance L observed between
terminals 1 and 2 and 3 open circuited:
(see circuit on Fig. ).

By means of these charts it is possible to
design rapidly filters operating between any
impedances, and for any band width for
which the required value of coupling is
realisable.

Example :

To design an inductance tap circuit to
pass the frequency range 400-6o0 kc/s. and
to work from 35,0008 to 10082 :

Make the higher impedance = R; and
the lower impedance = R,, i.e,, R, = 5,000,
R, = 10082.
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Then per cent. band width

= 2(fa — f1) 2 X 200
= IO0O0 fl——f—.};— = I00 —I,OT
f= 41 + f) = 500 kejs.
From Fig. g, corresponding to a band width
of 40 per cent. : L = 1,000 pH. C = 40 puF.

Transforming for frequency :

=40 %

from f = 1,000 ke/s. to f = 500 kcfs.
L = 2,000 pH. C = 8o puF.
Transforming for impedance :
from R, = 10,000 to R, = 5,000
L = 1,000 pH. C = 160 puF.
These ave the final values of L and C.
Again from Fig. 9, corresponding to 40
per cent. band width, » for case where

R, =R, is 3.1; hence for case where
R, 100
R, 5,000’

100
n =3I X —— = 0.002,
5,000

so that
nl = 0.062 X 1,000 = 62 pH.

From Fig. 10, corresponding to case where
R, 5000 _

R, 100 50

and 40 per cent. band width,;’; = 12

whence » = 121 = 0.744 and rL = 744 pH.

The coupling factor % between the two
inductances is then given by

I—n—7 I—0.002—0744

ki= == —_———
= 2Vnr 2v/0.062 X 0.7.44
0.194
= ——=o.
0.43 _iS

1f % is found to be too large to be realised
in practice, then either the band width or
the impedance ratio must be reduced. This
applies equally whether the value of £
calculated by the above method 1s found to be
less than unity or (absurdly) greater than
unity, as may happen.
(To be continued).

Errata to Part L.

In the summary of equations for the Series Parallel Tuned
Mutual Coupling on page 363 the equation for & should read

=5 should read

(¢——-,_¢ e 1}" 18, on page 360,
¢—1

Equation

TVE—e 1
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Two E.R.A. Reports

The High Frequency Properties of Various Forms
of Wire Specimens. Report M/T6g9. By G. G.
Sutton, B.Sc. Pp. 32. Price 6s.

This is an account of some skin-effect measure-
ments on fine iron wires (20 to 40 S.W.G.) at very
high frequencies (20 to 400 Mc/s) by two different
methods. In the first method the wire was under
tension and its increase of length due to the heating
was measured with a microscope; in the second
the wire was enclosed in the bulb of an air-thermo-
meter. In each case a calibrated Eureka wire was
used as a comparison standard. The skin-effect
in iron depends on the permeability and this varies
in a most complicated way with the current, tem-
perature and frequency, falling off very rapidly
at very high frequencies. The high-frequency
resistance does not lend itself therefore to accurate
calculation and measurements at 1oo Mc/s bristle
with difficulties. The results obtained indicated
an effective permeability of about 60 at 2o Mc/s
falling to less than 10 at 250 Mc/s.

Tests were made to find the effect of applying
a steady longitudinal magnetic field. It was
found that the high-frequency resistances fell with
increasing field strength, indicating a reduced
effective permeability.

The apparatus is stated to be ‘“ shown in the
photograph,” but the photograph does not appear.
For high frequencies such as were employed, the
skin - effect formula should be o0.25 + (¥/24/2);
Arnold used 0.26 instead of 0.25 in order to extend
the formula to lower frequencies without a large
error. It is stated that potentiometers were used
in the arms of a bridge, which sounds rather for-
midable, but the diagram shows merely that
variable resistances were used of a type sometimes
employed in potentiometers. In Fig. 4 the ordi-
nates are stated to represent contraction in Cmn™3,
whatever that may be. The reference to Iig. 14
on p. 8 is presumably intended for Fig. 12. On
p. 18 there is a reference to the arc impedance of
mumetal but no explanation of the term is given.
Much of the work was anticipated by Mohring in
the Hochf :tech. u. Elek : akus. of June 1939. The
report takes us very little, if any, further.

Radio Interference from Thermostats in Refrigera-
tors and Irons. Report M/T67. By S. F. Pearce
and S. Whitehead. Pp. 23. Price 4s.

British Standard Specifications set limits to the
amount of radio interference that is permissible
from the thermostats in refrigerators and irons.
The report deals with a statistical survey of the
loudness of the clicks produced both on make and
on break. If a large number of observations are
made it is found that the loudness readings are
dispersed over a considerable range. Four refrig-
erators and one iron were tested. The order of the
standard deviation was found to be from 3 to

-9 db. The distribution approximated closely to

the normal Gaussian—the authors spell it Guassian-
type. Various methods of applying the limits of
B.S. No. 800 are considered. G. W. 0. H.
Both of these reports are obtainable from the
British Electrical and Allied Industries Research
Association, 15, Savoy Street, London, W.C.2.
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Wireless Patents
A Summary of Recently Accepted Specifications

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

AERIALS AND AERIAL SYSTEMS

535 396.—Multi-aerial arrangement and method of
feeding it with phase-displaced currents to ensure
that the power radiated is at all times equal to the
average power.
G. Longo. Convention date (France) 11th Octobe,
1938.
535-425.—Aerial in which a column of mercury
provides a convenient method of varying the
effective length for tuning purposes.
A. C. Ducati. Convention dates
October, 1938 and 30th August, 1939.

535 707.—Short-wave aerial comprising a plurality
of in-phase dipoles coaxially arranged.

Mayconi’s W.T. Co. (assignees of N. E. Linden-
blad). Convention date (U.S.A.), 15¢th October, 1938.
536 259.—Aerial and counterpoise arrangement for
giving a zero indication or  artificial horizon”
when located in a zone of vertically-polarised waves.

Marconi’s W.T. Co. and J. Stewart. Application
date 3vd November, 1939.

({taly) 15th

DIRECTIONAL WIRELESS

535 193.—Cam and link arrangement for automati-
cally correcting quadrantal errorin direction finding.

Marcont’s W.T. Co. and J. H. Moon. Applica-
tion date 12th Jamuary, 1940.

535 908.—Directional navigation indicator associ-
ated with ““reversed "’ detectors to show visually
the different strengths of the ‘‘ complementary ”
signals in an overlapping beam system.

Standard Telephones and Cables; C. W. Earp ;
and G. I. A. Bywaters. Application date 24th
October, 1939.

536 178.—Direction-finding system or radio compass
in which the pick-up currents from two crossed
aerials are first separately modulated before being
fed to the indicator.

Standard Telephones and Cables ; C.
and R. V. Colgs.
1939.

536 377.—Direction - finding system in which a
rotating radio beam is used to give visible indica-
tions by time-modulated pulses on a C.R. tube.

Standard Telephones and Cables; W. A. Beatty ;
and P. K. Chattevjea. Application date 10th
November, 1930.

W. Earp ;
Application date 3rd November,

RECEIVING CIRCUITS AND APPARATUS

535 672.—Method of applying automatic volume
control to a “ differential *’ receiver, i.e., one which
indicates relative changes in strength of signals
originating from separate points.

Marconi’'s W.T. Co. (assignees of R. A. Braden).
Convention date (U.S.A.) 30th December, 1938.

535 904.—Arrangement for indicating accurate
tuning, in a set fitted with A.V.C., by the cessation
of a slight mechanical vibration imparted auto-
matically to the control knob.

Standard Telephones and Cables and C. N. Smyth.
Application date 24th October, 1939.

535 907.~—~Automatic gain control system in which
a resistance, variable with temperature, is used to
regulate negative feed-back.

Standard Telephones and Cables and D. H. Black.
Application date 24th October, 1939.
535 952.—Aerial-coupling circuit with a double
resonance characteristic for eliminating the image
frequency in a superhet.

Johnson Laboratories Inc. (assignees of D. V.
Sinninger). Convention date (U.S.A.) 19th January,
1939.

TRANSMITTING CIRCUITS AND APPARATUS

536 351.—Means for deriving auxiliary signalling
currents on a carrier-wave system utilising at least
two stages of modulation.

Siemens Bros & Co. and M. Reed. Application
date 23vd February, 1940.

536 454.—Means for automatically switching over
in the case of failure, from one amplifier to a stand-
by, by utilising the variable G.B. of a control valve.

Standard Telephones and Cables; B. B. Jacobsen ;
and R. A. Martin. Application date 14th November,
1939. ’
536 500.—Short-wave oscillation-generator in which
the effective back coupling is automatically varied,
to ensure stability, at different tuning frequencies.

Marconi’'s W.T. Co.; C. S. Cockerell; J. D.
Brailsford ; and M. H. Cufflin. Application date
23rd February, 1940.

CONSTRUCTION OF ELECTRONIC-DISCHARGE
DEVICES

534 946.—Electron - discharge tube in which a
steady magnetic field is used to control the har-
monic modulation of the output.

Standard Telephones and Cables
I. G. Wilson). Convention date
Novembey, 1938.

535 ooz.—LI'requency changer of the type in which
energy is taken from a beam of electrons by in-
duction instead of by impact against an output
electrode.

Marcont’s W.T. Co. and G. B. Banks.
tion date 30th January, 1940.
535 277.—Arrangement of the lead-in connections
to the electrode of a valve for minimising inter-
capacity effects and to facilitate screening.

G. H. Taylor. Application date 8th February,
1940.

(assignees of
(U.S.4) 16th

Applica-
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PROPAGATION OF WAVES assumptions, is no longer quantitatively correct at

2620. A REFLECTION METHOD oOF MEAsURING Such short wavelengths * cannot be decided by

OpTicaL AND ELEcCTRICAL CONSTANTS AT
Urtra-HiGH Rapio FREQUENCIES [using a
Straight Vertical Aerial wvariable in Milli-
metre Steps up to Several Wavelengths :
Measurements on Various Soils, with
73.7cm Wave : Effect of Moisture : Com-
parison with McPetrie’s Values (16 of 1935)].

—L. S. Palmer & G. R. Forrester. (Proc.
Phys. Soc., 1st July 1941, Vol 53, Part 4,
PP- 479-489.)

Based on the work dealt with in 4340 of 1038
and back reference. ‘It is believed that the values
of the phase change ¢ were measured to within 1%
and that the amplitude reduction factor p was
measured to within 3%.”

2621. INVESTIGATIONS ON THE ABSORPTION AND
RAv-CoNCENTRATION OF [Ultra-] SHORT
ELECTROMAGNETIC WAVES IN ELECTROLYTES
AND BiorogicaL Tissugs, As A BasIs FOR a
MEDICAL APPLICATION OF THE RADIATION
FIELD. — J. Patzold. (Wiss. Verdff. a. d.
Siemens-Werken, 14th March 1940, Vol. 19,
No. 2, pp. 1-31.)

The paper referred to in 2580 of September.
Application of the Drude and Debye theories to the
problem of the calculation of the energy absorption
due to ionic conductivity of the electrolyte and to
the dipole structure of the water molecule. Pre-
liminary experiments: absorption measurements
on (air) wavelengths of 430 and 58cm: on the
latter wavelength the measured values of the
‘“ half-strength  layer of electrolyte are much
smaller than the calculated, which may be because
at the distances in question the energy drop occurs
according to a higher-power law than on the
430 cm wave, or because the reflector action is
less on the shorter wave on account of the stronger
dipole absorption of the water. Whether, in
addition, the Debye theory, with its simplifying

these tests.”

[nvestigations, with reflectors under water, on
the near zone of the radiating dipole : the poor
behaviour of reflectors designed on the lines of
““open air "’ reflectors used for the parallel beams
required in communications technique: improve-
ment on using much smaller types, with aper-
tures only of the order of a single wavelength
(e.¢. hemispherical and ** skull-cap " reflectors with
aperture diameters 3—40 cm, for air wavelengths
around 107 cm, corresponding to water wave-
lengths around 12cm: energy maximum about
5—7 cm in front of the aperture plane : no appreci-
able advantages given by elliptical shape) : experi-
ments with dipole embedded in hemispherical
reflector of Condensa N instead of in distilled water
—high gain but, on the 107 cm air wavelength, no
*“ focusing ”’ action, which however appeared on a
58 cm wave and would no doubt improve on still
shorter wavelengths, though these would be of little
practical use because of the higher absorption in the
clectrolyte or tissue. Finally, section 7 deals with
temperature-distribution measurements on bio-
logical ‘‘ phantoms ”’, using first the water-im-
mersed reflector and then the Condensa reflector,
on a 107 cm air wavelength.

Among many and various results arrived at by
these investigations are :—for the air wavelengths
25-430 cm the half-strength layers come out at
1-4 cm for substances similar to muscular tissue
and at considerably higher values for those repre-
senting fatty tissue, so that for the fat/muscle
layering important in therapy a good thermal
action on the muscle, without over-heating of the
fat, can be expected. The adverse, rather than
favourable, effect of adding a reflector dipole
indicates that it gives no true quasi-optical focusing
but merely an interference effect. The ceramic
reflector appears to have valuable properties. As
regards penetration in fat/muscle layers, a 1m
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wave is much better than a 25c¢m wave. On
the whole, results quite unobtainable with the
usual condenser-field or coil-field technique are
possible.

2622. THE PROPAGATIONAL CHARACTERISTICS OF
HicH-FREQUENCY WAVES AROUND 30 Mc/s
aNDp TueR AppricaTiONS.—K. Ohno &
S. Arima. (Rep. Rad. Res. in Japan,
Nov. 1940, Vol. 10 [only issue], pp. 47-63.)

Tokyo observations (1935/39) on reception of

24—43 Mc/s frequencies : propagation to & beyond

2500 km depends chiefly on F, layer: up to

2000 km, on F, layer but also on irregular or

stratified distribution in F, or E layer: useless-

ness of scattered propagation: useful 1000~

2000 km service {e.g. during Dellinger effect and

for time-modulated facsimile, thanks to com-

parative absence of multiple paths) given by

“ quasi-regular ' reflection (4284 of 1939) which,

unlike the regular reflection of the same waves, was

little affected by the variation of solar activity
during the period mentioned. These waves undergo
far less attenuation than ordinary short waves in
passing through the E layer, and do not undergo

strong attenuation on being reflected from the F,

layer until the max. usable frequency is approached :

properly used, thercfore, they can economise in

operating cost (2151 of 1940).

2623. PENETRATION OF THIN IONOSPHERIC LAYERS.
—A.C. Deb. (Indian Journ. of Phys.,
Dec. 1940, Vol. 14, Part 6, pp. 451- 457.)

Saha & Rai have adapted Gamow’s treatment of
the transparency of the potential barrier sur-
rounding an atomic nucleus to the problem of the
propagation of electromagnetic waves through an
ionospheric ‘‘ electron barrier ”, assuming, for their
numerical calculations, a linear gradient and an
isosceles-triangle outline of the barrier : they find
that ' the amount of energy transmitted falls to half
its value, for the assumed form of barrier and for a
gradient of electron density characteristic of the
F layer, if the half-breadth of the barrier is about
1.5 km " : for the reference here given see 2624,
below.

“ Recent observations show that, though the
complete form of the electron barrier may not have
any simple geometric form, the portion of it near the
max. electron density (which is determinative of
the penetration frequency) has the simple form
of a parabola. The transparency coefficient of a
potential barrier of this form has already been
calculated in quantum mechanics by the well-
known B.W.K. [Brillouin - Wentzel - I\ramers]
method, and in the present paper this method
has been adapted for determining the reflection
coefficients of ionospheric regions having distribu-
tion of electron density of similar form. . . . From
the curves in Fig. 2 it is seen that the reflection
coefficient is not zero [but o.5] for the so-called
critical frequency. For the two cases considered
it becomes so only when the frequency has been
increased above the critical value by about 50 and
30 times the square roots of the critical frequencies.
This shows that the reading of critical frequency
from the P’-f curve in the usual way, i.e. by
noting the frequency at which reflection from the
lonised region ceases, entails a certain percentage
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of error. A comparison of the two curves, for
H = 11.4km and for H = 50km, representing
the E and F regions respectively, shows that for a
region which is more diffuse a smaller percentage
departure from f, is needed for complete pene-
tration : in other words, for a diffuse region the
transition from complete reflection to complete
transmission is sharper.”

2624. PAPER ON THE PENETRATION OF THE IoNO-
SPHERE AT FREQUENCIES NEAR THE CRITICAL
FREQUENCY, TREATED BY WAVE OPTICS
[Adaptation of Gamow’s Treatment]. —
Saha & Rai. (Proc. Nat. Inst. Sci. India,
Vol. 3, 1937, p. 359 onwards.) Referred to
in 2623, above. For a later paper see 1754
of 1940.

ON THE DMECHANISM OF THE NITROGEN
ArTErRGLOW [Rejection of Cario-Kaplan
Theory: New Theory (Modification of
Triple-Collision Hypothesis)].—H. Hebb &
H. Sponer. (Phys. Review, 1st June 1941,
Vol. 59, No. 11, p. 925 : summary only.)

2625.

2626. EQUIVALENT THICKNESS OF THE ATMO-
SPHERIC NITROUS OXIDE [LAYER [presumably
at a High Level & of Photochemical Origin :
Lower Limit of 3 mm at NTP as Equivalent
Thickness).—A. Adel. (Phys. Review, 1st
June 1941, Vol. 59, No. 11, pp. 944-945:
summary only.)

. A GRATING MAP OF THE INFRA-RED SOLAR
SPECTRUM : 14 MU to 2 MU [Resolution of
Atmospheric Bands of Carbon Dioxide,
Ozone, Nitrous Oxide, & Water Vapour:
etc.].—A. Adel. (Phys. Review, 1st June
1941, Vol. 59, No. II1, p. 9i5: summary
only.)

Tue SorLArR Rap1aTioN CONSTANT AND THE
AcTIVE REGION ON THE SUN.—F. Sanford :
Abbot. (Science, 4th July 1941, Vol. 94,
p. 18)

Prompted by Abbot’'s paper (1827 of July).
‘“ The present writer undertook to find a relation
between the solar constant and the permanently
disturbed region on the sun several years ago, but
without success. The Jimits of this region seem to
be very sharply defined. However, Abbot’s results
seem to indicate that the intensity of solar radiation
may be related to the solar rotation period, but
that its variation occurs a few days before the
sunspot-disturbance region is facing the earth.”

2628.

2629. BIRTH DISTRIBUTION OF SUNSPoTs [Fre-
quency Curve of Observed Tirst Appear-
ances].—G. H. A. Archenhold. (Nature,
12th July 1941, Vol. 148, p. 57 : summary
only.)

2630. GEOMAGNETIC CHARACTER AND Cosmic-RAay
INTENSITY PPULSES: ADDITIONAL NOTE.—
J. W. Broxon: Forbush. (Phys. Review,
1st June 1941, Vol. 59, No. 11, p. 909.)
See 2062 of August : the writer inadvertently
omitted reference to Forbush’s paper (1608
of Jupe) “' in which he arrived at about the
same conclusions by a different method .
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2631. SUMMARIES OF DPaPERs oN Cosmic-Ray
RESEARCH, AMERICAN PHYSICAL SOCIETY
MEETING (SOUTH-EASTERN SECTION).—(Phys.
Review, 1st June 1941, Vol. 59, No. 11,
PP- 929-932.)

2632. A NEwW ALGEBRAIC METHOD FOR THE DETER-
MINATION OF  UNKNOWN PERIODS. —
K. Stumpff. (Geviands Beitrige zur Geo-
phvsik, No. 1, Vol. 57, 1940, pp. 1-19.)

Author’s summary :—"' In addition to other
methods for the analysis, into its elementary
periodic components, of a series of values which
constitutes a number of sine waves, there are the
so-called algebraic methods, which allow the
frequencies of the unknown periods to be derived
together from the roots of an algebraic equation.
These methods, although of great mathematical
elegance, have never made headway in practice
because—particularly in problems of this tvpe
occurring in geophysics—they are all too sensitive
to observational errors and other influences, which
cause deviations of the series from the assumed
mathematical form.

‘“The method here described, whicli is based on a
preliminary harmonic analysis of the series under
investigation, avoids these disadvantages as much as
possible and leads to useful results even when
those waves which are near a certain part of the
curve spectrum are taken as unknown and the other
waves present are neglected. The method solves,
also, the problem of how to determine directly,
without the use of the often extremely complicated
periodogram analysis (with its calculation of phase-
diagrams, etc.), the waves represented by a series
of obhservations from the course of the Fourier
coefficients of that series. The use of the method
is illustrated by the working out of several
examples ' : it is successful even when the
empirical series has strongly aperiodic components.
The basis of the method is the fact that in the
results of harmonic analysis, the Fourier coefficients,
there occur linear combinations of the observational
values in which the action of the periodic elements
of the curve are brought strongly to the fore, while
the aperiodic disturbances are suppressed. These
Fourier coefficients have, also, the property that
they are derived, whatever their order, in a com-
pletely homogeneous way from the whole of the
observational values. 1f, therefore, the algebraic
method of differences can be so modified that the
differences are replaced by the far more favourable
Fourier coefficients, the object is attained. This is
found to be possible on the condition that Fourier
coefficients of the series to be analysed are actually
present, at any rate in a limited region of the
spectrum.

2633. STUDY ON THE RESULTANT AMPLITUDE OF
MULTI-VIBRATIONS WHOSE DPHASES AND
AMPLITUDES ARE AT Ranpowm [for Statistical
Research on Fading : the Cases when Phase
is Constant & Amplitude varies, vice versa,
& when Both vary irregularly Simul-
taneously].—M. Nakagami. (Rep. IRad. Res.
in Japan, Nov. 1940, Vol. 10 [only issue},
Abstracts pp. 1-2.) For previous papers see
2883 of 1940.
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2634. THE AccUrRacY OF FIELD-STRENGTH MEA-
SUREMENTS [and a Vield-Strength Meter
& Its Calibration].—Veegens & van Zelts.
(See 2783.)

2635. A CONTRIBUTION ON THE REFRACTION OF
ELECTRIC WAVES AT THE EARTH'S SURFACE
[with Particular Reference to I’ropagation
from Below Ground to the Open Air, as in
Communication or Radio Prospecting from
Mines, ctc.].—R. M. Wundt. (Zeitschr. f.
tech. Phys., No. 12, Vol. 21, 1940, pp. 352~

357-

Author’s summary :— In the passage of plane
electric waves from the earth into the air, inhomo-
geneous plane waves emerge into the air, having
their planes of equal amplitude perpendicular to the
plane of incidence in the direction of propagation.
The attenuation transverse to the propagation
direction is caused by the differences in the paths
traversed in the first medium. The propagation
velocity and the penetration velocity [see section 2]
of the waves in the air can be greater or smaller
than the corresponding velocities in the earth.
Similarly the angle of refraction is greater or less
than the angle of incidence, and for every con-
ducting material there is an angle of incidence for
which the angle of refraction is of the same value.
The max. angle of refraction is always smaller
than 9o°, and reaches the value of 45° for very
large values of #z; [m, is a quantity selected as a
parameter for the curves given: it is equal to
6 X 10° X gA./e;, and values for it are given
in a table (p. 354) for the two extreme wavelengths
1o m and 20 ooo m and for values of ¢, of 5 and 8o
in the curves, a diclectric constant of 5 is chosen
as representing normal conditions, and for this
the value of m, is seen to range from 0.012 to 2400
according to the wavelength and the value of o,
(badly, highly, and very lmghly conducting soils)].

“ Total reflection does not occur. For the
limiting angle of total reflection there is a maximum,
dependent on m,, for the amount of the emerging
energy : at this maximum a considerable proportion
of the incident energy passes out into the air”
[this maximum les in the region w, = 107% te
m, = 1, and for vertical polarisation nearly attains
unity ; so that here, at the same angle of incidence
at which total reflection begins in an insulator,
almost the whole of the energy emerges into the air ;
while for horizontal polarisation the maximum
energy emerging is slightly less. The falling otf
as m, is decreased is proportional to y/my; as m,
is increased it is proportional to m,]. A fuller
treatment is to appear in Lorenz-Bevichie.

2636. ACOUSTIC REFRACTION AND TOTAL REFLEC-
TION : LEXPERIMENTS WITH GASES WITH
ConTINUOUS TRANSITION OF BOUNDARY
Lavers [Production of * Acoustic Head
Wave “ Transversely Damped Wave ”
as Cause of Total Retlection : Close Analogy
to Optics.]—0O. van Schmidt & A. Kling.
(Physik. Zeitschy., 1st/i5th Sept. 1940,
Vol. 41, No. 17/18, pp. 407-409.)

Further development of the work dealt with in

1368 of 1939.
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2637. I.LOYD’S SINGLE - MIRROR INTERFERENCE
FRINGES [Clearing-Up of Discrepancies, and
the Nature of the Interference System
produced by Reflection from an Optically
Less Dense Medium: Phase Change in
Region of # for Grazing Incidence : Possi-
bility of obtaining PPhotographic Evidence of
Change differing from #].—P. F. Titchmarsh.
(Proc. Phys. Soc., 1st July 1941, Vol. 53,
Part 4, pp. 391-402))

2638. MEASUREMENTS OF SOME OPTICAL PROPER-
TIES OF ATMOSPHERIC HAZE, and ANGULAR
DISTRIBUTION OF LIGHT SCATTERED IN
Liguips.—E. O. Hulburt: L. H. Dawson
& E. O. Hulburt. (Phys. Review, 1st June
1941, Vol. 59, No. 11, p. 914: p. 9I4:
summaries only.) )

2639. THE STABILISATION OF ELECTROMAGNETIC
WAVES ON A LINE WHICH HAS A SOURCE OF
CURRENT AT THE REcEIVING Exp.—V. L
Kovalenkov. (Automatics & Telemechanics
(in Russian], No. 5, 1940, pp. 67—76.)

The electromagnetic processes occurring on a
telegraph line when the key is operated at the
sending end are considered for the cases when
the receiving end has (a) a battery only (Fig. 1),
and (b} a battery and a relay in series (Fig. 6).
Formulae are derived for (a) to determine the
current and voltage distribution along the line,
and curves are plotted (Figs. 2—5) for the case of
a 5mm iron line 400 km long. Similar formulae
are derived for (b), and a curve is plotted (Fig. 8)
showing the building-up of the relay current when
the reflection of the waves from the receiving end,
subsequent to the first wave, can be neglected.

2640. THE INTERPRETATION OF AMPLITUDE AND
PHASE Di1sToRrTIONS IN TRANSMISSION LINES
BY THE EcHO SpECTRUM.—Someya. (See
2761.)

2641. CONDITIONS FOR MINIMUM ATTENUATION IN
CoaxiaL CaBLES AT HiGH FREQUENCIES, and
THE DISTORTIONS OF SIGNALS IN NON-
UN~1ForM CaBLES.-—Malatesta :  Zin. (See
2762 & 2763.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

- GEOELECTRIC CONSTITUTION OF THE SUBSOIL
AND PROTECTION AGAINST LIGHTINING [Sur-
vey, including Description of the Absroth
Lightning Research Area].—V. Fritsch.
(Naturwiss., 4th July 1941, Vol. 29, No. 27,
PP- 397-403.) For a long paper on the same
subject see Gerlands Beitrage zuv Geophysik,
No. 1, Vol. 57, 1940, pp. 65-108. Cf. also
2367 of September.

INFLUENCE OF AzIMUTHAL ERROR ON THE
BaLListic WIND IN THE ELECTRICAL TRACK-
ING OF RaDIosoNDEs.—Kihm & Singer.
(See 2732.)

A. OVERBECK'S PPAPERS ON THE GENERAL
CIRCULATION OF THE ATMOSPHERE and a
Sirplification & Further Development].—
H. Arakawa. (Gerlands Beitrige zur Geo-
physik, No. 1, Vol. 57, 1940, pp. 20-28.)

2643.

2644
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2645.

2646.

2647.

2648.

2649.

2650.

2651.

2652.

2653.

2654.
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Criticism oF H. R. NEUMANN'S WORK
" MEASUREMENTS OF THE AEROSOL OVER THE
NorTH SEA”: REPLY. —W. Findeisen :
H. R. Neumann. (Gerlands Beitrage zur
Geophysik, No. 1, Vol. 57, 1940, pp. 34-37.)
ON THE VARIATION WITH TIME axp HEIGHT
Of THE INTERCHANGE COEFFICIENT IN THE
COURSE OF THE DAY, IN THE GROUND-LAYER
ReGioN [Theory: Observations & Their
Analysis].—H. Lettau. (Gerlands DBeitrvage
zur Geophysik, No. 2, Vol. 57, 1941, pp.
171-192.)

PROPERTIES OF CIRCUITS

PRrROPERTIES OF AN Isotropic DIELECTRIC
IN THE ELEcTRIC FIELDS oF ULTrA-HIGH
FReEQUENCIES [ Bone Effect”’—Tendency
to flow More Densely through Centre :
Mathematical Analysis: Iffect on Losses :
Equivalent Admittance & Effective Im-
pedance].—H. Ataka. (Rep. Rad. Res. in
Japan, Nov. 1940, Vol. 10 [only issue],
Abstracts pp. 8-9.)

THE ELEcCTROSTATIC PROBLEMS OF Two
Eguar PararLrLer CircuLar PLATES [Re-
sultant Potential expressed as Series of
Integrals involving Bessel Functions, with
Tables of Constants: Capacity, & Forces
between the Plates, calculated & plotted].—
Y. Nomura. (Proc. Phys.-Math. Soc. Japan,
March 1941, Vol. 23, No. 3, pp. 1658-180:
in English.)

PAPERS oN THE MULTIVIBRATOR.—Vecchi-
acchi: Kobayasi. (See 2772 & 2773.)

“ ELEKTRISCHE KIPPSCHWINGUNGEN "’
laxation Oscillations : Book Review].—
H. Richter. (A4lta Frequenza, April 1941,
Vol. 10, No. 4, p. 256.)

[Re-

THE IMAGE-TERMINATION OF THE VECTORIAL
MuLTI-TERMINAL LINEAR MODULATION NET-
WoRrks : Parts I & II [Double-Sideband
Modulators & Demodulators, Linear In-
verters & Rectifiers, Frequency Multipliers,
etc.].—M. Akiyama. (Nippon Elec. Comm.
Eng., April 1941, No. 24, pp. 245-246:
summary only.) Extension of the work
referred to in 1036 of April.

ON THE SOLUTION OF CERTAIN DIFFERENTIAL
Equartioxns o THE SEcoND ORDER [occurring
in Problems on Oscillations in Circuits].-—
L. Roth. (Phil. Mag., Aug. 1941, Vol. 32,
No. 211, pp. 155-164.)

ON MATRIX CALCULUS APPLIED TO LINEAR
QUADRIPOLES SIMPLIFIED AND GENERALISED
{in Connection with Filters in Parallel and
Separating Filters: a New Type (* Ortho-
verse ') Matrix].——A. Ferrari-Toniolo. (A/ta
Frequenza, Aug./Sept. 1940, Vol. g, No. 8/g,
Pp. 566-567 : summary only.)

ExpansioNn THEOREM AND DESIGN OF Two-
TErRMINAL RELAY NETWORKS: PART I. —
A. Nakasima & M. Hanzawa. (Nippon Elec.
Commn. Ing., April 1941, No. 24, pp. 203—
210.)
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2655. REPRESENTATION OF Two-TERMINAL NET-
WORKS BY I'OUR-TERMINAL NETWORKS
MADE UP OF PURE REACTANCES AND TERMIN-
ATED BY REsisTanceEs.—G. Cocci. (Alta
Frequenza, Nov. 1940, Vol. g, No. 11, pp.
685-698.)

Author’s summary :—‘* The canonical representa-
tion of a dipole circuit given by Brune (1932
Abstracts, p. 280), though presenting a notable
theoretical interest, lends itself badly to the system-
atic study of dipoles. It is here shown that any
dipole can be represented as a quadripole made up
of pure reactances and closed by a resistance, and
a method is given for determining unequivocally
the characteristics of such a quadripole, starting
from the impedance function Z(p): an-arbitrary
phase-changing section can always be inserted
between quadripole and resistance, without changing
the impedance at the junction. A numerical ex-
ample makes the process clear.

‘““The new method of representation, besides
being useful for the systematic study of dipole
circuits, can be employed in the study of wave-
separators, in the design of dipoles with special
characteristics, and in the solution of various
problems concerning dipoles. As an example, the
application is shown to the calculation of the
imaginary component of an impedance whose real
component is given.”

2656. A CONTRIBUTION TO THE Two-TERMINAL
Nerwork THEORY [particularly with Refer-
ence to Kamiya’s Method of Filter Synthesis
for a Given Input Impedance (958 of 1940),
and to Constant-Resistance Networks (especi-
ally Piloty’s Wave-Separating Filters, 2477
& 3623 of 1937 and 46 of 1940)]—Y.
Watanabe, T. Isikawa, & Kiyasu-Zen'iti.
(Nippon Elec. Comm. Eng., April 1941, No. 24,
PpP- 211-219))

For the papers of Brune, Darlington, and of
Fenyves, here referred to, see 1932 Abstracts,
p- 280; 1361 of 1940; and 2657, below. For
Piloty’s later work see 2226 of 1938, 959 of 1940, &
1035 of April.

2057. CONTRIBUTION TO THE DESIGN ofF Two-
TERMINAL NETWORKS WITH PREDETER-
MINED CHARACTERISTICS.—F. Fenyves. (Re-
ferred to in 2656, above.)

2658. ON NEw PHASE NETWORKS FOR MEASURING
PuRrRPOSES, WITH FREQUENCY AND TEM-
PERATURE - COMPENSATION.—Poleck. (See
2779)

2659. UNIVERSAL CURVES OF RESONANCE FOR
Circults wiTH LosseEs.—A. Ferrari-Toniolo.
(Alta Frequenza, Oct. 1940, Vol. 9, No. 10,
Pp. 626-636.)

“It is shown how, with only four universal
curves, it is possible to represent the course of the
impedance and admittance (both in modulus and
phase, in real and imaginary parts) and thus of the
voltage and current, in any resonant circuit, series
or parallel, with resonance obtained by variation of
frequency, inductance, or capacitance. The four
given curves, which cover all possible cases, must
be used each time with the correct choice, system-
atically guided by the tables given, of the right
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variable to be employed as abscissa, namely
wolw — wlw, (C — Co)[Co (C — C)[C, (L — L)/
L, or (L —L,/L"

2660. ON THE DESIGN OF A Low-Pass FILTER [for
Carrier Currents on Power Lines].—A. R.
Livshits. (Automatics & Telemechanics [in
Russian], No. 5, 1940, pp- 89-96.)

The object of the design is to obtain the * power ”
coil, 1.e. the coil connected in series with the line,
of the lowest possible impedance, and to ensure
that the impedance (active componcnt) offered by
the filter to h.f. currents is not less than 8oo ohms
throughout the whole frequency range used in
practice (67-200 kcjs). The following types of
circuit are considered : (1) simple parallel-resonance
circuits (Fig. 5), (2) half-pi section of a constant-k
type filter (Fig. 6), (3) multi-resonant circuits, and
(4) circuits with a negative inductance on a certain
frequency range. It appears from this investigation
that (2) is more advantageous than the other types.

2661. CURRENT UNBALANCE IN A PARALLEL-LINE
FEEDER DIRECTLY COUPLED TO A PI-TyPE
TuxeD Circuit.—Kono. (See 2703.)

2662. CALCULATION OF CURRENT DISTRIBUTION AND
Loss REsiSTANCE IN CONDUCTOR SYSTEMS
[Theoretical Study of Problem hitherto
treated only for Pairs of Conductors: in-
cluding Application to Four Conductors in a
Star Quad], and CALCULATION OF THE
CapaciTy OF STAR QUADs HAVING CYLIN-
DRICAL SHIELDING.—A. Matsumoto & T.
Sakurai : S. Yoh. (Nippon Elec. Conumn.
Eng., April 1941, No. 24, pp. 242-244:
p. 248—summary only.)

2663. ON THE DISTRIBUTION OF NoON-LINEAR
Di1sTORTION IN MULTI-CHANNEL CARRIER

TELEPHONE SYSTEM.— Y. Degawa. (Nippon
Elec. Comm. Eng., April 1941, No. 24, pp.
238-241.)

GEOMETRICAL THEORY OF THE KRARUP
[Continuously Loaded] CABLE: Parts I &
11 [Longitudinal Component of Induction &
Its Elimination].—O. von Auwers. (Wiss.
Veréff. a.d. Siemens-Wevken, 14th March
1940, Vol. 19, No. 2, pp. 32-56.)

2664.

2665. PAPER ON INVERTED AND OTHER AMPLIFIERS,
and HIGH-EFFICIENCY AMPLIFIER OF VARY-
ING L0oAD, AND A STUDY OF LINEAR AMPLI-

FicaTIoON.—Tanaka. (See 2675 & 2676.)

AN ANALYSIS OF THE AMPLIFICATION OF
LEXPONENTIAL PULSES [primarily in Counter-
Pulse Amplifier with Self-Biased Stage to
obviate Change in Gain as Valves & Batteries
grow Old : Advantages of an Unconventional
Cathode Network].—C. H. Page. (Phys.
Review, 1st June 1041, Vol. 59, No. 11, pp.
920-921 : summary only.)

REMARKS ON THE WRITER'S PAPER ** ON THE
THEORY OF RADIO-FREQUENCY AMPLIFICA-
TION.”—A. Marino. (Alta Frequenza, Aug./
Sept. 1940, Vol. 9, No. 8/9, pp. 553-555.)
Pointing out the difference between his
treatment (1788 of 1940) and that of the
Galileo Ferraris Institute paper (2724 of
1939) to which his attention has been drawn.

2666.

2667.



422

2608. ON THE STABLE NEGATIVE RESISTANCE
[Defect of Instability in Negative-Resistance
Amplifiers removed by Differential Feed-
back : Steep Negative Resistance obtained
by combining Parallel Regenerative & Series
Suppressive I‘eedbacks : etc.].—H. Tanaka.
(Nippon Elec. Commn. Eng., April 1941, No.
24, p. 247 : summary only.)

2669. ON THE EQUIVALENT CIRCUIT OF THE
DouBLE-FEEDBACK AMPLIFIER [with Dosi-
tive & Negative Feedback].—K. Kobayashi.
(Nippon Elec. Comm. Eng., April 1941, No.
24, p. 246 : summary only.)

TRANSMISSION

2670. DIELECTRIC CONSTANT OF A SpacE CHARGE
ROTATING IN A MAGNETIC FIELD [Magnetrons,
etc.].—J. P. Blewett & S. Ramo. (Phys.
Review, 1t June 1941, Vol. 59, No. 11, p. g22:
summary only.)

“ The solutions of the field and force equations
[in a previous work, 2953 of 1940] were found to be
somewhat similar to the free-space wave-guide
solutions. In particular, it was noted that the space
charge behaves towards an I ,-type wave as though
it were a medium whose dielectric constant is less
than unity by an amount depending on magnetic
field and frequency. For convenient values of
magnetic field and frequency, this dielectric con-
stant may easily become zero, or even attain
negative values. An experimental study of this
phenomenon for a frequency of 470 Mc/s and
magnetic fields of a few hundred gauss gives results
in agreement with the theoretical predictions.”

2671. DiscussioNoN “ON Urtra-HiGH-FREQUENCY
OSCILLATIONS GENERATED BY MEANS OF A
DEMOUNTABLE THERMIONIC TUBE HAVING
ELECTRODES oF PPLANE Foram " [including
Prediction of Optimum Value of d,/d,].—
W. E. Benham : Leyshon. (Proc. Phys. Soc.,
1st July 1941, Vol. 53, Part 4, pp. 490-491.)
See Leyshon’s paper, 1636 of June.

2672. ULTRA-SHORT-WAVE GROUP TRANSMITTER
[Row of Self-Excited Oscillators inside Re-
flector : Radiation Coupling between Them
has to be Reduced to Optimum Value by
Partitions with Suitable Apertures : Alterna-
tive Coupling by Reflector or Secondary
Radiator in Common Field].—]. Pintsch

Company. (Hochf:tech. u. Elek:akus., April
1941, Vol. 57, No. 4, p. 121.) German Pat.
696 986.

2673. AN INEXPENSIVE 56-Mc/s EXCITER OR TRANS-
MITTER: TEN WATTS OF CRYSTAL-CON-
TROLLED QUTPUT FROM RECEIVING VALVES
[Type 6A6].—\. Chambers. (QST, June
1041, Vol. 25, No. 6, pp. 13—-15 and 76, 78.)

2674. BALANCED INDUCTIVE COUPLING FOR ULTRA-
HicH FREQUENCY TRANSMITTERS [Flat Spiral
for Coupling to Push-Pull Windings in place
of Cylindrical Coil with Electrically Asym-
metrical Ends].—M. Mix. (QS7, June 1941,
Vol. 25, No. 6, p. 56.)
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2075. SHORT - WAVE HIGH - POWER AMPLIFIERS :
PArRT I—NEUTRALISED Pusu-I’uLr TypE :
PaRT II—INVERTED AMPLIFIERS [Causes of
Instability, and Their Cure : Theory &
Advantages of Inverted Amplifier].—N.
Tanaka.  (Rep. Rad. Res. in Japan, Nov.
1940, Vol. 10 [only issue], pp. 21-46.) For
the “ inverted " amplifier see Strong, 4230 of
1940 and back reference.

HiGH-EFFICIENCY AMPLIFIER OF VARYING
LoaDp, AND A STUDY OF LINEAR AMPLIFICA-
TION [Analysis of Grid-Excitation Conditions
necessary for Linear Amplification with the
Doherty Amplifier, selected as the Most
Practical of the “ High-LEfficiency ~’ Systems
(Floating Carrier, etc.)].-—N. Tanaka. (Nip-
pon Elec. Comm. Eng., April 1941, No. 24,
Pp- 223-229.)

A Nrew INTERPRETATION OF THE INTERNAL
RESISTANCE OF VacuuMm TUBE IN OSCILLATOR
StaBiLITY. —S. Uemura. (Reference only in
Nippon Elec. Comm. Eng., April 1941, No. 24,
P. 248.)

A TRANSMITTER FREQUENCY-CONTROL UNIT
wITH THREE-Banp  Output  [LElectron-
Coupled Variable-I'requency Oscillator with
Outputs on 80, 40, & 20 m Bands by changing
Coils only].—G. W. Shuart. (QST, June
1941, Vol. 25, No. 6, pp. 45-48.)

2676.

2677.

2078.

AN AuToMATIC FREQUENCY CONTROL FOR
CvcLotroN R.F. POWER SupPLY [correcting
for Drift due to Changes resulting from
Load Heating Effects].—R. B. Jacques.
(Phys. Review, 15t June 1941, Vol. 59, No. 11,
Pp- 918-919 : summary only.)

THE FOURIER INTEGRAL, and AN EXTENSION
OF THE FOURIER INTEGRAL.—R. Sartori:
K. W. Wagner. (4lta Frequenza, Aug./Sept.
1940, Vol. 9, No. 8/9, pp. 531-552: April
1941, Vol. 10, No. 4, pp. 195-214.)

(1) Yourier series: Fourier integral : properties
of the Fourier spectra : applications of the Fourier
transformation : Fourier spectrum of complex
functions : of sinusoidal functions : conclusions.

(2) Prompted by (r). ‘It is shown how simple
unit functions, represented by the Fourier integral,
can be resolved into continuous spectra of different
kinds by varying the integration path. According
to the choice of this path, spectra of continuous,
damped, increasing, or otherwise modulated oscil-
lations can be obtained. In the case of damping
(positive or negative) the character of this can
be chosen either as constant or as an arbitrary
function of the frequency.

“ The extension of this procedure to arbitrary
time functions is made possible by the use of the
‘ spectral function ’, defined by a Laplace integral.
The inversion of this functional relation leads to the
representation of the time function by a complex
integral ; from this, as in the case of the unit
function, the desired spectra of the time function
can be derived. The process is illustrated by a
series of simple examples, in some of which the
ordinary Fourier integrals are divergent.

“ The importance is shown of the singular points
of the function lying on the imaginary axis and

2679.

2680.




October, 1941

in the positive half-plane of the complex pulsation
p = p + jw. These points are considered because
here the ‘additional terms may be separated from
the continuous spectrum ; the remaining spectrum
can then be represented by a convergent Fourier
integral. Odd and even functions can be resolved
directly into a spectrum of oscillations respectively
sinusoidal and cosinusoidal. The possibility of
solving time functions having any course for values
of time whether positive or negative is thus
deduced .

2681. THE IMAGE-TERMINATION OF THE VECTORIAL
MULTI-TERMINAL LINEAR MoDULATION NET-
works.—Akiyama. (See 2651.)

ON THE DOUBLE BALANCED MODULATOR AND
I1s Various NEw TypEs [Jaumann, Riegger,
& Other Circuits].—Y. Degawa. (Nippon
Elec. Comm. Eng., April 1941, No. 24,
pp- 220—222.)

Tuse KEvInG [Valve Device for ** Clickless
Transmission :  with Oscillograms]. — B.
Goodman; (QST, June 1941, Val. 25, No. 6,
PP 30-33.)

MULTIVIBRATOR AS A SINUSOIDAL OscCIL-
LATION GENERATOR [by Insertion of Resist-
ances in Cathode Circuits, and Other
Measures : One Cycle to Several Kilocycles
per Second].—K. Kobayasi. (Iep. lad. Res.
wn Japan, Nov. 1940, Vol. 10 [only issue],
Abstracts p. 6.)

ON ELECTRON MOVEMENTS IN PLASMAS, AND
SoME AppLICATIONS [Preliminary Communi-
cation]—W. O. Schumann. (Naturwiss.,
27th June 1941, Vol. 29, No. 26, pp. 389-390.)

Mathematical analysis of the case of a plasma
with a constant positive stationary density of
charges (p coulombs/cm?) through which electrons
are moving, their motion governed by the equation
el = m.dv/dt + rv, where v is a frictional coefficient
e/b, b being the mobility of the electrons. The final
velocity ¢/p will be attained aperiodically or
periodically according to whether #* /4m® is greater
or less than ep'md (for + and 4 sce eqn. 1):
4v/ep/md is Langmuir's natural frequency A of
the plasma, and for ordinary mercury-vapour
plasmas is of the order of 10!® per sec. The
oscillatory condition occurs particularly at low
pressures, when b is large and » consequently small :
the electrons are subject to damped ‘' swings "™ of
velocity during their motion. An investigation of
relations at the point of entry of the electrons shows
that anomalous conditions may occur there which
also are capable of setting up oscillations : ** a long
positive column acts, moreover, as a stabilising
resistance in series .

1t is found that fast electrons are retarded with
extreme rapidity. Neglecting the friction, if the
velocity of entry v, is equal to 2:/p, the velocity
sinks to zero; if v, is larger still, the velocity
becomes negative, and eqn. 1 no longer holds.
In certain conditions the distance of penetration
is independent of the entrance velocity : the faster
the electrons on entrance, the more quickly are
they brought to a halt, “since for fast electrons
(v, much greater than 4/p) the stopping distance
becomes smaller and smaller compared with

2682.

2683.

2684.

2685.
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m/A. The path sr is practically determined by
i/p . m/x: for the usual mercury-vapour plasma
it is about one-tenth to one millimetre, but it may
be considerably more than this for low positive
densities p and high current densities. ¢.

The case is also considered where p is less than
zero, e.g. when the clectrons enter a cloud of bound
electrons (negative ions) : no velocity oscillations
are now possible (eqn. 3), the velocity increases
exponentially with increasing time, the more
quickly the larger ep/md is compared with #/m.
The increase is limited by energy loss in excitation
and ionisation. So many positive ions may thus
be produced that the negative space charge is
counteracted or reversed in sign, so that once again
a process with positive p ensues, in which velocity
and field are reduced, until electron capture again
produces a region of negative density. “ This
mechanism should be of importance in the formation
of striated positive columns "

In conclusion, it is pointed out that the assump-
tion p = const. is not essential to the phenomena.
These will also occur with ions in motion, *“ though
the formulae will then be more complicated. The
ions will always be at their *slowest where the
electrons are fastest, and vice versa ”’

RECEPTION

2686. NEGATIVE-TRANSCONDUCTANCE OSCILLATORS
oF RETARDING-FIELD TYPE AS FREQUENCY
ConVERTERS.—A. Pinciroli. (Alta Frequenza,
Oct. 1940, Vol. 9, No. 10, pp. 581-593.)

This type of oscillator (Herold, 77 of 1936:
Pinciroli, 1363 of 1938 : the ‘ voltage-controlled '
variety only 1s considered now) has the merits of
simplicity, good wave-form, and high stability of
freqquency which are shared by dynatron oscillators,
but in addition has a high permanency of character-
istic, secondary emission not being involved. These
advantages make it desirable to examine the possi-
bilities of this oscillator as applied to the mixing

stage of receivers. The investigation begins with a

consideration of various ways of measuring con-

version transconductance (Kammerloher, 1934

Abstracts, p. 303: Wey, 1458 of 1935): and a

third, direct method (Fig. 3) which gives results

agreeing quite well with those of the other two
methods. The applicability of these methods tothe
retarding-field negative-transconductance oscillator
is then considered, and a series of results discussed.

The value of the differential resistance of the

plate in the region of high oscillator-stability is
found to be too low to allow the type of valve
investigated (I’hilips pentode ILF6) to be considered
as a frequency-changer in cases where f,, (= f,,, +
fsio) lies 1n the r.f. region, as in a receiver. It might
however be so used when f, is in the a.f. region,
for example in a beat-note generator. The use of a
special valve with five grids, three of which would
have the functions of the three grids of the pentode
used, while the other two would form an efficient
electrostatic screen, might get over the difficulty
as regards the application to receivers : experiments
on these lines are in progress.

2687. TEsTs oN BROADCAST RECEIVERS : (GENERAL
DETERMINATIONS AND MEASUREMENTS ON
THE [Low-FREQUENCY COMPLEX [Systematic
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Comparative Tests at Galileo Ferraris In-
stitute on Receivers built in Italy : including
Measurement of Impedance of Moving Coil,
Matching of Output Valve to Loudspeaker,
Overload & Distortion, including the Owen
Harries * Two Signal *’ Procedure (analogous
to Selectivity Method): etc.).—C. Egidi.
(Alta Frequemza, Aug./Sept. 1940, Vol. 9,
No. 8/9, pp. 453-493.)

2688. THE SENSITIVITY OF RADIO RECEIVERS AND
THE METHODS OF MEASURING IT [Importance
of Bickground Noise].—R. Koch. (4lta
Frequenza, Nov. 1940, Vol. 9, No. 11, pp.
644-684.) o )

Part I--Sensitivity and background noise (defini-

tion of sensitivity in different receiving conditions :
inadequacy of I.R.E. Standards and others defini-
tions omitting the effect of background noise: a
new definition taking account of this background
noise and its influence on the quality of reception :
expressions for the fluctuations of voltage in circuits
and of current in valves—shot and flicker effects :
equivalent voltage of background noise in a re-
ceiver, noise modulation). Part II—Determination
of the sensitivity (previous methods and their
imperfections, including British R.M.A. 1937 recom-
mendations and German methods: method de-
veloped and practised at Guidonia—see also French
proposals, 2300 of 1938 and 972 of 1939, for a
method based on the same principle—taking back-
ground noise into account: criteria for the choice
of signal/background-noise ratios in the measure-
ment of sensitivity : variation of sensitivity with
output power and with the value of the signal/noise
ratio). Part III—Limits of sensitivity in modern
receivers (and the conditions for obtaining the
highest possible sensitivity : experimental investiga-
tion with results in good agreement with those
predicted by theory).

2689. NOISE AND SENSITIVITY OF AMPLIFIER
Circuits.—W. Kleen. (Aveh. f. Techn.
Messen, 1939, J8333.) Referred to in

Kleen’s paper, 2708, below.

ON THE INTERDEPENDENCY OF RADIO RE-
CEIVER CHARACTERISTICS [Analysis of Fre-
quency Characteristics as Function of
Stability : Interdependence of Amplification,
Set Noise, & Frequency Characteristics :
Conclusions affecting Receiver Design].—
H. Seki. (Rep. Rad. Res. in Japan, Nov.
1940, Vol. 10 [only issue], pp. 11-19.)
MINIMISING SELECTIVE FADING : AN EXPERI-
MENTAL ATTACK ON THE PROBLEM [Pre-
liminary Report].—L. A. Moxon. (Wireless
World, Aug. 1941, Vol. 47, No. 8, pp. z00-
202.) Irom the Murphy laboratories. For
a small correction see Sept. issue, p. 245.
THE SELECTABLE SINGLE-SIDEBAND RE-
CEIVING SysTEM [New Semi-Automatic
Heterodyne-Rejection Circuit for Telephone
Reception].—]J. I.. A. McLaughlin. (QST,
June 1941, Vol. 25, No. 6, pp. 16-17 and 74.)
MoRE MAKESHIFTS : RECEIVER MAINTEN-
ANCE IN THE FACE OF SHORTAGES.—W. H.
Cazaly. (Wireless World, Aug. 1941, Vol. 47,
No. 8, pp. 208-210.) See also 2116 of
August.

269o0.

2691.

2692.

2693.
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26094. THE ““ PERSONAL ”’ RECEIVER : COMMERCIAL
DEVELOPMENT 0F THE TYPE IN AMERICA.—
(Wireless World, Aug. 1941, Vol. 47, No. 8,
PP- 203-204.) See also 1062 of April.

2695. DESIGNING SMALL PoORTABLES: USE oF
HicH-INDUCTANCE TuniNGg CIRCUITS IN
S1MPLE HEADPHONE SETS.—S. W. Amos.
(Wiveless World, Aug. 1941, Vol. 47, No. 8,
PP. 206~207.) Ior correspondence on this
Ppaper see Sept. issue, No. 9, p. 243.

2696. LEARNING THE CoDE: COMBINATION RADIO
RECEIVER PROVIDES I’RACTICE [Communica-
tions-Type Receiver with Self-Contained
Facilities for Keying & Code-Reading
Practice].—(Scient. ~_American, July 1941,
Vol. 165, No. 1, p. 30.) For a Morse practice
oscillator, see Wireless World, Sept. 1941,
No. 9, p. 243.

AERIALS AND AERIAL SYSTEMS

2697. IMPROVING THE TRANSMITTING LoOP: SipE
LoADING FOR INCREASED RADIATING PRO-
PERTIES [Advantages of Loops for 5-10m
Bands, particularly for Portable Trans-
mitters : the Reinartz Unidirectional Loop
(969 of 1938) with Gain still below That of
Simple Dipole: Williams’s Side-Loaded
Loop with Gain 1.4db over Dipole].—
J. H. Green, Jr: E. M. Williams. (QST,
June 1941, Vol. 25, No. 6, pp. 24-26.) See
also 759 of March.

2698. ON THE Use oF TUNED AND APERIODIC
I'RAME RECEIVING AERIALS wITH FEw
Turns.—R. Koch. (Alta Frequenza, Oct.
1940, Vol. 9, No. 10, pp. 621-622 : summary
only.)

From Atti di Guidonia, 1940 : the work appears
to cover much the same ground as the U.R.S.I.
paper dealt with in 4426 of 1939, but includes as
well an experimental investigation on aperiodic
frames with inductive coupling to the secondary
circuit, to confirm the theoretical results (variation
of secondary voltage with the coupling parameters,
etc.) - the effect of screening is also considered
briefly.

2699. THE IMPROVEMENT OF THE TRANSMISSION
EFFICIENCY BY DIRECTIVE AERIALS.—
K. Franz. (Hochf:tech. u. Elek:akus., April
1941, Vol. 57, No. 4, p. 117 : summary, from
Telefiunken-Hausmitt., May 1940.)

This is presumably the paper mentioned at the
end of 761 of March. ‘ The general equations for
the energy gain produced by replacing a single
dipole by a directive array are collected [in the full
paper] in their simplest possible forms [for their
mathematical derivation see 2249 of 1940]. As an
example, the absorption surface of a Telefunken
fir-tree array is equal to its geometrical surface,
or the gain of a directive array of vertical dipoles
arranged abreast in a vertical plane is proportional
to the number of dipoles, the proportionality
function being a known function of the spacing
between the dipoles. The following mistake [in the
full paper] is to be corrected : if these dipoles are
spaced Afz, their gain is only half as great with
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alternating counter-phase excitation as with in-
phase excitation, whereas through an error in
calculation the gain in the two cases was stated
to be equal.

“ This simple form of law has proved strictly
true as a limiting law for large directive arrays
measured in wavelengths. It applies with excellent
approximation to fairly small aerials. It is indeed
possible to devise arrays for which there is no
simple relation between geometrical dimensions
and absorption surfaces, while on the other hand
the absorption surface of a geometrically small
aerial can be made arbitrarily large; but such
aerials have no technical interest since their radia-
tion resistance is extremely small, so that the aerial
efficiency (ratio between radiated power and the heat
produced in the aerial-tuning system) is extremely
bad.

‘“ Special importance is laid on the proof that the
gain of an array is the same in transmitting and
receiving : the application of two-wire circuit
theory to aerials does not bring this out sufficiently
clearly. For the equality in the two cases there is a
well-known proof based on Carson’s version of the
reciprocity theorem, and also a thermodynamic
proof using Kirchhoff’s law of the equality of the
emitting and absorbing powers of all bodies.
To look into this, an aerial is imagined to be closed
by an ohmic load resistance equal to its radiation
resistance and brought into a room filled with
‘““black”’ radiation : then the energy reaching the
ohmic resistance from all angles in the space must
cotrespond toan exactly opposed energy flux coming
from the ohmic resistance, if that resistance and
the ‘“black” radiation have the same tempera-
ture. This follows from the second law of thermo-
dynamics. The equilibrium condition for radiated
and received energies applies even to an arbitrarily
small part of the whole space-angle 4=, from which
follows at once the equality of the transmitting
and receiving diagrams of the aerial and, almost
directly, the equality also of gain. Remembering
that the intensity of the ‘ black” radiation
at a wavelength A and temperature T is equal to
kT /A2, it is easy to calculate, for a dipole as aerial,
the square of the induced e.m.f. as E? = 4kTRAv,
where % is the Boltzmann constant, R the radiation
resistance, and 4dv the band-width. This is the
well-known Nyquist formula for the noise in an
ohmic resistance, which he derived in a similar
way.”’

2700. THE ‘“G” RECEIVING AERIAL FOR SHORT
WavEs [Gori’s Progressive-Wave Type].——
A. Niutta: Gori. (Alta Frequenza, April
1941, Vol. 10, No. 4, pp. 215-235.)

Preliminary papers on this aerial have already
been dealt with in 4437 of 1939. Examples have
now been erected at the Malnome (IRome) receiving
station, for reception from Rio de Janeiro and
Buenos Aires, and some results are given at the
end of the present paper, together with a horizontal
radiation diagram obtained by transmissions from
an aeroplane circling at a radius of 6 km: this
agrees well with the calculated diagram of Fig. 8.
The frequency response characteristic is such that
the variation of gain is within 1 db when the ratio
of the extreme frequencies is 1.68 : 1.
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2701. ONE TyYPE oOF THE HORIZONTAL SHORT-
WaveE DIRECTIVE ANTENNA [Array of
A/2 Square Elements, with Missing Side at
Each End: Methods of Feeding].—K.
Umeda. (Rep. Rad. Res. in Japan, Nov.
1940, Vol. 10 [only issue], Abstracts p. 10.)
Very successfully employed for transmission and
receiving. ‘‘ This paper shows that the currents in
each element become of equal amplitude and of the
same phase when the two centre points of the
phasing parts are shortened so that they are always
at the same potential ’.

2702. AcousTiC MODELS OF RADIO ANTENNAS.—

E. C. Jordan. (Ohio State University Studies,
Engineering Series, May 1941, Vol. 10,
No. 3, 58 pp)

A summary of a joint paper by Jordan & Everitt
was dealt with in 582 of 1940, and another paper-
by the same writers is contained in Proc. I.R.E.
for April 1941, pp. 186-194. The present bulletin
described the whole course of the researches.
A major problem in the operation of aerial arrays
is the reaction of one aerial on another : this can
be given quantitatively by the mutual impedances
between each pair, and Chapter 4 describes an
acoustic method for determining these impedances
which is much quicker than previous analyses using
mechanical integration. Chapter 5 describes the
considerable amount of directive sound equipment,
microphones, ‘‘ sound guns,” adjustable acoustic
impedances, etc., developed for the work, and ends
with a section on the direct measurement of sound-
absorption coefficients by a new method using a
sound gun and a directional microphone equally
inclined to the reflecting surface.

2703. CURRENT UNBALANCE IN A PARALLEL-LINE
FEEDER DIRECTLY COUPLED TO A PI-TYPE
Tunep Circulit [consists of Unbalance
between the Two Wires (Small, merely
results in Increase of Useless Radiation) and
Unbalance between Sending & Receiving
Ends (may have Serious Consequences),
particularly Large when Line Length is an
0Odd Quarter of Wavelength].—M. Kono.
(Nippon Elec. Comm. Eng., April 1941,
No. 24, pp. 247-248 : summary only.)

2704. CONDITIONS FOR MINIMUM ATTENUATION IN
CoaxiaL CABLES AT HIGH FREQUENCIES, and
THE DISTORTIONS OF SIGNALs IN NoON-
UniForm CaBLEs.—Malatesta: Zin. (See
2762 & 2763.)

2705. GROUNDING [ELEcTRIC CircuiTs EFFEC-
TIVELY : PART I—CHARACTERISTICS OF
GrounDs [including Resistivities of Different
Soils, Effect of Moisture & Salt Contents,
Temperatures, etc.].—J. R. Eaton. (Gen
Flec. Review, June 1941, Vol. 44, No. 6, pp.
323-327.)

VALVES AND THERMIONICS

2706. DIELECTRIC CONSTANT OF A SPACE CHARGE
ROTATING IN A MAGNETIC FIELD [Magnetrons,
etc.].—Blewett & Ramo. (See 2670.)

D
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2707. NEGATIVE-TRANSCONDUCTANCE OSCILLATORS
oF RETARDING-FIELD TyPE As FREQUENCY
CoNVERTERS [including Methods of measuring
Conversion Transconductance]. — Pinciroli.
(See 2686.)

2708. PosiTioN OF ULTRA-SHORT-WAVE VALVE
TrcuNIQUE.—W. Kleen. (Zeitschr. f. tech.
Phys., No. 12, Vol. 21, 1940, pp- 357-367.)

Survey of Telefunken development work during
the past few years and of some of the researches,
German and otherwise, on which it has been based :
15 literature references are given. Glass, ceramics,
and metal were all tried : for quantity production
the glass container with pressed-glass ‘‘ platter "
replacing the pinch (Fig. 3 c-g) is the most satis-
factory. Here the following data are given: the
resistance of a lead-in wire of 0.1 cm diameter and
1cm length, at 50cm wavelength, is 0.02 ohm
for copper and 0.03 ohm for tungsten: the in-
ductance is about 107® henry. Between two such
connections, spaced 1 cm, the measured value of
resistance on the same wave, as a result of dielectric
loss, was from 1-3 X 10° ohms according to the
type of glass: this was at room temperatures, at
300° C the values were about halved. Fig. 4 shows
several complete valves of this type: electrode
spacings of o.2mm are not unusual, especially
between grid and cathode.

Subsequent sections deal with the systematic
investigation of the input admittance, slope, output
admittance, retroaction admittance, and lastly the
important equivalent grid-noise resistance, which
combined with the input admittance provides a
reliable measure of the sensitivity of an input stage
(Frinz, 3126 of 1939 : Kleen, 2689, above) : since
in u.s.w. working the input admittance of a circuit
depends chiefly on that of the valve itself, the
product of valve input admittance and equivalent
grid-noise resistance decides the optimum sensi-
tivity, so that this resistance becomes the fifth
important characteristic of such valves (see table 3).

2709. COMPLEX PPROBE MEASUREMENTS ON MODELS,
FOR DETERMINING THE I"1ELD DISTRIBUTION
IN THE Frow OF THE ULTRA-SHORT-WAVE
CONDENSER FIELD THROUGH MULTI-LAYERED
DieLecTrICS [primarily in connection with
Therapy Research: a New Llectrolytic
Trough].—H. Schaefer & R. Stachowiack.
(Zeitschr. f. tech. Phys., No. 12, Vol. 21, 1940,
pp- 367-372) )

The various layers are represented by different
liquid electrolytes of suitable dielectric constant
and conductivity, separated by thin separating walls
of very high transverse and very low longitudinal
conductivity (see also 2710, below). The impossi-
bility of a direct use of ultra-short waves (the
6 m wave was of chief interest, as being the most
usual in therapy) because the capacity of even the
smallest probe and its lead would disturb the field,
made it essential to represent the u.s. wave by a
100 m working wave, by employing a method of
design based on the following principle.

Fig. 1a shows a two-layered dielectric. The
potential distribution in an elementary domain of
the surface of separation (Fig. 1b) is based on the
operator diagram of Fig. 1c, and the combination
of all the volume elements of the whole arrangement
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gives the total resistance distribution and hence
also the field distribution. Now nothing will change
in this field distribution if the system is replaced
by one which is geometrically similar but in which
the impedance operators are represented in magni-
tude and phase by Fig. 1d. This principle of the
rotation of the whole system of partial operators
through a fixed angle, with a simultaneous pro-
portional reduction in the absolute values, can be
applied to the present problem as shown in Fig. 2,
since the field distribution in such a system is
determined by the geometry of the arrangement,
by the dielectric constants and conductivities of the
liquids, and by the frequency. In the equivalent
100 m system (r-h side) the air-gap in the 6 m
system has been replaced by an aqueous solution of
electrolyte, since in this medium of high dielectric
constant the capacity of the probe-lead has a
smaller disturbing effect, and the true ficld dis-
tribution can be plotted point by point with a
valve voltmeter. The trough equipment described
and illustrated is for two-dimensional field-distribu-
tions only, but Fig. 7 represents a possible three-
dimensional arrangement: here the separating
barriers must naturally be of “dot” instead of
“strip ”” design. Results with this arrangement
will be reported later.

2710. NON-DISTORTING SEPARATING PARTITION FOR
CoMPLEX ELECTROLYTE MODELS [in New
Electrolytic Trough]. —R. Stachowiack.
(££.T.Z., 8th May 1941, Vol. 62, No. 19, pp.
441—443.) Description of the special barrier
mentioned in 2709, above.

2711. ON THE THERMODYNAMIC INTERPRETATION
oF CerRTAIN THERMIONIC AND THERMO-
ELECTRIC PHENOMENA [Derivation of Re-
lationship between Steady-State Thermionic
Phenomena and Thermoelectric P’roperties
of the Metal : Application to Interpretation
of Experiments on Cooling Effect, etc.].—C.

Herring. (Phys. Heview, 15t June 1941,
Vol. 59, No. 11, pp. 889-896.)
2712. AVERAGE THERMIONIC CONSTANTS FOR

SINGLE-CRYSTAL TUNGSTEN WIRE [Theory
& Experiment], and WORK FUNCTION AND

Dousre Lavir.—M. H. Nichols: R.
Smoluchowski.  (Phys. Review, 1st June
1941, Vol. 59, No. 11, D. 944: D. 944 :

summaries only.) Both dealing with the
experimental fact that ditterent crystal faces
of the same metal have different work
functions.

2713. ELECTRON IIMISSION FROM SURFACES SUBJECT
To0 P’triopic FLUCTUATIONS IN  WORK
I'uncTiON.—Waterman. (See 2767.)

2714. ELECTRON EMISSION OF METALS IN ELECTRIC
I'rkrps : I1—FieLp DEPENDENCE OF THE
SurFactE PPHoTO-E¥FECT.—Guth & Mullin.
(See 2766.)

2715. REMARKS ON ENERGY LOSSES ATTENDING
THERMIONIC EMISS10N OF ELECTRONS FROM
METALS [and the Question whether Electrical
Conduction in a Metal can occur at Levels
lower than gy, the Fermi DParameter].—
W. B. Nottingham : Fleming & Henderson.
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(Phys. Review, 1st June 1941, Vol. 59, No. 11,
Pp. 906—908.) Criticism of the paper dealt
with in 2139 of August: the authors reply.

2716. ON THE THEORY OF SECONDARY EMISsION
[Number of Secondaries per Primary about
1/10th to 1/4th of Ratio of Rates of Energy
Loss of Primary Particle & Secondary
Electron : Application to Insulators, Alkalis,
etc.].—H. A. Bethe. (Phvs. Review, 1st June
1941, Vol. 59, No. 11, p. 940: summary
only.)

2717. A HiTHERTO UNUSED METHOD FOR MEASUR-
ING THE ENERGY DISTRIBUTION OF SECOND-
ARy ELectroNs [Longitudinal Magnetic
Field Method, and Some Results].—R.
Kollath. (Zeitschr. f. tech. Phys., No. 12,
Vol. 21, 1940, pp. 328-331.) See also 2135
of August.

2718. THE PROPERTIES OF SECONDARY-EMISSION
Fitms oF MacgNEsium  DioxipeE. — H.
Schnitger. (Zeitschr. f. tech. Phys., No. 12,
Vol. 21, 1940, pp. 376-380.)

The films usually employed for electron multipliers
are activated by caesium or some other alkali metal,
and though satisfactory in their secondary emission
are not similarly satisfactory in the way they stand
rises in temperature. A caesium-activated silver-
oxide layer, for instance, is quickly destroyed at a
little over 180°. Jonker & Overbeek showed that
satisfactory multipliers could be made from
magnesium-oxide films (2334 of 1938) from which
a considerably better resistance to temperature can
be expected. The good s.e. properties of magnesium
combinations have long been known from develop-
ment work on the dynatron, and the ready occur-
rence of s.e. at the grids of transmitting valves
where magnesium has been used is also a recognised
fact: it must be due to magnesium oxide, since it
cannot be eliminated by making the grid incan-
descent. The present paper describes experiments
to determine some characteristic properties of
magnesium-oxide layers with the object of gaining
knowledge of their structure.

It is found that the high s.e. outputs only occur
when the layers contain free magnesium : it is not
necessary that free metal should be present also at
the surface. The s.e. output is at a maximum for
a definite concentration of the magnesium, but at
this concentration the thermal stability is com-
paratively low, presumably because the free mag-
nesium is not sufficiently tightly bound. A much
better stability is obtained at lower concentrations,
when however the s.e. output is distinctly lower.
The minimum satisfactory thickness for the film
is 3X 107 cm. At room temperatures the films are
fairly insensitive to oxygen but are quickly des-
troyed by water vapour. The nature of the metal
base (nickel, preoxidised or otherwise, platinum, or
aluminium) has no influence on the secondary
emission.

2719. THE CONTAMINATION OF INCANDESCENT
MoLyBDENUM FILAMENTS IN A VACUUM
OBTAINED BY AN O1L DiFrusioN Pump.—
F.T. Worrell & S. S. Sidhu. (Phys. Review,
1st June 1941, Vol. 59, No. 11, p. 944 :
summary only.)
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2720. GRID-MAKER : AUTOMATIC MACHINE MAKES
Vacuum TuBeE Parts [including Valve-
Controlled Welding].—R. C. A. (Scient.
American, June 1941, Vol. 164, No. 6,
pp- 336-337.)

‘ GRUNDLAGEN UND KENNLINIEN DER ELEK-
TRONENROHREN ~’ [Fundamentals & Char-
acteristics of Valves: Book Review].-—H.
Rothe & W. Kleen. (Hochf:tech. u. Elek:akus.,
April 1941, Vol. 57, No. 4, p. 124.) Vol. 2 of
Zenneck's series (see 2339 of September).

272I.

DIRECTIONAL WIRELESS

DoUBLE-FRAME ARRANGEMENT FOR DiIREC!
TION-FINDING ON SHORT AND ULTRA-SHORT
WavEs [Second Frame, disconnected from
Receiver, coupled to First Frame to elimi-
nate Abnormally Polarised Field Com-
ponent].—E. Hittmann. (Hochf:tech. u.
Elek:akus., April 1941, Vol. 57, No. 4,
p. 122.) German Patent 696 140, assigned
to R. Hell.

MEeTHOD OF PRODUCTION OF GLIDING-PATH
SuRFACES [for Blind Landing : Distortion of
Path close to End of Ferroconcrete Runway
avoided by Buried Conductor].—W. M.
Hahnemann. (Hochf:tech. w. Elek:akus.,
April 1941, Vol. 57, No. 4, p. 122.) German
Patent 696 684, assigned to Lorenz Company.

2722.

2723.

BLiND LANDING SysTEM [Two Horizontal
Dipoles, First in Landing Direction, Second
at Right Angles: Energy supplied at One
Moment alternately to Each at Supersonic
Switching Rate, at Next Moment to Second
only].—(Hochf:tech. w. Elek:akus., April 1941,
Vol. 57, No. 4, pp. 122-123.)

German Patent 697 074, assigned to the State.
The aircraft carries a frame rotatable (by Cardan
shafts) about horizontal and vertical axes, giving
(first) direction of approach and (second) angle of
elevation.

2724.

2725. SIMULTANEOUS AURAL AND VISUAL INDICA-
TION IN INTERLOCKED SIGNAL SYSTEM WITH
Two NoTE FrREQUENCIES [by Heterodyning
the Two Frequencies to give Common Note
in Telephones].—]. Goldmann. (Hochf:tech.
u. Eleh:akhus., April 1941, Vol. 57, No. 4,
p- 123} German Patent 696 681, assigned
to Lorenz Company.

2726. HARVEY DirEcrioNaL ConNTRoOL [for Fully
Automatic Maintenance of Straight-Line
Course passing through Two Wireless Sta-
tions : Combination of Two Opposed Homing
Devices and Servo Motor].—(journ. Roy.
Aevonaut. Soc., July 1941, Vol. 45, No. 367,
Abstracts pp. 181-182.)

2727. A CatHODE-RAy DIRECTION FINDER FOR
LoNG WAVEs [primarily for Marine Applica-
tion : Description : Results, including Tests
with Signalg from Aeroplane, using Loop and
Adcock Aerials].—]. T. Henderson, H. R.
Smyth, & J. W. Bell. (Nat. Res. Council of
Canada, Pub. No. 928, Feb. 1941, 6 pp)
Presented at U.R.S.1.-1.R.E. Meeting, Wash-
ington, 1939. See also 2280 of 1940.
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2728. U-TYPE ADCOCK SYSTEM WITH AERIALS
CONNECTED TO EARTH OR COUNTERPOISE
[Transmission Line raised so that Fields due
to Horizontally. Polarised Rays, between
Line & Earth and Line & Aerials, cancel
out], and U-TYPE ADCOCK SYSTEM WITH
AERIALS RAISED ABOVE GROUND, TRrRANS-
MISSION LINE SCREENED UP TO BASES OF
AEeriaLs.—K. Koschmieder. (Hochf:tech. u.
Elek:akus., April 1941, Vol. 57, No. 4,
p.- 122: p. 122.) German Patents 690 683
& 696 988, assigned to Lorenz Company.

ARRANGEMENT FOR THE AUTOMATIC CLEARING
OF THE MINIMUM IN A ROTATING DIRECTION-
FINDER [by Equalising the Amplitudes of the
Two Component Oscillations by Automatic
Control].—F. Johnske & others. (Hochf:tech.
u. Elek:akus., April 1941, Vol. 57, No. 4,
p- 123.) German Patent 697 223, assigned
to Telefunken.

2729.

ARRANGEMENT FOR THE COMPENSATION OF
Periopic Errors IN D.F. [Field Coils of
Goniometer automatically displaced with
respect to Search Coil, by Eccentric or
Contoured Discs].—E. Muller. (Hochf:tech.
u. Elek:akus., April 1941, Vol. 57, No. 4,
p- 122.) German Patent 696 682, assigned to
Lorenz Company.

2730.

ON THE UseE OF TUNED AND APERIODIC
FRAME RECEIVING AERIALS WITH FEwW
Turns.—Koch. (See 2698.)

INFLUENCE OF AzZIMUTHAL ERROR ON THE
BarLrisTic WIND IN THE ELECTRICAL TRACK-
ING OF Rabprosonpes.—O. Kihm & R.

2731.

2732.

Sanger. (Schweizer Arch. f. angewandie Wiss.
u. Tech., March 1941, Vol. 7, No. 3,
pp. 61-68.)

The writers set themselves the problem of
calculating the accuracy with which the d.f. on
the radiosonde must be carried out in order that
the wind may be determined with a precision
sufficient for the requirements of ballistics. They
assume a d.f. system of three stations disposed for
simplicity’s sake in an equilateral triangle of sides
2/ (two stations are insufficient, because of the
inaccuracy when the sonde happens to reach a
position whose horizontal projection lies close to
the line joining the two stations). The ballistic
wind is given by eqn. 1, involving the mean velocity
of the wind in the layer between heights &, and
hiyq, the time of stay of the projectile in that layer,
and the total trajectory time.

The centre formula of eqn. 25 (which is based on
an average total trajectory time of 50 secs.) assumes
a mean rate of ascent for the sonde of 100 m/min.
and an interval of 1 min. between the d.f. readings,
and gives the mean error of the ballistic wind
as 1/300th of the ' maximum mean point error ”’
(in the locating of a point by the assumed triangula-
tion—see section 3) which, in section 5, is found
to be equal to 15 si/h, where & is a constant repre-
senting accuracy—see eqn. 9 and subsequent text.
Thus with the above assumptions the mean crror of
the ballistic wind is 15s//300%. But assuming that
the ballistic wind has to be determined within
1 metre per second, and remembering that (with
the Gaussian error-distribution which is postulated
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throughout) the maximum error may be 3 times
the mean error, the latter must not exceed one-
third of a metre per second. Hence in the limit
15s5//300h = %, Jordan (see footnotes 4 & 1)
has shown that the relation between the accuracy
h of the azimuth measurement and its mean
error m is given by 4% = 1/2m?, and for the ‘“ mean
error ellipse ”’ s must be put equal to } (see p. 65,
I-h column). Inserting these values for s and &
in the equation 15s//300k = }, it is found that
m = 20/3..

Experience shows that with the rate of ascent
assumed, I00 m/min., the total sonde drift which
has to be considered is not likely to exceed 10 km.
In estimating the “ maximum mean point error ’’
in section 5, mentioned above, it was pointed
out that this error must be limited by assuming
that the greatest distance from the centre of the
triangle which would require dealing with would
not exceed 47, twice the length of base. Putting,
therefore, 4/ = 10 km, / becomes 2500 m, and the
permissible mean error of azimuth determination
is thus given as m = 20/3/ = 0.0027 = 10". Thus
to determine the ballistic wind within 1 m/sec.
in the conditions assumed above, the individual
azimuths must be measured to within 4 } degree.
The final section deals with errors due to lack
of simultaneity in the working of the three stations.
Practice shows that such errors are of small
importance compared with the maximum mean
azimuthal error.

2733. DisTaNcE SiGNaLs [Distance Determination
by Optical Phenomenon of Double Grating].
—E. Lau. (Zeitschr. f. tech. Phys., No. 12,
Vol. 21, 1940, pp. 296-298.) See also 2282
of 1940.

ACOUSTICS AND AUDIO-FREQUENCIES

2734. THE RocHELLE SarT CRyYSTAL AND ITs
APPLICATION IN THE FIELD oF TELEPHONY
[including Descriptions of Table Telephone
Set without Any Current Supply, & the
‘“ Electric Speaking-Tube ", particularly for
Ships]—L. Sengewitz. (E.T.Z., 15th May
1941, Vol. 62, No. 20, pp. 463—465.)

2735. EFFECT OF TEMPERATURE VARIATION AND
Eiectric FI1ELp oN X-Ray INTENsITY
REFLECTED FROM ROCHELLE SALT CRYSTAL :
PART I —TEMPERATURE EFFECT.—S. Miyake.
(Proc. Phys.-Math. Soc. Japan, May 1941,
Vol. 23, No. 5, pp. 377-395 : in English).

The existence of a definite temperature effect
on the reflecting intensity is established and
attributed to a variation of the secondary structure
of the crystal in the neighbourhood of its Curie
point, and not to the change in the structure factor
suggested by Staub.

2736. AcousTtic MODELS OF RADIO ANTENNAS [and
Some Dircctional Microphones & Sound
Guns, etc., including Application to the
Direct Measurement of Absorption Co-
efficients].—Jordan. (See 2702.)

2737. THE FUNDAMENTAL THEORY OF THE ELECTRO-
AcoUsTIC TRANSFORMER [Microphones, Loud-
speakers, etc: General Equation obtained
by Solution of Maxwell-Lagrange Equation
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of Motion, with Aid of Tensor Analysis].—
S. Okada & K. Fukusima. (Nippon Elec.
Comm. Eng., April 1041, No. 24, p. 245:
summary only.)

2738. THE STRUCTURE OF Brack CarpoN [Carbon
Films deposited on Silica by Decomposition
of Methane, important because of Micro-
phonic  Properties:  Electron - Diffraction
Studies].—A. H. White & L. H. Germer.
(Phys. Review, 1st June 1941, Vol. 59, No. 11,
p- 926 : summary only.)

’

2739. AN IMPROVED ' MAGNETTON "’ PRrocEss [of
Sound Recording on Film carrying Magnetic
Particles : Greatly Improved Performance
by H.F. Treatment during Recording :
Signal/Noise Ratio over 1000/1: Linear
Characteristic up to 10 kc/s].—H. J. von
Braunmiihl & W. Weber. (Zeitschr. V.D.1.,
12th July 1941, Vol. 85 No. 28, p. 628:
paragraph only.) Used in German broad-
casting.

2740. OX THE THEORY OF MODULATION OF A
HiGH-PRESSURE ARC BY AN ALTERNATING
COMPONENT SUPERPOSED ON THE DIRECT

CUrRRENT.—Weizel, Rompe, & Schulze.
(See 2954.)

2741. PLastic Sounp REepropuUcTION.—K. de
Boer. (E.T.Z., 8th May 1941, Vol. 62, No.
19, Pp. 446—447: summary from Philips
techn. Rundschau, Vol. 5, 1940, p. 108
onwards.)

The factors involved in the localisation of a
sound-source : frequency-dependence of the dif-
fracting effect of the head (resulting in differences
in quality which may contribute to the power of
direction discrimination) : binaural stereophonic
reception, with earphones : stereophonic reception
from loudspeakers (two spaced loudspeakers for
frequencies above 300 c¢/s, a third for lower fre-
quencies, suitably situated) : etc.

2742. AppLicATIONs OF OUR DIrRECT-READING
PitcH aND INTENSITY RECORDER: PARTs
III anp IV [Studies of Acoustical Properties
of “ Chansons " & Jazz Songs, and Precision
of Pitch Intonation by Famous Sopranos].—
J. Obata & R. Kobayashi. (Proc. Phys.-
Math. Soc. Japan, March 1941, Vol. 23,
No. 3, pp.- 239—251: in English.) For
previous parts see 4324 of 1940.

2743. DYNAMICS OF THE PIANOFORTE STRING AND
THE HAMMER : PART IV—STUDY OF DURA-
TION OF ImpacT: PART V—SOME SPECIAL
THEORIES.—M. Ghosh. (Indian jJourn. of
Phys., Dec. 1940, Vol. 14, Part 6, pp. 475-
488 & 489-497.) For previous parts see
2291 of 1g40.

2744. THE ABSORPTION OF SOUND BY MEANS OF
RESONATING SvsTEMs [Theoretical Treat-
ment, with Experimental Confirmation by
Series of Tests on Stationary Waves in a
Kundt’s Tube: Pre-Calculation of Reson-
ance Frequency, Max. Value & Frequency-
Characteristic of Absorption Coefficient :
etc.].—A. Gigli. (Alta Frequenza, Dec.
1940, Vol. g, No. 12, pp. 717-744.)
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2745. A NEW SOUND-ABSORBING ARRANGEMENT
ofF HicH EFFICIENCY, AND THE CONSTRUC-
TION OF A SouND-DamMpPED Room [at Tech-
nical College, Berlin : Coating of Metre-High
Pyramids made of a Gauze Shell filled with
Slag-Wool].— E. Meyer, G. Buchmann, &
A. Schoch. (Zeitschr. f. tech. Phys., No. 12,
Vol. 21, 1940, pp. 372-375.)

2746. ON THE SPACE ATTENUATION OF IMPACT
Sounps IN A Brick Buiping.—A. E.
Knowler. (Phil. Mag., March 1941, Vol. 31,
No. 200, pp. 240-246.)

2747. LocariTHMIC CHARACTERISTICS OF DRry-
PLATE RECTIFIERS, AND THEIR APPLICATION
To MEASURING INSTRUMENTS.—RR. Manfrino.
(Alta Frequemza, Aug./Sept. 1940, Vol. g,
No. 8/9, pp. 494-517.)

An investigation showing how a critical study of
the behaviour of the copper-oxide ‘‘ linear decibel
meter ”’ proposed by Akazawa & Uno (4530 of 1939)
has led to a distinct improvement in the perform-
ance of such an instrument. Characteristics of
dry-plate rectifier elements are given, for tempera-
tures between 15° and 50° C. By suitable matching
of the circuit elements the useful voltage range can
be increased and shifted. Two elements in series
enable the range to be extended from 4o0db to at
least 54 db. The optimum internal resistance of
the indicating instrument (at least 5 kilohms) and
series resistance (about 10 kilohms) are determined.

2748. THE ESTIMATION OF THE QUALITY OF TRANS-
MISSION IN TELEPHONIC SysTEMS, and THE
SIGNIFICANCE AND DETERMINATION OF THE
QUALITY OF TRANSMISSION IN TELEPHONY.—
H. Bornemann : K. Braun. (Alta Frequenza)
Dec. 1940, Vol. 9, No. 12, pp. 766-775.,
Based on papers in Europ. Fernsp. Dienst of
March 1939 and T.F.T. of May 1940.

ON THE DISTRIBUTION OF NoN-LINEAR Dis-
TORTION IN MULTI-CHANNEL CARRIER TELE-
PHONE SvsTeEM.—Y. Degawa. (Nippon
Elec. Comm. Eng., April 1941, No. 24, pp.
238-241.)

2749

SouND RADIATION PRESSURE IN LiguiDs
AND GASEs IN RELATION To THE EQUATION
or STATE—G. Hertz. (Zettschr. f. tech.
Phys., No. 12, Vol. 21, 1940, pp. 298-301.)

2750.

VELOCITY OF SOUND IN SOME BINARY
ArLovs [and Its Variation with the Com-
position].—G. E. Allan. (Phil. Mag., Aug.
1941, Vol. 32, No. 211, pp. 165-170.)

2751.

A MATERIAL WITH EXTREMELY HIGH VELO-
CITY OF SOUND PROPAGATION [ Degussit ”
(essentially Aluminium Oxide) with Velocity
9600 m/s].—H. Thiede. (Alta Frequenza,
April 1941, Vol. 10, No. 4, p. 252 : summary
only.) I'rom Akust. Zeitschr., Jan. 194I.

2752,

AcoUSTIC REFRACTION AND ToTaL REFLEc-
TION : EXPERIMENTS WITH GASES WITH
CONTINUOUS TRANSITION OF BOUNDBARY
Lavers.—von Schmidt & Kling. (See 2636.)

2753-
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2754. ON THE DISPERSION OF SoUND WAVE
CONSIDERING THE EFrrECTS oF HEAT CON-
DUCTION AND ViscosiTy.-——Z. Sakadi. (Proc.
Phys.-Math. Soc. Japan, March 1941, Vol. 23,
No. 3, pp. 208-213 : in English.)

2755. ON THE MECHANICAL BEHAVIOUR OF LIQUIDS
UNDER HIGH-FREQUENCY OSCILLATIONS.—
I. Osida. (Proc. Phys.-Math. Soc. Japan,
Jan. 1941, Vol. 23, No. 1, pp. 18-27: in
English.) TFor Russian work on the same
problem see 3085 of 1940.

2756. THE SENSITIVE FrLame [Guthrie Lecture].—
E. N. da C. Andrade. (Proc. Phys. Soc.,
15t July 1941, Vol. 53, Part 4, pp. 320-355.)

2757. THE CORRELATION
MICROPHONICS  AND
O. Stuhlman, Jr. (Phys. Review, 1st June
1941, Vol. 59, No. 11, p. 911: short
summary only.)

BETWEEN COCHLEAR
STAPES MoTioN.—

PHOTOTELEGRAPHY AND TELEVISION

2758. A NEew SvySTEM FoOR MOTION-PICTURE
PHoToGRAPHY [or Television where Lighting
Conditions are under Control: Equal
Sharpness for Distant & Near-By Objects.]
A. N. Goldsmith & others. (Science, 20th
June 1941, Vol. 93, Supp. p. 8.)

2759. TELEvisIoN FLOODLIGHT [giving 195 000
Lumens without Excessive Heat.]—(Gen.
Elec. Review, June 1941, Vol. 44, No. 6,
p- 352.)

2760. THE RECENT DEVELOPMENT OF TELEVISION
Pick-Up AND StUDIO TECHNIQUE IN GER-
MaNY.—]. G. Weiss. (E.T.Z., 3oth April
1941, Vol. 62, No. 18, pp. 432-433: long
summary.)

2761. THE INTERPRETATION OF AMPLITUDE AND
PHAsSE Di1sToRTIONS IN TRANSMISSION LINES
BY THE FKEcHo SprECTRUuM.—I. Someya.
(Nippon FLlec. Comm. Eng., April 1041,
No. 24, pp. 232-237))

“ The use of similar and time-derivative paired
echoes in graphical methods has already been
developed by Wheeler [3641 of 1939] and Strecker
[447 of February]. However, [these] methods are
applicable only when the phase distortion is very
small, and therefore a transmission line with large
phase distortion must be divided into many tandem
networks of small phase distortion, in which case
the graphical calculation becomes very com-
plicated . . " The present mathematical method
is applicable to the design of low-pass filters giving
smooth response to a unit impulse, and of networks
for the aperture compensation of cathode-ray
spots : to the determination of the characteristics
of networks from the response to a unit impulse,
and of the permissible limits of amplitude and phase
distortions of television transmission lines, etc.

2762. CONDITIONS FOR MINIMUM ATTENUATION IN
CoaxiaL CaBLEs AT HIGH IFREQUENCIES.-
S. Malatesta. (4ita Frequenza, Dec. 1940,
Vol. g, No. 12, pp. 755-762.)
Author’s summary .—' When, for reasons of
space or cost, the diameter of the outer conductor
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of a cable is fixed, there exists a value of the
diameter of the inner conductor which will give
the minimum attenuation : the value of the ratio,
between the internal diameter of the outer con-
ductor and the external diameter of the inner,
which will give this minimum depends on the
nature and structure of the conductors. If the
cable is designed with this ratio between the
diameters, the attenuation is inversely proportional
to the internal diameter of the outer conductor.
If the cable is designed in the optimum way, it is
possible to replace the copper of the outer conductor
by other metals *’ [aluminium, or if the cable can
be flexible, the actual lead sheathing which usually
covers such cables. ‘* Such observations show how
it is possible, in this field also, to make a modest
contribution to the autarchy of our country "’].

2763. THE DISTORTIONS OF SIGNALS IN NoN-
UNirForM CapLeEs [Wide-Band Television
Cables].—G. Zin. (Alta Frequenza, Aug.|
Sept. 1940, Vol. 9, No. 8/9, pp. 569-570:
summary only.) FIor other work see 1131
of 1940 and 20735 of August.

A SEALED-OFF HiGH-Vacuum PHOTOCELL
FOR ULTRA-VIOLET L1GHT [for Measurement
of Emission from Metal Surfaces : Objections
(including Impossibility of obtaining Satura-
tion Values) of System in Air: Fluctuating
Results with Continuously Ivacuated Tube :
Special Design of Sealed-Off Tube].—
C. Brinkmann. (Zeitschr. f. Instr:kunde,
Dec. 1940, Vol. 60, No. 12, pp. 369-371.)

2764.

A NEW PHOTOCELL WITH SECONDARY-EMIS-
SION AMPLIFICATION [of Reduced Size, with
No Magnetic Field, Max. Anode Potential
only 600 V].—M. C. Teves. (Al/ta Frequenza,
April 1941, Vol. 10, No. 4, pp. 251-252.)
From Rev. techn. Philips, Sept. 1940.

2705.

2766. ELECTRON EMISSION OF METALS IN ELECTRIC
FieLps : II—FI1ELpD DEPENDENCE OF THE
SURFACE DPrnorto-EFFEcT [Expression for
Photocurrent contains Periodic Term, Frac-
tional Magnitude being even Larger than
with Thermionic Emission : etc.].—E. Guth
& C. J. Mullin. (Phys. Review, ist June
1941, Vol. 59, No. 11, pp. 867-873.) For
1 see 1909 of July.

ELECTRON EMISSION FROM SURFACES SUBJECT
T0 PERIODIC FLUCTUATIONS IN  WORK
FFuncrion [Calculations with Possible Appli-
cation to Thermionic and Photoelectric
Emission and the Temperature Dependence
of Work Function].-—A. T. Waterman.
(Phys. Review, 1st June 1941, Vol. 59, No. 11,
P- 943 : summary only.)

2767.

2768. RELAXATION TiME oF CoLLoIDAL PARTICLES
FROM MEASUREMENTS OF THE KELECTRO-
Oprical ErFECT [and the Two Components
of the Double Refraction at Frequencies
below the Relaxation Frequency].—B. W.
Sakmann. (Phys. Review, ist June 194I,
Vol. 59, No. 11, p. 935 : summary only.)
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MEASUREMENTS AND STANDARDS

2769. A REFLECTION METHOD OF MEASURING
OrticaL AND ELEcTRICAL CONSTANTS AT
Urtra-HigH Rapio FrrQueNcies.—Palmer
& Forrester. (See 2620.)

2770. METHOD FOR MEASURING Hi1GH-FREQUENCY
EirecTric FIELDs AND ITs Usk ror Locar
SHORT-WAVE Dosimerry.—K. S. Lion.
(Helvet. Phys. Acta, 20th Feb. 1941, Vol. 14,
pp- 21-50 : reference only in Review Scient.
Instr., May 1941, p. 296.)

2771. THE CONDUCTIVITY AND DIELECTRIC Con-
STANT OF A NORMAL AQUEOUS SOLUTION OF
Porassium CHLORIDE IN ULTRA-HIGH-FRE-
QUENCY FIELDS.—DM. A. Divilkovski & D. I.
Mash. (Journ. of Exper. & Theoret. Phys.
[in Russian], No. 11, Vol. 10, 1940, pp.
1257-1262.)

The thermometric method (see 1958 of 1940 and
back references), based on observing the warming-up
of a liquid in a h.f. field, was used for determining
o and € on wavelengths of 443 and 23.6 cm and at
a temperature of about 22° C : the results are shown
separately for magnetic and electric fields. The
1. value of ¢ decreases at 443 and 23.6 cm by 5%
and 309% respectively. On 23.6 cm the value of €
was 100. Results by other investigators are dis-
cussed briefly.

2772. MECHANISM OF ACTION AND I'REQUENCY OF
THE MULTIVIBRATOR.—F. Vecchiacchi. (Aita
IFrequenza, Dec. 1940, Vol. g, No. 12, pp. 745~

754-

Anthor's) summary —' A simple analysis of the
mechanism of action of the classic Abraham-Bloch
multivibrator has been made, principally with the
object of obtaining a sufficiently precise expression
for the oscillation frequency. Experiment shows
that in normal cases the agreement between the
frequency values calculated from a knowledge of the
statically determined characteristic quantities, and
the oscillation frequencies actually obtained, easily
comes within 2-3%.” The formula employed 1s
that given by eqn. 4, which reduces to eqn. 5 if both
valves have the same characteristics, and to eqn. 6
or 6 if the three capacities and resistances are equal
among themselves. A further simplification, eqn. 7
(T = 2RC log,u, approx.) is considerably less ac-
curate. The approximation 7 = i,C, + R,C,,
given by other workers, is condemned.

2773. MULTIVIBRATOR AS A SINUSOIDAL OSCILLA-
TION GENERATOR.—Kobayasi. (See 2684.)

2774. OPTICAL REFRACTION PATTERNS : PART I—
Tueory [Mathematical Theory of Formation
of Refraction Patterns applied to Study of
Quartz].—R. S. Rivlin. ~{Proc. Phys. Soc.,
1st July 1941, Vol. 53, Part 4, pp. 409-417.)
Supplementary to the work dealt with in
830 of March.

2775. EFFECT OF TEMPERATURE VARIATION AND
ErLecTric F1ELD ON X-RAY INTENSITY RE-
FLECTED FROM ROCHELLE SALT CRYSTAL:
ParT I- -TEMPERATURE EFFECT.—Miyake.

(See 2735.)

THYE WIRELESS ENGINEER

431

2770, THE BROADCASTING OF STANDARD ['RE-
QUENCY IN JAPAN [from 5 kW Tokyo Trans-
mitter giving 4, 7, 9, & 13 Mc/s, C.W. and
with 1 kc/s Modulation ; Accuracy about
1 x 10~%: Times & Code, etc.].—T. Amisima
& M. Yoneyama. (Nippon Elec. Comm. Eng.,
April 1941, No. 24, pp. 230-231.) Accuracy
to be improved to 1 X 1078

2777. A NEW SHORT - INTERVAL CHRONOSCOPE
[Thyratrons & Indicating Device on Mag-
netic Surge-Crest-Ammeter Principle (1934
Abstracts, p. 555)]-—H. P. Kuehni. (Gen.
Flec. Review, June 1941, Vol. 44, No. 6,
PP. 337-339.) ' A speed-indicating instru-
ment for 10! or even 107° sec. should there-
fore not present insurmountable difficulties.”
Cf. 2497 of September.

2778. ON A CERTAIN PROBLEM OF KELVIN RE-
LATING TO THE TnHEORY OF Crocks.—N.
Butenin. (Journ. of Exper. & Theorel. Phys.
[in Russian], No. 11, Vol. 10, 1940, Pp. 1283—
1292.)

By analogy with the processes taking place in
auto-oscillating electrical systems with two degrees
of freedom, the theory of non-linear oscillations is
applied to the phenomena observed by Kelvin (in
the rate of clocks and chronometers as determined
by the method of suspension), and simple formulae
interpreting these are derived.

2779. ON NEW PHASE NETWORKS FOR MEASURING
PURPOSES, WITH FREQUENCY AND TEMPERA-
TURE COMPENSATION [for Precision Working].
__H. Poleck. (Wiss. Verdff. a.d. Siemens-
Werken, 5th Nov. 1940, Vol. 19, No. 3, pp-
48-357.) In addition to the networks for
9o° displacement with which the paper is
concerned, a compensated o° circuit for very
high voltage tests is given.

2780. DESIGNING RESISTANCES : ABAC FOR EsTI-
MATING EUREKA WIRE WINDINGS.—R. F.
Blackwell. (Wireless World, July 1941,
Vol. 47, No. 7, pp. 189-191.)

2781. TECHNIQUE OF RESISTANCE MEASUREMENTS
ON ALUMINA AT HicH TEMPERATURES.—A.
Walter & B. Gorelik. (Journ. of Tech. Phys.
[in Russian], No. 2, Vol. 10, 1940, Pp. 85-90.)

2782. BALANCE CONDITIONS AND SENSITIVITY OF
BRIDGES FOR THE MEASUREMENT OF IM-
PEDANCEs.—P. Lombardi. (Alta Frequenza,
Aug./Sept. 1940, Vol. 9, No. 8/9, pp. 518-530.)

Author’s summary :—'* The property of being
easily and quickly balanced is a valuable character-
istic of an impedance bridge. The study of this
property, with the help of the locus diagrams of the
impedances of the arms, snitably combined, allows
the balancing operation to be followed so as to
provide criteria for the estimation and improvement
of the ‘ convergence ’ of the bridge.

“ The sensitivity is another factor of importance
in the comparison of measuring instruments. For
a bridge, it can be expressed in a simple form as the
product of a factor depending on the type and con-
struction of the bridge [** bridge factor ”’] and a
factor depending on the composition of the branch
in which the unbalancing occurs [ unbalance
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factor '] : this form lends itself to discussion and
instructive conclusions.” The simplification, in
itself, is merely formal since each factor is a ratio
of complex quantities; but its advantage lies in
the fact that in a certain number of practical cases
both of them can be calculated in advance. A
simple example is given for a Wheatstone bridge
for pure resistances.

2783. THE ACCURACY OF FIELD-STRENGTH MEAs-
UREMENTS.—]. D. Veegens & J. J. Z. van
Zelst. (E.T.Z., 30th April 1941, Vol. 62,
No. 18, p. 431 : summary from Philips techn.
Rundschau, Vol. 5, 1940, p. 141 onwards.)
The accuracy of the usual measuring equipment
depends above all on the accuracy of calibration of
the valve voltmeter. For the recording field-
strength meter here described, calibration is per-
formed by putting a calibrating voltage from a
signal generator across a resistance of about
0.1 ohm connected in the frame-aerial circuit.
This resistance consists of 15 chrome-nickel wires of
25 thickness and 1 mm length, connected in
parallel, so that it is free from inductance and its
resistance at 50 Mc/s differs from its d.c. value by
less than 19%. Harmonics from the signal generator
affect the calibration accuracy practically not at
all if the generator current is checked by a thermo-
ammeter. Frame-circuit asymmetry due to cali-
brating resistance, and resulting in a ‘‘ vertical-
aerial " effect, causes an error of at most 1%.
Errors due to the capacitances of the leads between
frame and valve voltmeter, to each other and to
the casing, can be compensated to 1% or less.
Taking the remaining sources of error into account,
the over-all inaccuracy of the equipment is estimated
at 4%, ‘which is good enough for most purposes.
The frequency range is wide—150 kc/s to 25 Mc/s.

2784. THE SENSITIVITY OF RADIO RECEIVERS AND
THE METHODS OF MEASURING 1T.—Koch.
(See 2688.)

TESTS ON BROADCAST RECEIVERS : GENERAL
DETERMINATIONS AND MEASUREMENTS ON
THE Low - FREQUENCY COMPLEX. - - Egidi.
(See 2687.)

LoGARITHMIC CHARACTERISTICS OF DRry-
PLATE RECTIFIERS, AND THEIR APPLICATION
TO MEASURING INSTRUMENTS.—Manfrino.
(See 2747.)

INEXPENSIVE THERMIONIC VOLTMETER [D.C.
Voltmeter, usually needed for Slide-Back
Peak-Voltmeter Circuit, eliminated by Use
of Calibrated Potentiometer (Receiver Volume
Control)] —T. B. Rymer. (Journ. of Scient.
Instr., Aug. 1941, Vol. 18, No. 8, p. 166.)

DETERMINATION OF THE CORRECTION OF THE
INSTRUMENT UNDER TEsT 1IN D.C. Cowm-
PENSATION MEASUREMENTS [directly from the
Galvanometer Reading]. — W. Zschaage.
(E.-T.Z., 24th April 1941, Vol. 62, No. 17,

2785.

2786.

2787.

2788.

PP. 405—408.) Using, in particular, the
Schmidt compensator dealt with in 2196 of
August.

2789. NOTE ON THE D.C. CHARACTERISTICS OF THE
STRING GALVANOMETER [including Equation

useful in Study of Departures from Strict
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Linearity]. — F. T. Rogers, Jr. (Review
Scient. Inmstr., July 1941, Vol. 12, No. ™
PP- 351-354.)

IMPROVEMENTS IN THE STRING GALVANO-
METER. — C. W. Lutz. (Zeitschr.  f.
Instr-kunde, Aug. 1940, Vol. 60, No. 8,
PP. 252-254.)

RADIANT ENERGY MEASUREMENTS WITH
TuermoriLEs [Explanation of 20-40% Dis-
Crepancy between Evacuated & Air-Filled
Junctions used for Ultra-Violet Measure-
ments].—N. C. Beese. (Phys. Review, 1st
June 1941, Vol. 59, No. 11, p. 922 : summary.)

2790.

2791.

FouNDATIONS OF THE MAGNETIC AMPLIFIER
FOR MEASURING AND CONTROL TECHNIQUE.
Geyger. (See 2857.)

2792.

2793. A New [Ballistic] METHOD OF MEASURING
THE TRUE REMANENCE OF PERMANENT
MaGNETS.—H. Neumann & W. Zumbusch.
(Wiss. Veroff. a.d. Siemens-Werken, 18th
Sept. 1940. Vol. 19, Special lIssue on
* Materials,”” pp. 21-36.)

CusHIONED INSTRUMENTS [Use of * Vibro-
Insulators "'].—Goodrich Company. (Review
Scrent. Imstr., April 1941, Vol. 12, p. 238)

2794.

INnsuraTiON TEST SET: ANOTHER USE FOR
THE CATHODE-RAY TUNING INDICATOR.—
J. S. Forrest. (Wirveless World, July 1941,
Vol. 47, No. 7, pp. 178-179.)

A TIMER FOR SPARK BREAKDOWN STUDIES
[Device for Application & Measurement of
I-5000 usec. Rectangular Voltage Waves :
Technique for obtaining Truly Rectangular
Waves].—]. D. Cobine & E. C. Easton.
(Review Scient. Imstr., June 1941, Vol. 12,
No. 6, pp. 301-305.)

INTERNAL ELECTRO-ANALYSIS [for Rapid
Measurement (e.g.) of Copper & Bismuth
Impurities in Lead Sheath].—C. L. Luke.
(Bell Lab. Record, May 1941, Vol. 19, p. 294.)

2795.

2796.

ENGINEERING PROBLEMS IN DIMENSIONS AND
ToLErRANCES.—W. W. Werring. (Bell S.
Tech. Journ., April 1941, Vol. 20, No. 2,
PP- 179-198.)

2798.

SUBSIDIARY APPARATUS AND MATERIALS

2799. CATHODE-RAY TuBEs with DPOST-ACCELERA-
TioN [Type DNg-5: Comparison with
Ordinary Type DNog-3: Recording Speed
24 km/s compared with 850 m/s].-—de Gier.
(Alta Frequenza, April 1941, Vol. 10, No. 4,
PP. 253-254 : summary only.) From Rev.
techn. Philips, Sept. 1940.

2800. THE EXCITATION OF CRYSTAL PHOSPHORS
BY CORPUSCULAR Ravs.—Moglich & Rompe.
(Zettschy. f. tech. Phys., No. 12, Vol. 21, 1940,
PP- 304-307.)

Authors’ summary :—* The transfer of energy
from the impacting corpuscles to the crystal
phosphor takes place directly through the electron
gas of the crystal. The electrons take up the
energy and give it up as radiation, in accordance
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with the ideas of Schén & Riehl (1580 of 1940).
The incident particles produce in the electron gas a

cascade of excited electrons.

An electron incident

with high velocity produces a cascade of electrons

with progressively decreasing energy.

An alpha

particle, on the other hand, produces a large number
of comparatively slow electrons, each of which

forms the origin of an electron cascade.

The life

of an excited electron is very much longer in the
first case than in the second, since it increases with

p3iz,

Thus the electrons excited by electron

collision are more exposed to multiple impacts with
the lattice than the electrons whose cascades are

produced by heavy particles.

This explains why

the quantum output at the excitation of a crystal
phosphor by heavy particles is, as has been observed,
incomparably more favourable than the output at
excitation by electrons.”

2801.

2802.

2803.

2804.

2805.

2806.

2807.

2808.

LiFETIME OF FLUORESCENCE BY AN FLEC-
TRONIC METHOD [Decay Curve given
Directly on C-R-Tube Screen: Present
Form of Apparatus measures Lifetimes
longer than 1 usec.].— Rawcliffe. (Phys.
Review, 1st June 1941, Vol. 59, No. 11,
P- 915: summary only.) See also Science,
23rd May 1941, Vol. 93, Supp. p. 8.

ON THE NUMBER OF QUANTA REQUIRED FOR
THE DEVELOPABILITY OF A SILVER HALIDE
GRAIN.—Silberstein : Webb. (Journ. Opt.
Soc. Am., May 1941, Vol. 31, No. 3,
PP- 343-348.) Challenging the correctness of
Webb's conclusions (see 1173 of 1940) : for
reply, and another paper, see pp. 348-357.

THE FoRMATION OF NEGATIVE HALIDE IonNs
AT THE INTERACTION BETWEEN ALKALI-

HALIDES AND THE SURFACE OF INcaN-
DESCENT TUNGSTEN.—Dukelski & Ionov.
(Journ. of Exper. & Theovet. Phys: [in

Russian], No. 11, Vol. 10, 1940, pp. 1248—
1256.)

A NEew ELECTROLYTIC TROUGH FOR THE
INVESTIGATION OF ULTRA - SHORT - WAVE
F1ELDs 1N MULTI-LAYERED DIELECTRICS.—

Schaefer & Stachowiack. (See 2709.)

‘ ELEKTRISCHE KIPPSCHWINGUNGEN ~’ [Re-
laxation Oscillations: Book Review].—
Richter.  (dlta Frequenza, April 1941

Vol. 10, No. 4, p. 256.)

THE MEcHANISM OF THE ELECTRICAL DiIs-
SIPATION OF GAs AT PRESSURES BELOW
1o07*um He [ Clean-Up ” Effect, with
Consequent Further Decrease in Pressure].
Schwarz. (Zeutschr. f. tech. Phys., No. 12,
Vol. 21, 1940, pp. 381-384.) A more com-
plete treatment was dealt with in 1671 of
June.

A RECORDING SENSITIVE DIFFERENTIAL
MaNOMETER [responding to Pressure Differ-
ences as Small as 0.00003 cm Hg and as
Rapid as 8o c¢/s].—Hurst. (Review Scient.
Instr., May 1941, Vol. 12, No. 5, pp. 265-268.)

A New Low-Pressure GAUGE [Simple &
Cheap : depending on Rate of Sublimation
ot Solid CO,].—Coftin & Dingle. (Canadian
Journ. of Res., May 1941, Vol. 19, No. 5,
Sec. B, pp. 129-131.)
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2810.

2811,

2812,

2813.
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2815.

2816.

2817.

2818.

2819.

2820.
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THE MEASUREMENT OF PRESSURES BY
THERMOELECTRIC METHODs [Short Survey,
leading to an Improved Thermo-Junction
Manometer].—Bartholomeyczyk. (Zeitschr.
f-tech. Phys., No. 2, Vol. 22, 1941, pp. 25-27.)

MOLYBDENITE AS Ao NEwW LUBRICANT [for
Bearings in a Vacuum, & Others].—Bell
& Findlay. (Phys. Review, 1st June 1941,
Vol. 59, No. 11, p. 922: summary only.)
Cf. 171 of January.

A MoOUTH-CONTROLLED VALVE FOR CoOM-
PRESSED AIR IN Grass Browinc.—Allison.
(Review Scient. Instr., April 1941, Vol. 12,
No. 4, pp. 212—213.)

A MaGNETIC ELECTRON MIcroscoPE [Two-
Stage, at M.I.T.].—Harvey & Sullivan.
{Phys. Review, 1st June 1941, Vol. 59, No. 11,
P. 929 : summary only.)

Use oF THE TERM ‘' RESOLVING PowER "’ IN
SprCTROscOPY [Suggestion of ‘‘ Resolving
Limit ”* (Instrumental Line Width in cm™!
at a Particular Wavelength) as Practical
Measure].—Tolansky. (Nature, 12th July
1941, Vol. 148, p. 54.)

ON THE FocusiNG oF IoN BEaMs IN THE
CvycLoTRON [and the Avoidance of Ilectrical
Defocusing : Change of Phase by ‘‘ Feeler ”
with Edge inclined to Dee Edge: etc].—-
Yamaguchi. (Proc. Phys.-Math. Soc. Japan,
May 1941, Vol. 23, No. 5, pp. 396-397 : in
English.)

PrReELIMINARY ResurLTs oN Two NEw IoN
SourcEs [Vigdorchick’s Gasomagnetron &
a ‘“Doughnut” H.F. Ring Discharge Tube].—
Getting. (Phys. Review, 1st March 1941,
Voi. 59, No. 5, p. 467: summary only.)
For the gasomagnetron see also 783 of 1940
and back reference.

TRANSMISSION OF AN ELECTRON DENSITY
DISTURBANCE ALONG A PosiTive COLUMN IN
A LoncitubpinaL Fierp [Theory].—Tonks.
(Phys. Review, 1s5th March 1941, Vol. 59,
No. 6, pp. 522-527.)

O~ ELECTRON MOVEMENTS IN PLAsMAS, AND
SOME  APPLICATIONS. — Schumann. (See
2685.)

INFLUENCE OF A LONGITUDINAL MAGNETIC
FiELD oN AN ELECTRICAL DISCHARGE IN
MErRCURY VAPOUR AT L.ow PRESSURE [Ex-
perimental Investigation of Tonks’s Theory].
Cummings & Tonks. (Phys. Review, 15th
March 1941, Vol. 59, No. 6, pp. 514-522.)

ELECTROSTATIC ARC-EXTINCTION ON THE
“ STARVATION ”’ PRINCIPLE [Interruption of
Mercury-Vapour Discharges by Electro-
static Suppression (by Grids) of Positive
Ions : Extinction Times under 107% Second].
—Meinhardt. (Arch. f. Elektrot., 20th Feb.
1941, Vol. 35, No. 2, pp. 85-98.)

GAP RECOVERY STRENGTH OF A.C. ARCS AT
Hicn PrRESSURE.—Bauer & Cobine. (Gen.
Elec. Review, June 1941, Vol. 44, No. 6,
PP 315-321.)



434

2821. AN EFFeEcT orF LIGHT IN GASES UNDER
lLLECTRICAL  DISCHARGE  [Instantancous
Diminution of Discharge Current in Chlorine
on Irradiation—Extension of lixperiments
to Other Guses].—]Joshi & Deshmukh.
(Nature, 28th June 1941, Vol. 147, p. 806))

A NEw Loss-Law r¥or THE A.C. CoroNa [for
Commercial Frequencies]—DPrinz.  (Wiss.
Veroff. a. d. Siemens-Werken, 5th Nov. 1940,
Vol. 19, No. 3, pp. 88-135.)

2822.

FormMs oF DISCHARGE IN MiIcro-Gars [of
Order of 107% cm, at Atmospheric Pressure].
—Jones & Huxford. (Phys. Review, 1st
June 1941, Vol. 59, No. 11, pp. 932-933:
summary only.)

2823.

2824. HiGH - FREQUENCY DISCHARGES THROUGH
GAsSES [Survey, based chiefly on Writer’s
Researches, 1929/1939].—Asami. (See 2947).

2825. ALTERATIONS To DIELECTRIC LIQUIDS PRO-
DUCED BY ELECTRIC GASEOUS DISCHARGES
[Systematic Investigation of the ‘' Voltol ”
Process producing (1914/18) the Lubricating
Oil ** Electrion "’ : New Developments (Lower
Working Voltage & Frequency, Greatly
Increased Activation) by Use of Results,
particularly the Employment of Aluminium-
Oxide Films as Stabilising Layers}.—Rum-
mel.  (Wiss. Verdff. a. d. Siemens - Werken,
18th Sept. 1940, Vol. 19, Special Issue on
" Matenals,” pp. 278-317.) The work on
the development of the oxide layers would
seem to have an interest in connection
with electrolytic condensers.

2826. ON THE MECHANISM OF THE OXIDE-LAYER
FORMATION ON THE ALUMINIUM ANODES OF
ELEcTROLYTIC CONDENSERS. — Herrmann.
(Wiss. Veroff. a. d. Siemens - Wevken, 18th
Sept. 1940, Vol. 19, Special Issue on
" Materials,” pp. 188-212.)

Author’s summary :—'‘ The oxide layers formed
on aluminium surfaces may be divided according to
the conditions of their formation into atmospheric-
oxide and anodic-oxide layers. The former type,
which occurs from oxidation in the air, consists
strictly of two layers, of which only one (the denser)
acts as a dielectric. This follows from a comparison
of the results of various types of investigating
procedure. The structure of the modifications of
the aluminium oxide, especially the y-modification,
makes it probable that the atmospheric-oxide
layer is formed by the migration of aluminium
ions and clectrons [and as a dielectric it is only
useful for very low voltages—under 2 v: it is of
greater importance, however, in that ‘ poled ”
electrolytic condensers generally have their cathodes
in the form of an untreated aluminium foil, which is
naturally covered with an atmospheric oxide layer,
so that the properties of this layer enter into the
behaviour of all “ poled " electrolytics].

" The anodic layers are divided into dielectrically
effective dense layers and dielectrically ineffective
layers. The dense layers occur for forming-field
strengths of over 10® vicm. They consist chiefly of
y-Al,O; and are presumably formed by migration
of aluminium ions and chemical reaction at the
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boundary between aluminium oxide and electrolyte.
If the forming field sinks below 10 v/cm, in electro-
Iytes which readily dissolve aluminium oxide
(sulphuric acid, oxalic acid) there is formed a
further oxide layer which is dielectrically inettective
and allows current to pass. On the other hand if the
electrolyte attacks aluminium oxide only feebly
(boric acid, for example), no dielectrically ineffective
oxide layer forms, as a rule, when the forming-field
strength falls below 10®vicm. In this potential
region and with such electrolytes, the dielectric
layers produced have low residual current and high
specific capacitance, which are very important
properties for electrolytic condensers. On a certain
thickness being reached, corresponding, according
to the nature and amount of the anions in the
electrolyte, to a potential of the order of from
100 to 1500V, a direct electron passage through
the oxide layer occurs, with spark production, which
limits any further growth of the oxide layer.”
There is a bibliography of 58 items. Ior further
development see 2827, below.

2827. IRESEARCHES ON THE INFLUENCE oF HaLro-
GENS IN ELECTROLYTES ON THE LLECTRO-
LYTIC VALVE-ACTION OF ALUMINIUM.—
Herrmann & Prang. (Wiss. Veroff. a. d.
Stemens-Werken, 18th Sept. 1940, Vol. 19,
Special Issue on ‘‘ Materials,” pp. 262-270.)
Carrying on the work dealt with in 2826,
above.

DEVIATIONS OF SEMICONDUCTORS FROM OHM'S
Law [including the Difference between Be-
haviour of Selenium & Copper-Oxide Recti-
fiers].—Schottky. (Zeitschr. f. tech. Phys.,
No. 12, Vol. 21, 1940, pp. 322-325.) For a
fuller treatment see Schweizer Avch. f. angew.
Wiss. u. Tech., Jan. & March 1941, Vol. 7,
Nos. 1 & 3, pp. 2029 & 82-806.

2828.

2829. THE Usg oF THE SELENIUM CELL IN RECTI-
FIERS [and Its Limiting Values: Useful
Surface of go cm?, with Cooling Plates, gives
Admissible Current 4-0A, with Max. Loss
(in Pass Direction) of about 12 W : Lxperi-
mental Investigation].—Duinker. (A4lta Fre-
quenza, April 1941, Vol. 10, No. 4, pp. 239~
240 : summary only.) From Rev. techn.
Philips, July 1940, Vol. 5, No. 7, pp. 196-
203.

KEYSTONE *’ KRESISTORS WITH NEGATIVE
RESISTANCE COEFFICIENT [for Temperature
Range o0-150° Cl.—(Review Scient. Instr.,
May 1941, Vol. 12, No. 5, p. 288.}

2830. °

2831. THE EVAPORATION OF MOLTEN METALS FROM
Hot FrnaMenTs [for Production of Thermo-
couples, High Resistances, etc: Investiga-
tion of Best Filament for Each Metal] —
Caldwell. (Phys. Review, 1st June 1041,
Vol. 59, No. 11, p. 940 : summary only.)

PrROPERTIES OF AN IsOoTrROPIC DIELECTRIC
1N THE ELEcTRIC F1ELDS oF ULTRa-HigH
Freguencies [ Bone Effect ] —Ataka.
(Sce 2647.)

2833. IDISPERSION AND ABSORPTION IN DIELECTRICS

[with Empirical Formula for Liquids &
Solids : Result is Not satisfactorily described

2832.
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by Existing Dispersion Theories].—Cole &
Cole. (Phys. Review, 1st March 1941, Vol. 59,
No. 5, p. 474 : summary only.)

TraNSIENT CURRENT IN DIELECTRICS.—
Cole & Cole. (Phys. Review, 15t June 1941,
Vol. 59, No. 11, pp. 935-936: summary
only.)

DieLecTrRIc CONSTANTS OF ALIPHATIC KE-
TONES [and the Importance of the Dipole/
Dipole Coupling].—Cole.  (Phys. Review,
15th April 1941, Vol. 59, No. 8, p. 689:
summary only.)

“ DieLectric Loss 1N DrpoLaR SoLiDS :
I—SoLuTioNs OF DiPoLaR MOLECULES IN
SoLip PARAFFINS™ [Book Review].—Froh-
lich. (Electrician, 15t Aug. 1941, Vol. 127,
p- 65.) An E.R.A. Technical Report.

DIELECTRIC I’ROPERTIES OF EXPERIMENTAL
REsIN-PAPER Boarps.—Hartshorn, Rushton,
& Megson. (BEAMA Journal, July 1041,
Vol. 48, No. 49, pp. 112-115.) E.R.A. Re-
port Ref. L/T100.

THE CHARACTERISATION OF INSULATING-
MATERIAL MIXTURES BY L0SS-ANGLE MEA-
SUREMENTS —Schupp. (Wiss. Verdff. a.d.
Stemens-Werken, 18th Sept. 1940, Vol. 19,
Special Issue on * Materials,” pp. 230-242.)

Measurements are reported here on com-
mercial organic dielectrics consisting of mixtures of
isomers whose exact chemical composition is hard
to determine, namely chlornaphthaline (largely
used for impregnation in condenser manufacture)
and chlordiphenyl. It wasfound that the differences
in the various molecule-types could be recognised
from the dielectric behaviour, provided that suffi-
ciently wide ranges of frequency and temperature
were employed. * Some special results which thus
came to notice are reported : they lead to an ex-
tension of the Debye theory. It can be assumed
that a systematic development of the method will
bring new knowledge not only to the physicist but
also to the chemist.”” 1In the following paper
(pp- 243-261) the method is applied to researches
on the ageing condition and dielectric properties of
mineral oils.

2839. KINETICS OF DEGRADATION AND SIZE Dis-
TRIBUTION OF LONG-CHAIN TOLYMERS.—
Simha. (Jowrn. Applied Phys., July 1941,
Vol. 12, No. 7, pp. 569-578.)

2840. ON THE PHysics OF STYROFLEX : TECHNIC-
ALLY IMPORTANT PROPERTIES OF THE PoLv-
STYROL IN THE ‘' STRETCHED ' STATE.—
Miiller. (Wiss. Veroff. a.d. Siemens-Werken,
16th jan. 1940, Vol. 19, No. 1, pp. 110-133.)

Author’s summary :—'* A simple treating process,
thermal ‘ stretching,” allows a very flexible material,

Styroflex, to be prepared from the essentially brittle

Polystyrol. The great technical importance of this

Styroflex makes an exact investigation into its

physical properties seem desirable. The behaviour

of Polystyrol and Styroflex can be understood from
molecular-physical considerations. Styroflex is seen

as a Polystyrol whose molecules are oriented in a

particular manner. The straightening of the thread-

like molecules permits all the properties of this
material to be explained. After it was found that

2834.

2835.

2836.

2837.

2838.
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its double refraction forms a suitable measure of the
condition of Styroflex [pp. 117-122], this method
has been employed to investigate, in particular, the
thermal effects such as the shrinking at high
temperatures and the internal elastic strains, and
also the alteration, with time, of the Styroflex
condition at various high temperatures. Since the
hardening is seen to be a ‘freezing-in’ process,
Styroflex below its ¢ freezing-in point ’is quite con-
stant in time [no signs of deterioration over several
vears have been found, and a 1} years’ test at 70°
actually showed an improved response to the
“ folding >’ test within the first month, and this
persisted throughout the period : see footnotes 3,
p. 130, and 2, p. 132. The * freezing-in " point
ranges from about 70° for a medium-quality
material to over 85°1. The more important data are
collected into tables and curves.” Cf. Keutner,
391 of February.

28471. ELECTRICAL PROPERTIES OF SOLIDS [Measure-
ments over Wide Temperature Range at
60-10 000 c/s on Iolar Polymers such as
Polyvinyl Chloride, including Mixtures].—
Fuoss. (Nature, 7th June 1941, Vol. 147,
p- 714 : summary only.)

SomeE RELATIONS OF FLow AND PHYSICAL
PROPERTIES WITH FORMULATION IN CELLU

LOSE ACETATE Prastics.—Gloor. (Journ.
Applied Phys., May 1941, Vol. 12, No. 5,
Pp- 420-425.)

Tue Prastics INDUSTRY : SOME RECENT
DEVELOPMENTS IN MOULDING DMATERIALS
lincluding Luminous Plastics]. — Yarsley.
(Electrician, 8th Aug. 1941, Vol. 127, p. 73.)

2842.

2843.

THE ELECTRICAL PROPERTIES OF ZiNC OXIDE,
and THE ELecTricaL CONDUCTIVITY OF
Trtaxiom  Dioxipe [Rutile & Anatase
Modifications : Reduction Semiconductor of
Same Type as Zinc Oxide].—Miller : Earle.
(Phys. Review, 1st June 1941, Vol. 59, No. 11,
P- 942 : P. 942 : summaries only.)

LLeEcTRICAL CoNDUCTIVITY IN COMPOSITE
ALKALINE Boric GLASSES.—Markin. (/ourn.
of Tech. Phys. [in Russian], No. 1, Vol. 10,
1940, pp. 66-78.)

THE CONDUCTIVITY OF GLASS AS A FUNCTION
oF FIELD STRENGTH [Measurements between
0° & 110° C agree with Seitz’s Theory
of Electrolytic Conductivity of Solids].
Maurer : Seitz. (Phys. Keview, 15th April
1941, Vol. 59, No. 8, p. 691: summary
only.)

ELECTRIC BREAKDOWN OF GLASSES AND
CRYSTALS AS A IF'UNCTION OF TEMPERATURE,
and SCATTERING, TRAPPING, AND RELEASE
oF ELEcTRONs I~ NaCl aNp 1N Mixep
CrystaLs oF NaCl anp AgCl-—von Hippel,
Maurer, Lee. (Phys. Review, 15th May 1941,
Vol. 59, No. 10, pp. 820-823 : pp. 824-826))
ELecTricAL CONDUCTION IN THE GLASS
INSULATION OF RESISTANCE THERMOMETERS
[Soft-Glass Seals subjected to about o.1
Volt : Phenomenon also observed in Leyden

2844.

2845.

2846.

2847.

2848.

Jars].—Hoge.  (Phys. Review, 1st June
1941, Vol. 59, No. 11, p. 921: summary
only.)
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2850.

2851.

2852.

2853.

2854.

2855.

2856.

2857.

2858.

2859.
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THE EFFeECT OF X-RAYS ON THE BREAKDOWN
STRENGTH AND FLASHOVER VOLTAGE OF
CerTAIN DIELECTRICS [Reduction in Strength
influenced by Gap Length & Quantity of
X-Rays: Flashover Voltage increased by
Exposure of Solid/Air Boundary to X-Rays].
—Walker. (Journ. Applied Phys.,, March
1941, Vol. 12, No. 3, pp. 215-218))

SURGE POTENTIALS OF GREAT STEEPNESS
[Secondary Discharges occurring (e.g.) in
the Shock-Testing of Insulators].—Klay.
(Bull. Assoc. suisse des Elec., 6th June 1941,
Vol. 32, No. 11, pp. 242-245.)

InTRODUCTION TO VDE 0360/XII.40 ‘“ RULES
FOR THE TESTING OF INSULATING VAR-
NISHES .—Husse & Pfestorf. (£.T.Z.,
3oth April 1941, Vol. 62, No. 18, pp. 423—
427.)

SeecrFic HEAT oF Lac aNp Lac Con-
STITUENTS [of Interest in connection with

Storage].—Bhattacharya. (Indian [ourn.
of Phys., Dec. 1940, Vol. 14, Part 6,
PP 415-422.)

HEAT OF ADSORPTION OF WATER BY PAPERS
[in Connection with the Commercial Drying
of Insulating Papers].—Houtz & McLean.
(Bell Tel. System Tech. Pub., Monograph
B-1272, 16 pp.)

THE DIELECTRIC PROPERTIES OF RESIN-OIL
MixTures.—Whitehead & Chapman. (Journ.

Franklin  Inst., March 1941, Vol 231,
No. 3, pp. 245-268.)
AsSBESTOS-COVERED CABLES: INVESTIGA-

TIONS RESPECTING INSULATION RESISTANCE

AND  ELECTRIC STRENGTH. — Lethersich.
(Electrician, 15th Aug. 1941, Vol 127,
pp. 87-88.) E.R.A. Report No. F/T.123a.

PAPERS ON THE PENETRABILITY TO MOISTURL
OF SYNTHETIC-MATERIAL CABLE SHEATHS
[replacing Lead]. — Schulze : Schupp.
(E.T.Z., 30th April 1941, Vol. 62, No. 18,
P- 427° p. 433 summaries only.)
FOUNDATIONS OF THE MAGNETIC AMPLIFIER
[on the Principle of the Polarised Iron-
Cored Choke] FOR MEASURING AND CONTROL
TECHNIQUE [including Latest Developments
in Single-Stage & Two-Stage Types (Magni-
fication 107) and Their Applications as
Contact-less Relay, for driving Recorders,
ete.).—Geyger. (Wiss. Verdff a.d. Siemens.
Werken, s5th Nov. 1940, Vol. 19, No. 3,
PP- 4-47.) Cf 4235 of 1940, also 3149 &
4285 of 1938.
MAGNETIC INCREASE OF RESISTANCE AND
TvPES OF CONDUCTION IN METALS [with
Measurements of the Galvano-Magnetic
Effect].— Justi.  (Zeitschy. f. tech. Phys.,
No. 12, Vol. 21, 1940, pp. 315-322.)
THE SCREENING OF MAGNETIC I'IELDS :
SURVEY OF LITERATURE.—Maschke. (Zeit-
schr. f. Instr:kunde, Dec. 1940, Vol. 60,
No. 12, p. 378 : summary only.) Particularly
the work of Gustafson, 4414 of 1938 and
1244 of 1939. For Moeller’s recent paper
see 2237 of August.

2860.

2861.

2862.

2863.

2864.

2865.

2866.

2867.

2868.

2869.
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THE HysTERESIS CYCLE AND ITS INTER-
PRETATION.—Bates. (Proc. Phys. Soc.,

1st July 1941, Vol. 53, Part 4, pp. 468-479.)

CALCULATION OF THE TORQUE ON A I'ERRO-
MAGNETIC SINGLE CRYSTAL IN A MAGNETIC
FieLp.—Bozorth & Williams. (Phys. Re-
view, 15th May 1941, Vol. 59, No. 10, pp.
827-833.)

STATISTICS OF THE TWO-DIMENSIONAL FERRO-
MAGNET [Study of Curie Transition].—
Wannier. (Phys. Review, 15th April 1941,
Vol. 59, No. 8, p. 683 : summary only.)

STATISTICAL THEORY OF BINARY ALLOYS :

1.—Takagi. (Proc. Phys.-Math. Soc. Japan,
Jan. 1941, Vol. 23, No. 1, pp. 4465 : in
English.) Part I[ (not in the Feb. or March

issues) will deal in detail with the application
to ferromagnetism.

MAGNETIC PERMEABILITY AND RESISTANCE
or IRON WIRES OF VARIOUS STRUCTURES
AT FREQUENCIES ABOUT 10% c/s IN RELATION
TO THE SIZE OF THE WEISS ELEMENTARY
Reclons.-—Strutt & Knol.  (Review Scient.
Instr., April 1941, p. 246: reference only,
to paper in Physica, July 1940, Vol. 7, pp.
635-654.) For previous work see 1526 of
1940.

SOME EXPERIMENTS ON THE INFLUENCE OF
THE NATURAL STRAINS ON THE COERCIVE
ForRCE AND CRITICAL FIELD STRENGTH OF
THE BARKHAUSEN Jumrs (leading to an
Estimate of the Thickness of the Weiss
Domains].—Kersten & Gottschalt. (Zeitschr.
f. tech. Phys., No. 12, Vol. 21, 1940, pp.
345-352.)

Di1SPERSION OF INITIAL PPERMEABILITY, and
LFFECTIVE LENGTH OF A SmaLL BARK-
HAUSEN DiscoNTINUITY.—Snoek. (Review
Scient. Instr., April 1941, p. 246 : references
only, to papers in Physica, June & July
1940, Vol. 7, pp. 515-518 & pp. 609-624.)

ON THE MECHANISM OF THE DISCONTINUOUS
MAGNETISATION OF THE SINGLE CRYSTAL
OF MAGNETIC PYRITES, PYRRHOTIN [Investi-
gation of Barkhausen Jumps in Ferro-
magnetic Semiconductor, to avoid Dis-
turbance by Eddy-Current Effects], and
ON THE MAGNETIC BEHAVIOUR OF MAGNETITE
AT Low TEMPERATURES. — Okamura &
others.  (Proc. Phys.-Math. Soc. Japan,
Feb. 1941, Vol. 23, No. 2, pp. 132-142:
May, No. 5, pp. 363-369 : in German.)

ELEMENTARY PROCESSES OF MAGNETISATION
IN THE REGION OF INITIAL SUSCEPTIBILITY :
CorrectionNs.—Thiessen. (Ann. der Physik,

13th Jan. 1941, Vol. 39, No. 1, p. 30.) See
217 of January.
THE TEMPERATURE DEPENDENCE OF THE

INITIAL SUSCEPTIBILITY AND THE COERCIVE

ForcE 1IN  FERROMAGNETIC CRYSTALS.—
Dekhtjar & Andrjushin. (Journ. of Exper.
& Theovet. Phys. [in Russian], No. 12,

Vol. 10, 1940, pp. 1402-1407.)
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2870.

2871.

2872.

2873.

2874.

2875.

2870.

2877.

2878.

2879.

2880.

2881.

DiISLOCATIONS AND MAGNETISATION [in con-
nection with Empirical Formula for Mag-
netisation Curve of Nickel at High Fields].—
Brown. (Phys. Review, 15th March 19471,
Vol. 59, No. 6, p. 528.)

DISCONTINUITIES OF MAGNETOSTRICTION AN™
MAGNETISATION IN NICKEL [Simultaneou
Records of Sounds & of Magnetisation
Jumps : Results & Deductions].—Heaps.
(Phys. Review, 1st April 1941, Vol. 59, No. 7,
ppP- 585-587.)

ANOMALOUS RECRYSTALLISATION IN SURFACE-
CENTRED IRON-NICKEL-COPPER ALLOYS.—
Miller. (Wiss. Verdff. a. d. Siemens-Werken,
18th Sept. 1940, Vol. 19, Special Issue on
' Materials,” pp. 1—20.)

QUTLOOK FOR USE OF NEUTRON SCATTERING
IN STUDYING FERROMAGNETIC SUBSTANCES,
and NEUTRON STUDIES OF ORDER IN Fe-
Ni ALLovs.—Bloch: Nix & others. (Journ.
Applied Phys., April 1941, Vol. 12, No. 4,
p- 305: p. 305: summaries only.) For
the second paper see Bell Tel. System Tech.
Pub., Monograph B-1267, 9 pp.

SATURATION MAGNETISATION OF NICKEL-
ANTIMONY AND NICKEL-TANTALUM ALLOYS,
and MAGNETISATION OF CoOPPER-NICKEL
ArrLovs.—Rado, Kaufmann, Starr. (Phys.
Review, 15th April 1941, Vol. 59, No. 8,
p- 690 : p. 690.)

A NEw METHOD OF MEASURING THE TRUE
REMANENCE OF PERMANENT MAGNETS.—
Ncumann & Zumbusch. (See 2793.)

ON THE STANDARDISATION OF PERMANENT-
MAGNET MATERIALS —Zumbusch. (E.T.Z.,
8th May 1041, Vol. 02, No. 19, p. 448:
summary only.)

SINGLE CasTING MAGNET CorEs [for Mass
Spectrograph].—Jordan.  (Review Scient.
Insty., May 1941, Vol. 12, No. 5, pp. 261-264.)

SINTER MAGNETS OF IRON-NICKEL-ALUMIN-
1uM [Advantages offered by the Sintering
Method of Alloy Formation over the Fusing
Method : Practical Considerations].—Ritzau.
(Wiss. Veroff. a. d. Siemens-Wevken, 18th
Sept. 1940, Vol: 19, Special Issue on
‘“ Materials ”’, pp. 37-43.)

THE DEVELOPMENT AND TECHNICAL SIGNI-
FICANCE OF THE HARD METALs [Survey,
including the Sintering Process {(see Ritzau,
2878, above)].—Amman. (Zeitschr. f. tech.
Phys., No. 12, Vol. 21, 1940, pp. 332-335.)

THEORY OF THE PLASTIC PROPERTIES OF
SorLips: IV.—Seitz & Read. (Journ.
Applied Phys., July 1941, Vol. 12, No. 7,
pP- 538-554.) For this series see 2235 of
August.

‘" HANDBUCH DER WERKSTOFFPRUFUNG ~’
[Testing of Materials: Book Review].—
(Schweizer Avch. f. angewdndte Wiss. u. Tech.,
March 1941, Vol. 7, No. 3, pp. 91-92)
Produced by collaboration between the
German State Establishment for Testing
Materials and other authorities.
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EFFECT OF ’ROLONGED HEATING AT 8a° C oN
CopPER WIRE.—Voce. (Engineeving, 2nd
May 1941, Vol. 151, pp. 359-360.)

WIRES WITH A ZINC Basis, FOR ELECTRIC
Lines aAND CaBLES.—Deisinger & Reinbach.
(Wiss. Verdff. a.d. Siemens-Werken, 18th
Sept. 1940, Vol. 19, Special Issue on
‘* Materials ”’, pp. 88-102.)

“ SILVER IN INDUsSTRY ' [including Many
New Applications developed by Recent
Research : Book Review].—Addicks (Edited
by). (Review Scient. Instr., June 1041,
Vol. 12, No. 6, pp. 339-341.)

ELECTRO-TINNING OF PARTS TO BE SOLDERED
[Thickness of Deposit is Decisive Factor].—
Homer & Watkins. (Engineering, 13th June
1941, Vol. 151, p. 470 : summary only.)

SUBSTITUTE MATERIALS FOR OPTICAL APPA-
RATUS.—Sporkert.  (Zeitschr. V.D.I., 31st
May 1941, Vol. 85, No. 22, pp. 501-504.)

ELECTRICAL CONTACT RESISTANCE [Survey].
—Windred. (Journ. Franklin Inst., June
1941, Vol. 231, No. 6, pp. 547-585.)

ON THE SUPPRESSION OF HUNTING 1IN
“ ELECTRICAL SHAFTING ’ [Electrically Syn-
chronised Motors] BY INDUCTIVE AND
Oumic REsISTANCES IN THE RoTor CIRCUIT.
—Jordan & Schmitt. (AFEG-Mitterlungen,
March/April 1941, No. 3/4, pp. 102-106.)

STATIONS, DESIGN AND OPERATION

2889.

2&qgo.

28091,

2392.

2893.

RADIO - COMMUNICATION BETWEEN FIXED
Posts aND MoviNg TraINs [Experiments
with Telephony on Various Italian Electric
Railways : Necessity for Carrier System,
to overcome Interference: Successful Re-
sults (8oom Wave) with 40 W Transmitter
over 40 km].—(Alta Frequenza, Nov. 1940,
Vol. g, No. 11, pp. 706—707: summary
only.)

‘“ REPORT ON THE PROGRESS OF BROAD-
CASTING IN 1ND1a "’ [Book Review].—(Indian
Journ. of Phys., Dec. 1940, Vol. 14, Part 6,
PP. 499-503.) Including criticisms and
recommendations. See also 920 of March.

THE BROADCASTING OF STANDARD FRE-
QUENCY IN JAPAN.—Amisima & Yoneyama.
(See 2776.)

GENERAL PHYSICAL ARTICLES

B1oT-SAvART Law AND NEwTON’s THIRD
Law oF MoTioN [Apparent Failure of Former
in Certain Electrical Calculations is due to
General Inapplicability of Latter to Mutual
Forces between Current Elements.]——Mathur.
(Phil. Mag., Aug. 1941, Vol. 32, No. 211,
pp. 171-176.)

A New TREATMENT OF THE THEORY OF
DimEeNsIoNs [Dimensions of Physical Quanti-
ties in terms of Symbols representing Length
& Time Measurements only, and New Use
for Dimensional Equations in checking
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Physical Theories, not merely Equations of
Physical Terms].—Burmiston Brown. (Proc.
Phys. Soc., 1st July 1941, Vol. 53, Part 4,
pPp. 418—432.) See also 2894, below.

2894. THE DIMENSIONS OF PHYSICAL QUANTITIES
[and Their Dependence on Definition & on
Choice of “ Indefinables "'].—Duncanson
(Proc. Phys. Soc., 1st July 1941, Vol. 5
Part 4, pp. 432-448.) a

For an Editorial by G.W.O.H. on this pa,>.
and the one referred to in 2893, above, see Wiveless

Engineer, Sept. 1941, pp. 351-352.

2895. ELECTRON THEORY OF THERMOELECTRIC

EFFECTs [including the Distinction between

“ Driving ” & *“ Working ” Electromotive

Forces].—Houston. (Journ. Applied Phys.,

July 1941, Vol. 12, No. 7, pp. 519-529.)

How po THE CoNDUCTION ELECTRONS OF A

METAL DISPOSE THEMSELVES IN LAYERS

UNDER THE ACTION OF GRAVITY >—Wolf.

(Zetschr. f. tech. Phys., No. 12, Vol. 21, 1940,

PP- 325-327.) See also 2563 of September.

2896.

MISCELLANEOUS

A NEW ALGEBRAIC METHOD FOR THE DETER-
MINATION OF UNKNOWN PERIODS.—Stumptt.
(See 2032.)
ONX THE SOLUTION OF CERTAIN DIFFERENTIAL
EQuATioNs OF THE SECOND ORDER.—Roth.
(See 2652.)
THE DMATRIX THEORY OF DIFFERENTIAL
Eguations.—Luzin. (Automatics & Tele-
mechanics [in Russian], No. 5, 1940, pp. 4-66.)
A theoretical treatise at the end of which are
indicated possible practical applications of the
theory in studying the operation of a mechanism :
for a prefatory note by Kulebakin see pp. 3-4.

2897.

2898.

2899.

2900. THE [FOURIER INTEGRAL, and AN EXTENSION
OF THE I'OURIER INTEGRAL.—Sartori : Wag-
ner. (See 2680.)

“Gap AND DeNsiTy THEOREMS”, and
‘“ FOURIER SERIES AND BOUNDARY VALUE
ProBLEMs ' [Book Reviews].—Levinson :
Churchill. (Science, 11th July 1941, Vol. 94,
Pp- 41-42: D. 42.)

PARTIAL DERIVATIVES OF DERIVATIVES :
PART II—IPARTIAL DERIVATIVES OF A LINE
INTEGRAL IN THE CALCULUS OF VARIATIONS
HAVING A CURVED PATH O¢ INTEGRATION.—
Kimball. (Phil. Mag., Aug. 1941, Vol. 32,
No. 211, pp. 137-154.) For Part 1 see
4486 of 1940.

STATISTICAL METHODS [Reviews of Three
Books].—(Science, 23rd May 1941, Vol. 93,
PP 497-498.)

THE STANDARD ERROR OF THE MEAN VLECTOR :
THE NoOrRMAL l.Aw oF FKFREQUENCY FOR
VECTOR QUANTITIES : and THE CHARAC-
TERISTIC VALUES OF THE CORRELATION
TENSOR AND A NEw MEASURE OF CORRE-
LATION BETWEEN VECTOR QUANTITIES.—
Masuyama. (Proc. Phys.-Math. Soc. Japan,
March 1941, Vol. 23, No. 3, pp. 194-204:
in English.)

2Q0I.
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2903.

20904.
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2909.

2910.

2011.

20912.

2913.

2914.

2915.
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Tue ToTaLLy ORTHONORMALISED VECTOR
SET AND THE NORMAL IFORM 0F CORRELATION
TENSOR, and THE MEAN ANGLE BETWEEN
Two VECTOR Sers.—Masuyama. (Ioc.
Phys.-Math. Soc. Japan, April 1941, Vol. 23,
No. 4, pp. 346-351: Ppp. 351-355: in
English.)

SoME FORMULAE FOR THE E-FuNcrion
[in connection with Evaluation of Integrals
involving Hypergeometric & Legendre Func-
tions].—MacRobert.  (Phil. Mag., March
1941, Vol. 31, No. 206, pp. 254-260.)

NuMERICAL INTEGRATION BY TCHEBYCHEFF'S
7-FUNCTIONS, WITH AN APPLICATION TO
A Hypropy~amicaL ProBLEM. — Okaya.
(Proc. Phys.-Math. Soc. Japan, April 1941,
Vol. 23, No. 4, pp. 273—282 : in English.)

“ THE STEREOGRAPHIC PROJECTION *’ [Method
of Representing a Solid Body on a Plane :
Circles remain Circles, Angles are retained :
Book Review].—Sohon. (Nature, 12th july
1941, Vol. 148, p. 37) Applicable to
seismology, astronomy, etc.

THE 1£L6Tv6s EFFECT AND ITS APPLICATIONS
{to East/West Differences, in Aircraft &
Projectile Velocities, Movements of Air
Masses, etc.].—Szolnoki. (Naturwiss., gth
May 1941, Vol. 29, No. 19, pp. 273-277.)

DistaNCE SioNaLs [Distance Determination
by Optical Phenomenon of Double Grating].

Lau. (Zeitschv. f. tech. Phys., No. 12,
Vol. 21, 1940, pp. 296-298.) See also 2282
of 1940.

AN ANALYSIS OF THE AMPLIFICATION OF
ExXPONENTIAL PULsESs [primarily in Counter-
Pulse Amplifier].—Page. (See 2666.)

AN INVESTIGATION [Theoretical & Lixperi-
mental] oF THE PROPERTIES Or I°’ROPOR-
TioNaL CoOuNTERS: I.—Rose & Korff.
(Phys. Review, 1st June 1941, Vol. 59, No. 11,
pp- 850-859.)

NeEw CIRCUIT FOR A THYRATRON-DRIVEN
CounTER [for Use with Counter-Tube or
Ionisation Chamber : High-Vacuum ‘* Block-
ing ” Valve in Series with Thyratron], and
A COINCIDENCE AMPLIFIER WITH HIGH
REsOLVING ~ POWER. — Schintlmeister &
Czulius: Weber. (Physik. Zeitschr., 10th
May 1940, Vol. 41, No. 9/10, pp. 269—271 :
1st/15th July 1940, No. 13/14, pp. 338-
339.)

CounTer  Circulrs uUsING  Gas-FILLED
VALVES, and ON THE ESTIMATION OF THE
REsoLviING PoweErR OF GEIGER-MULLER
CountErs.—Piccioni : Cocconi & Tongiorgi.
(La Iticerca Scient., June 1940, Vol. 11, No. 6,
pp: 409-412: July/Aug. 1940, No. 7/8, pp.
518-525.)

GEIGER-MUELLER CoOUNTERS [Review of
Methods of Construction and Application in
the light of the Writers’ Picture of Counter
Mechanism].—Montgomery & Montgomery.
(Journ. Franklin Inst., May & June 1941,
Vol. 231, Nos. 5 & 6, pp. 447-467 & 509-545.)
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2916.

2917.

2918.

2919.

2920.

2921.

20922.

2923.

2924.

2925.

2926.

Tecu~ICAL COUNTER-TUBE APPARATUS FOR
COARSE- AND FINE-STRUCTURE INVESTIGA-
Trons [with X-Rays: using Special Counter
Tubes].—Trost. (E.7.Z., 27th June 1940,
Vol. 61, No. 26, p. 590: summary only.)
See also 2301 of August.

QuaNTUM EFFICIENCY OF GEIGER-MULLER
CoUNTERS FOR X-RAY INTENSITY MEASURE-
MENTS.—Sullivan.  (Review Scient. Instr.,
Nov. 1940, Vol. 11, No. 11, pp. 356-362.)

X-Ray ANALysIs IN INDUSTRY : ParT 11—
TECHNIQUE OF X-RAy ANALYsiS METHODS
AND SoME RECENT DEVELOPMENTS [Thirteen
Papers, by Various Authors, on Study of
Alloys, Crystal Orientation, Particle-Size
Measurements, etc.].—(Journ. of Scient.
Iustr., July 1941, Vol. 18, No. 7, pp. 126—
158) Part I was referred to in 2303 of
August.

X-Ray PHvsics aND X-Ray TuBgs: X-Ray
DIFFRACTION METHODS .| DETERMINATION OF
CoNsTITUTION DiaGrRaMs WITH X-RAvs:
EVALUATION OF THE AVOGADRO NUMBER N
AND THE CHARGE ON THE ELECTRON &, BY
X-Rays: and X-Rays 1N MEDICINE.—
Hicks & others. (Journ. Applied Phys.,
May 1941, Vol. 12, No. 5, pp. 364-413.)

“ ApPLIED X-Ravs: THIrRD EDiTION "' [Book
Reviews].—Clark. (Engineering, 13th June
1941, Vol. 151, p. 463: Natwre, 12th July
1941, Vol. 148, p. 36.)

ELECTRICAL BREAKDOWN OF ANODICALLY
OxIDISED COATINGS ON ALUMINIUM ! A
MEeANs oF CHECKING THICKNESS OF ANO-
p1sEp FinisHes.—Compton & Mendizza.
(Bell S. Tech. Journ., April 1941, Vol. 20,
No. 2, p. 251 : summary only.}

THE USE OF RADIOACTIVE MATERIALS IN
MEASURING THE THICKNESsS OF ENAMEL
CoaTINGs [avoiding Limitations of Electrical
& Magnetic Methods).—Miller & Cohee.
(Phys. Review, 1st March 1941, Vol. 59, No. 5,
p- 468 1 summary only.)
THE DETECTION OF FLAWS IN NON-MAGNETIC
METALS BY EDDY CURRENTS.—Gunn. (Ex-
gineering, 27th June 1041, Vol. 151, pp.
518-519.)
THE OUTGASSING OF ALUMINIUM AND ITs
ALLGYS BY MEANS OF ACOUSTIC VIBRATIONS.
—Esmarch & others. (Wiss. Verdff.a. d.
Siemens-Werken, 13th Sept. 1940, Vol. 19,
Special Issue on ‘“ Materials,” pp. 78-87.)

ProOPERTIES AND USE OF A HIGH-FREQUENCY
SpArRK DISCHARGE FOrR LocaL Micro-
Anavysis [of Metallic Surfaces].—Murray &
others. (Journ. Opt. Soc. Am., June 1941,
Vol. 31, No. 6, pp. 433—438.) ‘‘ Potentially a
very powerful tool . . .”

Hica ROTATIONAL SPEED WITH SMALL
RoTtors [with ‘‘ Inductance Control” of
Vertical Stabilisation: Ball-Bearing Ball
(with Ground Faces to act as Mirror) at over
100 000 r.p.s.].—MacHattie. (Phys. Review,
1st March 1941, Vol. 59, No. 5, p. 468:
summary only.) Cf. 2013 of July.
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MEASUREMENT OF AMPLITUDE AND ACCEL-
ERATION OF VIBRATIONS BY MEANS OF A
SpeciAL ROCHELLE-SALT PIck-Up.—Schil-
ling. (Sci. Abstracts, Sec. B, June 1941
Vol. 44, No. 522, p. 100.)

A PIEZOELECTRIC ACCELERATION METER [for
1.C. Engines].—Frolich. (Zeitschr. f. Instr:
kunde, July 1940, Vol. 60, No. 7, pp. 226-
227 : summary only.)

“ PRACTICAL SOLUTION OF TORSIONAL VIBRA-

TIoN D’ROBLEMS ' [Book Review].—Ier
Wilson. (Electrician, 25th July 1941, Vol.
127, p. 47.) Including list of patents on

elimination of vibration.

‘“ TEORIA E TECHNICA DELLE VIBRAZIONI
MECCANICHE ' [Book Review].—Tessarotto.
(Alta Frequenza, April 1941, Vol. 10, No. 4,
PP 255-2501)

ELECTRON - MICROSCOPICAL DETERMINATION
oF OBJECT THICKNESSES.—Marton. (Phys.
Review, Ist June 1941, Vol. 59, No. 11, p.
929 : summary only.)

PAPERS ON THE ELECTRON-MICROSCOPE IN
THE TESTING OF MATERIALS, INCLUDING
THE OBTAINING OF ELECTRON-DIFFRACTION
DIAGRAMS BY THE ELECTRON-MICROSCOPE.—
von Borries, Ruska, & others. (Wiss.
Veriff. a.d. Siemens-Werken, 18th Sept. 1940,
Vol. 19, Special Issue on ‘‘ Materials,”” pp.
334-379-)

THE PLASTIC-IMPRESSION METHOD FOR THE
ELECTRON-MICROSCOPIC EXAMINATION OF
Surraces [of Corroded Aluminium, etc.].—
Mahl. (Zeitschr. f. tech. Phys., No. 2, Vol. 22,
1941, pp. 33-38.) This method was first
mentioned in the paper dealt with in 2102
of 1940.

THE ELECTRON MICROSCOPE IN BACTERI-
0oLOGY AND VIRUs STUuDY.—Mudd. (/journ.
Franklin Inst., May 1941, Vol. 231, No. 5,
PP 496-498.)

THe FINE STRUCTURE OF LRYTHROCYTE
MEMBRANEs [with Electron - Microscopic
Photographs, Magnifications up to 17 ooo,
increased in Reproduction to 51 0oo].
Wolpers. (Naturwiss., 11th July 1941, Vol.
29, No. 28, pp. 416-420.)

INVESTIGATIONS ON THE ABSORPTION AND
RAY - CONCENTRATION OF ULTRA - SHORT
WAVES IN ELECTROLYTES AND BIOLOGICAL
TIsSUES, AS A BASIS FOR A MEDICAL APPLICA-
TION OF THE RADIATION Fierp.—Patzold.
(See 2621.)

A New ELecTroLYTIC TROUGH FOR THE
INvESTIGATION OF ULTRA - SHORT - WAVE
IFieLps 1IN MULTI-LAYERED DIELECTRICS
[representing Biological Tissues].—Schaefer
& Stachowiack. (See 2709.)

O~ THE PrOBLEMS OF ULTRA-SHORT [and
Micro-] WavEes [Researches since 1936 of
Radio Research Committee: Generation,
Action on Human Body, Measurement].

Shibusawa. (Rep. Rad. Res. in Japan,
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Nov. 1940, Vol. 10 [only issue], Abstracts

P: 4)

" During the last year [1938] tubes capable of
generating 17 kw output at 3m, and 20w at
20 cm, were produced. . . . Methods of measur-
ing wavelength are satisfactory, but measurement
of current and power is not accurate, and greater
effort is to be concentrated on this research.

2939. ACCIDENTS DUE 1O ELECTRICITY IN SWITZER-
LAND DURING 1940.—(Bull. Assoc. suisse
des Elec., 6th June 1941, Vol. 32, No. 11,
Pp. 237-242.)

VARIABLE-FREQUENCY STIMULATOR [Repeti-
tion Rate 0.5 to 1500 per Second].—DuMont
Laboratories. (Review Scient. Instr., April
1941, Vol. 12, No. 4, p. 232.)

2940.

HAzArRD oF MERCURY VAPOUR IN SCIENTIFIC
LaBoraTORIES.—Shepherd & others. (Journ.
of Res. of Nat. Bur. of Stds., May 1941, Vol.
26, No. 5, pp. 357-375.) See also Giese, 3250
of 1940.

2941.

THE PrRODUCTION OF WAVES BY THE SUDDEN
RELEASE OF A SPHERICAL DISTRIBUTION OF
COMPRESSED AIR IN THE ATMOSPHERE.—
Unwin. (Proc. Roy. Soc., Ser. A, 12th June
1941, Vol. 178, No. 973, pp. 153-170.) A
summary was dealt with in 1255 of April.

2942.

DaMPING OF WAVES BY SURFACE-ACTIVE
SUBSTANCES [Oil on Water : Mathematical
Analysis].—Levich.  (Journ. of Exper. &
Theovet. Phys. [in Russian], No. 11, Vol. 10,
1940, pPp. 1296-1304.)

THE REFRACTION OF ELECTRIC WAVES AT
THE EARTH’S SURFACE [in Propagation from
Below Ground to the Open Air, as in Com-
munication or Radio-Prospecting Tests from
Mines, etc.].—Wundt. (See 2035.)

GEOELECTRIC CONSTITUTION OF THE SUBSOIL
AND PROTECTION AGAINST LIGHTNING.—
Fritsch. (See 2642.)

2943.

2944.

2045.

2946. “ GEOPHYSICAL EXPLORATION ”’ [Book Re-
view].—Heiland.  (Review Scient. Instr.,
April 1941, Vol. 12, No. 4, pp. 227-228.)

2947. HiGH - FREQUENCY DISCHARGES THROUGH

GasEs [Survey, based chiefly on Writer’s
Researches, 1929/1939].—Asami. (Rep. Rad.
Res. in Japan, Nov. 1940, Vol. 10 [only
issue], pp. 1-10.)

“ H.F. engineering calls for this study for the
protection of the apparatus used at h.f. and high
voltage. Moreover, the interest of some
investigators [Swiss & Russian references are given]
has been recently directed towards the chemical
aspect of h.f. discharges, and it has been reported
that the yield per kWh of the discharge energy of
some chemical reactions has increased considerably
when the frequency was greater than 10 Mc/s.”
For some of the writer’s previous papers see 1229
of 1935 and 1196 & 4033 of 1940.

2948. ALTERATIONS To DIELECTRIC LIQUIDS PRO-
DUCED BY ELEcTRIC GASEoUs DISCHARGES
[ Voltol 7 Process].—Rummel. (See 2825.)
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2949. A MATERIAL WITH EXTREMELY HIGH VE-
LOCITY OF SoUND PRropracaTioN.—Thiede.
(See 2752.)

2950. FOUNDATIONS OF THE MAGNETIC AMPLIFIER
FOR MEASURING AND CONTROL TECHNIQUE.
—Geyger. (See 2857.)

2951. ON THE THEORY OF AUTOMATIC CONTROLLING
SysteEms.—Koshcheev. (Automatics & Tele-
mechanics [in Russian], No. 5, 1940, pp. 77—
88.)

The theory of servo-mechanisms in which the
output torque is determined by the input/output
deviation is discussed. Conditions are established
under which self-oscillations of the system are
generated, and the operation of a stabilised system
is considered.

2952. PArERs oN IoNITRON-TYPE [ Ignition-Pin
Controlled "] RECTIFIER TUBES AS APPLIED
T0 WELDING CoNTROL.—Arends & others.
(AEG-Mitteilungen, March/April 1941, No.
3/4, pp. 81-101)

2953. RESULTS OF FIELD TESTS OF THE AUTOMATIC
SPEED REGULATOR OF FAST PAPER-MAKING
MacHINEs.—Kogan. (dutomatics & Tele-
mechanics [in Russian], No. 5, 1940, pp.
II1-122.)

The theory and advantages of the static method
of speed regulation making use of ion and electron
devices are discussed, and a report is given on tests
with a speed regulator using thyratrons (Fig. 1).
The relative speed deviation of a machine controlled
by this regulator does not exceed ~ 0.15% under any
load conditions.

2954. ON THE THEORY OF MODULATION OF A
HiGH-PRESSURE ARC BY AN ALTERNATING
COMPONENT SUPERPOSED ON THE DIRECT
CURRENT. — Weizel, Rompe, & Schulze.
(Zeitschr. f. tech. Phys., No. 12, Vol, 21,
1940, pp. 387-391.) Including a comparison
with Mangold’s experimental results {1537
of May) on the modulation of the high-
pressure mercury-vapour lamp.

2955. ENERGY AT THE THRESHOLD OF VISION
[New Tests give 2.2-5.7 x 10710 Ergs at
Cornea (58-148 Quanta of Blue-Green
Light) : Estimation of Quanta absorbed by
Retina : etc.].—Hecht, Shlaer, & Pirenne.
(Science, 2oth June 1941, Vol. 93, Pp. 585—

587.)
2956. A NEW SHORT-INTERVAL CHRONOSCOPE.—
Kuehni. (See 2777.)

2957. A TURBULENCE ANALYSER [for Wind Tunnels.
at the Aeronautical Laboratory, Turin: with
Special Amplifier].-—Dilda. (4/ta Frequenza,
Oct. 1940, Vol. 9, No. 10, pp. 594-620.)

The four-stage amplifier has to have an over-all
amplification of about one million, because the
circuit which compensates for the thermal inertia
of the hot-wire-anemometer wire makes use of only

a fraction of the available voltage. This amplifica-

tion has to extend to the lowest frequencies, since

these contain the greater part of the energy corre-
sponding to the turbulence phenomena.



