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Editorial 

Symbols in Electromagnetism with Special Reference 
to Incremental Magnetisation 

NO one can go very far in any branch of 
electrical science without realising the 
great importance of having a well - 

thought -out system of symbols, and various 
bodies have from time to time drawn up 
lists of recommended symbols. The want of 
agreement on the matter introduces an 
unnecessary difficulty in reading articles of a 
mathematical nature, and every reader has 
experienced the annoyance of having to 
turn continually back to find the meaning of 
unfamiliar symbols, or-what is much worse 
-of familiar symbols playing unfamiliar 
!tiles. The attempt to maintain some kind 
of a standard in the matter is not the least 
of an editor's worries. The difficulty increases 
daily with the extension of knowledge, while 
the number of letters in the alphabet remains 
unchanged. 

We recently saw a proposed list of symbols 
in which E was made to do duty for 
(I) potential difference, (2) electromotive 
force, and (3) electric force or field strength. 
Now, it is just in the case of closely related 
magnitudes like these that careful dis- 
crimination is most essential, and confusion 
most likely to occur through the use of 
non -discriminating symbols. It is true that 
alternatives were suggested in case of any 
danger of confusion, viz., U for potential 

difference and K or for electric force, but 
it is striking that the same symbol should be 
suggested as the first choice for three entirely 
different concepts, as if teachers had not 
trouble enough in imparting clear ideas on 
the subject to their students. As an example, 
consider a metre of wire of o.oi ohm resist- 
ance bent into a circle and the ends welded 
together, and let a magnet pole be plunged 
into the ring, causing a current of i ampere 
to circulate as the result of the induced 
electromotive force. What is the value of E 
(or should it be e) ? If by E you mean 
potential difference, there is none, since all 
the points of the wire are at the same 
potential ; if by E you mean electromotive 
force, its value is 0.01 volt, since it suffices 
to drive a current of i ampere through 
0.01 ohm ; if by E you mean electric force, 
then it is io -4 volt per cm. This example 
also shows the necessity of distinguishing 
between electric force and potential gradient, 
which are sometimes confused. All points 
of the ring being at the same potential the 
gradient is zero. 

There is no doubt that neither E nor V 

are really suitable symbols for potential 
difference, the former because of its general 
adoption for electromotive force, the latter 
because, being the recognised abbreviation 
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for volts, it would lead to such statements 
as V = 20 V. U is commonly employed on 
the Continent as the symbol for potential 
difference and seems free from any serious 
objection. 

Symbols suggested by Dr. Sims. 

At the recent meeting of the British 
Association at Nottingham, Dr. Sims, who 
has devoted much attention to the question 
of incremental magnetisation, put forward 
a suggested set of symbols for the various 
quantities involved. These were purely 
tentative and were intended to form the 
material for a discussion on the subject. 
The suggested symbols are shown in the 
Figure, and it will be noticed that alterna- 
tives are given in several cases. The magnetic 
symbols have never been brought into line 
with the electric symbols. It is now generally 
recognised that small letters should be used 
for instantaneous values and that a maximum 
value is only a special instantaneous value. 
If one agrees to this and decides to represent 
the maximum value by means of a circumflex 
as being simpler to write than the suffix 
max.-whether the printer prefers it is 
another matter-we have as the formula 
for a sinusoidal current i = f sin cwt, but in 
the analogous case of a sinusoidal magnetic 
induction we doubt if anyone has had the 
courage to write b = b sin cot, or h = h sin ad, 
perhaps because these symbols are commonly 
employed for breadth and height. Is there 
any other objection ? If the circumflex is 
to be used for the additive amplitude, the 
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suggestion to use the inverted circumflex for 
the subtractive amplitude seems a very 
happy one. 

There is some doubt whether the term 
" incremental " is the best one to employ ; 

an alternative suggestion is to refer to the 
polarised permeability µ9 to distinguish it 
from the unpolarised or symmetrical per- 
meability. We think that it might be 
preferable to speak of the symmetrical 
permeability and designate it, if necessary, 
by µ,, rather than of the unpolarised 
permeability designated by the already 
overworked µo. The suffix d suggested to 
indicate the amplitudes of the superposed 
magnetisation seems quite satisfactory. The 
values of B and H before the alternating 
voltage was applied might be referred to as 
the static values BS and H8, corresponding to 
the symmetrical permeability µs. On apply- 
ing the alternating voltage the mean value 
of B increases from BS to Bd, the amount of 
the displacement depending on the amplitude 
of the cycle. 

It is to be hoped that a set of symbols and 
a common nomenclature may be evolved 
which will commend themselves to all those 
interested in this subject. We feel sure that 
Dr. Sims will welcome suggestions and 
comments. 

G. \V. O. H. 

An Interesting 
Complex Coupling 

ON page 6o8 we publish a letter received 
from Mr. E. G. Beard in which he 
refers to a novel method of coupling 

two tuned circuits. 
The method, which is described in Aus- 

tralian Patent No. 20677 of 1934, is shown 
in the Figure. If S1 is closed and S2 open, 
the two circuits L1 C1 and L2 C2 are 
independent except for stray coupling, and 
can be tuned to give a single -peaked re- 
sonance curve at the carrier frequency. 
If S1 is now opened the circuits are coupled 
through the condenser KD and a double - 
humped resonance curve will be obtained, 
but not symmetrical about the carrier 
frequency since one of the humps occurs 
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at the carrier frequency and the other at a 
higher frequency due to the coupling con- 
denser being in series with C1 and C2 at 
this mode of vibration. If S1 is closed, thus 
short-circuiting K, and S2 closed, thus 
bringing in the coupling condenser Ks, another 
humped resonance curve is obtained with 
one hump again at the carrier frequency, but 
the other now at a lower frequency. It is 
interesting to note that when using K the 

587 

high frequency peak would not be affected 
by opening or closing S2, since at this mode 

Y 

Gomple.r coupling giving symmetrical resonance 
curve. 

of vibration the points A and B are always 
at the same potential. Similarly, when using 
Ks the low frequency peak would not be 
affected by opening or closing S1 since 
at this mode of vibration the points X and Y 
are always at the same potential. The 
Patent referred to describes the simultaneous 
use of both Ks and Kn, thus obtaining an 
approximately symmetrical resonance curve 
about the carrier frequency, and the possi- 
bility of adjusting both the upper and the 
lower limits of the filter. Although we have 
considered only condensers as the coupling 
elements, it is obvious that any form of 

coupling, whether capacitive, inductive or 
resistive, or combinations of these, could be 
employed. With inductive coupling the mode 
of vibration which gave the upper peak with 
capacitive coupling now gives the lower 
peak, and vice versa. G. W. O. H. 

New North-East Regional Station 
THE 485 -foot " mast -radiator " of the new B.B.C. 

transmitter at Stagshaw, near Newcastle, which was 
opened last month, is surmounted by six equally 

spaced arms which form a capacity ring. The effective 
diameter of this can be altered, by means of hinging, to 
obtain the correct electrical constants for the operation 
wavelength. The fact that high -power Class B modulation 
is employed is interesting in that it is a reversion to the 

system used for 
earlier transmitters. 
To maintain the 
accuracy of"the 
carrier -frequency 
(1,122 kc/s) a sep- 
arate constant fre- 
quency drive unit is 
employed. This is en- 
closed in an oven the 
temperature of which 
is thermostatically 
maintained. 
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The Necessary Conditions for Instability (or 
Self -Oscillation) of Electrical Circuits* 

An Alternative Proof of Nyquist's Theorem on 
Regenerative Systems 

By D. G. Reid, B.Sc., A.C.G.I., A.M.I.E.E. 
(Lecturer in Communications. City and Guilds (Eng.) College. South Kensington) 

SIIMMARY.-The possibility of self -oscillation of a circuit is shown to depend on the signs of the real parts of the roots of the characteristic differential equation of the circuit. The existence of one or more roots with positive real parts, which is the necessary con- dition for instability, is shown to be reflected in the behaviour of the complex vector ratio of the steady state alternating voltages at two points in the system over the whole range of frequencies from zero to infinity. 

Introduction 
ALTHOUGH the conditions for self - 

oscillation of certain simple forms of 
valve oscillator have been well under- 

stood for many years, certain recent develop- 
ments in regenerative systems, in particular 
the negative feedback amplifier, t have 
focused attention on the general problem 
of the stability or otherwise of a complex 
system containing a potential source of 
energy, such as a valve amplifier. 

In 1932 Nyquist published a papers in 
which he derived the necessary condition for, 
the self -oscillation of any system in which 
there exists a path whereby a disturbance 
originating in any part of the circuit may 
travel around the circuit and eventually 
return to its starting point. Briefly, Ny- 
quist's method depends on the expression 
of any transient disturbance, f(t), as a 
Fourier Integral. 

f (t) - 27r J 

dw r f(t)E-iwt dt 

By consideration of the change in magni- 
tude and phase suffered by each infinitesimal 
Fourier component of the disturbance after 
having travelled around the closed path 
through the system, such change in magni- 
tude and in phase being denoted by the 
complex multiplier AJ (w), the total dis- 

* MS. accepted by the Editor, April, 1937. 
t See Ref. r. 
$ See Ref. 2. 

turbance at the starting point after the 
original disturbance has traversed the circuit 
" N " times is given by 

fn(t) =J e 
(t) + AJ(w) f(t) + [[21.14WJ { 

(t) 
+ .... + [AJ(w)]N . f(t) 

where the expression [AJ(w)]K. f(t) is under- 
stood to mean that every component having 
pulsatance (w) of the Fourier Integral ex- 
pression for f (t) has been changed in magni- 
tude by a factor equal to the Kth power of 
the modulus of the. appropriate value of 
AJ (w) and in phase by K times the argument 
(or angle) of AJ (w). 

By summation of the above series to an 
infinite number of terms, the resultant dis- 
turbance at the starting point is obtained. 
If the expression Lim Yoo fn(t) approaches 
infinity as t approaches infinity, even though 
f (t) approaches zero, i.e., after the original 
disturbance has died out, then the system 
is self -maintaining or oscillatory. If not, 
the system is stable. 

Nyquist shows that the above series i s 
divergent if the vector locus of AJ (w), 
plotted for all values of (w) from minus 
infinity to plus infinity, encloses the point 
(1, o). It converges to a finite value or 
zero, according as to whether Lime f(t) 
approaches a finite value or zero, if the 
locus of AJ (w) does not enclose the point 
(1, o). 

This criterion of stability, involving as it 
does merely a knowledge of the steady state 
complex amplification ratio around the 
closed path, is both simple in conception 
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and suitable for application to practical 
circuits, either by calculation or direct 
measurement. 

The mathematical processes involved in 
the summation of the series and in relating 
the result to the locus of AJ (w) are, however, 
of such a nature that their physical inter- 
pretation is not at once obvious, and it is 
felt that the importance of the final result 
justifies an alternative derivation which 
makes use only of the elementary ideas of 
complex quantities which form the ground- 
work of ordinary A.C. theory. 

Before proceeding with this alternative 
derivation, it may be mentioned that the 
general theory of the stability of a linear 
dynamical system (which includes electrical 
circuits) was worked out by Routh in 1883* 
who produced a number of criteria for 
stability, one of which is in a very similar 
form to that given by Nyquist, but is derived 
from an earlier theorem of Cauchy. 

Also in a paper (Peterson, Kreer and 
Ware) t describing an experimental investiga- 
tion of Nyquist's Criterion a partial proof 
is derived in a manner somewhat similar 
to that which follows. 

Derivation of Criterion for Self -Oscillation 
(i) Restrictions as to linearity. 
In any system in which the conditions for 

the inception of self -oscillation are under 
investigation it is legitimate to assume 
that all impedances, including valve im- 
pedances, are near, since until the amplitude 
of oscillation has reached a finite and gene- 
rally relatively large value, the effects of 
curvature in the characteristics, e.g., of anode 
current versus grid voltage, or of magnetisa- 
tion curves of iron cored inductances, are 
negligible. 

In certain cases, as, for example, circuits 
containing one or more valves initially 
biased beyond their cut-off point, sustained 
oscillation may be possible if it is first 
started by some external source of sufficient 
magnitude, but will not build up spon- 
taneously from a differentially small initial 
disturbance. The following reasoning cannot 
be applied directly to such cases. 

(2) Normal Modes of Vibration. 

When any dynamical system, either elec- 

* See Ref. 3. 
t See Ref. 4. 
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trical or mechanical, is disturbed from its 
initial condition of rest by an externally 
applied impulse and then left to itself, it 
may or may not revert eventually to its 
original quiescent state, according as to 
whether this initial state was inherently 
stable or unstable. In an electrical circuit 
the necessary disturbance is always present 
in the form of the random e.m.f. of thermal 
agitation of the electrons in the conductors, 
so that an inherently unstable circuit will, 
immediately upon completion, proceed to 
build up currents in its various meshes until 
a stable, though not necessarily stationary, 
condition is reached. 

The behaviour of the circuit subsequent 
to the removal of the disturbing force is 
determined by the set of equations which 
characterise its various meshes, expressing 
the fact that the total e.m.f.'s around each 
complete mesh must add up to zero, and 
that the total current flowing to any point 
is zero. If the system contains reactances, 
these equations will involve the differential 
coefficients of the voltages and currents 
respectively. 

In circuits in which all impedances are 
linear, these differential equations will all 
have constant coefficients and will further- 
more be linear, i.e., involve only the first 
powers of the differential coefficients. 

As a simple example, consider the circuit 
shown in Fig. 1, for which the equation of 
dynamic equilibrium is 

It+Ldt+Rio .. (I) 

where " i " is the current at time t. 
The solution for an equation of this type 

is found by making the substitution i = KEp' 
where K and p are constants, and is of 
course well known to be 

i = K1Epit + K,Ev' (2) 

where 
R 

V 

rc¿ I 
p1= - aL + 41,2 LC 

R R2 

P2 - 2L N 4L2 LC 

and K1, and K2 are integration constants 
determined by the conditions pertaining at 
the time of the disturbance. 

P1 and P2, however, are independent of the 
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form of the initial disturbance and are called 
the " normal modes " of the system of 
Fig. I. They may be real or complex, 
according as to whether the system is oscil- 
latory or aperiodic. In this case, where the 
circuit contains only positive elements, the 
real part of the p's must be negative so that 
the current dies away exponentially to zero. 
If the resistance R were to be replaced by a 
source of power having a " negative re- 
sistance " R, for example, a series excited 
generator, the current would increase to- 
wards infinity, and the real part of the p's 
would be positive. 

Fig. 1. Fig. 2. 

Thus whether the resultant current 
approaches zero or infinity after a sufficient 
lapse of time is determined by the sign of the 
real parts of the normal modes of vibration. 
A negative real part corresponds to a stable 
initial condition, and a positive real part 
to an unstable initial condition. 

Extension to General Case 

In the above case, a single mesh only was 
considered. In the general case of a linear 
system containing n closed meshes, there are 
n differential equations of dynamic equili- 
brium, each of the form (3) which is that 
for the Kth mesh. 

dig r 
L 

x1./ix.x. 

dt + 
Rgg 

7% + J Cgg 
_co 

h=n t 

- EL%A di +R%Aih+ f ch =-- d1 (3) 
h=I 

dt 

where ig and in are the instantaneous 
currents circulating in the Kth and hth 
meshes respectively, e% is the total externally 
applied e.m.f. acting in the Kth mesh, 

Rgg, C, are the total inductance, 
resistance and equivalent capacitance (i.e., 
the reciprocal of the sum of the reciprocals 
of all the capacitances) which are included 
in the Kth mesh. Lih, R%A, and C%,, are 

the corresponding quantities which are 
common to the Kth and hth meshes, and the 
summations indicated are for all values of 
h between I and n except h = K. 

In determining the normal modes of 
vibration, the network is considered free, 
from all externally applied e.m.f.'s, so that 
all the ex.'s are zero. In this case, by a 
further differentiation with respect to t, 
equation (4) is obtained. 

dei% di,, ix. 
L dt ' C 

gg 
h=n 

LEA' h+R%hdih+ i 
Ch 

=o .. (4) dte dt %A 
h=: 

Putting 
ix. = I%Ep%t } I'1S"It I"1P' K } . ... etc. 
where the /is and px.'s are constants, each 
of the equations represented by (4) becomes 

Epgt [Lizx P12 + REX PI + I 
h=n 

-- E I h E¢hi[LEAP h2 + R%h p h+- 
h =I C%A 

+ I'%Ep.x.t [L%g(p'g)2 + Rggp'g + I 1 

W =n 

- Gt I'hEP'wI Lgh(ph)2+Rghp'h+ 
h'=I Cgh 

I 

= o .. (5) 
As there are n equations represented by (5), 
all of which must hold for all values of t, 
this is only possible if 

p1=p2= =PR=p 
p'1=p'2= ...=p'%=p, 

etc., and the coefficients of f14, Ep't are each 
equal to zero. 

I Ig [Lgg p2 + REE p + 
J 

i.e. 

C11 
h=n 

,¡ ,/, I - Ih Lghp2+Rghp + -o 
h -I Cgh 

%[Lgg(p')2 -}- Rggp' + 
IC 11 

h=n 

-E I'n L%h(p')2+Rx.hp'+ ]=o 
Cgh h=, 

etc. 
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I 
Lax b2 + Rxap + Cxx 

= Slur 

and Lxhp2 + Rxh p + 
Cxh 

= Sims 

the n equations represented by (6) may be 
written after dividing each by p. 

S11I1-S12I2-S13I3. . . -Sin In-O 
S2111+S2212-S23I3.. . -S2n In=0 

(7) 

-Snili-Sx2l2-Sn3I3...+Snn In=o I 

From these n equations n - i unknown 
I's may be eliminated leaving a single 
equation, which is the same for all the I's, 
namely, 

AI = o .. .. (8) 

where d represents the determinant 

+Su - S12 -S1n - S21 + S22 .... - S2n 

S31 - S32 .... - San 

- Sn1 - S,2 .... + Snn 

The values of p which make this determinant 
vanish are therefore the normal modes of 
vibration of the system. 

Normal Modes of a Back -Coupled Amplifying 
System 

In any four terminal network as shown 
in Fig. 2, containing (n - 2) internal closed 
meshes but no sources of e.m.f., there are n 
equations of the form (3), the first 2 being 
equal to vi and y2 respectively, and the re- 
mainder all equal to zero. If vi and v2 are 
themselves exponential functions of t, 

vi = Vi pi 

v2 = V2 ep`' 

these n equations are 
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ducts and quotients of the S's and are 
therefore polynomials in " p." 

When the input terminals 1.3 are con- 
nected in parallel with the output terminal 
2.4 as indicated by the dotted lines in Fig. 2, 

Vi=V2=V and 71=-I2=I 
With the convention that the arrows in 
Fig. 2 are directed up the potential gradient, 
the equations (io) be- 

AI -BI=V 
CI -DI=V 

which together give [A + D -B - C]I = o. 
The normal modes of the back -coupled 
system are therefore the values of p which 
make 

[A +D -B - C] = o .. .. (II) 

At this point a restriction is introduced 
which is substantially valid in most cases 
to which the theorem is applicable. It is 
that the network is capable of transmission 
in one direction only, say from 1.3 to 2.4, 
so that a voltage applied across 2.4 produces 
no current through 1.3 when the latter path 
is short-circuited externally. The necessity 
for this restriction and its implications will 
be discussed later. 

This restriction amounts to the statement 
that either B = o or C = o according as to 
whether the network is capable of trans- 
mitting in the I to 2 or 2 to I direction. 
For example, if transmission is only possible 
in the 1 to 2 direction, and a voltage V2 is 
maintained across the 2.4 terminals by an 
external source whilst the 1.3 terminals are 
short-circuited, both V, and I, must be zero. 
Substituting Vi = o into (i5) and subse- 
quently eliminating 72 leads to the relation 

I1 
V2 

X BC B AD 
so that B must be zero. 

The general network equations (15) then 
reduce to 

-52111+S2212-S2313. . .-S2nIn= V2 AI1 = V, .. CI1=DI2=V2} (12) 
-53111-53212+S33I3 . . .-S3nIn=0 '(9) 

and the normal modes are given by 

- Sn111 - Sn212 + Snnln = OI A+D -C=o .. .. .. (i3) 

From these n algebraic equations, n - 2 

of the I's may be eliminated, leaving 
AI, +BI2=V1 
CI, +DI2=V2} .. 

where A, B, C and D are formed from pro - 

(io) 

The specific problem under consideration 
is to determine whether any of the values of p 
which satisfy (i3) have a positive real part. 
This may be done by direct solution if all 
the constants of the network are known, 
but the object of the theorem is to determine 
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whether the system is stable or not without 
a complete specification of the interior con- 
nections of the network. A knowledge of 
the voltage transfer ratio is all that is re- 
quired. 

Definition of Voltage Transfer Ratio 
The ratio of the voltages V, and V, across 

the input and output terminals of the net- 
work is dependent on its external as well as 
internal connections. The voltage transfer 

(I) 

Fig. 3. 

ratio, f (p), will be defined as the ratio of 
the voltage V2 across the output terminals 
to the voltage V1 across the input terminals 
when the network is iteratively terminated, 
that is when it is one of an infinite number 
of identical networks connected in tandem, 
as shown in Fig. 3. 

This ratio will in general be a complex 
quantity, dependent on the value of p at 
which it is measured. In practical measure- 
ments p would be the purely imaginary 
quantity jet), but for purposes of theory it 
may have any value, real, or complex. 

Since the same pair of equations (r2) 
hold for each of the networks of Fig. 3 
and I2 for one network is the same as - II 
for the subsequent network, whilst V, for 
one network is V, for the next, there exists, 
in addition to equations (12) the relation 

AI,=-V2 
Eliminating I, and I2 from (17) by means 
of this relation gives 

V2 
V1 A D= C f(p) .. - .. (L4) 

Hence, the condition that A + D -C = o 
(13) is the same as the condition that f(p) = i, 
or i - f(p) =--- o. This last form is the most 
convenient for analytical purposes, and will 
be used throughout the subsequent dis- 
cussion. 

If the system shown in Fig. 3 is stable, 
that is when the 1.3 terminals of network 
(i) are short-circuited and no external 
e.m.f.'s are applied, no currents flow in the 
system, then the determinant of the circuit 
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I -.AP) - +ocn-lpn-1+an-2pn-2 + . . .ao t 
(16) 

where the a's are formed by dividing the 
A's of (2o) by An, whilst the ß's are new 
coefficients formed by subtracting the co- 
efficients of like powers of p in the numerator 
from the denominator of (20) and dividing 
the result by An. The expressions for the 
numerator and denominator may be factored 
in terms of their roots 

-f(p) (p -p,,)(p-p13)(p-pr) ... 
(17) (p-p1)(p-p2)(p -133) .. . 

Where p,,, p,,, pY, etc., are the roots of the 
equation 

¡¡ p +ßo p1i + ßn-lp"-1 + ßn -2p"-2 ... ß = O 

whilst p1, p2, p3, etc., are the corresponding 
quantities for the denominator. 

The normal modes of the back -coupled 
circuit are thus p pp, py, etc., whilst 
Pl, P2, p3 are those of the determinant 
(A + D) which is that of the system of 
Fig. 3. Equation (22), like the preceding 
ones, is an equation of complex quantities : 

" p" is a variable which can take on any 
value in the plane of complex numbers, 

formed by the 2.4 terminals of network i 
and the 1.3 terminals of network (2) must 
have no modes with positive real parts. 
But considering the closed circuit formed by 
the 2.4 terminals of network i and the 1.3 
terminals of network 2, this determinant is 
A + D, which must therefore have no roots 
with positive real parts if the system of 
Fig. 3 is stable. Since A, C and D are all 
rational polynomials in p, f(p) may be 
expressed 

,in 
the form/, 

J ) = Bmr + Bm-i Pm -1 + .. 1- Bo .. (15) Anp +An -1p +.. +Ao 
where the A g's and Ba's are constants. 

In any four terminal network, the trans- 
mission efficiency must fall to zero at in- 
finitely high rates of change of applied 
voltage, owing to the effect of distributed 
capacity, so that the expression (2o) must 
vanish when p is made infinite. Therefore, 
with any physical system, the denominator 
must contain terms of a higher order in p 
than any in the numerator. On forming the 
expression i - f(p) therefore, equation (21) 
is obtained after dividing numerator and 
denominator by the , 

,/ 

factor A,{ 
p P"+ßn_1pn-1+ßn-2p"-2 + . .ßo 
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whilst pa, p, , p.,, p,, p2 p3, etc., are fixed points 
in this plane. p, p,, p.y, etc., may be any- 
where in the plane, but p,, p2, p3, etc., must 
all lie to the left or negative side of the axis 
of imaginaries, as indicated in Fig. 4. 

The real and imaginary components of 
(say) pa are the projections of a line joining 
the origin to the point pa upon the real 
and imaginary axes respectively. The com- 
ponents of (p - pa.) are similarly corre- 
sponding projections of a line joining p top.. 

3 This line is speci- 
+ Pa fled entirely by its 

length and direc- 
X p, tion, its position 

being immaterial. 
It is therefore a 

-R REAL AXIS +a vector quantity. 
Z N Thus i -f(p) is also 

x <á a vector quantity, 
P2 î the quotient of the 

3 PAC product of the 
vectors of the de- 
nominator divided 
into those of the 

numerator. If p is given the value jw, then 
f(p) becomes f(jw), i.e., the steady state 
vector ratio between V2 and V, at a fre- 

quency 2 and corresponds to the quantity 

AJ(w) in Nyquist's notation. On referring 
to Fig. 4, it is seen that if p is varied along 
the axis of imaginaries from p = - j oo 

to p = - j co the vector (p - pa) will turn 
through i80° in a counterclockwise direction 
if pa lies on the positive side of the axis of 
imaginaries, and through i80° in a clockwise 
direction if pa is on the negative side of 
this axis. The vectors in the denominator 
must therefore all rotate in a clockwise 
direction as p goes from +-- j co to -j co along 
the imaginary axis. But since the reciprocal 

of a vector RIB is 
R 

ri the reciprocals of 

the denominator rotate through i8o° in the 
counterclockwise direction. As the de- 
nominator and numerator are of the same 
degree in p there are an equal number of 
factors in each so that (p - pa) may be 
associated with (p - p1), and (p - pp) 
with (p - p2), etc. 

Thus every root p,,, pp, etc., to the right 
of the axis of imaginaries will, with its 
associated root in the denominator, contri - 

Fig. 4. Complex plane 
ofp=cc+jw. 
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bute a rotation of 360° to the vector in the 
counterclockwise direction, whilst every root 
p., pp to the left of the axis will contribute 
nothing, owing to its clockwise rotation 
being cancelled by the counterclockwise 
rotation of the reciprocal of its associated 
vector in the denominator. Thus, if there 
are ni roots, pa, p,, etc., with positive real 
parts, the vector i - f(jw) will rotate 
through m revolutions in a counterclockwise 
direction as CO is varied from co to - co. 

In Fig. 5 the vector i - f(jw) is plotted 
as the line OP in the x, y plane, where - f(jw) = x jy. If the length of the 
line 0 -A is unity, then the line P -A 
represents f(jw). The two paths, A -P 
-C -A and A - P' - C' - A' represent 
two possible loci for OP as w is varied from 
+ co to - co, the total rotation of OP 
being O and 36o° respectively in the two 
cases. In the first case, the locus of the 
extremity of the vector of OP encloses the 
origin, in the second it does not. Alterna- 
tively, the locus of f(jw) may be plotted as 
in Fig. 6. If this locus encloses the point 
(i, o) once only, the vector i - f(jw) 
rotates through 36o°, and the system has 
one mode with a positive real part and is 
unstable. Similarly, if the locus encircles 
the point (i, o) twice, the system is unstable, 
having two modes with positive real parts, 
and so on. Since the real part of the vector 
representing the loop voltage transfer ratio 
is a function of even powers of " w," whilst 
the imaginary part is a function of odd 
powers of " w,' it is only necessary to 
calculate or measure the ratio for values of 

-05 

Fig. 5.-Loci in complex plane of 1 - F(p) 
-X 

I jY for p=jw. 

w between zero and + infinity, the remain- 
ing half from zero to - infinity being a 
mirror image about the real axis of the first 
part. 

As the complex roots of the numerator 
and denominator must occur in conjugate 

B 
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pairs (since the coefficients of the p's are 
real quantities) it will generally happen 
that the vector locus of f(jw) will enclose 
the point (r, o) if it does so at all, twice, the 
only exception to this case being where the 
network contains a single pure negative 

w} 05 

<ó 
025 

125 

4. 00 

-0.25 

-0'5 
Fig. 6.-Loci in complex plane of F(p) 

X+jYfor p=jw. 
resistance such as an arc or dynatron, in 
which case there may be a single aperiodic 
positive root. 

Discussion of Restrictions and Implications 
In tux. course of the above proof, it was 

necessary to impose the restriction that the 
network should be capable of transmission 
in one direction only. Although Nyquist 
does not explicitly make this restriction in 
his analysis, it is nevertheless implied therein 
in that the effects of transmission in the 
reverse direction are not considered. If the 
restriction is not made, the general equations 
(io) must be used for determining the loop 
voltage transfer ratio when iteratively con- 
nected. 

Under these conditions, assuming a vol- 
tage V1 to be applied to the 1.3 terminals 
(see Fig. 3), the general expression for f(p) 
resulting from equation (15) and the fact that 

f(p) = = V2 2 is 
V1 I1 

AP) - A + D + 1/(A +D)2- 4BC .. (i8) 
2B 

This leads to two values of f(p) which satisfy 
the condition (ii) 

0 

namely, f(p) = i and f(p)_ 

These two values correspond to the two 
vector ratios of V2 to V1 in the two cases 
(i) where the e.m.f. is applied at the 1.3 
terminals, and the resultant voltage measured 
across the 2.4 terminals when iteratively 
terminated and (2) when the e.m.f. is applied 

across the 2.4 terminals, and the resultant 
voltage measured between the 1.3 terminal 
iteratively terminated. 

But unless B = o or C = o the expression 
(i8) for f(p) is no longer a rational algebraic 
expression in p and so that i - f(p) cannot 
be put into the factored form of (i7). 

If either B or C is zero the loop voltage 
transfer ratio in one or other direction is 
zero, and then only can the subsequent 
factorising process be justified. 

It is unfortunate that this restriction is 
necessary, as it somewhat reduces the 
generality of the theorem, but, on the other 
hand, it will be seen that without such a 
restriction the loop voltage transfer ratio 
would cease to have a practical as distinct 
from a theoretical meaning, as it would be 
impossible to terminate the network with its 
iterative impedances without an infinite 
number of identical networks ! 

Where the transmission is unidirectional 
the input and output impedances A and D 
are definitely realisable with a finite number 
of elements, and are indentical with the 
iterative impedances. 

The one case where this restriction does 
necessitate special care in the application 
of the theorem is that of an amplifier in 
which the anode grid capacitances of the 
valves have an appreciable admittance 
(e.g., as in triodes). 

Here, for purposes of calculation, at any 
rate, the input terminals may be looked 
upon as actually across the grid and filament 
of one of the valves, the anode -grid capaci- 
tance being included in the external feed- 
back path. 

Steady State Amplitude of Oscillation 
It is not intended here to discuss the general 

theory of the final amplitude of oscillation 
taking into account non -linearity in the 
impedances, as this has been extensively 
treated elsewhere.* 

It is obvious that when the steady state 
of oscillation has been reached the vector 
ratio of V2 to V1 must equal unity, for so 
long as the locus encloses instead of passing 
through the point (i, o) there exist roots 
with positive real parts which implies 
oscillations still growing in amplitude. 

As the amplitude of oscillation grows, 
the series resistances (i.e., differential anode 

* See Ref. 5. 
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resistances) and the shunt conductances 
(i.e., grid to cathode conductance) both tend 
to increase, thereby altering the coefficients 
of the network equations. Whatever the 
initial effect of these changes may be (and 
they may, in the case of an oscillator ex- 
hibiting " backlash," cause the exponential 
growth of the oscillations to increase tem- 
porarily) their ultimate effect must be to 
cause the roots pa, pp, etc., to move in a 
direction toward the left of the complex 
plane. If there is only one pair of roots 
with positive real parts, as in an oscillator 
containing a single tuned circuit, the steady 
state will be reached when these roots just 
arrive at the axis of imaginaries. 

If, however, there are several pairs of such 
roots, then on completing the circuit all 
the corresponding modes will commence 
to build up at rates determined by their 
real parts. As the total amplitude grows, 
all the roots move over to the left, each pair 
crossing the imaginary axis, after which 
that particular mode gradually dies out, 
owing to its real part becoming negative, 
until eventually the last pair of roots arrive 
at the imaginary axis. At this point, this 
last mode will be stable, and eventually all 
the others die out. 

Thus it is seen why an oscillator which is 
capable of oscillating at either of two diffe- 
rent frequencies will in fact only oscillate 

Fig. 7. 

stably at one of them at a time, namely, 
the one with the real part which is the last 
to become zero at large amplitudes of oscilla- 
tion. It is, however, just conceivable 
though extremely unlikely that more than 
one pair of roots might arrive at the im- 
aginary axis simultaneously. 

Case where the System is Stable although 
the Voltage Ratio is Greater than Unity 
A case of particular interest from the 

theoretical point of view is that in which 
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the f(j(0) curve is of the form shown in 
Fig. 7, the point (r, o) lying outside the 
completed loop. There are thus 2 pairs of 
(positive and negative) values of (w) corre- 
sponding to the points A and B at which the 
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total amplification around the loop of an 
impressed steady state alternating voltage 
V sin wt is greater than unity, and the total 
phase shift around the loop is zero. Yet 
the system is stable according to the theorem. 

This case has been investigated experi- 
mentally by Peterson, Kreer and Ware* who 
set up an amplifier having a steady state 
amplification ratio of the same form as 
Fig. 7, and found that it was stable when 
back coupled, but that if the gain was 
reduced (without change of the phase 
shift characteristic) so as to produce a 
uniform radial contraction of the loop, then 
directly the point (r, o) fell inside the loop 
the system built up oscillations, thus con- 
firming the theorem. 

The explanation of the apparent anomaly 
that the total amplification around the 
closed loop at some steady state frequency 
can exceed unity and the phase shift be 
zero and yet the system still remains stable, 
lies in the fact that the frequencies for zero 
phase shift have no significance at all, 
unless they also correspond to a ratio of 
unity in the absolute magnitudes of the input 
and output voltages, for unless this ratio 

* See Ref. 4. 
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is unity, some external e.m.f. is required to 
maintain a steady state alternating voltage 
at any point in the circuit. For example, 
consider an amplifier whose input admittance 
is zero and in which the ratio of output 
voltages to input voltage at some particular 
frequency is a pure number N (i.e., there is 
no phase shift at this frequency). Then if 
the output terminals are connected to the 
input terminals in series with a generator 
of e.m.f. " e " having this particular fre- 
quency and the voltage appearing across the 
input terminals is e', that across the output 
is Ne' so that e' must be made up of the sum 
of e and Ne' or e = e' (i - N) so that if N 
is greater than unity, the voltage across the 

-90 
' Fig. 9. Polar plot of F(jw) on logarithmic amplitude 

for distribution of roots as in Fig. 8. 

input terminals is in antiphase to but is 
nevertheless finite. To illustrate how this 
re-entrant form of curve may be obtained, 
a particular case has been computed 
graphically, the result being shown in Figs. 8 
and 9. An expression for 

f(p) _ (p - pa) (p -P) (p - p7) (p - p3) 

(p - p1)(P - p2)(P - p3)(P - P4) 
has been assumed, the distribution of the 
pa's and p1's in the complex p plane being 
as shown in Fig. 8, all having negative real 

parts. Then for any value of p = jw the 
vector products of the lines p1 -w p2- w, 

p3 - w, p4 - w, and paw, pO w, P7(£), paw. 
are found graphically and their quotient 
is the vector i - f(jw) for the particular 
value of w taken. On subtracting this 
(graphically) from unit vector, the vector 

f(jw) is obtained, and the result for a number 
of values of w is shown in Fig. 9. Owing to, 
the wide variation in magnitude of f(jw) 
for this particular distribution of roots the 
radial distances in Fig. 9 are plotted 
logarithmically to conserve space. It is seen 
that there are two values of w indicated by 
the points " A " and " B " in Fig. 9 at 
which the total amplification around the 

loop is greater than unity and. 
the phase shift zero. 

As the distribution of roots. 
shown in Fig. 8 was selected 
arbitrarily, it is doubtful 
whether a network having the 
particular iterative voltage 
transfer ratio shown in Fig. 9 
could be realised physically 
with positive element values,. 
but, on the other hand, it is 
known that circuits can be 
made having a transfer ratio 
diagram of similar form, e.g., 
that used by Peterson, Kreer 
and Ware.* 

7 It is hoped that the fore- 
going will explain their appar- 
ent anomalous behaviour. 

In conclusion, the author 
would like to express his. 
thanks to Professor C. L. 
Fortescue, O.B.E., M.A.,. 
M.I.E.E., for his very helpful. 
criticisms. scale 
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Regeneration in Linear Amplifiers* 
By G. S. Brayshaw 

(Acoustic Research Department, Murphy Radio, Ltd.) 

SUMMARY.-The conventional method of deriving the gain of a regenerative amplifier 
is shown to lead to incorrect results in certain cases and a new analysis is given which is free 
from these defects. A rule for determining stability conditions is stated and the modifications 
in gain, phase shift, input and output impedances are tabulated for the four basic feed-back 
circuits. It is shown how regeneration can be made to improve the characteristics of an 
amplifier and to obtain special circuit characteristics. 

BROADLY speaking there are four 
different effects which are produced 
by regeneration or feed-back in an 

amplifying system ; these are : 

(a) change of gain 
(b) creation of an unstable condition 

leading to the production of oscillations 
(c) change of effective circuit impedances 
(d) change of phase angle. 

In the first part of the present paper a 
general equation will be derived for the gain 
of a regenerative amplifier and the stability 
conditions will be formulated. In the second 
part of the paper various types of regenera- 
tive circuits will be considered and general 
formulae will be derived for calculating their 
effective circuit characteristics in terms of 
the corresponding characteristics without 
regeneration. 

PART I 
Stability Conditions 

The general conditions for the stability 
of an amplifying system have been derived 
by Nyquist 1 ; since his proof involves 
advanced mathematical methods, however, 
it was thought desirable to give a much 
simpler treatment of regeneration theory 
and this has been attempted in the present 
paper. 

Throughout the following discussion only 
linear systems will be dealt with and hence, 
in interpreting the results obtained, certain 
limitations must be borne in mind. For 
example, it is well known that in the opera- 
tion of a simple detector valve circuit em- 
ploying reaction a backlash effect may be 
noticed. This takes the form of a variation 

MS. accepted by the Editor, May, 1937. 

between the minimum degree of anode -to - 
grid coupling necessary to start oscillations 
and that required to maintain oscillations 
when once these have commenced. Since, 
however, this effect only occurs on account 
of the non -linearity of the system its exist- 
ence will not be disclosed by the present 
analysis. 
Instantaneous Series Method 

Regeneration is generally explained by 
the following simple series method and since 
this implies an infinitely short building up 
time for the steady state value of the feed- 
back voltage it will hereafter be referred to 
as the instantaneous series method. 

Consider an amplifier in which there is 
some degree of coupling or feed-back be- 
tween its input circuit and any subsequent 
part of the chain when the amplification 
ratio is G. If a voltage v is applied at the 
input it will first be amplified to a value 

Gv, then a fraction of this voltage 
my 

will 

be fed back ' to the input circuit. This 
additional input voltage will also be ampli - 

2 

fled and 
m 

of this voltage 
m2 

will be fed 

back into the input circuit. This action 
will continue until the number of voltage 
increments becomes infinite. We can there- 
fore express the effective input voltage to a 
regenerative amplifier as the sum of an 

infinite series whose common ratio is G m' 
Thus, if ye is the effective input voltage we 
can write 

G G2 G3 G" 
ve=v F-v; 2v 3.v----{ mn m m m 

where n --> co. 
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Since the production of a feed-back 
voltage will, in general, involve a phase 
change we can regard the feed-back factor 
G 

as a complex quantity and write it in the 

form P or Pei° where P is the modulus 
and O is the phase angle of the factor by 
which v is multiplied on each successive 
round-trip through the amplifier. Hence 
we can write the series for 0e in the form 

ve = v(I -i- pelg + P2ei29 +. P3e13e 

{ . . . -f- PneJne) 
. . (I) 

n- o0 
This series will be convergent if 1/3 < I 
and, subject to this condition, it will have 
a finite sum which is given by 

v V. _ .. .. (2) 
I 

A clear physical picture of the regenera- 
tive effect can be obtained by drawing a 
series of vectors to represent the increments 
of voltage produced by successive round 
trips. This is done in Fig. I where the 
geometrical addition of the vectors V, Pei:Bv, 
P2ei29v, etc. is shown for two cases. In 
Fig. I (a), the absolute value of P, is less 
than one and the resultant is therefore a 
vector of finite length : in Fig. I (b) the 
absolute value of P is greater than one and 
the resultant is therefore a vector of infinite 
length. 

(a) 
Fig. 1. 

If we apply the instantaneous series 
method to the case of an actual amplifier in 
which regeneration exists, it appears that, 
although the method gives correct results 
over a certain range of P, it breaks down 
when values of P outside this range are 
considered. 

When P is positive and z i equation 
(2) is valid, and in the particular case where 
P = i, this equation yields infinity which 
is the condition that the system will oscillate : 

this case will be considered in more detail 
later. When P is positive and > I only 
the series (I) is applicable and under these 
conditions it will have an infinite sum. 
Thus from a mathematical point of view 
it would appear that oscillation would 
always occur when P was positive and > I. 
This result does not agree with experimental 
evidence, however, since it has been found 
that in certain cases oscillation does not 
take place under these conditions2. 

Similarly when P is negative and < I 
equation (2) is valid, but when P is negative 
and > I we are faced with another anomaly 
as in this case also only the series is appli- 
cable and this gives a value ± oo, although 
it is an experimental fact that an amplifier 
will be completely stable under these con- 
ditions. 

Incremental Series Method 
In order to overcome this apparent lack 

of agreement between the mathematical 
and physical aspects of regeneration we 
must take account of transient conditions. 
The feed-back voltage will not attain its 
final value instantaneously, it will actually 
build up in such a way that the effective 
input voltage ve will not reach a value 
corresponding to a mathematical discon- 
tinuity, except in the special case where 
oscillation occurs. A steady state value of 
feed-back voltage must therefore be reached 
in a finite time and this, in general, will 
correspond with the normal building up 
time for the circuit transients. We can, 
however, avoid the consideration of circuit 
transients by imagining that the final value 
of feed-back voltage is reached by a gradual 
increase of the feed-back coupling at a 
rate which is very much slower than the 
building up time of the circuit transients. 
In this way we are effectively dealing with 
steady state conditions throughout. This 
method must obviously give the same final 
result (in a linear system) as is obtained by 
suddenly switching on an amplifier in which 
the degree of coupling remains fixed at its 
final value. 

With the above conditions in mind we 
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must regard the instantaneous feed-back 
factor p as some arbitrary function of time, 

say p = (k(t). This function is then subject 
to the conditions 

(t)=o when t=o 
q(t) = P when t = T 

Where T represents the time required for 
the feed-back voltage to grow from zero to 
its final value. 

Divide the time T into q equal increments 
At and let the corresponding increments 
of 96(t) be dip, d 2p, . . etc. 

If At is made differentially small the 
dp's will also be differentially small and 
we have 

áp=dt[(a(t)].Lit 

So that 
Since 95(o) = o 

96(1) _ 4.(o) + Er -o zirp 

p = ,a(t) = Er_o dr . p. 

Hence we can replace p by the sum of a 
series of differentially small increments 

42p, etc. 

Since p is a vector quantity EEQ drp repre- 

sents the vector sum of the Zip's. 

If we now consider a circuit in which the 
feed-back factor is 41p we can obtain the 
effective input voltage v1 from the series (I) 

since d 1p is assumed constant in the interval 
considered, thus 

v1 = v[I +diP + AP? + (41p)3. . + 41p)"] 
n-> 00 

v 
or v1 = 

' 
since d1p « I. 

I - d1p 

Increasing the feed-back by an amount 
42p gives 

V2 
dlp 

[I + Ad, + 42,442 

+(d2p)3++(d2p)"] 
v I 

or v2 = 
I - d1p i - 42p 

After adding the q increments we shall have 

n co 

599 

I Z I 
vq = 7!e = U . -- -A- I-d1p I-d2p I-dap 
or ve =-- 

I - [Alp + J2/3 - zIgi, x] 

In the above expression x will be composed 

of products of dp and as these are of higher 
degree than the first they can be neglected 
in comparison with the remainder of the 
denominator. 

Thus ve = v v 

g 
-P I-EArp I 

7=0 

(3) 

v 
or Ivel = (4) 

VI-2Pcos°+P2 
It will be noticed that this result is the 

same as that originally obtained in equation 
(2), but we have removed the restriction 

on the value of P ; in particular P may now 
exceed unity. 

From equation (3) 

Ve = -Pie and it is apparent that if 

P=1, O = o or 2nir (n an integer) then 
ye will become infinite. 

Expressed physically these results mean 
that if there is any frequency at which 
O = o 

1 

then the system will oscillate if P 
Ynn 

become unity. Should the calculated value 
of P exceed unity for a given system, the 
value of O when P= i must be obtained 
before it is possible to predict whether or 
no the system is stable. 

We can now state a simple rule for deter- 
mining the stability condition of a given 
system. 

Derive an expression for the feed-back 
voltage due to unit applied voltage at the 
input of the amplifier assuming that the 
feed-back coupling is disconnected from the 
input circuit and properly terminated. This 
will in general be complex and may therefore 
be expressed as Pej°. The condition for 

stability now is 

I - Pej° o 

for any frequency from o to co. 

There is a special case which is not covered 
by the above simplified analysis. Namely, 
a condition in which an unstable state 



giving g ve=-KO 
By comparison with the previous result 

equation (3), it is apparent that 
Pej° Keiß 
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exists over a certain range of values of the 
gain of an amplifier, but does not exist 
with values of gain above or below that range. 
This case was deduced theoretically by 
Nyquist 1 and demonstrated experimentally 
by Peterson, Kreen and Ware 2. In order 
to cover this special condition we must 
make use of Nyquist's stability rule, which 
is more general than the one given above. 
His rule states : 

" Plot plus and minus the imaginary 
part of Pete against the real part for all 
frequencies from o to co. If the point 
t jo lies completely outside this curve 
the system is stable, if not it is unstable." 

PART II 
Analysis by Circuit Theory 

Having obtained an equation for the 
effective input voltage of a regenerative 
amplifier by a general analysis, we are now 
in a position to deal correctly with this 
same equation derived by elementary circuit 
theory. From a practical point of view 
this second method is obviously preferable 
on account of its simplicity, nevertheless 
without the preceding analysis it could not 
be safely used to predict stability conditions. 

o 
r , 

Zo 
v 

o 

ZR v.,,ti... 

ZL 

J 

Fig. 2.-v = applied voltage ; = effective 
input voltage ; v f = feed-back voltage. 

Using the notation in Fig. 2 let of = Keißve 
where K and ß are respectively the magni- 
tude and phase angle (relative to ve) of the 

feed-back factor (if). 
ve 

The circuital equation of voltages, for 
the input circuit, can now be written 

v } of- ve orv+ Keifve = ve .. (5) 
v 

Hence we may regard Pele as the total 
voltage fed back, for unit applied voltage 
on the grid of the first valve. Thus re- 
verting to the original notation we can write 
as before 

ve = v 
and l ve l = 

i / -P 1i - 213 cos B -t- P2 
From the latter equation it is apparent 

that for a certain range of values of P and 6, 
ve will be greater than y and hence there will 
be an effective amplification due to the 
feed-back : this is usually referred to as 
regeneration or positive feed-back. 

When O lies between pr and pr, elf' is 
negative and hence 

v 
V, ------ 

P 
v t 2P cosO + P2 

From this equation it is apparent that 
for all values of P ve will be smaller than y, 
hence there will be an effective attenuation 
due to the feed-back : this is usually 
referred to as degeneration or negative 
feed-back. 

It will be noticed that these equations 
are identical with those obtained by the 
incremental series method. They must also 
be interpreted in the same way, namely, 
of must reach its final value in a finite time 
and not appear instantaneously. 

The condition for oscillation, of course, 
is the same as before and may be written 
Pe'e = I. Inserting this in equation (5) 
we have 

v -{- ve = ve. 

This equation can only be satisfied when 
the applied voltage is zero and this will be 
recognised as the condition commonly stated 
for self oscillation to persist in an amplifying 
system. Furthermore, the conditional equa- 
tion i - Pei° = o can be split up into two 
further equations representing the real and 
imaginary parts of the original expression 
and if we are able to solve these two equa- 
tions we can obtain the frequency of oscilla- 
tion and the degree of coupling required for 
its commencement. 

An important fact is that there is no 
limitation as to the characteristics of the 
external circuit impedance, i.e., it is not 

and Ivel 
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essential for this impedance to contain a 
tuned circuit. Provided the instability con- 
dition is reached continuous or relaxation 
oscillations will occur. 

In practical systems the amplification at 
the oscillation point will not of course 
increase indefinitely as the rise in effective 
input voltage will cause the system to 
operate on the non-linear part of its char- 
acteristic thus altering the circuit parameters 
and reducing the feed-back so that a stable 
state of oscillation is set up. This applies 
also to the hypothetical case of an amplifier 
containing no reactances : here the gain 
would rise to a high finite value determined 
by the voltage capacity of the system. 

We can proceed from the stability con- 
ditions of amplifiers to a consideration of 
the variations in their gain, input and output 
impedances and phase shifts under regenera- 
tive conditions. 

These modified parameters have been 
calculated for series, parallel and combined 
feed-back systems employing positive and 
negative regeneration and are given below. 
The derivation of these results follows from 
elementary circuit theory and proofs of the 
formulae have therefore not been included. 

In addition to the general results useful 
approximations, which are sufficiently accu- 
rate for most practical purposes, are also 
given. 

Definition of Symbols 

An additional subscript R indicates the 
modified value of a given parameter due 
to regeneration. 

The subscripts S and P indicate the value 
of a quantity due to series or parallel re- 
generation : they are only used when com- 
bined feed-back circuits are being con- 
sidered. 

A single dash suffix indicates the effective 
value of an impedance, taking into con- 
sideration any other connected impedances, 
when looking into the amplifier from the 
input terminals. 

A double dash suffix indicates the effective 
value of an impedance, when looking into 
the amplifier from the output terminals. 

Z, Input impedance. TZ, Total input 
impedance. 

Z0 Output impedance. TZ0 Total output 
impedance. 

ZR Common impedance between input 
and output circuits which causes the regener- 
ation to take place. 

Z9 Impedance of source of input voltage. 

ZL Impedance of load across which the 
output voltage is being developed. 

P or Pei' Complex value of the voltage 
fed back into the input circuit per unit 
applied voltage on the grid of the first valve 
being considered. 

A Total phase change (including the input 
circuit) which occurs in the amplifier with- 
out feed-back. If ZL, Zs, Zs and Z, are 
pure resistances A = O. 

A0 Value of A when Z3 = o. 

G Numerical value of the gain of the 
amplifier as given by the ratio of the output 
voltage to the input voltage when no feed- 
back occurs, but the circuit conditions are 
not otherwise changed. 

G = Geiz'. 

A Numerical ratio of the output voltage 
to the input voltage when the output load 
is assumed infinite and no feed-back occurs. 

Phase change which occurs in the 
amplifier when the output load is assumed 
infinite and no feed-back occurs. 

A = Ae7P. 

A, Value of A when Z3 = o. 

In expressions of the type (r + P) the 
upper sign indicates positive feed-back and 
the lower sign negative feed-back. 

Series Feed -Back 1 

(Coupling 
load, 

Z'R-ZR+Z0+ZL 

P 

impedance 
Fig. 3.) 

ZR(ZO + ZL) 

in series 

ZY,R-ZRZ3-i-z, 

G 

with the 

Z"R.AO ZL.d 
ZR±ZL+ 

Zo ZO-4-ZL-1-ZR 

P) .. (6) 
TZIR 

TZIR - Z,(I . . .. (6a) 

TZOR = Z0 -}- Z"R(r A) (7) 

GR 
G .. (8) 
P.Z, 

IT Z,± Zs+ Z"s 

GR 
G .. (8a) iP 
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When the feed-back is negative and 

Z"RA » ZR" + ZL + Z , G LL 
o RZ 

and the amplifier gain is therefore inde- 
pendent of G. 

r 

Zs }ZL 
V 

Fig. 3. --Coupling impedance in series with the 
load. G = V when A is connected to A' and B 

is connected to B'. G L R = with circuit 
arrangement shown in figure. 

Phase Shift. 
In order to simplify the form of the results 

assume Z'R < < Z, + Z, and let 
LS 

= Qeia 

Then ,1=a3-tan tan -i Qsina 
I +Q cos a 

R=AO-tan_1 Qsina P sin O i+ Q cos a+ P cos 0..(º) 
If P sin O > > Q sin a and P cos O » 

(I + Q cos a) 
Then AR = A0 - d.. .. (9a) 

Hence if A0 = O the effective phase shift of 
the amplifier becomes zero. 
Series Feed -Back In 

(Coupling impedance in parallel with the 
load, Fig. 4.) 

ZR4 rZR1 + Z° . ZL 
Zo ZLI 

ZR2 + ZRl + L0 ZL 
Zo -f ZL 

Z R_ ZR2(ZS7+ZI) ii 
7ZL(LR1+ZR2) 2 

ZR2-I-Z3+ZI Z L- GL+ZR1+ZR2 
P Z"R 2. Z"L . -110 

+ ZR1)(Z"L + 
Z0) 

L 0 

TZIR - Z/82 + Z,(I + P) 
TZIR : ZI(I + P) . . 

,,Z Z0 
I + 

Z"R2 -I- ZR1 

(io) 

(loa) 

G 
(;,, - .. (12) P . Z, 

I + Z,+Zs+Z'R2 

Gtr = G 
.. (I2a) IfP 

Phase Shift. 

Assume Z'X2 < < Z, + Zs and let 
Zs 

= Qeia 
I 

A _ A° - tan -1 Q sin a 
i +Q cos a 
Q sin a+P sin B _ AR A tan- 

I + Q cos a T P cos B (3) 
r- 

Zs 

1 

ZL 

Fig. 4.-Coupling impedance in parallel with the 

load. G = Vv when A is connected to A' and B 

is connected to B'. G 
V 

R = with the circuit 
arrangement shown in figure. 

Parallel Feed-Back-II 
(Coupling impedance in parallel with the 

load, Fig. 5.) 

Z, (Z, ZOZL 
11 

Z', = CZR ZO 

ZO ZL Z, ZR 
Zo H-ZL 

Z", ZI ZS Z"L ZL(ZR + Zr//) 
Z,+ ZS ZL+ZR+Z I 

P - Z", . Z"L7. 710 
(Z"1 --1-4(Z" L+ Z 

I 

TZIR 

G- 7."L.Íl 
Z",± Z 0 

(=4) 
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,TOR- Z0 

ZoZ.40 
} ZI + ZR 
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.. (15) 

If Z9->oo, Z0< <Z",AO, I < < Z" IA 0 

Z ,+ZR' 
then 

Z0(ZI + ZR) 

r 

.. (15a) 

TZOR 

1 

lZL 

L _J 

Fig. 5.-Coupling impedance in parallel with the 

load. G = V when A' is connected to the input 

terminal in place of A and B is connected to B'. 

GR = - with the circuit arrangement shown 
v 

in figure. 

If Z1 is a pure reactance, ZR a pure re- 
sistance or vice versa and Z, < < ZR, then 

ZOR = Z0 ZR and this represents a react - 
A 0Z1 

ance whose value is inversely proportional 
to the amplification of the circuit. 

G, - G 
PZ 3 

Za+Z, 

(i6) 

Phase Shift. 

Let Z, = Qua 

Q sin a 
Then A == Ao - tan -1 + Q cos a 

Q [sin a f P sin (a + 0)] 
nR=,10-tan-1 I +Q[cosa+Pcos(a+B)]) 

If P sin (a + 9) > > sin a and 
QP cos(a + 0) > > I + Q cos a 

AR = A0 - (a + 0), hence if AO= a -f- 0, AR = o. 

Parallel Feed-Back-IIA 
(Coupling impedance in series with the 

load, Fig. 6.1 

ZIZR(ZO + ZL) 

ZI(ZR + Z0 + Z5) + ZR(ZO + Z5) 

Z Zi. 7_ 
Z"R 

ZRZ, + ZRZe + ZIZe 

P= 
Z"R+ZL+ZO 

Z'r 
TZIR = IP 
TZOR - ZO + Z"R(1 AO) 

GR 
G 

ZsP +Zs+Z, 

Z"RA o G = ZLÁ 
Z5 + Zo + Z"R 

. . (i8) 

.. (19) 

(20) 

Phase Shift. 

Let 
Z3 

= Qeia 

-A, - tan -1 Q sin a 
I + Q cos a 

Q [sin a f P sin (a + 0)] 
aR ao-tan-11+Q[cosa+P cos (a+B)] 

Series and Parallel Feed -Backs Combined-III 
Fig. 7. - 

In this case the general formulae for the 
amplifier characteristics involve very com- 
plex algebraic expressions, so the following 

TZIR 

, 

ZR B 

-- 
TZ oR 

TzLI 

Fig. 6.-Coupling impedance in series with the 

load. G = - when A is connected to A' and B 
v 

is connected to B'. GR = V with the circuit 

arrangement shown in figure. 

approximations will be made in the analysis 
in order to express the essential results in 
as concise a form as possible. 

Assume Z1, ZRP > > Z:z3, Z0, Z5 

Z9 > > ZRs 
Then 

Z', ZRa(ZL + Z0) Z e+ Z5+ ZO 

= ZRe Z"5 Z5 
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Z', Z!ZRP 
z,+ ZRP 

4324 Ps_ 
ZRS + ZL -I- Zo 

Z",(ZL + ZRRS) 
PP + 

ZR?) (Z5 + ZRS + Zo) 
It will be noticed that notwithstanding 

the above restrictions on the values of the 
circuit parameters, Ps and P,, can assume 
any values and are independent. 

TZ,R = Z'RS + Z'/(i T PS) 
. .. (22) 

-+ PP 
If Ps = PP then TZIR = Z'Rs + Z', from 
which it is seen that the input impedance 
is independent of the gain of the amplifier. 
Actually under this condition the input 
and output e.m.f.'s appear across the 
diagonals of a balanced bridge. 

Zo 
TZAR = "¡!l o Zo+Z,A+Zri Rs(I 

Z I + ZRP 
.. (23) 

.. ZIZs Z ' 
+ 

1 

Fig. 7.-G = when A' is connected to the 
input terminal in place of A, B is connected to 

B', C to C', and D to D'. GR = V 
with the 

V 
circuit arrangement shown in figure. 

If Ps = PP the output impedance is not 
independent of A as the load impedance 
appears in one arm of the bridge and not 
across a diagonal. 

G(Z', -{- Z'Rs + Zs) 
GR_ Z'r(i + Ps) + (Z'RS+Z3)(i ±PP) (24) 

If Ps=PP=P 
G 

GR = 
P 

.. (24a) 

Hence under the balanced input condition 
the gain of the amplifier still depends on the 
amount of feed-back. 

Phase Shift. 

sin a Let Z, = QE1 a then A = A,- tan -1i Q Q cos a 
AR = A, - tan -1 

f P, sin Os+Q [sin a+PPsin(BP+a)] 
i + Ps cos Os + Q[cos a + PP cos(BP -)- a)] 

.. (25) 

Conclusions 

Considering the above results in detail 
it appears that the general effects of re- 
generation in an amplifying system may be 
stated as follows. 

In the series system I positive regeneration 
causes a reduction of input and output 
impedance, an increase in gain and an in- 
crease in overall phase shift, equations (6) 
to (9). On the other hand, negative re- 
generation causes an increase of input and 
output impedance, a reduction of gain and 
a reduction in the overall phase shift, 
equations (6) to (9). Furthermore, by using 
a large amount of degeneration the overall 
gain becomes independent of the gain of 
the amplifier, equation (8b) and the overall 
phase shift approaches zero (9a) . 

In the parallel system II the variations 
of gain and phase shift are similar to the 
series system I, but the changes of input 
and output impedance are exactly opposite, 
equations (14) to 17). 

By combining parts of two systems it is 
possible to select certain desirable features 
from each. For example, using series re- 
generation with a parallel coupling circuit, 
system Ia, a degenerative amplifier can be 
made which has a high input impedance (io) 
but a low output impedance (II). Also, 
by combining the two complete systems I 
and II we get system V which can be made 
to have a constant input impedance regard- 
less of the amplifier gain. This scheme con- 
stitutes a new method of neutralising the 
well-known Miller effect. 

In addition to obtaining improved ampli- 
fier characteristics, it is possible to employ 
feed-back circuits for special purposes. As 
an example equation (15a) shows that the 
effective value of the output impedance of 
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an amplifier may be made inversely pro- 
portional to the (theoretical) amplification 
of the system. Further, by a suitable 
choice of circuit parameters we can convert 
this impedance into a reactance whose 
magnitude is inversely proportional to the 
amplification. By applying this to a single 
valve circuit we get an expression of the form 

ZR 
where g is the mutual conductance of 

gZ, 
the valve and this is the basis of the control 

boy 

valve used in certain automatic tuning 
correction systems. 

Finally, the author would like to thank 
Messrs. G. B. Baker and H. D. Ellis for 
suggesting the problem which led him to 
the compilation of this paper. 
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Book Review 
Radio Engineering (2nd Edition). 

By F. E. Terman, Sc.D., 813 pp. 475 Figs. 
McGraw-Hill Publishing Co., Ltd., Aldwych House, 
London, W.C.2. Price 3os. 

In examining revisions of books in the field of 
radio one often gets the impression that the authors 
are reluctant to discard any of the original material, 
or to take the trouble of incorporating the new in 
a manner that does not leave the seams and joints 
painfully obvious. The work under review is a 
happy exception. In spite of considerable dele- 
tions the net expansion of the book is no fewer than 
145 pages (incidentally, without increase in price). 
But that is not all. The greater part of the chapters 
retained have been rewritten, and over half of the 
illustrations are new. Such subjects as negative 
feedback, electronic transit -time effects in valves 
and the latest A.F.C. methods, are now included. 
Examining it more carefully one is not conscious 
of any bondage to the past, of any awkward transi- 
tion from old to new material. The clarity of 
style that distinguished the first edition has been 
fully retained. It is easy to find what one wants, 
thanks among other things to the adequate index 
and the author's mathematical restraint. In 
various ways, all more helpful to the reader than 
the display with which some authors delight to 
adorn their pages, he restricts equations to those 
of real importance, which accordingly can be picked 
out without confusion. The treatment steers 
between the academic on the one hand and mere 
description of obsolescent equipment on the other. 
While the theory is sound, it is brought into forms 
calculated to help the engineer who has no time 
to spare for licking information into usable shape. 
For example, while some writers are content to 
give formulae from which resonance curves of 
tuned circuits and frequency characteristics of 
amplifiers can be worked out, Prof. Terman pre- 
sents these in the form of universal curves that can 
very rapidly be adapted to the special case. 

In spite of the size of the volume, it would be hard 
to find a superfluous paragraph. The chapter on 
measurements has been cut out, because the subject 
is more adequately treated in the author's com- 
panion volume. There are no lengthy intro- 
ductory chapters on elementary electricity and 
magnetism ; the author assumes a general know- 
ledge of these and proceeds straight away to develop 

it into essential radio concepts. He has added a 
chapter on television, but wisely kept it brief ; 

detailed descriptions of present American technique 
would soon be out of date. Obsolete systems- 
spark, arc, etc.-have merely been mentioned, 
with references to information for the benefit of 
any interested. References are also freely given 
for externally supplementing much of the author's 
material. The subject of amplifiers is especially 
thoroughly expounded, and one notes that wide - 
range amplifiers (for video frequencies) are included. 

If one had to criticise, it would be on the ground 
that a few subjects are dismissed rather too 
hurriedly ; for example, the various effects pro- 
duced by interfering carrier waves, so promisingly 
defined in Sec. 91 ; the subject of interference 
generally ; and the frequency -modulation system 
of Armstrong. " Beam power tubes " are briefly 
described, but one would have expected that the 
work of J. H. O. Harries on " critical distance " 
would have been mentioned. The symbols used 
generally are beyond reproach, but it should be 
noted that the abbreviations are not those recom- 
mended by the International Electro -technical 
Commission (such as mA., µF., Mc., etc.). 

To students seeking a textbook and engineers 
a work of reference, Prof. Terman's revised edition 
can be recommended most heartily. 

M. G. S. 

The Industry 
AGENCIES for several well-known American 

makes of apparatus of the kind used in 
research and production work have been 

taken up by Leland Instruments, Ltd., 46, Bedford 
Row, London, W.C.1. Special mention should be 
made of the Clough-Brengle oscillators and oscillo - 
graph, the Ferris Standard Signal Generator and 
of the Boonton " Q " Meter. 

With reference to the All -Wave Avo Oscil- 
lator described in last month's issue, it should 
have been stated that the R.F. output is 
controlled by means of a step attenuator as well 
as by a slide wire. With this combination three 
variable outputs are provided, viz. : zero to 
500 micro -volts, zero to 5 milli -volts and zero to 50 
millivolts. This is, of course, in addition to the 
fixed output of one volt. 



606 THE \VIRELESS ENGINEER November, 1937 

Correspondence 
Letters of technical interest are always welcome. In publishing such communications the Editors do not necessarily endorse any technical or general statements which they may contain 

Frequency Changers in All -Wave Receivers 
To the Editor, The Wireless Engineer 

SIR,-Referring to the interesting comments in the September, 1937, issue of The Wireless Engineer, 
by Mr. E. W. Herold, on my article covering the 
above subject, which appeared in the April, 1937, 
issue of this journal, the following points might 
be of some relevancy. Since the article was 
accepted by the Editor of The Wireless Engineer 
(in June, 1936), investigations and developments 
have led to further insights and constructions in this laboratory than were mentioned in my article. 
Mr. Herold justly points out that neutralization of 
electron coupling in octode type frequency changers 
by a condenser firstly is difficult to carry out for 
a whole short-wave band or even for several such 
bands, owing to varying oscillator volts throughout 
these bands, and secondly is imperfect because of 
a transit time effect, which results in the need of a resistance in series with the neutralizing condenser. 
As to the first point, the answer is that neutraliza- 
tion is fortunately only needed in the highest 
frequency range of each band. As pointed out in 
my article, induced oscillator volts on the input 
circuit are highest at the H.F. end of each band 
and drop very fast if the input circuit tuning is 
removed from this end. It was found in receiver 
measurements that sufficient neutralization could 
be obtained by the use of a condenser. As to the 
second point, the transit time effect of electron 
coupling, owing to which a resistance should be 
connected in series with the neutralizing con- 
denser, was observed in this laboratory some time 
ago and is described in an article " Transit Time 
Effects in Multigrid Valves," in course of publica- 
tion. This neutralization needs also only to be exact at the short-wave end of any short-wave 
band. Some measured results with the octode 
EK2 (Philips) will illustrate this. For com- 
parison, Mr. Herold's values are also reproduced. 

The first three rows of this table show that the 
use of a neutralization condenser only must be regarded as satisfactory in the 10-30 m. band, as induced oscillator volts on the input circuit are 
only considerable at so m. The neutralization 

capacitance is only 1µµF., which means that much 
less electron coupling exists with the EK2 than with the 6A8, having 2 µµF. In this respect the EK2 must be regarded as an advance in octode type frequency changer design. Development 
work has been done on a new valve in this labora- 
tory, in which electron coupling is again materially 
reduced as compared with the EK2. Input resist- ance of the EK2 using a capacity of o.8 µµF. only for neutralization was 67,000 ohms at 13 m., which is much better than with most of the hexode frequency changers on the market. The fourth, fifth and sixth rows of the table show that the series resistance is by no means very variable in one wave band. Hence one fixed resistance might 
do the job reasonably well. Attention is drawn to the properties of the EHz (hexode frequency changer with suppressor grid), in which the dis- advantages of existing hexode constructions are much reduced. 

Eindhoven, Holland. M. STRL'TT. 

Abbreviations 
To the Editor, The Wireless Engineer. 

SIR,-Use of the popular abbreviations " D.C." 
and " A.C.," more especially the former, is in- creasingly absurd. The most chaste authorities, 
not excepting The Journal of The Institution of Electrical Engineers nor even your own esteemed 
journal, are not guiltless of " D.C. current." I have striven to avoid this particular solecism in my own work, but am only too well aware that the apparently inescapable " D.C. voltage " is, if anything, an even more appalling crime. " D.V." is liable to be misunderstood (as is " D. current "). 
" Direct voltage " or " Direct potential " written 
in full may be consistent, but are impracticable in some contexts owing to conflict between specialised 
and general connotations of the word " direct." 
There is a limit to infelicity of expression even among radio engineers, and " indirect direct potential " is, let us hope, beyond that limit. It is the word " direct " that is wrong. And current, as one presumably must interpret the " C," 

Neutralization between 
Grid i and Grid 4. 

Capacitance in µµF. 
Oscillator volts, 

Grid i. 

Induced 
Oscillator volts, 

Grid 4. 

Wave - 
length. 

m. 
Valve. 

1.0 .. .. .. .. .. .. 
0.9 .. .. 
0.8 .. 
1.o and series resistance of 2,100 ohms .. 
0.9 2,200 
o.8 ,, 2,400 9 
2.0 .. 
2.0 and series resistance of 455 ohms .. 

9 
9 
9 
9 
9 

6 
6 

2.0 
0.5 
0.1 

Zero 

3.3 
Zero 

10.4 
17.0 
31.0 
104 
17.0 
31.0 
15.0 
15.0 

EK2 

6A8 
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is usually wrong too. The alternatives are :- 
Either scruples can be swallowed, and things left 
to take their course--i.e., the ultimate establishment 
of yet another curiosity of symbolism-" D.C." 
meaning " zero frequency "-or substitition of 
the correct term, abbreviated by the normal process 
of retaining only the first letters of each word. 

A term is wanted which, when abbreviated, 
does not tie one down to current, but is available 
for potential, E.M.F., M.M.F., sound and light 
intensity, and other quantities so closely associated 
in rapidly developing fields of practice. So why 
not that suggested above-" Z.F." ? The use 
of " A.F." and " R.F.," subdivided where neces- 
sary into " I.F.," " V.F." and " U.H.F., ' is now 
becoming general, and is free from reasonable 
objection so long as writers resist the temptation 
to put " I.F. frequency." " Z.F." is in line with 
titis useful trend in radio terminology, and is more 
accurate than "direct," " steady," " unvarying," or 
any other of the numerous words among which one 
fumbles to avoid the detestable " D.C. voltage." 

" D.C." may be thought to have its roots too 
firmly established to be ejected. But such estab- 
lished symbols as " C " for current and " w " for 
ohms have been replaced in recent time, and if an 
example were set in influential publications technical 
terminology would soon be rid of its most ridiculous 
anomaly. M. G. SCROGGIE. 

Bromley, Kent. 

Damping due to a Perfect Diode Rectifier 
To the Editor, The Wireless Engineer. 

SIR,-Although several writers have discussed 
the damping of a tuned, circuit by a diode rectifier, 
a certain amount of confusion still occurs : in 
particular, the distinction between the series and 
parallel rectifier circuits is not generally appre- 
ciated. 

During the course of some other work a highly 
illuminating result was obtained through the 
formulation of a somewhat unusual Fourier Series, 
which will now be described. 

Under normal operating conditions, particularly 
when the capacitance across the load R is fairly 
large, the diode is conductive only for a very small 
fraction of each cycle of the applied signal. For 
simplicity, we will assume that the conductive 
periods are infinitely short, so that the current 
passed by the diode during these epochs is of infinite 
amplitude, the charge passed per cycle being 
finite, i.e., the current flowing through the diode is 
purely impulsive, having the form of the derivative 
of a series of Heaviside unit functions. 

Let e = -E cos e be the applied signal. We 
assume that the current through the diode can be 
represented by the Fourier series 

f(9) = ao + ï' (a cos nO + b sin nO) 

and that f(B) vanishes everywhere except at O 

317, 517, . . . (stn - r) 7r, when it is infinite but 
such that 

1 2 
f(B)dB = A. 

. o 

Evaluating coefficients 

ao=A, b='o 
271' 

r 
T! -}E 

a _- Lt!- -A . cos n9dB 
,-..0 77 2E 

, 7f-E 

_ A 
( - I) I an I = a . 
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Now Ao is the current through the load which 
would be measured by a D.C. meter, and therefore, 
since the diode is operating as a peak rectifier, 

gaol = EIR. 

But Ia,I = 2 I 
ael . a,, 

I = 2E/R, 

and hence the damping duc to a series diode recti- 
fier is equivalent to a resistance R/2. 

However, in the case of the parallel rectifier the 
damping due to the load itself must be taken into 
account, making the input impedance equal to 
1?(3. 

London, N.S. L. JoFEII. 
(Research Department, 

A. C. Cossor, Ltd.) 

Distortion in Negative Feedback Amplifiers 
To the Editor, The Wireless Engineer. 

SIR,-In your May issue you published a letter' 
from me in which I deduced the overall char- 
acteristic of a negative feedback amplifier from 
given characteristics of the amplifying path and the 
feedback path. It was assumed that both char- 
acteristics were independent of frequency, at all 
relevant frequencies, and that the characteristic 
of the amplifying path was non-linear. 

In a letters in your July issue Mr. J. v. From- 
mer contested my conclusions and said that he was 
about to publish an article on the subject. Through 
his courtesy I now have a copy of the article3, 
but I remain quite unconvinced either that my 
letter contained any error, or that Mr. Frommer's 
conclusions are correct. 

To avoid troubling the readers of the Wireless 
Engineer with controversy, I am getting in touch 
with Mr. Fommer directly, and hope to be able to 
publish presently a statement with which Mr. 
Frommer finds himself in agreement. 

I thank Mr. Frommer for pointing out the mis- 
print in my previous letter. 

Wembley, Middlesex. ROBT. W. SLOANE. 
(Research Laboratories of 

the General Electric Co., Ltd.) 

Resistance -Tuned Oscillators. 
To the Editor, The Wireless Engineer. 

SIR,-Will you allow me to make some observa- 
tions on the article bearing the same title published 
in your issue of September ? 

What I wish to put well in evidence is the fact that 
the change of the frequency of a circuit containing 

The Wireless Engineer, Vol. XIV., p. 259. 
The Wireless Engineer, Vol. XIV., p. 369. 
Tungsram Technische Mitteilungen "B," August, 1937, p. 23. 
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inductance, capacitance and resistance brought 
about by the single change of the resistance is only 
applicable to the generation of oscillations and not 
to their reception. 

It is well known that the natural pulsation of a 
circuit containing L, C and R is 

p = 2an 
Vr R2 
LC 4L2 

Free electrical oscillations are possible in this 
Rz 

circuit if < LC 
independently of the sign R, 

be it positive or negative. 
If R is the resultant of a positive Rp and of a 

negative Rn, the circuit will oscillate as long as 
(Rp - Rn)2 1 

41-2 
< LC. 

If the value of Rp is too large to allow the circuit 
to oscillate of its own, it is possible to make it 
oscillate within an interval of values of Rn corn - 

prised between / Rn / = 2 - Rp and / Rn / = 

Rp -)- 2 C. The extreme frequencies will be 

and o. 
21TV LC 

For the reception the conditions are quite 
different. It is known that the intensity of the 
current in a circuit (L, C, R) acted upon by an 
e.m.f.E of pulsation p is given by 

E J - 
pL -c+R2 

P /lI 

and the maximum of this current is obtained when 

pL - 
PC 

= o or p = 
PLC 

independently of the 

value of R, be it positive, negative or zero. 
A circuit, consequently, cannot be tuned by 

varying the resistance, which has only influence 
on the sharpness of the tuning and not on the 
tuning itself. 

It appears, consequently, that the title " Resis- 
tance -Tuned Oscillators " requires explanation. 

Paris. E. BELLINI. 

Novel Method of Coupling 
To the Editor, The Wireless Engineer. 

SIR,-I have been very much interested by your 
recent Editorials on Couplings and their effect on 
resonant frequencies of coupled circuits.* 

Up to date I have not noticed any attention 
drawn to the fact that the upper and lower limits 
of the bandpass of coupled circuits can be con- 
veniently and independently adjusted by the use 
of a combination of series and parallel coupling 
impedances. 

* June *and July, 1937. 

Enclosed is a Patent Specification describing a. 
method used very successfully by the writer which 
may be of interest to you.? 

In the July number of The Wireless Engineer 
is an article on the Double Super -Heterodyne and 
the pessimistic conclusions have caused me to 
bring still another patent (Australian No. 19369 of 
1934) to your notice dealing with the Double 
Super -Heterodyne in commercial form. 

Incidentally I would like to ask the author of this 
Paper if he has investigated the possibilties of 
using an intermediate frequency equal to the sum 
of the beat frequencies instead of the difference in 
order to minimise phantom signals. 

E. G. BEARD 
(Managing Director, 

Ace Amplifiers, Ltd.) 
Cremorne,N.S.W. 

Triode Input Capacitance 
To the Editor, The Wireless Engineer. 

SIR,-I notice a misprint, which may cause 
stumbling, on page 298 of your issue of June 1937 
(in " Audio -frequency Transformers " by E. T. 
Wrathall). The formula for the effective grid - 
filament capacitance should be 

I C',, = C,, + CD6(I + R IR 
AD 

. 

One of the incidental advantages of the fixed - 
potential grid (or grids) between anode and control 
grid in screen -grid (or pentode) valves is the reduc- 
tion of the third, and much the largest, term in the 
above expression for triodes. It was in this term 
that the mistake occurred. 

L. B. TURNER. 
Engineering Laboratory, 

Cambridge. 

t See Editorial in this number. 

The Late Lord Rutherford, O.M., F.R.S. 

BY the death of 
Lord Ruther- 
ford, which 

occurred at Cam- 
bridge on October 
19th, science has 
lost a physicist of 
world renown. 
Born in New 
Zealand in 1871, 
most of his life has 
been devoted to 
research, his most 
outstanding con- 
tribution to know- 
ledge being in 
connection with 
his investigations 
into radioactivity 
and the nature of 
the atom. 
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PROPAGATION OF WAVES 

3980. GROUP \ ELOCITY CURVES FOR RADIO -WAVE 
PROPAGATION IN THE IONOSPHERE [Boundary 
Curves show that Points where Group 
Velocity becomes Zero are More Numerous 
than Points where Refractive Index becomes 
Zero : that there is therefore One More 
Possible Condition of Reflection Reflections 
corresponding to New Condition observed 
Experimentally].-R. R. Bajpai & K. B. 
Mathur. (Indian Journ. of Phys., July 1937, 
Vol. ii, Part 3, pp. 165-175.) 

3981. ON A METHOD OF MEASURING THE VELOCITY 
OF PROPAGATION OF ELECTROMAGNETIC 
WAVES. -L. I. Mandelstam & N. D. Papalexi. 
(Journ. of Tech. Phys. [in Russian], No. 6, 
Vol. 7, 1937, pp. 559-578.) 

The method proposed is based on observation 
of interference between the direct and " reflected " 
waves and consists essentially of the following :- 
A wave of frequency w1 is radiated from a point r 

and a voltage corresponding to this wave is applied 
to one pair of plates of a cathode-ray oscillograph. 
The wave is received at a point I1 and re -radiated 
after it has been displaced in phase and its frequency 
transformed into w2, such that 04/w2 = an/n, where 
m and n are integers. It is then received again at 
point I and a voltage corresponding to it applied 
to the second pair of oscillograph plates. A Lissa- 
jous' figure is thus obtained, on the screen of the 
oscillograph, whose form is dependent on the 
phase angle between the direct and " reflected " 
waves. If w1 is then continuously varied (within 
certain limits) the form of the Lissajous' figure 
will also vary, and if the ratio cuI/w2 is maintained 
constant, it is possible from the variation of the 
Lissajous' figure to obtain R, the optical distance 
between points i and Ii. Knowing D (geodesic 
distance between the two points) the velocity of 
propagation of the waves y can be calculated, and 
conversely, knowing y and R, the distance D can 
he found. 

The theory of the method is discussed and a 
brief account is given of experiments which were 
conducted in Russia in 1934/1936. Measurements 
were made between isolated mountain peaks and 
over fresh and sea water. The wavelengths used 
were of the order of 300 m, and distances from 
Io to 40 km were covered. The experiments con- 
firmed the practicability of the method proposed 
and showed that y does not differ much from c 

and closely approaches it when the waves are 
propagated over water. See also 3982 & 3983. 

3982. AN EXPERIMENTAL INVESTIGATION OF THE . 

VELOCITY OF PROPAGATION OF ELECTRO- 
MAGNETIC WAVES, HAVING FREQUENCIES 
USED IN RADIO, IN THE NEIGHBOURHOOD OF 

THE EARTH'S SURFACE.-E. Ya. Shchegolev. 
(Journ. of Tech. Phys. [in Russian], No. 6, 
Vol. 7, 1937, pp- 579-613.) 

A detailed account of the experimental investi- 
gation referred to in the preceding abstract. The 
preliminary laboratory investigation started in 
1932 is briefly described, and this is followed by a 
detailed report with numerous tables and curves 
on experiments carried out in 1934/1936 in the 
North Caucasus, on the Black and Kara Seas, 
and on Lake Ilmen. Particular attention is paid 
in this report to an analysis of the conditions under 
which the experiments took place, and various 
factors are discussed affecting the accuracy of the 
measurements, such as the reflection of the waves 
from the upper ionised layer and from the surface 
of the earth. 

3983. ON THE MEASUREMENTS AND CALCULATIONS 
IN DETERMINING THE VELOCITY OF PRO- 
PAGATION OF ELECTROMAGNETIC WAVES BY 

THE INTERFERENCE METHOD. -K. E. Viler. 
(Journ. of Tech. Phys. [in Russian], No. 6, 
Vol. 7, 1937, pp. 614-626.) 

In this paper the actual measurements and 
observations to be made in connection with the 

C 
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method proposed by Mandelstam & Papalexi 
(3981, above) are discussed, and the procedure 
for calculating the results is explained. The 
necessary corrections are indicated and the accuracy 
of the method estimated. 

3984. GAS- AND ELECTRON -THERMAL PROCESSES 
IN THR F REGION OF THE IONOSPHERE, and 
THE HALS-STÖRMER ECHO AS A PHENOMENON 
OF THE IONOSPHERE.-J. Fuchs. (Zeitschr. 
f. tech. Phys., No. 9, Vol. 18, 1937, p. 242.) Summary of paper read before the Inter- 
national Congress for Short Waves in 
Physics, Biology, & Medicine. 

3985. THE IONISATION OF THE LOWER PART OF THE 
IONOSPHERE [Theoretical Results explaining 
Difference in Ionospheric Records in Mean 
and Tropical Latitudes as Effect of Latitude 
Variation of Solar Ionisation].-Irène Mihul 
& C. Mihul. (Comptes Rendus, 9th Aug. 
1937, Vol. 205, No. 6, pp. 363-365.) 

3986. ON THE ULTRA -VIOLET -LIGHT THEORY OF 
MAGNETIC STORMS [Study of Effects of 
Three Solar Flares observed in 1936 does not 
support This Theory].-A. G. McNish. 
(Phys. Review, 1st Aug. 1937, Series 2, 
Vol. 52, No. 3, pp. 155-160.) 

" A detailed study of the magnetic effects " 
associated with these solar flares " indicates that 
they do not produce magnetic storms but result 
in a very special type of magnetic effect." " When a 
flare of ultra-violet light increases the conductivity 
of the lower regions of the atmosphere, increased 
diurnal -variation currents flow. The current 
systems necessary to produce magnetic storms are 
of an entirely different type." Diagrams are given 
of the " overhead currents necessary to produce 
the field changes associated with solar -flare dis- 
turbances and those necessary to produce the normal 
diurnal variation departures obtaining at the time." 
These support the view that the normal diurnal 
currents are increased by the improved conduc- 
tivity of the upper atmosphere due to a sudden 
increase in the ionising radiation from the sun, 
which also causes absorption of radio waves. 

The mechanism which gives rise to the sudden 
commencement of a magnetic storm must be quite 
different from that which operates when a sudden 
flare of ultra-violet light from the sun impinges 
on the earth's atmosphere." 

3987. THE EMISSION OF ELECTRIFIED PARTICLES BY 
THE SUN, AND THE THEORY OF POLAR 
AURORAS [Emitted Particles have Very Low 
Energy compared with the 6 x Io* eV for 
Aurora Production or Io10 eV required by 
Dauvillier's Theory : Suggested Theory 
that Earth is Positively Charged (Charge 
maintained by Cosmic Rays) and thus 
gives the Electrons a Sufficiently High 
Velocity].-D. Barbier. (Journ. de Phys. et 
le Radium, July 1937, Vol. 8, No. 7, pp. 
303-308.) 

3988. THE AGENTS OF IONISATION OF THE UPPER 
ATMOSPHERE [Data on Collisional Frequen- 
cies and Solar Eclipse Observations (June 
1936) show that F2 Ionisation can Not be 
explained by Ultra -Violet Radiation only : 

Superposed Effect of Secondary Electrons 
due to Dauvillier's 2 x 1010 eV Electrons 
from Sun].-I. Ranzi. (Nuovo Cimento, 
April 1937, Vol. 14, No. 4, pp. 145-17o.) 
An appendix gives a description of the 
experimental apparatus and methods em- 
ployed for measuring the apparent height 
and the coefficient of reflection. 

3989. OBSERVATIONS OF THE IONOSPHERE DURING 
THE TOTAL ECLIPSE OF THE SUN OF JUNE 
19TH, 1936, IN THE TOWN OF TOMSK [Separa- 
tion of Superposed Effects of Intense Mag- 
netic Storm : Ultra -Violet Radiation largely 
responsible for Ionisation of F2 and Absorbing 
D Layers, but Good Evidence of Marked 
Corpuscular (Electron, Ion, Neutral) Action 
on F2 and probably on D].-Kessenich, Baer- 
wald, Bulatov, & Denisov. (Tech. Phys. of 
USSR, No. 6, Vol. 4, 1937, PP. 466-484 in English.) For a preliminary note see 
3672 of 1936: cf. also Tetelbaum, 3237 of 
September. 

399o. FREQUENCY CHARACTERISTICS OF ABNORMAL 
ATTENUATION OF SHORT WAVES DURING 
THE " DELLINGER EFFECT " [of 27th Jan. 
1937: Fukuoka Measurements on Several 
American Stations : Increase of Attenuation 
varies approximately Inversely with Square 
of Frequency, and decreases with Time 
roughly Logarithmically : is due Not Only 
to Increased Electronic Density but also 
to Increase of Collisional Frequency in 
Ionised Region newly formed a Little 
Lower than Normal Position].-M. Nakagami, 
K. Miya, & K. Simizu. (Electrotech. Journ, 
Tokyo, Sept. 1937, Vol. 1, No. 4, pp. 143-144.) 

3991. SUDDEN DISTURBANCES OF THE IONOSPHERE 
[Compressed Summary of World -Wide Data 
on 118 Cases of " Dellinger Effect " : Dis- 
cussion and Explanation : Bibliography].- 
J. H. Dellinger. (Journ. of Res. of Nat, Bur. 
of Stds., Aug. 1937, Vol. 19, No. 2, pp. III - 
141.) 

3992. THE EXPLOITATION OF RADIOELECTRIC 
COMMUNICATION ON SHORT WAVES [based on 
Reception Data (obtained at Villecresnes) of 
Buenos-Ayres/Paris, New-York/Paris, and 
Tokio/Paris Routes : Daily, Yearly, and II - 
Yearly Cycles : Fade -Outs : etc,].-J. 
Maire. (Bull. Soc. franc. des Elec., July 
1937, Vol. 7, No. 79, pp. 703-724.) 

3993. SKIP DISTANCES ON. ULTRA -HIGH FRE- 
QUENCIES [Inversely Proportional to Fre- 
quencies at Night ? 10 -Metre Day Skip 
Distance often Soo Miles or Less, 5 -Metre 
goo Miles].-R. T. Sampson. (QST, Sept. 
1937, Vol. 21, No. 9, p. 68.) 

3994. Is SELECTIVE FADING PRESENT ON ULTRA - 
SHORT TELEVISION WAVELENGTHS ?- 
Scholz. (See 4197.) 
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3995. TELEVISION SIGNALS ACROSS THE ATLANTIC 
[Alexandra Palace Signals received at RCA 
Laboratory, 21st Jan. 4th April].-H. O. 
Peterson & D. R. Goddard. (Television, 
Sept. 1937, Vol. Io, No. 115, pp. 527-528.) 

3996. DAY PROPAGATION AT MEDIUM FREQUENCIES 
[550--1500 kc/s : Pennsylvania Measurements 
on Sixty Stations within i000 km : Agree- 
ment with van der Pol's Ground -Wave 
Approximation to Sommerfeld Theory : 

Stronger Sky -Wave Signals when Atmos- 
pheric Pressure was High at Receiving End 
(especially True for Signals from South 
West) : etc.].-R. M. Bell & P. S. Le Van. 
(Comm. & Broadcast Eng., Aug. 1937, Vol. 
4, No. 8, pp. 5-6 and 7.) 

3997 A MORE ACCURATE FORM OF THE IMPROVED 
SOMMERFELD PROPAGATION FORMULA FOR 
WIRELESS WAVES EXTENDING ITS VALIDITY 
RANGE TO SMALLER DISTANCES FROM THE 
ORIGIN.-K. F. Niessen. (Ann. der Physik, 
Series 5, No. 7, Vol. 29, 1937, PP. 569-584 

For previous work see 1354 of April. Here the 
power series there assumed are further developed 
and the case of arbitrary ground constants is con- 
sidered. The results of the calculations are repre- 
sented in the form of curves. 
3998. DECISION BETWEEN THE Two SOMMERFELD 

FORMULAE [published in 1909 and 1926 
respectively] FOR THE PROPAGATION OF 
WIRELESS WAVES [the Second is Correct : 

Demonstration of the Error in the First].- 
K. F. Niessen. (Ann. der Physik, Series 
5, No. 7, Vol. 29, 1937, pp. 585-596.), 

3999. THE GROUND -LEVEL FIELD STRENGTH AND 
ITS DEPENDENCE ON THE VERTICAL CHAR- 
ACTERISTIC OF THE TRANSMITTING AERIAL. 
-Grosskopf. (See 4090.) 

4000. THE SERVICE AREA OF A LONG -WAVE TELE- 
GRAPHIC TRANSMITTER [Aerial Efficiency, 
Propagation, Atmospherics : Calculation of 
Optimum Wavelength (about 4000 m for 
Radius up to 5000 Miles, Day and Night) : 

etc.].-A. L. Green. (AWA Tech. Review, 
July 1937, Vol. 3, No. 1, pp. 7-29.) 

" It has been assumed that the parameters a 
and do in Watson's formula are independent of 
wavelength, thus making possible a great simplifi- 
cation in the calculations. The hypothesis has 
been subjected to a severe test by attempting to 
extend the range of validity of Watson's formula 
to cover the known facts of sky -ray propagation 
at medium broadcasting frequencies." It was 
also assumed (with considerable support from ex- 
perimental data) that the intensity of interference 
from atmospherics is directly proportional to the 
wavelength to which the receiver is tuned. 
4001. ON THE DESIGN CALCULATIONS OF APPARATUS 

FOR THE REGISTRATION OF RAPID PHENO- 
MENA.-A. A. Kharkevich. (Journ. of Tech. 
Phys. [in Russian], No. Io, Vol. 7, 1937, 
pp. 1065-1082.) 

A method is proposed for calculating the con- 
stants of an apparatus, such as an oscillograph or 
seismograph, used for registering rapidly varying 
signals. In this method the constants of the 

apparatus are determined in accordance with the 
maximum permissible distortion and the type of 
function representing the signal to be registered. 
This is achieved by deriving and solving the so- 
called " equation of distortion " for the system 
and signal under consideration. The discussion is 
illustrated by calculations relating to a system 
consisting of an electrodynamic microphone and 
oscillograph. 
4002. THE ECLIPSES OF THE MOON AND THE DISTRI- 

BUTION OF ATMOSPHERIC OZONE, and THE 
INFINITE UNIVERSE AND THE LIGHT OF THE 
NIGHT SKY.-B. Fessenkoff. (Comptes 
Rendus (Doklady) de l'Ac. des Sci. de l'URSS, 
25th April 1937, Vol. 15, No. 3, pp. 119-121 : 

pp. 123-125 : in French.) 
4003. THE PREPARATION OF AURORAL AFTERGLOW 

TUBES [Spectrograms showing Clean -Up of 
Impurities].-J. Kaplan. (Phys. Review, 
ist Aug. 1937, Series 2, Vol. 52, No. 3, p. 
254: abstract only.) 

4004. THE PRODUCTION OF IONS IN THE AURORAL 
GLOW [Theory based on Hypothesis of 
Enhancement of Certain Level of Initial 
Electronic State of Goldstein -Kaplan Bands 
at Expense of Metastable Molecules in 
Certain State].-J. Kaplan. (Phys. Review, 
Ist Aug. 1937, Series 2, Vol. 52, No. 3, p. 
257 : abstract only.) 

4005. THE POSITION OF NEW ZEALAND AURORAE. 
-M. Geddes. (New Zealand Journ. of Sci. 
& Tech., June 1937, Vol. 19, No. 1, pp. 
55-62.) 

4006. THE CALCULATION OF THE MEAN IONISATION 
ENERGY OF GASES [with Analytical Ex- 
pressions for Velocity Distribution of 
Secondary Electrons and for Differential 
Ionisation for Atoms with Several Elec- 
trons : Numerical Results for H, N2, Ne]. 
-E. Bagge. (Ann. der Physik, Series 5, 
No. I, Vol. 30, 1937, pp. 72-90.) 

4007. THE RECOMBINATION OF IONS IN PURE 
OXYGEN AS A FUNCTION OF PRESSURE AND 
TEMPERATURE [Value of Recombination 
Coefficient under Various Conditions], and 
PRELIMINARY REPORT ON RECOMBINATION 
OF IONS IN AIR AT HIGH PRESSURES [Ex- 
perimental Curves analysed by Different 
Laws].-M. E. Gardner : G. T. Merideth & 
J. W. Broxon. (Phys. Review, Ist Aug. 1937, 
Series 2, Vol. 52, No. 3, pp. 252-253 : p. 
252 : abstracts only.) 

4008. COLLECTOR THEORY FOR IONS WITH MAX- 
WELLIAN AND DRIFT VELOCITIES.-A. H. 
Heatley. (Phys. Review, Ist Aug. 1937, Series 
2, Vol. 62, No. 3, pp. 235-238.) 

4009. " RASTER "-TYPE REFLECTION GRATINGS 
[Calculations of Fraunhofer Diffraction 
Figures for Gratings with Forked Rect- 
angular Cross -Section : Application to Infra - 
Red Spectroscopy : Formulae giving Opti- 
mum Grating Dimensions for Given Spectral 
Region].-K. H. Hellwege. (Zeitschr. f. 
Physik, No. 9/Io, Vol. 106, 1937, pp. 588- 
596.) 

C 2 
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ATMOSPHERICS AND ATMOSPHERIC 
ELECTRICITY 

40í0. SNOW STATIC EFFECTS ON AIRCRAFT [from 
a Report on United Air Lines' Investigation : 

including Practical Developments there- 
from].-H. M. Hucke. (Comm. Fr Broadcast 
Eng., July 1937, Vol. 4, No. 7, pp. 7-10 
and 28, 29.) See also 3603 of October. 

40II. MATHEMATICAL THEORY OF FRONT SHIFTING 
IN THE ATMOSPHERE.-I. Kibel. (Comptes 
Rendus (Doklady) de l'Ac. des Sci. de l'URSS, 
5th March 1937, Vol. 14, No. 7, pp. 429-431 : 

in English.) 
40í2. THE RELATION BETWEEN THE INTENSITY OF 

INTERFERENCE FROM ATMOSPHERICS AND 
THE WAVELENGTH TO WHICH THE RECEIVER 
IS TUNED. --Green. (See 400o.) 

4013. MODEL TESTS ON LIGHTNING STROKES.- 
Matthias, (E.T.Z., 9th Sept. 1937, Vol. 58, 
No. 36, pp. 973-976.) Conclusion of the 
work dealt with in 3606 of October. 

4014. THE PROBLEM OF BALL LIGHTNING [Theory]. -T. Neugebauer. (Zeitschr. J. Physik, No. 
7/8, Vol. 106, 1937, pp. 474-484.) 

The theory here given, based on quantum - 
mechanical exchange forces, shows that a gaseous 
sphere consisting of free electrons and positive 
ions can hold together provided that the electron 
density is of the sanie order of magnitude as the 
number of molecules per unit volume of atmos- 
pheric air. This condition could arise at the end 
of a linear lightning -discharge channel. Various 
observed properties of ball lightning are explained 
by the theory ; calculations of recombination and 
energy are given. 
4015. THE LIABILITY OF OVERHEAD LINE SYSTEMS 

TO DIRECT LIGHTNING STROKES [Graphical 
Determination of Liability, for Various 
Numbers and Positions of Earth Wires, etc. : 

Method applicable to Design of Complete 
Protection of Buildings].-A. Schwaiger. 
(Elektrot. u. March:bau, 1st Aug. 1937, 
Vol. 55, No. 31, pp. 369-375.) Patents have 
been applied for in connection with this 
method and its resulting systems of pro- 
tection. 

4016. A MULTIPLE CAMERA FOR LIGHTNING 
STUDIES.-E. J. Workman & R. E. Holzer. 
(Phys. Review, Ist Aug. 1937, Series 2, Vol. 
52, No. 3, p. 256: abstract only.) 

4017. COSMIC RADIATION [Cantor Lectures].- 
P. M. S. Blackett. (Journ. Roy. Soc. Arts, 
13th, loth, & 27th Aug. 1937, Vol. 85, pp. 
893-903, 905-918, and 921-931.) 

4018. THE SPECIFIC IONISATION IN AIR FOR COSMIC 
RAYS AND GAMMA RAYS, and COSMIC RAYS 
AND THE EARTH'S MAGNETIC FIELD : II. --J. Clay : E. M. Bruins. (Physica, Aug. 
1937, Vol. 4, No. 8, pp. 645-647: pp. 659- 666 : both in English.) 

In Bruins's paper the conclusion is reached that 
" the earth -magnetic effects cannot be explained 
by assuming a single dipole. . . Evidence is 
given that local magnetic disturbances have an 

effect on the cosmic ray intensity, in the South 
Pacific as well as in the South Atlantic." 

4019. THE ATMOSPHERIC POTENTIAL GRADIENT 
AT OTTAWA, CANADA.-D. C. Rose. (Cana- 
dian Journ. of Res., Aug. 1937, Vol. 15, 
No. 8, Sec. A, pp. 119-148.) 

PROPERTIES OF CIRCUITS 
4020. DISCONTINUOUS PHENOMENA IN RADIO COM- 

MUNICATION.-B. van der Pol. (Journ. 
LE.E., Sept. 1937, Vol. 81, No. 489, pp. 
381-398.) 

Shot effect : " circuit noise," or Brownian 
motion : the " impulsive function," its definition 
and usefulness in physical applications : applica- 
tion to the calculation of thermal fluctuations and 
to general circuit theory : behaviour of a low-pass 
filter under an impulsive voltage, and the transition 
to a smooth line : the " discrete wave equation " 
and the " discrete potential equation " : Appendix 
-finding the other part of an impedance when either 
the real or the imaginary part is known. 

402I LAPLACIAN TRANSFORM CIRCUIT ANALYSIS 
[Method for General Solution of Linear 
Lumped Circuits with Constant Coefficients 
by Operational Process : Matrix Generalisa- 
tion to Most General n -Mesh Circuit : Case 
of Two Coupled Circuits].-L. A. Pipes. 
(Phil. Mag., Sept. 1937, Series 7, Vol. 24, 
No. 161, pp. 502-511.) 

4022. AMPLIFICATION OF VERY \VIDE FREQUENCY 
RANGES [Frequency -Independent Resistance 
Amplifiers].-H. Pieplow. (E.N.T., July, 
1937, Vol. 14, No. 7, pp. 225-232.) 

The fundamental principles of resistance amplifi- 
cation are described in § 2 for frequencies of period 
large compared to the transit time of the electrons 
in the amplifying valve. Fig. 2 shows the circuit 
for resistance coupling with two -stage amplifica- 
tion, Fig. 3 its vector diagram. Eqn. 3 gives the 
necessary and sufficient condition to be satisfied 
by the high -frequency limit of resistance amplifica- 
tion. The limits are discussed theoretically in 
§ 3 with reference to the deleterious capacity C 
(Fig. 4b); Fig. 5 gives the vector diagram of the 
amplification for various anode impedances, Figs. 
6, 7 the real and imaginary parts of the amplifica- 
tion, its absolute value and phase angle error. 
Fig. 8 shows the limit frequencies and amplification 
of various types of valve. 

Distortion is discussed in § 4 ; Fig. 9 gives the 
circuit for removal of distortion by introducing an 
inductance, Fig. to the amplification factor as a 
function of frequency ratio for various inductances. 
A suitable inductance is found to increase the fre- 
quency range by a factor of four. As examples of 
the action of the amplifier, its effect on " trip " 
voltages (Fig. II) and on the Heaviside unit impulse 
(Fig. 52) is discussed theoretically. Fig. 13 illus- 
trates the softening of the sharp corner in the unit 
impulse. Fig. 14 gives a general vector diagram 
of the " reduced " amplification factor with dimen- 
sionless parameters, Figs. 15a, b the numerical 
" trip " amplitudes of the harmonics of the " trip " 
voltages for a variable ratio of the return stroke, 
Fig. 16 the frequency spectra of the " trip " voltage, 
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which need only be multiplied by the frequency 
curve of the amplifier to deduce the effect of the 
latter on the " trip " voltage. 

4023. AMPLIFICATION AT HIGH FREQUENCIES [over 
about I Mcfs : the Effect of the Equiva- 
lent Damping Resistances (representing Grid 
Damping due to Finite Transit Time) in a 
Cascade of Valves in a H.F. Amplifier : 

Greatest Amplification may be given by 
Valve with Least Steep Slope : Method of 
Decreasing the Damping Action].-H. Rothe. 
(Telefunken -Röhre, Aug. 1937, No. to, pp. 
143-146.) Following on his previous paper 
(2574 of July). 

4024. ON THE PROBLEM OF THE LINEAR CHARACTER- 
ISTIC [in connection with Valve Design].- 
Kleen. (See 4110.) 

4025. ON THE MEASUREMENT OF TOTAL SQUARE 
DEVIATION.-A. A. Kharkevich. (Journ. 
of Tech. Phys. [in Russian], No. Io, Vol. 7, 

1937, pp. 1083-1095.) 
The use of the method of least squares for 

estimating the linear distortion of a signal has been 
discussed in a previous paper (2909 of August). 
In the present paper a method is proposed for 
the experimental measurement of the integral 

[8(1)]2dt, where S is the error of the record. A 
o 

device capable of doing this would be required to 
(1) subtract two voltages from one another ; (2) 

square the result ; and (3) integrate this. Each of 
these requirements is discussed separately, and as 
a result of this a circuit is developed (Fig. 16), 
comprising essentially two valves working in opposi- 
tion (operation 1), a symmetrical square -law de- 
tector consisting of a number of copper -oxide 
rectifiers (operation 2), and a ballistic galvano- 
meter (operation 3). A special telegraphic key for 
producing the signal has also been developed. 
Experiments show that the circuit described gives 
sufficiently accurate results. 

4026. NON-LINEAR DISTORTION PHENOMENA OF 

MAGNETIC ORIGIN [in Amplifiers].-J. W. L. 
Köhler. (Philips Tech. Review, July 1937, 
Vol. 2, No. 7, pp. 193-200.) 

General considerations on non-linear distortion : 

distortion due to non -loaded and loaded iron -core 
coils : eddy current losses and their effects : dis- 
tortion due to transformers : distortion at high 
induction values. 
4027. ON THE RESONANCE IN A NON-LINEAR 

SYSTEM WITH TWO DEGREES OF FREEDOM.- 
V. V. Migulin. (fours. of Tech. Phys. [in 
Russian], No. 6, Vol. 7, 1937, pp. 627-641.) 

As early as 1934 Mandelstam & Papalexi showed 
that if an e.m.f. of frequency wo is applied to a non- 
linear oscillating system with two degrees of free- 
dom, and wo is equal or nearly equal to one of the 
two resonant (" combining ") frequencies w1 and 
w2 of the system, the latter will start to oscillate 
and the relationship between these frequencies is 
expressed by the equation mwo = pw1 qw2, where 
m, p and q are integers. In the present paper this 
phenomenon, called by the author °' combined 
resonance," is investigated on the example of a 
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Thomson oscillating circuit (Figs. I and 2). The 
theory of the operation of the circuit is discussed, 
and an account is given of experiments which fully 
confirmed the theoretical considerations. Methods 
are also indicated for approximate calculations 
relating to the operation of the system. It is 
pointed out that apart from its purely scientific 
interest the phenomenon described is of considerable 
practical importance as a means for frequency 
multiplication, and in fact it has already been so 
used in a number of practical investigations. 

4028. THE PARAMETRIC EXCITATION OF " COM- 

BINING " OSCILLATIONS.-V. A. Lazarev. 
(Journ. of Tech. Phys. [in Russian], No. 6, 
Vol. 7, 1937, pp. 642-645.) 

Mandelstam & Papalexi have shown that if one 
of the parameters of an oscillating system is varied 
with a frequency n, such that n1 ± n2 = n where 
n1 and n2 are the " combining " frequencies, the 
system will start to oscillate. In the present paper 
a preliminary communication is made on experi- 
ments with an oscillating circuit having two degrees 
of freedom, in which a rotating condenser C with a 
variable capacity was connected in parallel with a 
tuning condenser CI (Figs. 1 and 2). The results 
so obtained are in agreement with the theory and 
indicate the practical value of the circuit for fre- 
quency multiplication purposes. 

4029. COUNTER -PHASE RETROACTION [Negative 
Feedback].-F. Marietti. (Alta Frequenza, 
Sept. 1937, Vol. 6, No. 9, pp. 568-617.) 

Diminution of non-linear distortion ; of back- 
ground noise and cross -talk ; of variations of the 
amplification. Improvement of the frequency 
characteristic ; of the reproduction of transients. 
Effect of defects in the feedback circuit ; correction 
of the frequency characteristic by means of cor- 
rectors in the feedback circuit. Amplifiers with 
multiple feedback (whole amplifier, with a feedback 
circuit of its own, is divided into two parts in series, 
one or both having an additional feedback circuit). 
In -phase feedback; feedback with any value 
of O. Conditions for the stability of feedback 
amplifiers. List of practical applications. 

Constant -current negative feedback and con- 
stant -voltage negative feedback : their particular 
uses. Experimental results : application to various 
parts of the transmitting and receiving apparatus 
of the Turin broadcasting station : results confirm 
the theoretical work. 

4030. DETECTION BY DIODES AND TRIODES AT 

HIGH FREQUENCIES [Revised Theoretical 
Treatment (and Experimental Confirma- 
tion) of Detection of Unmodulated Carriers 
varied from o to 24 Mc's : Anode -Bend 
and " Ultra -Top -Bend " Detection (and a 
Hysteresis Effect with Oxide -Coated Cath- 
odes) : " Anomalous (Driven) Instability " : 

New Light on Frequency Doubling in Radio 
Transmitters : etc.].-W. E. Benham. (Wire- 
less Engineer, Sept. 1937, Vol. 14, No 168, 

pp. 472-477.) See also 2108 of June. 

4031. RESISTANCE -TUNED OSCILLATORS.-Gordon 
& Makinson. (See 4056.) 

A NEW TYPE OF NEGATIVE RESISTANCE.- 
Kleen & Rothe. (See 4111.) 

4032. 
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4033. SELECTIVITY AND FIDELITY.-Sturm. (See 
4066.) 

4034. THE RESULTANT " Q " OF TUNED CIRCUITS 
[Approximate Equations and Table for 
determining Reduction due to Terminal 
Strip, Socket, Switch, etc.].-A. W. Barber. 
(Rad. Engineering, July 1937, Vol: 17, No. 7, 
pp. 5-6.) 

4035. " VERSUCHE ZUR ELEKTRISCHEN RESONANZ 
MIT HOCHFREQUENTEN UND NIEDERFRE- 
QUENTEN WECHSELSTRÖMEN [50 C/S to 
30 Mc/s : Book Review].-F. Moeller. 
(Electrician, 17th Sept. 1937, Vol. 119, 
p. 311.) 

4036. THE TWO -WIRE CIRCUIT AS A QUADRIPOLE 
NETWORK [Treatment by Modern Algebraic 
Methods : using Brillouin's Work on 
" Filters and the Theory of Matrices "].- 
Th. Boveri : Brillouin. (Bull. de l'Assoc. 
suisse des Elec., No. 19, Vol. 28, 1937, pp. 
441-446: in German.) 

See 931 of 1936. The writer sets himself to find 
an intermediate way between an extended discussion 
of general principles and a detailed treatment of 
an example. " There is every reason to suppose that such methods will be introduced more and 
more into the mathematical treatment of technical 
problems." 
4037. SOME T AND PI PAD TABLES [for Resistive 

Attenuating Networks : compiled, from 
McElroy's Paper, for Commercial Broadcast 
Practice].-R. S. Naslund : McElroy. 
(Comm. & Broadcast Eng., Aug. 1937, Vol. 
4, No. 8, pp. 12-15.) See 2412 of 1935. 

4038. CONDENSER DISCHARGE CHART [Nomogram]. 
-(Electronics, Sept. 1937, Vol. 1o, No. 9, 
p. 2o.) 

TRANSMISSION 
4039. REMARKS ON THE PAPER : " THE DYNAMICS 

OF TRANSVERSELY AND LONGITUDINALLY 
CONTROLLED ELECTRON BEAMS."-F. W. 
Gundlach : Hollmann & Thoma. (Hochf: 
tech. u. Elek:akus., Aug. 1937, Vol. 5o, No. 
2, pp. 65-67.) 

For the paper in question see 2914 of August. 
Gundlach here questions results there given which 
seem to contradict physical facts ; he finds that boundary conditions were introduced which do not 
agree with the true physical conditions and that there are errors in the calculations. As regards the ultradynamic conditions, he doubts whether 
the conditions are sufficiently exactly described 
by taking the integral only over the electron paths 
between the plates. He finds that the meaning 
of the inversion theory, which is intended to include 
both longitudinal and transverse control, is not 
clear. 

4040. METHODS FOR THE GENERATION OF ULTRA - 
SHORT [and Micro-] WAVES.-H. E. Ho11; 
mann. (Zeitschr. f. tech. Phys., No. 9, Vol. 
18, 1937, pp. 242-246 and 246-247.) 

Long summary of the survey read before the International Congress for Short Waves in Physics, 
Biology, and Medicine. It includes the Hollmann 

" sphere -circuit " oscillators (in one of which three 
midget valves are inside the sphere) : a discussion 
of the effects of electron inertia (with definition 
of the " ultradynamic transit -time angle ") : 

retarding -field methods (including the Farnsworth 
" Dynode ") : magnetrons : " inversion " oscilla- 
tions with diodes, particularly a special push- 
pull diode with high -emission cathode : ultra - 
dynamic inversion acts not only on convection 
currents but also on the induction currents, so that 
for generation of oscillation the electrons need 
not reach an anode-hence the " Auskoppel " 
(out -coupled) generator, where an electron ray is 
shot through a hollow electrode (at a lower, braking 
potential) and removed on exit by a collector 
electrode : and a step further-the cathode ray as 
oscillation generator. 

4041. THE CALCULATION OF THE BEHAVIOUR OF 
MULTI -GRID VALVES AT HIGH [and Ultra - 
High] FREQUENCIES [Extension of Müller's 
Treatment to Cases where Initial Velocity 
and Field Strength are Not Zero : Importance 
of D.C. Processes : etc.].-I. Runge. (Tele- 
funken -Rohre, Aug. 1937, No. Io, pp. 128- 
142.) 

For plane electrodes, at frequencies for which the 
transit times are comparable with the oscillation 
period. Eqns. 23, 24 give the total current and 
the convection current for an electrode which 
takes up the whole electron stream. But in prac- 
tice it is more often required to know the current 
taken up by a negatively biased grid, which allows 
the whole convection stream to pass through. A 
first approximation is given by the difference 
between the total current and the convection 
current, but this calculation neglects the influence 
of the electrons in the space beyond the grid : 

this neglect is only justifiable if the potential in 
the space is so high that the path time becomes 
negligible. For cases where the path time in the 
second space is of the same order as that in the 
first space, eqn. 21 allows this influence to be taken 
into account. For Müller's paper see 1933 Ab- 
stracts, pp. 443-444. 

4042. THE PRODUCTION OF ELECTRON OSCILLA- 
TIONS WITH " GRID " DIODES [Equivalence 
to Retarding -Field Triode, the Glass Con- 
tainer being the Third Electrode].-E. 
Djakov. (Hochf:tech. u. Elek:akus., Aug. 
1937, Vol. 5o, No. 2, pp. 41-50.) Diodes are classified (§ H) into (1) closed diodes, 

(2) open diodes in which the electrons can pass 
through the second electrode. These are sub- 
divided into (2a) true open diodes, in which the 
potential rises steadily between cathode and grid 
(Fig. 1), and (2b) pseudo -diodes, in which the 
potential first rises and then falls (Fig. 2). The 
present investigation is confined to class (2a) and 
in particular to diodes without a magnetic field. 
It is assumed that electrons which arrive at the 
glass container give it a negative charge, so that 
it plays the part of a third electrode and the field 
distribution is analogous to that in a retarding - 
field triode. The diodes used are shown in Figs. 
3-8 ; Fig. 9 shows a diode with a built-in cathode- 
ray tube. The experimental system consists of a 
diode oscillator (Fig. to) and a Lecher -wire system 
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(Fig. r1). The results (§ Iv) show that all the 
properties of the diode are analogous to those of 
the retarding -field triode. The effect of the dis- 
tance of the glass container on the wavelength is 
investigated (§ IV 2) ; an external electrode has 
no effect on the retarding field. The " glass -wall 
potential " of the container is determined by com- 
parison with a triode, by the deviation of an 
electron beam (Figs. 9, 18), and by an electrometer 
method ; it is found to be slightly negative and 
dependent on the intensity of the oscillations. 
4043. RETARDING -FIELD GENERATORS WITH 

CAVITY RESONATORS [" Resotanks "] FOR 
DECIMETRE WAVES.-W. Dällenbach. (Zeit- 
schr. f. tech. Phys., No. 9, Vol. 18, 1937, p. 
247.) 

The hollow chamber acts as the frequency - 
determining resonator, a retarding -field electron - 
ray generator being mounted inside it. Variation 
of a second cavity, coupled to the first, is used for 
tuning, on an acoustic analogy. A 14 cm wave 
is used for tests on the dependence of output 
energy and frequency on loading and emission. 
The generator can also be used as a receiver. 

4044. TRIODE OSCILLATOR WITH OPEN TANK CIR- 
CUIT [Experiments with Micro -Wave Oscil- 
lator (i) having Its A/2 Aerial enclosed by 
Coaxial Metal Cylinder, and (ii) Itself, with 
Its Dipole Aerial, enclosed in Ellipsoidal 
Container].-K. Morita. (Electrotech. Journ., 
Tokyo, Sept. 1937, Vol. i, No. 4, p. 142.) 

(i) If the cylinder radius is an even multiple of 
h/4 the radiation resistance approaches zero and 
the radiation falling on the inside surface of the 
cylinder is reflected back on to the aerial in correct 
phase, producing powerful oscillations. When 
the radius is an odd multiple of A/4 the radiation 
resistance becomes infinitely large. (ii) If the 
dipole is placed at one focus of the ellipsoid, oscil- 
latory energy can be collected at the other focus. 
" The idea of collecting the energy in this manner is 
not new ; however, the idea of controlling the 
oscillating condition by enveloping the oscillator 
with an ellipsoid and of finding the best condition 
between wavelength generated and the ellipsoid 
dimensions is considered quite independent." 

4045. ON BELL'S DISCUSSION ON OUR ARTICLE 
" THE STABILISATION OF OSCILLATORS BY 
SYSTEMS WITH DISTRIBUTED CONSTANTS." 
-B. Wwedensky : Bell. (Tech. Phys. of 
USSR, No. 6, Vol. 4, 1937, pp. 503-504 
in English.) 

Bell's criticism (939 of March) is based on his 
mistaken assumption that the S in the Russian 
formula (which is in fact Barkhausen's formula for 
the condition of self -excitation) represents the 
anode slope conductance, whereas actually it 
represents the grid slope conductance. 
4046. A MAGNETRON FREE FROM BACK -HEATING 

[a Four -Segment Magnetron with Filament 
Displaced axially so as to be Outside the 
Cylinder, where Electrons cannot Land on 
It].-Haelbig. (Zeitschr. f. tech. Phys., 
No. 9, Vol. 18, 1937, p. 247.) Short summary 
of paper read before the International 
Congress for Short Waves in Physics, 
Biology, and Medicine. 
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4047. THE ELECTRON -BEAM MAGNETRON.-Okabe. 
(Zeitschr. f. tech. Phys., No. 9, Vol. 18, 1937, 
p. 247.) Summary of paper read before 
the International Congress for Short Waves 
in Physics, Biology, and Medicine. See also 
2966 of August. 

4048. AMPLITUDE MODULATION OF A MAGNETRON, 
FREE FROM UNWANTED FREQUENCY MODU- 
LATION, BY THE " CHOPPING -UP " METHOD. 
-K. Posthumus. (Zeitschr. f. tech. Phys., 
No. 9, Vol. 18, 1937, p. 246.) 

Summary of a paper read before the International 
Congress for Short Waves in Physics, Biology, 
and Medicine. With anode modulation of a 20 cm 
wave, even if the magnetron is coupled to a very 
weakly damped circuit, frequency changes of the 
order of a megacycle occur. Such frequency 
modulation can be eliminated by interrupting 
the magnetron at a supersonic frequency, so that 
in an unmodulated condition it sends out alternate 
and equally long pulses and spaces: the anode 
voltage is kept constant, and modulation takes 
the form of varying the proportion of active to 
passive periods (Fig. 3c). 

4049. PORTABLE FIVE -METRE TRANSMITTER [With 
Concentric -Line Stabilisation : Construc- 
tional Article].-H. B. Dent. (Wireless 
World, 24th Sept. 1937, Vol. 41, pp. 302- 
304.) 

4050. A BEAM VALVE [Crystal] OSCILLATOR.- 
(Television, Sept. 1937, Vol. io, No. 115, 
pp. 558, 56o.) Using the new Mazda 
AC4/PEN, which " is very similar to the 
646, but seems to be more docile in opera- 
tion. . . . It is intended for use as a high 
audio output pentode amplifier, but its 
characteristics are such that it is ideal for 
use in crystal oscillator circuits." 

4051. THE TEMPERATURE COMPENSATION OF 
MASTER OSCILLATORS, SIGNAL GENERATORS, 
ETC. [particularly where Crystal Control 
is inapplicable because of Continuous Wave - 
Change : Experimental Investigation on 
Elimination of Frequency Variation].-N. 
Schöller. (Elektrot. u. Masch:bau, 12th 
Sept. 1937, Vol. 55, No. 37, PP. 445-448.) 

Prolonged tests on circuits selected for their 
independence of voltage fluctuations (Abstracts, 
1932, p. 164, Dow : 1934, PP. 495-496, Schweimer 
& Pungs) showed that frequency fluctuations 
occurred which originated in temperature changes 
(Fig. 1) acting on condensers, coils, valves, sockets, 
connecting leads, and housing. Systematic in- 
vestigations showed that self-supporting former - 
less coils and coils wound on Pertinax both gave 
irregular, non -reproducible frequency variations. 
Heavy enamelling of the winding on Pertinax gave 
a reproducible relation between temperature - 
changes and frequency, an increase of temperature 
producing a decrease of frequency. To obtain the 
greatest possible independence of frequency, coils 
on ceramic formers, with their windings ' burnt 
on," had to be used [the word " aufgebrannt " 
evidently refers to one of the several recently 
developed processes by which the conductor is 
consolidated with its ceramic former, such as the 
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use of vitreous enamel and subsequent firing, or 
the sintering of a metallic layer on to the former 
and the subsequent attachment of the conductor 
to this layer]. 

Mica and paper condensers were ruled out at 
once because of the irregularity of the temperature/ 
frequency curves given by them. Rotating plate 
condensers gave a frequency drop with rise of 
temperature. " Condensers with a dielectric of 
ceramic material were remarkable for the pro- 
portionality, not found with any other material, of 
their capacity variations with temperature, and 
for the quite exceptional reproducibility of their 
temperature curves. These properties make it 
possible to remove, or at any rate to diminish 
greatly, the variations with temperature of coils 
and other components in an oscillatory circuit. 
According to the magnitude and sense of the neces- 
sary compensating changes, condensers of Calan, 
Tempa, or Condensa were employed." 

Sockets and valves : sockets of Calit were used 
in the experimental model, tests having showed 
them to be completely independent of temperature. 
A valve with its cathode cold caused no frequency 
variation even for large changes of temperature. 
" Application of the cathode -heating voltage pro- 
duced long-lasting frequency variations, corre- 
sponding to an apparent increase in the valve 
capacity " : with the heated valve a slight de- 
pendence on changes in the external temperature 
could also be noticed. 

The writer then deals with the calculation of 
the values of the ceramic -dielectric condenser 
necessary for compensating a circuit against fre- 
quency variation with changes of temperature ; 

first in the case of a parallel connection of the com- 
pensating condenser and secondly in the case of a 
series connection. Fig. 5 shows the frequency 
characteristic, over a 34 hours' test, of an oscillator, 
of nominal frequency 2368 kc/s, stabilised in this 
way : it shows the delayed entry of the action of 
the compensating condenser. This delay can be 
eliminated by situating the condenser in such a 
position that the temperature changes act on it 
at the correct time and to the correct extent. 
Without this refinement it was found possible to 
limit the peak frequency variation (over a tem- 
perature range of 7°C) to 130 c/s or o.o55%0, 
corresponding to a mean variation of only 5o c/s 
or 0.0217.. 
4052. MODES OF FRACTURE IN PIEZOELECTRIC 

CRYSTALS : CHARACTERISTICS OF X AND Low 
COEFFICIENT CUTS [and Methods of avoiding 
Fracture].-E. W. Sanders. (QST, Sept. 
1937, Vol. 21, No. 9, pp. 17-18 and 84.) 

4053. AN ISOTHERMAL CHAMBER CONSTANT TO 
ONE -THOUSANDTH OF A DEGREE. CENTI- 
GRADE [for Quartz Oscillators, etc.].- 
Turner. (See 4349.) 

4054. THE OSCILLATION CHARACTERISTIC CURVES 
OF THE DYNATRON.-H. H. Meinke. (Hochf: 
tech. u. Elek:akus., Aug. 1937, Vol. 5o, No. 2, 
PP. 50-54.) 

Precursor of a paper on the behaviour of the 
dynatron oscillator in the ultra -short-wave field. 
The characteristic field of the " anode " dynatron 
(distinguished from the " grid " dynatron in that 

its secondary electrons produce a falling anode - 
current characteristic) is shown in Fig. I ; it 
corresponds to the circuit of Fig. 2 (equivalent 
circuit Fig. 3). This is investigated theoretically 
in § I ; the construction of the oscillation char- 
acteristic (Fig. 4) is described. Fig. 6 shows 
characteristics for various anode voltages, Fig. 5 
curves of anode voltage, current amplitudes, and 
alternating power. The choice of anode and grid 
voltages and working rules for nickel anodes are 
discussed in § II. It is found that full advantage 
is taken of the characteristic slope if the grid voltage 
is chosen at least twice, but not more than three 
times, as large as that of the anode. The variation 
of slope with increasing emission current is de- 
scribed in § III, with a discussion of dynatron 
characteristic theory. § iv deals with the variation 
of the oscillation characteristics as the emission 
current increases (Fig. II), § v with the character- 
istics for barium anodes (Fig. 12), whose prepara- 
tion is described. The oscillation characteristics 
for barium anodes (§ vi) are shown in Fig. 15. 

4055. A NEW TYPE OF NEGATIVE RESISTANCE.- 
Kleen & Rothe. (See 4111.) 

4056. RESISTANCE -TUNED OSCILLATORS [Analysis 
of Cabot's Circuit and Three Transforma- 
tions : Frequency Ranges : Effect of Stray 
Capacities : Practical Results : Applica- 
tion to New Method of Frequency Modula- 
tion].-W. G. Gordon & R. E. B. Makinson : 

Cabot. (Wireless Engineer, Sept. 1937, Vol. 
14, No. 168, pp. 467-471.) 

" In one of the oscillators tested it was possible 
to vary the frequency from 470 to 2750 c/s by 
merely varying the tuning resistance from zero 
to Io 000 ohms. To cover the same range with an 
oscillator of the conventional type would necessitate 
the switching of large capacities, while a beat - 
frequency oscillator is considerably more expensive 
to construct." The frequency -modulation applica- 
tion has been used by one of the authors in the 
frequency -response -curve apparatus dealt with in 
2144 of June. 

4057. CARRIER REGULATION [" Trägersteuerung " . 

Floating Carrier System] AT THE LEIPZIG 
HIGH -POWER BROADCASTING STATION.-H. 
Brückmann & R. Seidelbach. (T.F.T., 
April 1937, Vol. 26, No. 4, pp. 82-85.) 
Known also in Germany as " Hapug- 
i Iodulation," from the development work 
of Harbich, Pungs, & Gerth (79 of January). 
See also Ditcham, 1934 Abstracts, pp 
15o-151. 

4058. AN ELECTRONIC VOLUME COMPRESSOR 
EASILY CONSTRUCTED UNIT WHICH CAN BE 
APPLIED TO ALMOST ANY SPEECH AMPLIFIER 
[based on Use of Variable -Mu Valve- 
the 647 Pentagrid Mixer].-R. E. Bullock 
& H. N. Jacobs. (QST, Sept. 1937, Vol. 21, 
No. 9, PP. 37-38.) 

Allowing the average level to be increased (for 
music) about ro db, " which should at least double 
the percentage modulation . . . practically as 
effective as increasing the carrier power four 
times," and preventing over -modulation from 
sudden bursts of sound. 
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4059. AN A.V.C.-CONTROLLED PRE -AMPLIFIER : 

OUTPUT -LIMITING UNIT WITH HIGH GAIN 
AND FLAT FREQUENCY RESPONSE.-J. Han- 
son. (QST, Sept. 1937, Vol. 21, No. 9, pp. 
42-43 and 96.) 

4060. THE LOW -POWER TRANSMITTERS [Ioo- and 
250 -Watt American Broadcasting Trans- 
mitters].-J. P. Taylor. (Comm. & Broad- 
cast Eng., June & July 1937, Vol. 4, Nos. 
6 & 7, pp. 14-17 & 36, 37 and pp. 19-21 
& 23.) 

4061. A COMPACT AIRPLANE -TYPE 'PHONE TRANS- 
MITTER WITH VIBRATOR POWER SUPPLY 
[weighing 54 lbs. complete with " Vibra - 
pack " and Accumulator and giving 10 
Watts loo",, Modulated Output].-R. M. 
Ellis. (QST, Sept. 1937, Vol. 2I, No. 9, 

PP. 46-47.) 

RECEPTION 
4062. THE LINEAR REFLEX DETECTOR [Defects of 

Diode Detector : Development and Advan- 
tages of Linear Reflex Detector with Cathode 
Resistor by-passed only for R.F : Deep 
Modulation Capability, High Input Im- 
pedance, Appreciable Gain, etc.]-C. P. 
Healy & H. A. Ross. (.-1 WA Tech. Review, 

July 1937, Vol. 3, No. 1, pp. 1-6.) 

4063. DETECTION BY DIODES AND TRIODES AT 

HIGH FREQUENCIES.-Benham. (See 4030.) 

4064. MULTI -STAGE INVERSE FEEDBACK : APPLY- 
ING DEGENERATION TO COMPLETE AMPLIFIER 
SYSTEMS [with Provision of Correction for 
High -Note Attenuation : Theory : Practical 
Circuits].-(Radio Review of Australia, July 
1937, Vol. 5, No. 7, pp. 170-174.) From 
" Low -Frequency Inverse Feedback " in a 
Philips publication. 

4065. FREQUENCY CHANGERS IN ALL -(NAVE 
RECEIVERS.-Herold : Strutt. (See 4106.) 

4066. SELECTIVITY AND FIDELITY [Fundamental 
Relations : Formulae and Curves : Circuits 
with Loose Coupling : with Tight Coupling 
(" Coupling Filters ") : Band Filters with 
Variable Band Width : Tunable Band 
Filters].-T. Sturm. (Funktech. Monats- 
hefte, Aug. 1937, No. 8, pp. 245-254.) 

4067. A NEW QUARTZ -CRYSTAL FILTER OF WIDE - 
RANGE SELECTIVITY [Band Width variable 
between 30o c/s and 7 kc/s : using a 1560 
kc/s Crystal, in Special Holder, giving Shunt 
Capacity of only 6 µµF].-D. H. Bacon. 
(QST, Sept. 1937, Vol. 21, No. 9, pp. 24-25 
and 86, 88.) 

" HIGH -FREQUENCY COILS WITH IRON RIBBON 
CORES AND ADJUSTABLE D.C. MAGNETIC 
BIAS" [Disclaimer].-Maus: AEG. (Zeitschr. 
f. tech. Phys., No. 9, Vol. 18, 1937, p. z85.) 
The AEG state that this paper (365o of 
October) was published without their consent 
and that the author only is responsible for 
the statements contained therein. 

4068. 

4069. INDUCTANCE OR CAPACITY TUNING ?--«. E. 
Bonham. (Rad. Engineering, July 1937, 
Vol. 17, No. 7, pp. 17-18 & 31 . to be contd.) 

4070. REMOTE TUNING CONTROL [New Electrical 
System using Coaxial Cables].-J. F.Ramsay. 
(Wireless World, 3rd Sept. 1937, Vol. 41, 

pp. 231-232.) 

407L. PUSH-BUTTON STATION SELECTION [Motor - 
Tuned and Tuned -Circuit -Substitution 
Systems].-B. V. K. French. (Electronics, 
Sept. 1937, Vol. io, No. 9, pp. 16-19.) 

4072. DEVELOPMENTS IN 1938 RECEIVERS [par- 
ticularly Automatic Tuning (with the 
Necessary Frequency Stabilisation)].- 
(Electronics, Aug. 1937, Vol. io, No. 8, 

pp. 13-15 and 42.) 

4073. FLEXIBLE TONE CONTROL [Constructional 
Article].-M. G. Scroggie. (Wireless World, 
loth Sept. 1937, Vol. 41, pp. 263-266.) 

4074. BUILT-IN NOISE SUPPRESSORS [used in 
Modern American Broadcast Receivers].- 
W. N. Weeden. (Wireless World, 17th 
Sept. 1937, Vol. 41, pp. 281-282.) 

4075. THE MEASUREMENT OF NOISE LEVEL IN 

RECEIVERS [and the Definition and Uses of 
the " Noise Factor "].-A. G. Tynan. (Rad. 
Engineering, July 1937, Vol. 17, No. 7, p. 21.) 

The " noise factor " (" very useful in design work 
as it enables one to avoid the confusing effect of 
gain as affecting noise output ") is the product of 
noise/signal ratio and receiver sensitivity : more 
specifically, it is sensitivity (in microvolts) X E/E, 
x loo, where E is the voltage of noise output 
without modulation and Ea the voltage of signal 
output with 3o% modulation. 

4076. ELIMINATION OF NEAR -BY INTERFERENCE BY 

USE OF SMALL AERIALS WITH SCREENED 

DOWNLEADS (WITH TRANSFORMERS) AND 

COUNTERPOISE.-Bergtold. (See 4087.) 

4077. TWELVE -PHASE RECTIFIERS IN SERVICE 

[Discussion of Radio and Telephone Inter- 
ference].-E. Schulze. (E.T.Z., 9th Sept. 
1937, Vol. 58, No. 36, pp. 997-998.) 

INTERFERENCE TESTING SET [approved by 
G.P.O.].-(Wireless World, 17th Sept. 1937, 
Vol. 41, pp. 294-295.) 

NEW AIRCRAFT RADIO RECEIVERS [Models 
AVR io & ioA : Small and Easily Installed, 
for Weather Reports and Traffic Control 
Instructions].-S. J. Gustof : RCA. (Comm. 
& Broadcast Eng., Aug. 1937, Vol. 4, No. 8, 

pp. 8 and 19.) 

DOUBLE -FREQUENCY -CHANGE SUPERHETERO- 
DYNE RECEPTION OF MICRO -WAVES [17 Cm 

Waves in Aermel Channel Link : I.Fs io Mc/s 
and 500 kc/s].-A. H. Reeves & E. H. 
Ullrich. (Zeitschr. f. tech. Phys., No. 9, 
Vol. 18, 1937, p. 248.) Short summary of 
paper read before International Congress for 
Short Waves in Physics, Biology, and 
Medicine. 

4078. 

4079. 

4080. 
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4081. HIGHER TECHNICAL PERFORMANCE : A CROSS- 
SECTION THROUGH THE NEW RECEIVER 
PROGRAMME.-E. Schwandt. (Funklech. 
Monatshefte, Aug. 1937, No. 8, pp. 256-261.) Steady progress towards better receivers and lower prices: cheapening of valves increases 

4 -valve sets and doubles number of sets with more than 5 valves, at expense of 3 -valve type: large number of auxiliary valves in the better receivers: increased proportion of superhets: improvements to m.c. loudspeakers (change in method of centering ; diaphragms almost trans- parent at edge to give extremely flexible mounting ; lengthened speech -coil to avoid non-linear dis- tortion at large amplitudes) : increased care in acoustical design of cabinets : negative feedback to improve deep notes and decrease non-linear dis- tortion : improved fidelity by addition of " speech/ music " switch : popularity of compensated 
(" physiologically correct ") volume control and variable -selectivity control: variable -selectivity control and tone control coupled together: dual loudspeakers and contrast expansion : automatic tuning correction : " touch " tuning : etc. 
4082. " CONSUMERS' RESEARCH " LOOKS AT RADIO [Analysis of a Report of an American Con- sumers' Organisation to Its Members, criticising Broadcast Receiver Design and Selling Methods].-(Rad. Engineering, July 

1937, Vol. 17, No. 7, pp. 12-13 and 16.) 
4083. OLYMPIA SHOW REVIEW [Analysis of New Designs].-(Wireless World, 3rd Sept. 1937, Vol. 41, pp. 226-229, 233-235, 239-24o, 241-243, 248-249, and 254.) 
4084. THE 14TH GREAT GERMAN RADIO EXHIBITION, 

BERLIN, 1937.-Flanze. (T.F.T., Aug. 1937, Vol. 26, No. 8, pp. 183-188.) 
4085. WHAT THE BERLIN RADIO EXHIBITION rOF 1937 BRINGS TO THE HOME CONSTRUCTOR IN THE WAY OF NOVELTIES [Circuits, Tuning Devices, Contrast Expansion, Components]. -W. W. Diefenbach. (Radio, B., F. für Alle, Sept. 1937, No. 187, pp. 129-140.) 
4086. CIRCUIT DIAGRAMS OF A NUMBER OF BROAD- 

CAST RECEIVERS.-(Radio, B., F. für Alle, Sept. 1937, No. 187, Supp. pp. 129-160.) 
AERIALS AND AERIAL SYSTEMS 

4087. THE SIGNIFICANCE OF THE AERIAL CAPACITY 
FOR SCREENED [-Downlead] INSTALLATIONS 
FOR BROADCAST RECEPTION.-F. Bergtold. (E.T.Z., 16th Sept. 1937, Vol. 58, No. 37, pp. 1007-1olo.) 

" Since too little importance has been paid to the aerial capacity in broadcast receiving instal- lations, the significance of this capacity is here elucidated, and the minimum value which it should have, in the present state of technique, is found : in this connection the useful capacity must be distinguished from the unwanted capacity. Estimates indicate that the aerial capacities of screened-downlead installations not furnished with transformers are generally made too small, whereas if transformers are provided quite small capacities are sufficient Screened installations should always be furnished with 

transformers, and if these are suitable quite 
high signal voltages can be obtained with 
small aerials. The comparatively small in- 
fluence of the unwanted capacity makes it 
possible to fix the small aerial very firmly to the appropriate support. With small aerials the 
aerial/earth capacity can be reduced almost to 
zero by arranging a comparatively large counter- 
poise (a metal roof will serve instead) ; by this 
means interference from near -by sources is almost 
completely suppressed " [see also 3676 of October 
and 2944 of August]. 
4088. INVESTIGATIONS ON VERTICAL AERIALS WITH 

HORIZONTAL Top CAPACITIES.-F. Vilbig & 
K. Vogt. (Hochf::tech. u. Elek:akus., Aug. 
1937, Vol. 5o, No. 2, pp. 58-65.) Impedances of aerials with end loads are measured 

and compared with those of unloaded aerials, in 
order to obtain numerical data of the magnitude 
of the end loads and their effect on the whole aerial 
system. The results obtained on model aerials are 
given. The aerials are electrically equal to or less 
than a quarter -wavelength aerial. The measurement 
of the effective impedance by the method of 
adding impedances (Fig. 1) and the interpolation 
method (Fig. 2) is described ; the circuit used for the measurements is shown in Fig. 3, with the 
aerial arrangement of Figs. 4a, b. The frequency 
variation of the effective and blind impedances of 
loaded and unloaded aerials is given in Figs. 5-8. 
Measurements, on the unloaded vertical aerial 
(§ iv), of electrical length and impedance and losses 
via the stays and earth are described. For the 
loaded vertical aerial (§ y) the apparent height and 
.impedance and the radiation resistance were 
measured (Figs. 14-17). The end loads were found 
to act as pure capacities. 
4089. ON THE CALCULATION OF THE ELECTRO- 

MAGNETIC FIELD NEAR A STRAIGHT AERIAL. -P. Ryazin. (Journ. of Tech. Phys. [in 
Russian], No. 6, Vol. 7, 1937, pp. 646-667.) 

A theoretical investigation of the field in the immediate vicinity of the aerial, starting from the 
surface of the aerial itself. Using the method of 
" delayed potentials " proposed by Abraham, the writer obtains equations for the electromagnetic 
field (both in the near and distant zones) due to a 
straight aerial carrying a sinusoidal current. The 
results so obtained are applied to the case of a half - 
wave aerial, and particular attention is paid to the 
phase relationships in the field around it. The 
distribution of the radiating energy along the 
aerial is also discussed, and the results of this 
investigation are compared with the findings of 
other authors. 
4090. THE GROUND -LEVEL FIELD STRENGTH AND 

ITS DEPENDENCE ON THE VERTICAL CHAR- 
ACTERISTIC OF THE TRANSMITTING AERIAL 
[Frequent Neglect of Limitation of Usual 
Formula to Dipole with Semi -Circular 
Characteristic : Derivation of Correction 
Factor for Other Cases].-J. Grosskopf. 
(T.F.T., Aug. 1937, Vol. 26, No. 8, pp. 181- 
183.) The correction factor for an /A -aerial 
is 6.33. (r - cos 27rn)/ R : for a 42 -aerial 
this gives a 29% increase over the Hertz 
dipole of the formula. 
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4091. " THE EFFECT AT A DISTANCE OF THE ORDER 
OF A WAVELENGTH OF A VERTICAL DIPOLE 
EMITTER ON A PLANE EARTH " : EXTENSION 
TO SMALLER DISTANCES FROM ORIGIN.- 
Niessen. (See 3997.) 

4092. DIRECTIONAL ARRAY FIELD STRENGTHS [Cal- 
culation of Performance and Comparison 
with That of Single Vertical Radiator of 
Same Height].-A. R. Rumble. (Electronics, 
Aug. 1937, Vol. Io, No. 8, pp. 16-17 and 72.) 
Extension of Laport'sl work (2603 of 1936). 

4093. INVESTIGATIONS ON THE EARTH SYSTEMS OF 

WIRELESS TRANSMITTING STATIONS.-F. 
Vilbig. (E.T.Z., 2nd Sept. 1937, Vol. 58, 
No. 35, p. 960: summary only.) 

Plate earths should lie as much as possible on the 
earth's surface [the wording here, " möglichst auf 
der Erdoberfläche," is not quite clear] and for 
an unloaded aerial should have a radius of o.16h, 
for a top -loaded aerial a radius of o.I3Á : a cylindrical 
earth, for the same earth resistance, may have a 
much smaller radius (o.o4À). Radial -wire earths 
have a lower resistance the greater the number 
of wires, so that the least resistance is given by an 
infinite number of wires, i.e. by a solid plate. A 
full report will appear in the 9th volume of the 
VDE -Fachberichte. 

VALVES AND THERMIONICS 
4094. CHARACTERISTIC CONSTANTS OF H.F. PEN- 

TODES: MEASUREMENTS AT FREQUENCIES 
BETWEEN I.5 AND 300 Mc/s [Technique and 
Results (including Acorn Pentodes) : Biblio- 
graphy].-M. J. O. Strutt. (Wireless Engin- 
eer, Sept. 1937, Vol. 14, No. 168, pp. 478-488.) 
Covering much the same ground as the 
German paper dealt with in 2573 of July. 

4095. A POWER AMPLIFIER TUBE FOR ULTRA -HIGH 
FREQUENCIES [Double -Pentode Valve of Very 
Special Design : Anode Dissipation 15 Watts 
each: for Frequencies up to Soo Mc/s].-A. L. 
Samuel. (Bell Lab. Record, July 1937, Vol. 
15, No. II, pp. 344-349) See also 1798 of 
May. 

4096. THE RCA 887 & 888 [New Water -Cooled 
Triodes for Ultra -High Frequencies].- 
(Comm. & Broadcast Eng., June 1937, Vol. 4, 
No. 6, pp. 18-19.) Tentative characteristics, 
maximum ratings, and typical operating con- 
ditions of the valves dealt with in 3322 of 
September. 

4097. THE WESTINGHOUSE WL -461 TRIODE [for 
400 Watts Output at 50 Mc/s : Tantalum 
Anode, Short Heavy Rods supporting 
All Electrodes].-Westinghouse Company. 
(Comm. 6 Broadcast Eng., Aug. 1937, p. 19 : 

QST, Sept. 1937, p. 45 : Journ. of Applied 
Phys., Aug. 1937, p. 55o.) 

4098. THE PRODUCTION OF ELECTRON OSCILLATIONS 
WITH " GRID " DIODES [" Open " Diodes, in 
which Electrons can pass through Second 
Electrode].-Djakov. (See 4042.) 

4099. A MAGNETRON FREE FROM BACK-HEATING.- 
Haelbig. (See 4046.) ' 
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4100. THE ELECTRON -BEAM MAGNETRON.-Okabe 
(See 4047.) 

4102. THE CALCULATION OF THE BEHAVIOUR OF 
MULTI -GRID VALVES AT HIGH [and Ultra - 
High] FREQUENCIES.-Runge. (See 4041.) 

4102. AMPLIFICATION AT HIGH FREQUENCIES [Effect 
of Finite Transit Time] Rothe. (See 4023.) 

4103. THE MAZDA AC4/PEN BEAM VALVE.-(See 
4050.) 

4104. PLATE EFFICIENCY OF CLASS B AMPLIFIERS 
[Analysis and Graphs].-P. Adorjan. (Rad. 
Engineering, July 1937, Vol. 17, No. 7, pp. 
14-16.) 

4105. VALVE CAPACITIES : THEIR INFLUENCE ON 

CIRCUIT TECHNIQUE AND THEIR MEASURE- 
MENT : PART II [Definition of the " Capac- 
ity Triangle " : Direct and Indirect Methods 
of Measurement of " Partial " and " Work- 
ing " Capacities].-K. Steimel & C. Zicker- 
mann. (Telefunken -Röhre, Aug. 1937, No. Io, 
pp. 115-127.) 

Including the description of a bridge for very 
small capacities (10-4-2 x ro --1 picofarad) and a 
special calibrating condenser for use with it. For 
Part I see 2581 of July. 

4106. FREQUENCY CHANGERS IN ALL -WAVE RE- 
CEIVERS [Inner -Grid Injection of Oscillator 
Voltage versus Outer -Grid : Disagreement 
with Strutt's Conclusions : Major Defects of 
Outer -Grid Injection overcome by Electron 
Beam Principle].-E. W. Herold : Strutt. 
(Wireless Engineer, Sept. 1937, Vol. 14, 
No. 168, pp. 488-489.) Prompted by Strutt's 
paper (2589 of July). 

4107. PENTAGRID CONVERTER OSCILLATOR CON- 

SIDERATIONS [Facts and Principles useful 
in Design of Circuit : based on Study 
of Service Troubles].-Ken-Rad Company. 
(Radio Review of Australia, July 1937, Vol. 
5, No. 7, pp. 184-186.) 

4108. RESISTANCE -COUPLED PENTODES [Very Satis- 
factory in Intermediate Stages for Wide - 
Range Amplification at Audio and Tele- 
vision Frequencies : Discussion of Correct 
Operating Conditions].-(Wireless World, 
24th Sept. 1937, Vol. 41, pp. 308-310.) 

4109. TRILINEAR CO-ORDINATES [and Their Applica- 
tion to Valve Classification Charts, etc.].- 
H. Aiken. (Journ. of Applied Physics [for- 
merly Physics], July 1937, Vol. 8, No. 7, 

PP. 470-472.) 
41I0. ON THE PROBLEM OF THE LINEAR CHAR- 

ACTERISTIC [and Possible Ways of obtaining 
Improved Linearity not by Negative -Feed- 
back Methods but by Valve Design].-W. 
Kleen. (Telefunken -Röhre, Aug. 1937, No. 
IO, pp. 147-156.) 

(i) Linear open -circuit characteristics (Ra R4) : 

the need for a constant amplification factor. 
(ii) Linear working characteristic : " internal dis- 
tortion -compensation " by appropriate combined 
action between 1S/ V, and fiµ/ V, is impossible 
for an ordinary triode but possible when " current 
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division " control is used, e.g. in a hexode with its 
screen grid " set free " [the word used is " fort- 
lassen " : floating ?] or directly connected to its 
anode (537 of Feb.), for here the two factors are of 
opposite sign, as desired. They are also opposite, 
but in a reversed sense, in the Wien " plate valve." 
Thus both these types of valve give the theoretical 
possibility of a linear characteristic with zero 

klirr " factor over a definite range of grid a.c. 
But such " internal compensation " is only possible 
for very definite conditions of supply voltages and 
external resistance. (iii) Linear short-circuit 
characteristic (R,,.%R.) : of particular interest. 
The normal space -charge characteristic is always 
non-linear, so that a current -dividing effect must be 
used if a linear short-circuit characteristic is desired 
(this entails one or more auxiliary electrodes 
positive with respect to the cathode, so that a multi -grid valve is essential). There are three 
possible ways : (a) linearisation by Schottky's 

double control " (used by him for obtaining 
increased slope, without realising its linearising 
powers) as given by a hexode with the input signal 
applied simultaneously to both the control grids : 

(b) linearisation by electron -optical action on the current division : and (c) linearisation by " Stau- 
effekte " (" damming " effect) : this space -charge 
phenomenon was described in the paper dealt with 
in 2575 of July, and has been applied in the hexode 
AH ioo developed for special purposes. Its 
effect is to change the small -space -charge curve i 
(Fig. 5) into the large -space -charge curve 2; by 
suitable design an intermediate, linear curve 3 can be obtained. The practical importance of a linear short-circuit characteristic is discussed. 

411I. A NEW TYPE OF NEGATIVE RESISTANCE 
[Special Valve with Auxiliary Secondary - 
Emission Electrode : No Magnetic Field 
required].-W. Kleen R H. Rothe. (Tele- 
funken -Röhre, Aug. 1937, No. io, pp. I57- 
i6o.) 

In the final, specially designed valve, the auxil- iary electrode giving secondary emission is a cylinder 
of rectangular section : inside this is a perforated 
anode, of slightly smaller similar rectangular 
section. The central cathode is surrounded by two 
grids, whose action is to regulate the magnitude 
of the cathode current and to keep small the direct 
influence of the anode on the cathode current. The 
anode is maintained at a higher potential than the outer, auxiliary electrode, so that the secondary 
electrons from the latter fly to it. If the anode voltage is increased, the distribution of electron flow 
is altered, more primary electrons reach the anode, 
and fewer reach the auxiliary electrode beyond it ; 

since the secondary emission factor is greater than unity, this results in a decrease in total anode 
current and a falling anode characteristic. The 
auxiliary electrode also has a negative resistance 
(ordinary dynatron characteristic) and the two 
negative resistances may be used simultaneously 
for the excitation of oscillations. 
4112. THE CALCULATION OF THE GRID TEMPERA- 

TURES OF ELECTRONIC VALVES.-S. Wagener. 
(Zeitschr. f. tech. Phys., No. 9, Vol. 18, 1937, 
pp. 270-280.) 

Author's summary :-The general method for the 

" Calculation of the Transmission of Heat by 
Radiation " given elsewhere [1821 of May] is 
applied to calculate the grid temperature of re- 
ceiving and transmitting valves with any number 
of cylindrical electrodes. A way is given by which 
the fulfilment of the two fundamental conditions 
[temperature distribution and temperature gradient 
conditions, given in the previous paper] can be 
assured : the inner and outer sides of the electrodes 
must be considered separately, and the actual grids 
must be replaced by " idealised " grids having flat 
coils and struts instead of round. The incident - 
radiation figures of the fundamental -equation 
system thus obtained are calculated individually. 
Finally, the method is extended to the case where an 
appreciable amount of energy is taken from the 
grids by thermal conduction : the thermal con- 
duction equation then holding for the grid is given. 
The calculated grid temperatures are compared with 
those found experimentally : the discrepancy 
amounts at the most to 4° for the valve types 
examined, which resembled mass-produced types. 

4113. RADIO TUBE NOISE (due to Variable Elec- 
trical Leakage Deposits, Conducting Car- 
bonaceous Threads between Elements, Vari- 
able or Sliding Contact between Metal 
Parts, Poor Welding, etc : Elimination of 
Noisy Valves at Factory Inspection).- 
H. G. Hamilton. (Electronics, Aug. 1937, 
Vol. Io, No. 8, pp. 26-29.) 

4114. DISCONTINUOUS PHENOMENA IN RADIO COM- 
MUNICATION [including Shot Noise and Ther- 
mal Fluctuation].-van der Pol. (See 4020.) 

4115. ON THE INITIAL CURRENT FLOWING THROUGH 
AN ELECTRONIC VALVE AT THE SUDDEN 
APPLICATION OF AN IMPULSE POTENTIAL : II 
[including the Presence of a Constant 
Magnetic Field].-G. Grünberg. (Tech. Phys. 
of USSR, No. 6, Vol. 4, 1937, pp. 485-492 : 
in German.) Extension of the work dealt 
with in 2196 of 1936. 

4116. EXPERIMENTAL RESEARCHES ON THE 
THERMO-ELECTRONIC CURRENTS OF DIODES 
AND POLYODES [heated with A.0 : Formulae 
(with Experimental Confirmation) for Emis- 
sion Fluctuations].-T. Franzini. (Nuovo 
Cimento, Feb. 1937, Vol. 14, No. 2, pp. 53-63.) For previous work see 3067 of 1935. A special 

diode was employed, with a cylindrical anode split 
into 5 short lengths. With the filament earthed at 
its centre point the emission consisted of a con- 
tinuous current of the order of io3 A and an 
alternating component i sin eat of the order of 
10-6 A. With the earth connection made to one end 
of the filament the continuous current was of the 
order of I0-3 A and there were two alternating 
components, i sin wt, of the order of i-4 A, and 
i' sin za,t, of the order of Io5 A. Measurements were 
also made on a commercial triode with cylindrical 
coaxial electrodes : as was to be expected in such 
a comparatively complex case, there was no strict 
concordance between measured values and those 
calculable from the geometrical and physical 
characteristics, although there were certain qualita- 
tive agreements. 
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4117. THE VOLTA POTENTIAL BETWEEN BARIUM 
AND MAGNESIUM : AN EXPERIMENTAL TEST 
OF THE RELATION BETWEEEN WORK 
FUNCTIONS AND VOLTA POTENTIAL [Check 
of Sommerfeld -Eckart Relation].-P. A. 
Anderson. (Phys. Review, ist Aug. 1937, 
Series 2, Vol. 52, No. 3, p. 253 : abstract 
only.) 

4118. GASES AND METALS : AN INTRODUCTION 
TO THE STUDY OF GAS -METAL EQUILIBRIA " 
[Book Review].-C. J. Smithells. (Zeitschr. 
f. tech. Phys., No. 9, Vol. 18, 1937, p. z87.) 

4119. ELECTRON -MICROSCOPICAL OBSERVATIONS OF 
FIELD -EMISSION CATHODES.-E. W. Müller. 
(Zeitschr. f. Physik, No. 9/Io, Vol. 106, 1937, 
PP. 541-550.) 

The electron microscope used is shown in Fig. I ; 

it employs as cathode a fine etched single -crystal 
metal point with a completely smooth surface. 
Electrons emitted from this strike a luminescent 
screen and give a very high lateral magnification. 
Electron images of emission from tungsten, 
molybdenum, etc., are given ; the dependence of 
field emission and work function on crystal structure 
and direction is illustrated. The absorption of 
thorium or oxygen films is also observable. Current 
densities up to Io8 amp/cm2 were attained. 

4120. POROUS CERAMIC MATERIALS FOR HIGH - 
FREQUENCY TECHNIQUE [particularly 
" Ergan " : Very Low Loss Angle : Dielectric 
Constant much Smaller than That of 
Non -Porous Materials].-Albers-Schönberg. 
(E.T.Z., 2nd Sept. 1937, Vol. 58, No. 35, 
p. 96o : summary only.) A full report will 
appear in the 9th volume of the VDE - 
Fachberichte. 

412I. HIGH -FREQUENCY SUPPLY POR DEGASSING. -- 
E. G. Shower. (Bell Lab. Record, Aug. 1937, 
Vol. 15, No. 12, pp. 391-397.) 

DIRECTIONAL WIRELESS 

4122. DIRECTION -FINDING BY PULSES.-H. Plendl. 
(Hochfaech. u. Elek:akus., Aug. 1937, Vol. 5o, 
No. 2, pp. 37-41.) 

A general account is first given of night errors in 
direction -finding and of the principles of pulse 
direction -finding, where the ground -wave pulse is 
separated from the ionospheric echoes by spreading 
them out on a time -base. Photographs of apparatus 
used for pulse direction -finding are shown (Figs. 4-8), 
but the apparatus is not described ; some practical 
results are given (§ m). The advantages of pulse 
direction -finding over the Adcock method (§ iv) 
are stated to be that results obtained at night are 
as trustworthy as those found in the daytime, 
while a much smaller aerial height suffices. Its 
drawbacks are that a pulse emitter is required, 
which emits a broad frequency band. For previous 
work see 2601 of July. 

4123. THE EXTENDED -FEEDER MARCONI-ADCOCK 
DIRECTION FINDER [Feeder Lengths up to 
I Kilometre : Operating and Site Advan- 
tages : Loss of Sensitivity (at 300 kc/s) 
14 db for 700 -Metre Feeder].-S. B. Smith. 
(Marconi Review, May/Aug. 1937, No. 66, 
pp. 23-3o.) So that an aeroplane which, 
for a normal centre -site installation, gave an 
overload d.f. range of 400 km would give 
the same class of result at 270 km on an 
installation with an extended feeder of 
700 m. Over-all accuracy ± 2° or better. 

4124. FALSE BEARINGS FROM RADIOBEACONS AND 
THEIR CAUSES [Use of Three -Legged Pro- 
tractor to eliminate Effect of Magnetic 
Compass Error : Coastal Reflection (Land 
Effect) : Night Effect (including Its Reduc- 
tion by Use of Vertical Tower Radiators) : 

D.F. Environment (including Importance 
of Disconnecting Other Aerials) : Personnel 
Errors : Calibration Errors].-L. M. Hard- 
ing. (Lighthouse Conference, Berlin 1937 
Papers submitted by U.S. Lighthouse Service : 

Topic C-2, pp. 1-8.) 
4125. PROGRESS IN THE DEVELOPMENT OF SHIPS 

DIRECTION FINDERS [including a Visual 
(Central Zero) Type working on Rapidly Alter- 
nated Quasi -Minimum obtained by Alter- 
nately Unbalancing the Loop : " Crossed 
Pointer " Type with Crossed Loops and 
Two R.F. Amplifiers (reducing Night Effect - " Reason Obscure ") : etc.] . - L. M. 
Harding. (Lighthouse Conference, Berlin 
1937: Papers submitted by U.S. Light- 
house Service : Topic C-5, pp. 1-5.) 

4126. APPLICATION OF LONG, SHORT, AND ULTRA - 
SHORT (DECIMETRE) WAVES FOR OMNI, 
DIRECTIONAL, AND ROTATING RADIO - 

BEACONS [with Reasons for Rejection, for 
Marine Purposes in U.S.A., of Radio -Range 
and Rotating Beacons].-L. M. Harding & 
S. F. Clark. (Lighthouse Conference, Berlin 
1937 : Papers submitted by U.S. Lighthouse 
Service : Topic C-6, pp. 1-6.) 

4127. EXPERIENCES ON THE USEFULNESS OF THE 
EXISTING ORGANISATIONS OF RADIOBEACONS 
[as Leading Guides : for Position Finding : 

for Distance Finding (with Sound -in -Air 
Signals) : for Locating Fishing Grounds : 

Factors affecting Usefulness of Systems].- 
C. A. Park. (Lighthouse Conference, Berlin 
1937 : Papers submitted by U.S. Lighthouse 
Service : Topic C-4, pp. I-22.) Supple- 
ments include official notes for masters of 
vessels, a report on co-ordination between 
U.S.A. and Canada, etc. 

4128. ACCOMPLISHMENT OF MEASUREMENTS OF 
THE FIELD STRENGTH OF RADIOBEACONS : 

METHOD, RESULTS AND THEIR EXCHANGE 
[for Adjusting the Aerial Current to give 
Required Service Area : Validity of 
Measurements in Vicinity of Beacon : 

Simple Comparison -Method Portable Equip- 
ment for Field Service].-L. M. Harding. 
(Lighthouse Conference, Berlin 1937 : Papers 
submitted by U.S. Lighthouse Service : Topic 
C -i, pp. 1-6.) 
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4129. MEASURES FOR THE STABILISATION OF THE 
FREQUENCY OF THE WAVES AND THE 
MODULATION OF RADIOBEACONS.-L. M. 
Harding & S. F. Clark. (Lighthouse Confer- 
ence, Berlin 1937: Papers submitted by 
U.S. Lighthouse Service : Topic C-3, pp. I-3.) 

4130, DISTANT CONTROL OF NAVIGATION AIDS BY 
RADIO [using " Tuned -Reed Motor -Generator 
of Inductor Alternator Type " (No Contacts 
or Wearing Parts : Superior to Electrical 
Filter Circuits) : Supervision of Starting -Up 
Operation provided Automatically by U.S.W. 
Radiotelephone].-L. M. Harding, G. B. 
Skinner, & F. C. Hingsburg. (Lighthouse 
Conference, Berlin 1937 : Papers submitted 
by U.S. Lighthouse Service : Topic C-7, 
PP. 1-7.) 

4131. AERIAL NAVIGATION BY THE VALORIS RADIO 
BEACON [Beacons in Groups of 3, trans- 
mitting (in turn, for One -Third Second) on 
Same Wavelength, modulated to 3 Different 
Audio -Frequencies : Non -Directional Re- 
ception gives Field Intensity (recorded 
Optically) of Each].-Valoris. (Les Ailes, 
1st July 1937, No. 837, p. 8.) 

4132. THE IMPORTANCE OF ULTRA -SHORT WAVES 
FOR THE SECURITY OF LIFE AND MATERIAL 
IN AVIATION.-R. M. Wundt. (Zeitschr. f. 
tech. Phys., No. 9, Vol. 18, 1937, pp. 248-249.) 
Summary of paper read before the Inter- 
national Congress for Short Waves in 
Physics, Biology, and Medicine. 

4133. MARCONI AERODROME APPROACH BEACON 
EQUIPMENT, TYPE WBD.4 [Main (Equi - 
Signal) Beacon and Two Marker Beacons].- 
(Marconi Review, May/Aug. 1937, No. 66, 
pp. 15-22.) 

4134. POSITION FINDING AND COURSE PLOTTING 
ON BOARD AN AEROPLANE BY MEANS OF 
RADIO [and the Philips Direction -Finder - 
Homing -Device V.P.K. 35].-(Philips Tech. 
Review, June 1937, Vol. 2, No. 6, pp. 184-190.) 

4135. ROBOT DETECTS AND RADIOS CLOUD'S ALTI- 
TUDE TO PILOT [Automatic Device for 
Mountain Tops and High Ground, using 
Two Pivoting Search Lights and Photocell 
Relay].-J. P. Buckley. (Sci. News Letter, 
4th Sept. 1937, Vol. 32, p. 156.) 

ACOUSTICS AND AUDIO -FREQUENCIES 
4136. A CONTRIBUTION TO THE PROBLEM OF 

LARGE SOUND PROJECTION EQUIPMENTS 
[for Big Open -Air Gatherings : Present 
Neglect of Concentrated System in favour 
of Distributed Mushroom Loudspeakers : 

Latter necessary for Community Singing, 
Drilling, etc., and satisfactory for Speeches : 
Unsatisfactory for Good Music : Successful 
Nürnberg Stadium Installation with 5 Ex- 
ponential -Horn Loudspeakers in Bell Tower]. -H. Emde, H. E. Henrich, & O. Vierling. 
(Zeitschr. f. tech. Phys., No. 9, Vol. 18, 1937, 
pp. 252-255.) 

Giving a wide frequency band and a large range 
of contrast (in both of which attributes the dis- 

tributed mushroom system is unsatisfactory) . 

The necessary height of tower depends on the area 
to be covered and on the configuration of the 
ground. For an area of 30 000 m1 a power of 
800 watts was found necessary. The five loud- 
speaker horns were sloped at different angles to the 
horizontal to suit the stadium requirements : the 
one directed straight ahead at the " tribune " 
(Fig. z) was found to give a marked directional 
effect for the high frequencies, and an " opposing " 
horn was therefore introduced into it to give the 
necessary dispersion. With the others, the tower 
structure itself had a sufficiently dispersive effect. 
4137. A METHOD OF ACOUSTICAL DESIGN OF ROOMS 

EQUIPPED WITH LOUDSPEAKERS [to give 
Constancy of Acoustic Ratio over Seating 
Area].-V. Furdujev. (Comptes Rendus 
(Doklady) de l'Ac. des Sci. de l'URSS, 
5th June 1937, Vol. r5, No. 6/7, pp. 313-314 
in English.) 

4138. AUDITORIUM ACOUSTICS : PART I.-D. B. 
Foster. (Wireless World, i7th Sept. 1937, 
Vol. 41, pp. 278-280.) 

4139. THE ELECTRICAL REGULATION OF ACOUSTIC 
REVERBERATION [as used in the Poste - 
Parisien Studios] -M. Adam. (Rev. Gén. 
de l'Élec., 4th Sept. 1937, Vol. 42, No. Io, 
pp. 305-312.) Covering the same ground 
as 2225 of June. 

4140. EXPERIMENTAL INVESTIGATIONS OF REVER- 
BERATION OPTIMUM FOR DIFFERENT FRE- 
QUENCIES [Studio with Rectilinear Optimum 
(Békésy) Very Inferior to Studio with 
Curvilinear Optimum (MacNair-Lifshitz)].- 
S. Lifshitz. (Comptes Rendus (Doklady) 
de l'Ac. des Sci. de l'URSS, 5th June 1937, 
Vol. 15, No. 6/7, pp. 315-318 : in English.) 

4141. THE IMPROVEMENT OF .ACOUSTICS IN 
CHURCHES.-R. Forberger. (E.T.Z., 26th 
Aug. 1937, Vol. 58, No. 34, pp. 926-928.) 

4142. ON TRANSIENTS IN ACOUSTIC SYSTEMS.- 
A. A. Kharkevich. (Journ. of Tech. Phys. 
[in Russian], No. 9, Vol. 7, 1937, pp. 938-95o) 

The properties of groups of sound radiators are 
examined from the standpoint of transients, and 
formulae are derived determining transient functions 
for some of the simpler groups. Examples are given 
to illustrate the use of these functions. 

4143. ON THE WORK OF THE RESEARCH INSTITUTE 
OF THE MUSICAL INDUSTRY [Laboratories of 
Keyboard & Plucked Instruments : of Reed 
Instruments : of Wind Instruments : of 
Materials : Electro -Acoustical Laboratory]. -K. Struve. (Tech. Phys. of USSR, No. 6, 
Vol. 4, 1937, pp. 507-509: in English : 

Journ. of Tech. Phys. [in Russian], No. to, 
Vol. 7, 1937, pp. 11z6 -11z8.) 

In the first -named laboratory, a grand piano of 
small dimensions, 125 cm long, has been con- 
structed : it preserves the acoustical properties of 
large grand pianos. The optimum position for a 
hammer to strike its string has been determined. 
Travelling waves are present in the sounding 
board, not only standing waves : " this refutes 
certain propositions put forward by Grützmacher." 
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4144. A NEW OPTICAL METHOD OF SOUND RE- 
PRODUCTION.-T. Korn. (E.N.T., July 1937, 
Vol. 14, No. 7, pp. 248-251.) 

A critical discussion of known optical methods 
of sound reproduction is followed by a description 
of a method which is stated to combine the technical 
advantages of the opaque rotating -drum method 
with high quality tone reproduction and simplicity 
of working. The principle of the method is shown 
in Fig. 2. A sound diapositive is laid on a highly - 
polished metal drum. Light is focused on this and 
reflected obliquely on to a photocell connected to 
the usual electrical apparatus. The conditions to be 
fulfilled by the diapositive are compared with those 
of the ordinary sound -film positive (Fig. 2). Fig 3 
shows the blackening factor (eqn. I) as a function 
of the angle of incidence of the light ray on the 
drum. It is found that the equivalent blackening 
of the reflection positive here described is about 
2.5 times as large as that of a developed strip of 
sound film. The sound intensity of the new method 
is only decreased by absorption of light by the 
mirror surface and the celluloid. The Goldberg 
condition for non-linear distortion takes the form 
given in eqn. 3. Linear distortions are chiefly 
caused by the increased width of the optical slit. 
Fig. 4 shows calculated frequency curves giving the 
amplitude of the alternating light current for the 
transparent and the reflection methods (eqn. 5). 
A theoretical disadvantage is the higher noise level 
but this proves to be of little practical importance. 
The technical application of the method to various 
types of sound reproduction is mentioned. 

4145. THE ELECTRICAL RECORDING AND REPRO- 
DUCTION OF SOUNDS [Survey of New Re- 
cording Methods for Special Purposes, in- 
cluding the " Livre Sonore " (Talking Book) 
System ; the Resistographone, with Graphite 
Point on Paper Tape ; the " Céllénophone," 
with Positive Copy on Paper read by Re- 
flection ; the " Fotoleptophone " ; Philips - 
Miller Process ; " Incomplete Cut " Method 
(Diamond Point on Film) : " Chlorine " 
Process : etc.].-R. Hardy. (Rev. Gén. de 
l'Elec., 31st July 1937, Vol. 42, No. 5, pp. 
141-156.) 

4146. RECORDING BIRD VOICES BY SHORT-WAVE 
RADIO.-Brand. (Science, loth Aug. 1937, 
Vol. 86, Supp. pp. 8-9.) 

4147. PERFORMANCE OF A DIRECT LATERAL RE- 
CORDING SYSTEM [for Various Types of 
Gramophone Discs].-F. W. Stellwagen. 
(Comm. & Broadcast Eng., July 1937, Vol. 
4, No. 7, pp. 12-14 and 27.) 

4148. THE MEASUREMENT OF SMALL VARIATIONS 
IN GRAMOPHONE RECORD SPEED BY THE 
INTERFERENCE -NOTE METHOD.-K. Steffen- 
hagen. (Funktech. Monatshefte, Aug. 1937, 
No. 8, pp. 255-256.) 

4149. PAPERS ON ROCHELLE SALT.-Mikhailow : 

Busch : Bantle & Busch. (See 4243 & 4244.) 
4150. STROBOSCOPE [Portable " Stroboglow " Unit] 

AIDS DYNAMIC LOUDSPEAKER DESIGN.- 
W. O. Rogers. (Electronics, Aug. 1937, Vol. 
ro, No. 8, p. 3o.) 

4152- 

4153. 

4154. 

4155. 

4156. 

4157. 

4158. 

4159. 

4169. 
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4151. A DEVICE FOR MEASURING MECHANICAL AND 
ACOUSTICAL IMPEDANCE [Siemens " Vibro - 
meter," with Moving -Coil Combination 
(" Driving " and " Velocity " Coils) on Very 
Flexible Spider].-(Journ. Scient. Instr., 
Sept. 1937, Vol. 14, No. 9, p. 324: summary 
only.) 

ACOUSTICAL DETECTION OF PURELY MEC- 
HANICAL VIBRATIONS IN QUARTZ PLATES 
[Certain Thickness Vibrations may produce 
Acoustical Effect without Electrical Effect : 

Their Frequency measured by Wavelength 
produced in Gas of Known Supersonic 
Velocity].-W. H. Pielemeier. (Phys. 
Review, 1st Aug. 1937, Series 2, Vol. 52, No. 
3, p. 244 : abstract only.) 

INVESTIGATION OF THE BENDING VIBRATIONS 
OF RHOMBIC PLATES WITH FREE EDGES.- 
B. Pavfk. (Akustische Zeitschr., July 1937, 
Vol. 2, No. 4, pp. 161-169.) 

INTERNAL FRICTION IN SOLIDS : I-THEORY 
OF INTERNAL FRICTION IN REEDS [Thermo- 
dynamical Calculations].-C. Zener. (Phys. 
Review, 1st Aug. 1937, Series 2, Vol. 52, 
No. 3, pp. 230-235.) 

THE END -CORRECTION OF AN UNFLANGED 
PIPE [Theoretical Justification of Accepted 
Value].-A. E. Bate. (Phil. Mag., Sept. 
1937, Series 7, Vol. 24, No. 161, pp. 453- 
458.) The value is 0.58 X radius of pipe. 

INVESTIGATION OF THE VIBRATING SYSTEMS 
OF CARBON MICROPHONES BY THE MEASURE- 
MENT OF THEIR COMPLEX TRANSMISSION 
EQUIVALENT.-C. Trage. (T.F.T., May 
1937, Vol. 26, No. 5, pp. 98-105.) 

AERODYNAMIC MICROPHONE [Of Pressure - 
Operated Type: Frequency Range roo to 
6000 c/s].-(Journ. of Applied Physics [for- 
merly Physics], July 1937, Vol. 8, No. 7, 
p. 488: note on microphone introduced by 
RCA Commercial Sound Section.) 

A HIGH -QUALITY HEADSET [Moving -Coil 
Telephone] FOR MONITORING.-F. S. Wol- 
pert. (Bell Lab. Record, July 1937, Vol. 15, 
No. rr, pp. 353-356.) 

HEADSET EARCAPS FOR SMOOTHING -OUT 
FREQUENCY RESPONSE [Caps with Built - 
In Resonance Chambers, forming Acoustic 
Filter, to fit All Makes of Head Telephones]. 
-Jarnak. (QST, Sept. 1937, Vol. 21, No. 9, 
p. 23.) 

PUBLIC ADDRESS AMPLIFIERS [Design Con- 
siderations], and 30 -WATT PUBLIC ADDRESS 
AMPLIFIER [with Push -Pull Pentode Output, 
Negative Feedback, and Special Mixing 
& Tone -Control Unit].-W. T. Cocking. 
(Wireless World, 3rd Sept. 1937, Vol. 4r, 
pp. 236--237: loth & 17th Sept. 1937, pp. 
256-259 and 284-287.) 
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4161. RESISTANCE -COUPLED PENTODE AMPLIFIERS 
[give Very High Stage -Gain and Very Low 
Distortion : Frequency Response extends 
Above and Below that of Triodes : Mathe- 
matical Investigation].-(Rad. Review of 
Australia, June 1937, Vol. 5, No. 6, pp. 
157-163.) 

4102. MULTI -STAGE INVERSE FEEDBACK: APPLY- 
ING DEGENERATION TO COMPLETE AMPLIFIER 
SYSTEMS.-(See 4064.) 

4163. CLASS B AUDIO DRIVER CONSIDERATIONS : 

DETERMINING POWER REQUIREMENTS AND 
TRANSFORMER CHARACTERISTICS FOR LOW 
DISTORTION.-D. Fortune. (OST, Sept. 
1937, Vol. 21, No. 9, pp. 26-27 and 88, 9o.) 

4164. NON-LINEAR DISTORTION PHENOMENA OF 
MAGNETIC ORIGIN.-KÖhler. (See 4026.) 

4165. ON DELAY IN TRANSMISSION THROUGH 
TELEPHONE APPARATUS AND NETWORK 
[Wave Filters, Repeating Coils, Audio - 
Amplifiers, etc : Measurements of Phase 
Shift : Conclusions].-P. B. Ghosh. (Indian 
Journ. of Phys., July 1937, Vol. 11, Part 3, 

PP. 193-201.) 

4166. THE USE OF AMPLIFIERS (REPEATERS) IN 
TELEPHONY.-W. Six & H. Mulders. (Philips 
Tech. Review, July 1937, Vol. 2, No. 7, 
pp. 209-215.) 

4167. MIXER CIRCUITS : PART II.-A. Preisuran. 
(Comm. & Broadcast Eng., Aug. 1937, Vol. 
4, No. 8, pp. 9-II and 21.) For Part I see 
3358 of September. 

4168. HIGH -FREQUENCY EDDY CURRENTS IN 
SCREENED LEADS IN THE FORM OF CIRCULAR 
CYLINDERS WITH DRILLED HOLES CONTAIN- 
ING PAIRS OF LEADS [e.g. for Wide -Band 
Cables].-Buchholz. (See 4191.) 

4169. CARRIER FOR COAXIAL GROUPS : GROUP 
TERMINAL FOR THE COAXIAL SYSTEM: 
REPEATERS FOR THE COAXIAL SYSTEM.- 
Peterson : Jensen : Black. (Bell Lab. 
Record, July & Aug. 1937, Vol. 15, Nos. 
II & 12, pp. 357-360: 361-365 : 385-39o.) 
All connected with the " million cycle " 
New-York/Philadelphia coaxial system. 

4170. 

4171. 

STUDY OF THE BALANCING CIRCUITS OF 
OVERHEAD OR BURIED TELEPHONE LINES 
[Homogeneous Telephone Circuit as a Simple 
Four -Element Network : Easy Method of 
Calculation].-M. Manjineanu. (Rev. Gin. 
de l'Élec., 18th Sept. 1937, Vol. 42, No. 12, 
PP- 359-366.) 

AN A.F. AND R.F. WIRING DEVICE [" Panel 
Wiring Box " for Improved Wiring of Mixer, 
Relay, Switching Panels, etc : Eliminating 
Shielded Wire and Low -Pass Filter Effects : 

Capacity to Earth reduced to One Sixth].- 
M. Bjorndal. (Comm. & Broadcast Eng., 
June 1937, Vol. 4, -0. 6, pp. 24 and 35.) 

4181. 

4172. 

4173. 

4174. 

4175. 

4176. 

4177- 

4178. 

4179. 
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THE MEASUREMENT OF SOUND ABSORBING 
MATERIALS IN REVERBERATION CHAMBERS 
[Discrepant Results obtained in Different 
Laboratories : Systematic Investigation of 
Causes : Suggestions].-E. Meyer. (Akus- 
tische Zeitschr., July 1937, Vol. 2, No. 4, 
pp. 179-192.) 

PORTABLE HIGH-SPEED LEVEL RECORDER 
[for Reverberation -Time and Absorption 
Measurements, etc : with Potentiometer 
Slider (carrying Recording Stylus) driven 
through Magnetic Clutch by Constantly 
Rotating Disc].-A. W. Niemann. (Comm. 
& Broadcast Eng., July 1937, Vol. 4, No. 
7, pp. 15-16.) 

ON THE DESIGN CALCULATIONS OF APPARATUS 
FOR THE REGISTRATION OF RAPID PHE- 
NOMENA [e.g. Microphone/Oscillograph Co1n- 
bination].-Kharkevich. (See 4001.) 

A PROPOSED TEST CODE FOR APPARATUS 
NOISE MEASUREMENT.-(Elec. Engineering, 
Sept. 1937, Vol. 56, No. 9, pp. 1079-1082.) 

RESISTANCE -TUNED OSCILLATORS.-Gordon 
& Makinson. (See 4056.) 

THE DIFFERENTIAL EQUATIONS OF THE 
SOUND FIELD [Application of Maxwellian 
Field -Theory Methods to Acoustic Field].- 
O. Heymann. (Akustische Zeitschr., July 
1937, Vol. 2, No. 4, pp. 193-202.) 

ON SOUND " INTENSITY " AND " LOUDNESS 
[Difference between Intensity (" Lautstärke ", 
measured in Phons relative to r000 c/s Note) 
and Loudness (" Lautheit " or " Emp- 
findungsmass ") : the Latter a Function 
(independent of Frequency) of the Former]. 
-M. Kwiek. (Akustische Zeitschr., July 
1937, Vol. 2, No. 4, pp. 17o-178.) 

TERMS AND DEFINITIONS IN ACOUSTICS 
[Tentative Proposals of German Acoustic 
Committee].-(Akustische Zeitschr., July 
1937, Vol. 2, No. 4, pp. 214-215.) 

4180. INTENSITY FORMULAE FOR THE DIFFRACTION 
OF LIGHT BY WEAK SUPERSONIC WAVES 
[derived by Generalisation of Mathieu 
Functions for Arbitrary Direction of Incident 
Primary Ray: Intensities of First and Second 
Order Spectra]: and INTUITIVE CON- 
SIDERATION OF THE DIFFRACTION OF LIGHT 
BY WEAK SUPERSONIC WAVES [Figures show- 
ing Paths of Light Rays, Wave Fronts, etc., 
given by Theoretical Formulae].-E. David : 

Korff. (Physik. Zeitschr., 1st Aug. 1937, Vol. 
38, No. 15, pp. 587-591 : pp. 592-596.) 
For experimental work here theoretically 
confirmed see 197 of January (Korff). 
THE INTENSITY AND POLARISATION OF THE 
LIGHT DIFFRACTED BY SUPERSONIC WAVES 
IN SOLIDS [calculated from Photoelastic 
Effect due to Strains created by Electric 
Waves : Observations confirm Principle of 
Equipartition of Energy between All 
Forced Vibrations of Same Frequency].- 
H. Mueller. (Phys. Review, 1st Aug. 1937, 
Series 2, Vol. 52, No. 3, pp. 223-229.) 
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4182. THE PRODUCTION OF TRULY PLANE SUPER- 
SONIC WAVES IN LIQUIDS, AND THE DEMON- 
STRATION OF FRESNEL DIFFRACTION PHENO- 
MENA AT THESE WAVES [using a Quartz 
Disc, after Straubel, on High Harmonic 
(up to 25th, i.e. I1 00o kc/s)].-R. Bär. 
(Helvet. Phys. Acta, Fasc. 4, Vol. Io, 1937, 
pp. 311-322: in German.) 

4183. SUPERSONIC DISPERSION IN AIR [exhibited by 
Anomalous Humidity Regions].-W. H. 
Pielemeier. (Phys. Review, Ist Aug. 1937, 
Series 2, Vol. 52, No. 3, p. 244: abstract 
only.) 

4184. DISPERSION OF [Supersonic] SOUND VELOCITY 
IN LIQUIDS [Previous Results are Indecisive : 

Precision Measurements at 3.5 and 14.5 
Mc/s show No Dispersion for Toluene and 
m-Xylene : Definite Increase at Higher 
Frequency for Benzene, etc: Decrease for 
Amyl Acetate].-S. Parthasarathy. (Current 
Science, Bangalore, Aug. 1937, Vol. 6, No. 
2, pp. 55-56.) 

4185. THE EFFECT OF CONTAINING TUBES ON 

ULTRASONIC VELOCITIES IN BENZENE 
[Velocity Maxima and Minima agree with 
Field's Theory of Radial Resonance Pheno- 
menon].-W. H. Hulswit & B. J. Spence. 
(Phys. Review, 1st Aug. 1937, Series 2, Vol. 
52, No. 3, p. 256: abstract only.) For 
Field's work see 1931 Abstracts, p. 505, and 
Canadian Journ. of Res., 1931, Vol. 5, p. 131. 

4186. MEASUREMENTS ON THE VELOCITY AND 

ABSORPTION OF SOUND IN VARIOUS GASES 
BETWEEN ± I00° C and - ro0° C : IN- 
FLUENCE OF PRESSURE ON THE ABSORPTION 
[Deviations from Classical Theory].-van 
Itterbeek & Mariens. (Physica, Aug. 1937, 
Vol. 4, No. 8, pp. 609-616: in English.) 

4187. DISTANCE EFFICIENCY (RANGE) OF FOG 
SIGNALS AND ITS CONTROL [Most Effective 
Pure Tones are below 500 c/s : etc.]- 
I. L. Gill & H. W. Rhodes. (Lighthouse 
Conference, Berlin 1937 : Papers submitted 
by U.S. Lighthouse Service : Topic B-4, pp. 
1-13.) 

PHOTOTELEGRAPHY AND TELEVISION 
4188. NOISE IN PHOTOPHONE RECEIVERS AND THE 

HIGH -FREQUENCY METHOD OF ITS SUP- 
PRESSION [Noises arise chiefly in Photocell : 

decreased by Application of H.F. Current : 

Success of Yagi's System of Modulating a 
H.F. Current by Voice and using It to Modu- 
late the Light thrown on Photocell].-M. 
Yamada : Yagi. (Electrotech. Journ., Tokyo, 
Sept. 1937, Vol. 1, No. 4, pp. 131-133.) 

4189. A NEW TIME -MODULATION SYSTEM FOR 
PICTURE TELEGRAPHY ON SHORT WAVES 
[Advantages of Time Modulation over Ampli- 
tude Modulation : Defects of the Ranger 
(RCA) System : the New System : Improved 
Picture Quality given by Chess -Board 
Raster in place of Line Raster : Application 
to New System].-E. Hudec. (T.F.T., July 
1937, Vol. 26, No. 7, pp. 147-157.) 
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4190. ON THE BEHAVIOUR OF A CATHODE-RAY TUBE 
AT ULTRA -HIGH FREQUENCIES : THE FRE- 
QUENCY -DEPENDENCE OF SENSITIVITY, AND 

THE DISTORTIONS OCCURRING IN THE RE- 
PRODUCTION OF ANHARMONIC PROCESSES 
[Effect of Edge -Fields of Deflecting Plates]. 
-H. Hintenberger. (Zeitschr. f. tech. Phys., 
No. 9, Vol. 18, 1937, pp. 256-259.) 

Author's summary :-" Starting from the cal- 
culation of the paths of charged particles in a.c. 
electric fields, taking into account the action of the 
stray fields at the edges of the deflecting condensers, 
the variation of the sensitivity of the cathode-ray 
tube with the frequency of the applied voltage is 
investigated. It is found that in the expression 
given by H. E. Hollmann [1932 Abstracts, pp. 
652-553] for the frequencies giving minimum 
sen-itivity, namely v/V/ V = K/a,, n (n = I, 2, 3 ..., 
V = accelerating voltage, a, = plate length [and 
K = V'e/m ,1/15o]), the a, should be replaced 
by a, + 1.23 . k (where 2k = distance between 
plates) on account of the action of the edge fields, 
and that there is a second frequency condition, 
v/V/V = K/a1 , n, for which the sensitivity becomes 
zero [a1 = 2.15 , k: see eqn. 5.1 and Fig. i ; also eqns. 
6 & 7]. The distortions occurring with anharmonic 
processes are considered, and the Fourier coefficients 
for the motions of the cathode ray on the fluorescent 
screen are given for any arbitrary voltage wave 
form [these distortions are due to two causes : the 
strengths of different harmonics are reproduced 
with different intensity owing to the variation of 
sensitivity with frequency, and (as seen from 
eqn. 14) phase displacements occur between the 
various harmonics. For frequencies satisfying 
eqn. 15 the first cause becomes negligible, but the 
phase displacements are still clearly noticeable. The 
cathode ray really follows an anharmonic process 
in an undistorted manner only when, for all har- 
monics occurring with appreciable intensity in the 
2U = f(t) wave, nir(a1 + as + a1)/K v/V/V is 
negligible compared with unity]. 

It may also be pointed out that the undeflected 
emergence of charged particles from an alternating 
field, here treated as an unwanted phenomenon, 
can be applied to the velocity measurement and 
velocity filtering of canal rays [Thomson's " positive 
rays "] and cathode rays, and formula 7 can then 
(with the transformation KV V = Al give the fil- 
tered velocities." The equations in the present 
paper are taken from the writer's Zeitschr. f. Phys. 
paper (3120 of August). Libby's modification of 
the Hollmann formula (272 of January) is referred 
to on pp. 257 & 258. 

4191. HIGH -FREQUENCY EDDY CURRENTS IN 
SCREENED LEADS IN THE FORM OF CIRCULAR 
CYLINDERS WITH DRILLED HOLES CONTAIN- 
ING PAIRS OF LEADS [e.g. for Wide -Band 
Cables : Calculations including the Effect 
of Uniform Drilling of the Internal Con- 
ductors : Magnitude of Screen Coupling and 
Magnetic Coupling between Two Pairs of 
Leads not exactly Perpendicular to One 
Another].-H. Buchholz. (Arch. f. Elektrot., 
loth Aug. 1937, Vol. 31, No. 8, pp. 507-523.) 

D 
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4192. 

4193. 

4194. 

4195. 

4196. 

4197. 

VIDEO AMPLIFIER DESIGN [Frequency Re- 
sponse : Phase Response (Max. Permissible 
Variation in Phase Delay estimated at o.r 
µ sec. over Io : I Frequency Band) : Trans- 
ient Response : High- and Low -Frequency 
Response : Suitable Valves : etc.].-R. L. 
Freeman & J. D. Schantz. (Electronics, 
Aug. 1937, Vol. Io, No. 8, pp. 22-25 and 
6o, 62.) From the Farnsworth laboratories. 
AMPLIFICATION OF VERY WIDE FREQUENCY 
RANGES [Frequency -Independent Resistance 
Amplifiers].-Pieplow. (See 4022.) 

RESISTANCE -COUPLED PENTODES FOR TELE- 
VISION FREQUENCIES. (See 4108.) 
MECHANICAL SCANNER FOR TELEVISION/ 
TELEPHONE SERVICE [Televisaphone Ser- 
vice between Berlin and Other German 
Cities].-(Wireless World, loth Sept. 1937, 
Vol. 41, p. 259.) 

JERKLESS FILM SCANNING [German " Mec - 
hau " System with Continuously Moving 
Film and Rotating and Oscillating Mirrors : 

for use with Iconoscope for Television].- 
(Wireless World, loth Sept. 1937, Vol. 41, 
p. 262.) 

TWO PROBLEMS CONNECTED WITH THE WIRE- 
LESS RECEPTION OF HIGH -DEFINITION TELE- 
VISION IMAGES [Is Selective Fading (un - 
amenable to Automatic Fading Compensa- 
tion) present on Ultra -Short Wavelengths ? 

and The Effect of the Electrical Surroundings 
of the Receiving Aerial on the Reception of the 
Frequency Band].-W. Scholz. (Funktech. 
Monatshefte, Aug. 1937, No. 8, Supp. pp. 
61-63.) 

To clear up these two points the German Post 
Office has made two investigations, one a com- 
parison of the fadings recorded, simultaneously, 
on the 6.77 m and 7.06 m waves of the Witzleben 
transmitter at distances ranging from 5o to loo 
km ; and the second a comparison of the field 
strengths given by these two waves at various 
positions in streets and buildings and on roofs. 
Since the two carrier waves differ in frequency by 
1800 kc/s, they are taken as representing almost 
the two extremes of the modulation band of the new 
German 441 -line transmissions. The results are : 

(1) fading is non -selective over that width of band ; 

this is particularly important for the Brocken/Harz 
and Feldberg/Taunus services, where the distant - 
reception zones subject to fading cover large areas : 

(ii) the action of neighbouring objects capable of 
absorption and re -radiation leads to the antici- 
pated result that the field strength is most nearly 
the same for the two waves (i.e. is most independent 
of frequency) on top of a flat roof, well away from 
the wiring, etc., in the interior of the building ; the 
worst positions for the undistorted reception of the 
wide frequency band are landings, halls, and court- 
yards. 
4198. THE IMPORTANCE OF [Ultra-] SHORT WAVES 

FOR TELEVISION.-F. Schröter. (Zeitschr. 
I. tech. Phys., No. 9, Vol. 18, 1937, PP. 247- 
248.) Summary of paper read before the 
International Congress for Short Waves in 
Physics, Biology, and Medicine. 
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4199. TELEVISION SIGNALS ACROSS THE ATLANTIC 
[Alexandra Palace Signals received at RCA 
Laboratory, 21st Jan. 4th April].-H. O. 
Peterson & D. R. Goddard. (Television, 
Sept. 1937, Vol. io, No. 115, pp. 527-528.) 

4200. TELEVISION IN EUROPE : REPORT ON VISIT. 
-M. P. Wilder. (Electronics, Sept. 1937, 
Vol. ro, No. 9, pp. 13-15.) 

TELEVISION DEVELOPMENT.-T. H. Kinman 
(BTH Activities, July/Aug. 1937, Vol. 13 
No. 4, pp. 121-125.) 

4202. TELEVISION RECEIVERS AND APPARATUS AT 
OLYMPIA.-(Television, Sept. 1937, Vol. Io, 
No. 115, PP. 532, 535-538, 546, 575.) 

TELEVISION AT THE 1937 BERLIN RADIO 
EXHIBITION.-H. Richter. (Radio, B., F. 
far Alle, Sept. 1937, No. 187, pp. 140-144.) 

4204. TELEVISION AT THE 14TH GREAT GERMAN 
RADIO EXHIBITION, 1937 [giving Dates, from 
1928, of Important Developments in German 
Television].-(Funktech. Monatshefte, Aug. 
1937, No. 8, Supp, p. 63.) Introduction to 
detailed reports to follow in later issues. 

4205. GERMAN TELEVISION PROGRESS : IMPRES- 
SIONS AT THE BERLIN EXHIBITION.-J. 
Sieger. (Television, Sept. 1937, Vol. io, 
No. 115, PP. 541-542 and 544.) 

4206. TELEVISION STUDIO CONSIDERATIONS : PART 
IV.-W. C. Eddy. (Comm. & Broadcast 
Eng., July 1937, Vol. 4, No. 7, pp. 17-18 
and 23.) For previous parts see 3045 of 
August. 

TELEVISION AND THE KINEMA [Competitors 
or Allies ?].-R. H. Cricks. (Television, 
Sept. 1937, Vol. ro, No. 115, pp. 539-540.) 

TELEVISION TERMS.-F. J. Somers. (Elec- 
tronics, Aug. 1937, Vol. Io, No. 8, p. 34.) 
Supplementary to 3047 of August. 

WATER-COOLED MERCURY LAMPS [Super - 
High -Pressure Types SP and SSP : Lumin- 
ous Efficiencies 6o and 62 Lumens/Watt].- 
E. G. Dorgelo. (Philips Tech. Review, June 
1937, Vol. 2, No. 6, pp, 165-171.) 

421o. A NEW LIGHT VALVE [Adhesion of Mica 
Crystals to Reflecting Side of Total -Reflec- 
tion Prism " released " by Cathode Ray 
as It passes].-C. Sheils. (Popular Wireless, 
18th Sept. 1937, p. 37.) Described as " the 
latest attempt to produce large-scale pic- 
tures" with a cathode-ray tube. So long 
as the crystals adhere to the glass they dis- 
perse the ray of light and prevent it from 
being reflected on to the viewing screen. 

PAPERS ON THE DIFFRACTION OF LIGHT BY 
SUPERSONIC WAVES.-David : Mueller : Bär. 
(See 4180/4182.) 

4212. THE NATURE OF THE BARRIER LAYER IN 
SELENIUM BARRIER -LAYER CELLS.-P. Gör- 
lich. (Zeitschr. f. Physik, No. 5/6, Vol. 106, 
1937, PP. 373-378) 

It is found experimentally that the cell sensitivity 
is greater when the barrier electrode is produced 

4201. 

4203. 

4207. 

4208. 

4209. 

4211. 
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by cathode spraying than by vaporisation in a 
high vacuum (Fig. 1). From the experiments it 
seems probable that, at the selenium surface, 
selenium oxides and adsorbed gas atoms are distri- 
buted in a thin film or as islands on the surface. 
This view is supported by the fact that the maxi- 
mum yield of the cells formed in nitrogen is obtained 
at greater thicknesses of the barrier electrode than 
with cells formed in air. 

4213. " BOUNDARY -LAYER " PHOTOCELLS [Selen- 
ium].-Tungsram Company. (Journ. Scient. 
Instr., Sept. 1937, Vol. 24, No. 9, pp. 318- 
319.) 

4214 " PHOTOCELLS WITH SECONDARY -EMISSION 
AMPLIFICATION " : CORRECTION.-Kluge, 
Beyer, & Steyskal. (Zeitschr. f. tech. Phys., 
No. 9, Vol. 18, 1937, p. 285.) Correction to 
two captions in the work dealt with in 3792 
of October. 

4215. TEMPERATURE EFFECTS IN PHOTOELECTRIC 
EMISSION [Theory introducing Small Positive 
Temperature Coefficient of Work Function : 

Departure from T2 Law explained].-R. J. 
Cashman. (Phys. Review, ist Aug. 1937, 
Series 2, Vol. 52, No. 3, p. 246 : abstract 
only.) 

4216. REMARK'S ON THE PAPER BY V. MIDDEL : 

PHOTOELECTRIC MEASUREMENTS WITH 
METALLIC ANTIMONY " [Antimony Films 
studied by Middel were partly in Unmetallic 
State].-R. Suhrmann & W. Berndt. (Zeit- 
schr. f. Physik, No. 5/6, Vol. 1o6, 1937, pp. 
354-357.) See 3075 of August. 

4217. PHOTOELECTRIC SENSITISATION OF ALUMI- 
NIUM [as Cathode of Hydrogen Glow Dis- 
charge under Various Conditions of Out - 
gassing and Contact with Air].-L. P. Thein. 
(Phys. Review, Ist Aug. 1937, Series 2, Vol. 
52, No. 3, p. 245: abstract only.) 

4218. ON THE PHOTO-THERMIONIC EFFECT IN 
INCANDESCENT METALS [for White Light, 
with Tungsten Filaments the Effect is purely 
Thermal: partly Photoelectric with Fila- 
ments coated with Alkaline -Earth Oxide]. -I. Ranzi & R. Ricamo. (Nuovo Cimento, 
March 1937, Vol. 14, No. 3, pp. 214-118.) 

4219. THE PHOTOELECTRIC EFFECT OF H2 [Com- 
putations of Photoelectric Cross -Section]. 
-L. Motz & W. Rarita. (Phys. Review, 
25th Aug. 1937, Series 2, Vol. 52, No. 4 

PP. 271-273.) 

4220. NOTE ON NUCLEAR PHOTOEFFECT AT HIGH 
ENERGIES [Theory].-Kalcker, Oppenheimer, 
& Serber. (Phys. Review, 15th Aug. 1937, 
Series 2, Vol. 52, No. 4, pp. 273-278.) 

MEASUREMENTS AND STANDARDS 
422I. Two NEW MAINS -DRIVEN STABILISED VALVE 

VOLTMETERS [with Low Losses, and suitable 
for Very High Frequencies].-O. Macek. 
(Elektrot. u. Masch:bau, ,8th July 1937, 
Vol. 55, No. 29, pp 349-353.) 

Type I employs an electrometer valve (acting 
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as anode -bend rectifier) as input valve. Previous 
mains -driven voltmeters which have been stabilised 
successfully have had comparatively small input 
resistances, and owing to the use of condensers 
(either in the input or anode circuit) have been 
unsuitable for frequencies over about Ids c/s as 
well as for low frequencies such as 5o c/s. These 
defects are avoided by the high internal resistance 
of the electrometer valve (actually an AEG-Osram 
T 113) and the avoidance of all coupling condensers, 
the second valve being coupled to the rectifier by a 
coupling resistance Rn (Fig. 1) in the anode circuit 
of the latter. A third stage can be added (Fig. 2 
for high sensitivity or to enable a low -sensitivity 
milliammeter to be used). A Stabilivolt tube is 
employed in the mains unit, and since the voltage 
obtainable from it is limited to 28o volts the second 
valve is used in the space -charge -grid connection. 

Type II employs a diode -rectification stage in 
front of the electrometer valve. The diode is pre- 
ferably indirectly heated (Fig. 6). For ultra -high 
frequencies up to about Io9 c/s, either a special type 
is used, with a very small electrode gap to reduce 
the electron -path -time error, such as von Ardenne's 
(2708 of July), or else a photocell, illuminated by a 
lamp fed from the stabilised mains circuit, is em- 
ployed as rectifier (Fig. 7). This plan has the 
advantage that the electron source (photo -sensitive 
layer) is completely insulated from the energy 
source (lamp). For a previous paper, on diode 
voltage measurement, see 2706 of July. 

4222. THE USE OF A CONSTANTLY ILLUMINATED 
PHOTOCELL AS A RECTIFIER. IN A VALVE 
VOLTMETER FOR ULTRA -HIGH FREQUENCIES. 
-Macek. (See 4221.) 

4223. NEW AUXILIARIES IN SHORT [and Ultra - 
Short] WAVE MEASURING TECHNIQUE [in- 
cluding a 2-25o Volt Voltmeter, fed by Dry 
Cells, correct for Frequencies 5o c/s -5o 
Mc/s : Range extended to 2500 Volts by 
Potential Divider : Signal Generator : etc.]. 
-L. Rhode [Rohde ?]. (Zeitschr. f. tech. 
Phys., No. 9, Vol. 18, 1937, p. 249.) Summary 
of paper read before the International Con- 
gress for Short Waves in Physics, Biology, 
and Medicine. 

4224. A NEW AMMETER FOR ULTRA -HIGH FRE- 
QUENCIES [Small Thin Glass Plate, One Side 
coated with Transparent Metallic Film, in 
H.F. Magnetic Field : Eddy Currents heat 
Film which heats Glass : Strains observed 
Polariscopically].-H. Straubel. (Zeitschr. 
f. tech. Phys., No. 9, Vol. 18, 1937, p. 251.) 
Summary of paper read before International 
Congress for Short Waves in Physics, Biology, 
and Medicine. 

4225. THE MEASUREMENT OF ENERGY OUTPUT 
AND DOSE OF SHORT AND ULTRA -SHORT 
WAVES USED IN MEDICINE [" Phantom," 
Incandescent -Lamp, Resonance -Curve, and 
Current/Voltage Methods].-G. Schwarz. 
(Zeitschr. f. tech. Phys., No. 9, Vol. 18, 1937, 
pp. 249-251.) Long summary of paper read 
before the International Congress for Short 
Waves in Physics, Biology, and Medicine. 

D 2 
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4226. THE VARIATION OF DIELECTRIC LOSSES IN 
KETONES WITH MOLECULAR CONSTITUTION 
AND SIZE [Measurements of Relaxation 
Time by Heat produced in H.F. Field : 

Explanation on Dipole Theory].-W. Holz- 
müller. (Physik. Zeitschr., IstAug. 1937, Vol. 
38, No. 15, pp. 574-587.) 

4227. CORRECTION TO THE PAPER " EXPERIMENTS 
ON THE MECHANISM OF CURRENT CONDUC- 
TION IN LIQUIDS OF LOW DIELECTRIC CON- 
STANT " [Calculation Error invalidates Fig. 
20 and Conclusions Therefrom].-K. H. 
Reiss. (Ann. der Physik, Series 5, No. 1, 
Vol. 3o, 1937, p. 34.) See 1903 of May. 

4228. THE MEASUREMENT OF PHASE ANGLES AND 
POWER AT HIGH FREQUENCIES BY AN 
ELECTRO -OPTICAL METHOD.-E. Brake. 
(E.N.T., July 1937, Vol. 14, No. 7, pp. 
232-248.) 

A Kerr -cell arrangement for the measurement of 
phase angles is shown in Fig. 2. Two voltages 
differing in phase act on two cells connected optically 
in series ; the phase difference is measured by the 
resultant brightness (Figs. 2,3), of which the theory 
is given. Fig. 4 gives the calibration curve for 
phase -difference measurement and Fig. 5 the errors 
as a function of the magnitude of the double 
refraction for a single cell. Fig. 6 shows the 
experimental arrangements for objective measure- 
ment with a photocell and amplifier and for sub- 
jective measurement with a photometer ; these 
methods, their errors, advantages and disadvan- 
tages are described in detail. Fig. II shows the 
complete circuit for the objective measurement 
In § 4 the sources of error are discussed ; these 
are (a) faulty orientation of the cells, and (b) the 
effect of unequal double refraction of the separate 
cells. 

The circuit for 1.f. power measurement is shown 
in Fig. 17. A suitable phase displacement between 
the cells Z1 and Z2 can be produced by varying 
R and C and the previously -described methods 
applied. The dimensions of the cells are discussed 
in § 6 ; Fig. zo shows the arrangement of the 
electrodes. High -frequency power measurements 
are discussed in § 7 ; Fig: 23 shows the circuit 
and Fig. 24 results obtained using the subjective 
method at a frequency of 1.5 x IOb c/ s. The 
highest frequency used was 1.3 X Io8cfs. High 
voltages (several hundred volts) are necessary 
if the measurements are to be reliable. 

4229. A THERMIONIC WATTMETER [Direct Method 
using Heptode to modulate Electron Stream 
by Two Grids simultaneously : Elimination 
of Error due to Harmonics : Accuracy 
within 1-2% for Sinusoidal Inputs].-R. J. 
Wey. (Wireless Engineer, Sept. 1937, Vol. 
14, No. 168, pp. 490-495 : Oct., pp. 552-555.) 

4230. A NEW CONSTRUCTION FOR HIGHLY SENSI- 
TIVE LINEAR THERMOPILES.-Alexandrov & 

Courtener. (Journ. of Tech. Phys. [in 
Russian], No. 9, Vol. 7, pp. 974-975.) 

4231. A RECORDING FIELD -STRENGTH METER OF 

HIGH SENSITIVITY [for Field Strengths of 
One Microvolt/Metre upwards : Wave Range 
Io -2000 m : with Incorporated Oscillator 
for Sensitivity Calibration during Measure- 
ment].-M. Ziegler. (Philips Tech. Review, 
July 1937, Vol. 2, No. 7, pp. 216-223.) Also 
useful as a selective voltmeter with adjust- 
able sensitivity and high aperiodic input 
impedance. 

4232. ACCOMPLISHMENT OF MEASUREMENTS OF THE 
FIELD STRENGTH OF . RADIOBEACONS.- 
Harding. (See 4128.) 

4233. THE NINTH " CYCLE OF MEASUREMENT " OF 
THE ASSOCIAZIONE ELETTROTECNICA ITA- 
LIANA [Comparison of Constants of Resonant 
Circuit measured at Several Italian Labora- 
tories by Various Methods].-E. F. Ghiron. 
(L'Elettrotec., 25th Aug. 1937, Vol. 24, 
No. 16, pp. 506-508.) 

4234. PAPER ON THE MEASUREMENT OF VALVE 
CAPACITIES.-Steimel & Zickermann. (See 

4105.) 

4235. A.C. BRIDGES WITH AUTOMATIC BALANCING. 
[and Ink Recording : for Capacity and Loss 
Factor Measurements, etc : as a Frequency 
Meter : as a Compensating High -Speed D.C. 
Recording Meter (on " Current -Chopper " 
Principle) for Photocell, Thermopile or other 
Small Currents or Voltages].-W. Geyger. 
(Zeitschr. f. tech. Phys., No. 9, Vol. 18, 1937, 
pp. 259-27o.) With 3o literature references. 

4236. SCHERING CAPACITANCE BRIDGE [for Audio 
Frequencies : Direct Reading in Capacitance 
and Power Factor].-(Journ. of Applied 
Physics [formerly Physics], July 1937, 
Vol. 8, No. 7, p. 488: note on bridge de- 
signed by General Radio Co.) 

4237. A SIMPLE IMPEDANCE -MEASURING BRIDGE 
WITH CENTRAL -ZERO POINTER GALVANO- 
METER AS NULL INDICATOR [giving Sense 
as well as Magnitude of Out -of -Balance 
Settings].-E. Mittelmann. (Elektrot. u. 
Masch:bau, 4th July 1937, Vol. 55, No. 27, 
pp. 321-322.) 

4238. A POSSIBLE EXTENSION OF THE METHOD OF 
MAGNETIC DIFFERENTIATION FOR THE MEAS- 
UREMENT OF IMPEDANCES [Of Widely 
Different Values, by Use of Voltage Trans- 
former of Known Errors : Application to 
Comparison between Mica and Air Con- 
densers].-F. Neri. (L'Elettrotec., 25th June 
1937, Vol. 24, No. 12, pp. 366-369.) For 
previous papers on this method see 3204 
of August. 

4239. BRIDGE FOR DIRECT IMPEDANCE MEASURE- 
MENT.-G. W. Sutton : Semer. (Wireless 
Engineer, Sept. 1937, Vol. 14, No. 168, 
p. 488.) Prompted by the editorial referred 
to in 2698 of July. 
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4240. A WAVEMETER OF THE HIGHEST PRECISION : 

PART I [for Wavelengths 200-20 000 m : 

based on Use of PTR Broadcast Standard 
Frequency of 0.998. . kcfs (accuracy 
I - 2 x Io 8) multiplied in Two Stages].- 
H. H. Heinze. (T.F.T., June 1937, Vol. 26, 
No. 6, pp. 123-126.) 

4241. NOTE ON A PECULIAR CASE OF FRACTURE OF 

A QUARTZ RESONATOR [Moral: Keep All 
Hard Rigid Bodies away from Possible 
Reach of Driven Resonator : It may dash 
Itself to Pieces].-K. S. van Dyke. (Journ. 
of Applied Physics [formerly Physics], Aug. 

1937, Vol. 8, No. 8, pp. 567-568.) 

4242. AN ISOTHERMAL CHAMBER CONSTANT TO 

ONE -THOUSANDTH OF A DEGREE CENTIGRADE 
[for Quartz Oscillators, etc.].-Turner. (See 

4349.) 

4243. THE INFLUENCE OF TEMPERATURE ON THE 

DYNAMIC PIEZO-MODULUS OF ROCHELLE 
SALT.-Mikhailow [Mikhailov]. (Tech. Phys. 
of USSR, No. 6, Vol. 4, 1937, pp. 461-465 
in English.) 

Longitudinal vibrations were excited in a crystal 
orientated at 450 to the be axes, an electric field of 
Da' c/s being applied on the a axis : the linear 
components of the tensor strain are connected, in 
this case, by only one piezo-modulus d14, which was 
measured by the method described in a previous 
paper (3895 of 1936), below o° and 40° C. " The 
character of the resulting relationship is analogous 
to the change in the dielectric constant in 
dependence on the temperature. The dynamic 
values of E and d14 at o° are about 6o times less 
than the static values. A maximum value of d14 

was found for the upper Curie point at about 

4244. THE ELECTRICAL PROPERTIES ASSOCIATED 

WITH ROCHELLE SALT EXHIBITED BY ISO- 
MORPHOUS CRYSTALS, and DIELECTRIC IN- 
VESTIGATIONS OF ROCHELLE SALT [Dielectric 
Constant is Constant at Wavelengths 
49 m-30 cm].-G. Busch : Bantle & Busch. 
(Helvet. Phys. Acta, Fasc. 4, Vol. Io, 1937, 
pp. 261 and 262-264: both in German.) 
The sudden drop and negative value below 
21 m, found by Zeleny & Valasek (252 of 
1935) is explained as due to their experi- 
mental technique. 

4245. THE " CREVASSE " IN THE CURVE OF A 

MAGNETOSTRICTIVE OSCILLATOR.-I. Simon. 
(Hochf:tech. u. Elek:akus., Aug. 1937, Vol. 5o, 
No. 2, pp. 54-58.) 

A resonance effect in the oscillations of a circuit 
whose coil contains a magnetostrictive plate is an 
accurate indicator of the oscillations of the plate. 
This effect is here investigated, using a nickel plate 
and the circuits shown in Figs. 1, 2 ; Fig. 3 gives an 
experimental curve of the oscillating current 
obtained with the circuit of Fig. 2. The attenuation 
coefficient of the plate can be obtained from the 
breadth of this curve (Fig. 4). A. sharp dip in a 
resonance curve taken with the circuit of Fig. I 
(Figs. 5, 6) is obtained when the frequency of the 
emitter is the same as the natural frequency of 

the plate. The theoretical explanation is derived 
in § II from the equivalent circuit of Fig. 7. 

4246. A METHOD OF MEASURING THE ELASTIC 

CONSTANTS OF FERROMAGNETIC MATERIALS 

[using Two Kinds of Magnetostrictive 
Longitudinal Oscillations of Thin Rect- 

angular Plates].-I. Simon. (Zeitschr. f. 
Physik, No. 516, Vol. 106, 1937, pp. 379-394.) 

4247. STABLE COMMUTATOR CONTACIS FOR MEASUR- 
ING PURPOSES [Not Depending on Rubbing : 

Mercury and Platinum in Sealed Glass Tube] . 

-Boutry & Tréherne. (Comptes Rendus, 
7th June 1937, Vol. 204, pp. 1713-1715.) 

4248. ELEKTROMAGNETIC QUANTITIES AND UNITS 
[No Need to involve Dielectric Constant or 
Magnetic Permeability of Vacuum : etc.].- 
Brylinski. (Bull. Soc. franc. des Elec., Aug. 

1937, Vol. 7, No. 8o, pp. 817-846.) 

SUBSIDIARY APPARATUS AND MATERIALS 

4249. TRIPLE CATHODE-RAY OSCILLOGRAPH.- 
Kasai & Satoh. (Arch. f. Elektrot., loth Aug. 
1937, Vol. 31, No. 8, pp. 551-554.) 

The principle of separation of the electron 
filament into several parts by dividing plate 
electrodes (Fig. I) is used. The electrode scheme is 
shown in Fig. 2 and the system along which the 
filaments are conducted in Fig. 3. Oscillograms for 
a mercury arc (Fig. 4) and for discharge onset in a 
grid -controlled rectifier (Fig. 5) are shown. The 
new tube is said to have the advantages of good 
concentration, small filament current for good 
recording velocity, and simple working. 

4250. NEW MIDGET CATHODE-RAY OSCILLOGRAPH 
[with i" Screen and Reduced Voltage 
Requirements].-(Journ. of Applied Physics 
[formerly Physics), July 1937, Vol. 8, No. 7, 
p. 487: note on new model from Clough- 
Brengle Co.) 

4251. THE AWA CATHODE-RAY OSCILLOGRAPHS 
[with Chassis suitable for Portable and Rack 
Mounting, and allowing Use of 5" and 3" 
Tubes].-Campbell & Roberts. (AWA Tech. 
Review, July 1937, Vol. 3, No. 1, pp. 3o-34.) 

4252. ON THE BEHAVIOUR OF A CATHODE-RAY 
TUBE AT ULTRA -HIGH FREQUENCIES.- 
Hintenberger. (See 4190.) 

4253. REMARKS ON THE PAPER : " THE DYNAMICS 

OF TRANSVERSELY AND LONGITUDINALLY 
CONTROLLED ELECTRON BEAMS."-Gund- 
lach : Hollmann & Thoma. (See 4039.) 

4254. DEMONSTRATION OF THE IMAGE ERRORS OF 

ELECTRON LENSES BY THE ELECTRON 

FILAMENT METHOD.-Gundert. (Physik. 
Zeitschr., 15th June 1937, Vol. 38, No. 12, 

pp. 462-467.) 
The experimental arrangement is shown in Fig. 2. 

An electron filament is successively deviated in 
different zones of an electron lens ; its path and the 
image errors produced under various circumstances 
are photographed. The path in an electrostatic 
lens is shown in Fig. 3, in a magnetic lens for 
different currents in the coils by Fig. 4. Fig. 5 

illustrates the aperture errors of a magnetic lens. 
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Fig. 6 shows the effect of space charge in an electro- 
static lens for different voltages. Fig. 7 shows 
aperture errors with a symmetrical electrostatic 
tube lens, Fig. 8 aperture errors for various lens 
forms. Fig. 9 demonstrates the correction of an 
aperture error by a scattering field. 

4255. ON CATHODE-RAY SELECTOR DESIGN [for 
Telemechanics : Approximate Method based 
on Experiment : Formulae].-Kovalenkov 
& Petrov. (Automatics & Telemechanics 
[in Russian], No. 6, 1936, pp. 3-II.) See 
also 797 of February. 

4256. 

4257. 

ELECTRON -MICROSCOPICAL OBSERVATIONS OF 
FIELD -EMISSION CATHODES.-Müller. (See 
4119.) 

ELECTRON OPTICS [Historical Survey].- 
Gabor. (BTH Activities, July/Aug. 1937, 
Vol. 13, No. 4, pp. 138-148: BEAMA 
Journal, Sept. 1937, Vol. 41, No. 3, pp. 
8o-87.) 

4258. ELECTRON DISTRIBUTION IN THE FOCUS OF 
X-RAY TUBES [Improvements in Electron - 
Optical Measurements : Comparison with 
Pin -Hole Camera Method].-Dosse. (Arch. 
f. Elektrot., Toth Aug. 1937, Vol. 31, No. 8, 
PP. 534-544) 

4259. THE " GHOSTS " OBSERVED IN THE MASS 
SPECTROMETER WITHOUT A MAGNETIC FIELD 
[explained by Generalisation of Theory of 
Velocity Filter : Formulae for Position 
Calculation : Suggestions for Avoidance].- 
Hintenberger & Mattauch. (Zeitschr. f. 
Physik, No. 5/6, Vol. 1o6,1937, pp. 279-290.) 

4260. THE TIME -BASE RELAY AND H.F. OSCILLATOR 
USED WITH THE CATHODE-RAY OSCILLO - 
GRAPH OF THE SKODA WORKS ; also A HIGH - 
VOLTAGE CATHODE-RAY OSCILLOGRAPH OF 
THE SKODA WORKS ; and THE HOT -CATHODE 
OSCILLOGRAPH OF THE COSSONAY CABLE 
WORKS.-Nemec : Bláha : Foretay. (Rev. 
Gén. de l'Élec., 4th Sept. 1937, Vol. 42, 
No. To, pp. 73-74D : p. 74D : p. 74D summaries only.) 

4261. DIRECT -COUPLED PUSH-PULL OSCILLOGRAPH 
DRIVER STAGE [for Slowly Changing 
Biological Signals : giving Undistorted Swing 
of 700 Volts].-Talbot. (Electronics, Aug. 
1937, Vol. Io, No. 8, p. 4o.) 

One advantage of the push-pull output is that the total plate -current does not change, so that a single plate supply can be used to feed two amplifiers, 
one for each set of deflecting plates, without interaction between the circuits. 

4262. NOTES ON THE ELECTROGRAPHIC EFFECT 
[Engraving by Means of High -Voltage 
Cathode -Rays : Description of Various 
Attempts at Image Production].-Schickele 
& Carr : Selényi. (Journ. of Applied 
Physics [formerly Physics], Aug. 1937, 
Vol. 8, No. 8, pp. 558-560.) 
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4263. CONSTRUCTION AND ACTION OF PHOS- 
PHORESCENT ZINC SULPHIDES AND OTHER 
LUMINOPHORES [Spectra : Meaning of Blue 
Band : Mechanism of Luminescence Pheno- 
menon: Connection between Fluorescence 
and Phosphorescence : Decay Curves : 

Molecular Construction : Calcium Tung- 
state].-Riehl. (Ann. der Physik, Series 5, 

4264. 

4273. 

No. 7, Vol. 29, 1937, pp. 636-664.) 
STUDY OF SOME INHIBITORS OF FLUORESCENCE 
[e.g. Gardinol acting on Rhodamine].- 
Banderet. (Helvet. Phys. Acta, Fasc. 4, 
Vol. Io, 1937, pp. 259-261 : in French.) 

4265. HIGH -VACUUM GAUGES [Survey, leading to 
Philips Vacuum -Meter using Electrons 
spiralling in Magnetic Field and thus 
colliding with Enough Gas Molecules even at 
Very High Vacua].-Penning. (Philips 
Tech. Review, July 1937, Vol. 2, No. 7, 
pp. 201-208.) 

4266. A DEMOUNTABLE VACUUM JOINT WITH 
CLAMP.-Weintroub. (Journ. Scient. Instr., 
Sept. 1937, Vol. 14, No. 9, pp. 315-317.) 

4267. A PRACTICAL NEEDLE VALVE FOR VACUUM 
APPARATUS.-VOR Meyeren. (Zeitschr. f. 
tech. Phys., No. 9, Vol. 18, 1937, p. 281.) 

4268. THE PREPARATION OF A HIGH -VACUUM 
GREASE : also An AUTOMATIC PUMP OF THE 
SPRENGEL TYPE: and THE USE OF A 
THERMO-SIPHON FOR THE COOLING OF 
LANGMUIR PUMPS.-Bruns & others : Bruns : 

Bruns. (bourn. of Tech. Phys. [in Russian], 
No. 9, Vol. 7, 1937, pp. 964-966: pp. 967- 
968 : p. 97o.) 

4269. " DIE VAKUUMTECHNIK " [Book Review].- 
Holland-Merten. (E.T.Z., 9th Sept. 1937, 
Vol. 58, No. 36, p. 999.) 

4270. AN ELECTRO -MECHANICAL VIBRATOR DEVICE 
AS TIME MARKER AND RECORDING -DRUM 
DRIVE [giving Current Pulses up to zoo c/s 
accurate to ± o.3%: Very Small and Light]. 
-Krumnow. (Zeitschr. V.D.I., 7th Aug. 
1937, Vol. 81, No. 32, pp. 943-945.) 

4271. NEW LABORATORY APPARATUS FOR THE 
PRODUCTION OF HIGH TENSIONS, WORKING 
ON CONTINUOUS CURRENT : II-TWO 
ARRANGEMENTS WITHOUT MOVING PARTS 
[Thyratron Voltage Trebler : Rectifier/ 
Triode/Iron-Cored Choke Combination giving 
Voltages up to To kV].-Piekara & Krycz- 
kowski. (Acta Phys. Polonica, Fasc. I, 
Vol. 6, 1937, pp. 89-93.) See also 1553 of 
April. 

4272. HIGH VOLTAGE REGULATION [5000 Volts 
maintained Constant to about 1/2oth Volt]. 
-Pallister & Smith. (Journ. Scient. Instr., 
Sept. 1937, Vol. 14, No. 9, pp. 311-313.) 
A NEW TYPE OF PRECISION VOLTAGE 
REGULATOR FOR DIRECT CURRENT [Accuracy 
and Economy both increased by using 
Valve as Inertialess Regulating Resistance 
Only, Actual Control being by Special Control-Galvanometer].-Sauermann. 
(E.T.Z., i6th Sept. 1937, Vol. 58, No. 37, pp. 1003-1007.) For the special galvano- 
meter see 291 of January. 
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4274. THE MARCONI-STABILOVOLT SYSTEM : GLOW - 

GAP VOLTAGE DIVIDERS WITH IGNITION 
GAPS [to ensure Faultless Striking when the 
Starting Voltage can only Slightly Exceed 
the Working Voltage : the ` Z Stabilovolt "]. 
-Körös & Seidelbach. (Marconi Review, 
May/Aug. 1937, No. 66, pp. 31-35.) 

A SIMPLE A.C. VOLTAGE REGULATOR [for 
Full A.C.-Mains Operation of Precision 
Oscillators, Analysers, etc.].-Lampkin. 
(Electronics, Aug. 1937, Vol. Io, No. 8, 

pp. 3o-31 and 36, 39, 40.) 

AN INDUCTIVE A.C. VOLTAGE REGULATOR 
USING IRON -CORED CHOKE WHOSE BIASING 
CURRENT IS CONTROLLED BY VALVES.- 
Metal & Rosenzweig. (Elektrot. u. Masch:bau, 
22nd Aug. 1937, Vol. 55, No. 34, PP. 410-413.) 

4277. ELECTRO -MAGNETIC VOLTAGE STABILISERS 
[Recent Progress].-Geyger. (E.T.Z., ,7th 
June 1937, Vol. 58, No. 24, p. 666: summary 
only.) 

4278. THYRATRON D -C MOTOR CONTROL.-Garman. 
(Electronics, June 1937, Vol. ro, No. 6, 

pp. 20-21.) 

4279. THE USE OF DISCHARGE TUBES FOR THE 

CONTROL OF ELECTRICAL MACHINES: PARTS 
II AND III.-Sequenz. (Elektrot. u. 
Masch:bau, 6th June & 5th Sept. 1937, 
Vol. 55, Nos. 23 & 36, pp. 274-280 and 
436-441.) For Part I see 1531 of April. 
A long French summary of Part I is given 
in Rev. Gén. de l'Elec., i4th Aug. 1937, 
Vol. 42, No. 7, pp. 216-218. 

4280. WELDING AND VOLTAGE CONTROL USING 
KATHETRONS [Control Tube with External 
Grid].-Craig. (Electronics, Sept. 1937, 
Vol. I O, No. 9, pp. 26-28.) 

4281. REGULATION OF GRID - CONTROLLED RECTI- 
FIER [Factors not included in Usual 
Formulae].-Kilgore & Cox. (Elec. En- 
gineering, Sept. 1937, Vol. 56, No. 9, 

PP. 1134-114o.) 

4282. HIGH -VOLTAGE VACUUM TUBE RECTIFIERS : 

PHYSICAL FACTORS INFLUENCING THEIR 
DESIGN [General Account of Effect of Field 
Currents, Electrode Spacing, Electrostatic 
Mechanical Forces, Envelope Surface Pheno- 
mena, etc.].-Gross & Atlee. (Journ. of 
Applied Physics [formerly Physics], Aug. 
1937, Vol. 8, No. 8, pp. 540-543.) 

4275. 

4276. 

4283. MERCURY VAPOUR GRID -CONTROLLED 
TUBES ; THEIR ELECTRIC CONTROL BY A 

PHASE -SHIFTING NETWORK : PART II 
[Theoretical Examination of Behaviour of 
Transformer connected through a Tube to a 
Variable A.C. Resistance Load : Tests with 
Air- and Iron -Core Transformers : Trans- 
former Data : Grid Control].-Strelzoff. 
(Journ. Franklin Inst., Aug. 1937, Vol. 224, 
No. 2, pp. 191-215.) For Part I see 3857 
of October. 
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4284. THE COMMUTATION PERIOD IN GRID -CON- 
TROLLED MERCURY -ARC RECTIFIERS [and a 
Stroboscopic Method of measuring Overlap 
Angle).-Fairley. (Journ. Roy. Tech. Coll., 
Glasgow, Jan. 1937, Vol. 4, pp.147-158.) 

LARGE [Iron -Container] RECTIFIERS WITHOUT 

VACUUM PUMPS [and the Possible Develop- 
ment of Small Rectifiers on Same System].- 
Dällenbach & Gerecke. (Zeitschr. V.D.I., 
28th Aug. 1937, Vol. 81, No. 35, p. 1019.) 

4286. A 300 -KW GRID -CONTROLLED RECTIFIER 
[supplying 8000-20 000 Volts to Anodes at 
Rocky Point, Long Island].-Willems. 
(Comm. & Broadcast Eng., July 1937, Vol. 4, 
No. 7, pp. 5-6.) 

4287. GLOW -DISCHARGE RECTIFIERS [Principles and 
Construction : Advantages]. - Beljawsky. 
(Tech. Phys. of USSR, No. 6, Vol. 4, 1937, 
pp. 493-502: in German.) 

Tables of " normal " cathode fall values for some 
metals in gases and in mercury vapour, and for 
carbon in mercury vapour : large drop in value 
caused by slight admixture of calcium or strontium.: 
" abnormal " cathode fall occurs when whole 
cathode surface is covered by the glow discharge : 

valve action increased by arranging that the 
discharge takes place in one direction with 
" normal " and in the other direction with 
" abnormal " cathode fall : practical rectifiers 
based on this fact: stable action ensured by 
carefully freeing walls and electrodes from foreign 
gases and by suitable choice of gaseous mixture : 

destructive effect of frequencies above 18o kc/s, 
and its cause. 
4288. ELECTRONIC SEMICONDUCTORS IN STRONG 

ELECTRIC FIELDS, and PROPERTIES OF THE 

BLOCKING LAYER OF SOLID RECTIFIERS.- 
Joffe & Joffe. (Comptes Rendus (Doklady) 
de l'Ac. des Sci. de l'URSS, 15th July 1937, 
Vol. 16, No. 2, pp. 77-81 : pp. 81-82 : both 
in English.) 

4289. ON THE BREAKING DOWN OF COPPER -OXIDE 
RECTIFIERS.-Yu A. Dunaev & P. V. 
Sharayski. (Journ. of Tech. Phys. [in 
Russian], No. Io, Vol. 7, 1937, pp. 1057- 
1064.) 

An experimental investigation of copper -oxide 
rectifiers of Russian manufacture, the object of 
which was to determine the conditions resulting 
in their breakdown and to evolve the necessary 
precautionary measures. The following three main 
causes of breakdown were examined separately : 

(a) overheating of the elements due to inadequate 
cooling (thermal breakdown) ; (b) over -loading of 
the elements due to a high voltage applied to the 
rectifier for a short time (electrical breakdown) ; 

and (c) electrolytic action (electrolytic breakdown) . 
The results of these experiments are discussed and a 
number of practical suggestions made. 
4290. THE EFFECT OF SODIUM IONS ON THE 

AMALGAMATING PROPERTIES OF THIN SILVER 
FILMS [with New Form of Kunsman Anode 
as Ion Source : Conditions for Activation 
and Passivation of Films towards Mercury 
Vapour].-Kehler. (Zeitschr. f. Physik, 
No. 5/6, Vol. 106, 1937, pp. 296-310.) 

4285. 
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4292. 

4293. 

4294- 

4295. 

4296. 

4297. 

4298. 

4299 
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FUNDAMENTAL MECHANISMS WHICH DE- 
TERMINE THE STARTING POTENTIALS OF THE 
LOW-PRESSURE CORONA DISCHARGE .-Loeb. 
(Journ. of Applied Physics [formerly Physics], 
July 1937, Vol. 8, No. 7, pp. 495-496.) 

THE TRANSITION OF THE CUSTOMARY GLOW 
DISCHARGE INTO THE " SPRAY " DISCHARGE 
WITH INCREASING THICKNESS OF OXIDE 
FILMS PRODUCED ELECTROLYTICALLY ON 
ALUMINIUM [Experiments].-Güntherschulze 
& Bär. (Zeitschr. f. Physik, No. 9/1O, 
Vol. 106, 1937, pp. 662-668.) Cf. Schnitger, 
682 of February. 

COMPARISON OF THE CATHODE SPUTTERING 
OF PURE AND OXIDE -COVERED MAGNESIUM 
SURFACES [Small Sputtering from Surfaces 
consisting of Magnesium Compounds ex- 
plained by Sputtering of Magnesium Ions 
from Them : These are Re -Attracted to 
Cathode], and COMPARISON OF CATHODE 
SPUTTERING OF COPPER IN LIGHT AND 
HEAVY HYDROGEN [NO Difference].- 
Güntherschulze & Betz : Güntherschulze. 
(Zeitschr. f. Physik, No. 5/6, Vol. 106, 1937, 
PP. 365-370 : PP. 371-372.) 

GASEOUS DIELECTRICS [Summarising Account 
of Specific Resistance, Dielectric Constant 
and Losses, Breakdown, Lightning Flashes, 
Spark Gaps, etc.].-Güntherschulze. (Arch. 
f. Elektrot., Loth Aug. 1937, Vol. 31, No. 8, 
PP 495-507.) 

DYNAMIC CHARACTERISTIC CURVES OF GLOW - 
DISCHARGE TUBES [Cathode -Ray Oscillo - 
graphic Observations using Valve to limit 
Current passed by Discharge Tube : De- 
parture of Curves from Form commonly 
assumed explained on Basis of Ionisation - 
and Deionisation-Times of Gas].-Reich & 
Depp. (Phys. Review, Ist Aug. 1937, 
Series 2, Vol. 52, No. 3, p. 245 : abstract 
only.) 

CONTRIBUTION TO THE DYNAMICS OF GLOW 
DISCHARGES : PART II.-Druey. (Helvet. 
Phys. Acta, Fasc. i, Vol. io, 1937, pp. 3-31 in German.) 'Continued from 1134 of March. 
INTERMITTENT ARC DISCHARGE UNDER LOW 
PRESSURE [Three Distinct Types of Arc 
Discharge developed from Intermittent Glow 
Discharges in Low -Pressure Gas -Filled Tubes]. 
-Katayama. (Electrotech. Journ., Tokyo, 
Sept. 1937, Vol. 1, No. 4, pp. 123-128.) 

HIGH-PRESSURE ARC PHENOMENA [Study of 
Electric Gradient and Current Density in 
Various Gases].-Suits. (Phys. Review, 
1st Aug. 1937, Series 2, Vol. 52, No. 3, 
p. 245: abstract only.) 
THE CONTROL BY GRIDS OF THE POINT 
DISCHARGE AND CORONA CURRENTS [in 
Discharges at Atmospheric Pressure : Ex- 
perimental Investigation of Modulation, 
Amplification, and Rectification Effects : 

etc.].-Greinacher. (Helvet. Phys. Acta, 
Fasc. 4, Vol. IO, 1937, pp. 271-283 : in 
German.) 
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4300. STRIKING OF POSITIVE COLUMN AND 
TOWNSEND'S THEORY [Theory including 
Effect of Diffusion of Charge Carriers to 
Discharge -Tube Walls].-Mierdel & Steen - 
beck. (Zeitschr. f. Physik, No. 5/6, Vol. 106, 
1937, PP. 311-314 

430í. THE FINE STRUCTURE OF THE LUMINOUS 
FLASHES PRODUCED BY THE DISCHARGE OF 
A CONDENSER THROUGH A GAS -FILLED 
TUBE, and STUDY OF THE DISCHARGE OF A 
CONDENSER THROUGH A GAS -FILLED TUBE. 
-Laporte & Corda : Laporte. (Journ. de 
Phys. et le Radium, June 1937, Vol. 8, No. 6, 
pp. 233-234 and Plate : Aug. 1937, No. 8, 
PP 332-342.) 

4302. THE ANODE FALL IN THE INERT GASES HE, 
NE AND AR [in Glow and Arc Discharges : 

Behaviour Explained by Consideration of 
Faraday Dark Space as a Plasma].- 
Druyvesteyn. (Physica, Aug. 1937, Vol. 4, 
No. 8, pp. 669-682.) 

4303. THE DELAYED GAS DISCHARGE [Experi- 
mental Evidence as to Mechanism].- 
Fischer. (Naturwiss., 21st May 1937, Vol. 25 , 

No. 21, pp. 331-332.) 
4304. THE STRIKING POTENTIAL OF THE H.F. 

DISCHARGE IN HYDROGEN AS CONDITIONED 
BY FREQUENCY [Existence of " Critical 
Spark Length " : Its Decrease with Increas- 
ing Frequency between 5 & 10.5 Mc/s].- 
Githens. (Phys. Review, 15th April 1937, 
Series 2, Vol. 51, No. 8, p. 688 : abstract 
only.) 

4305. BREAKDOWN OF VACUUM SPARK GAPS 
[Critical Cathode Field not reduced by 
Considerable Thermionic Emission from 
Cathode : Positive Ion Emission from 
Bombarded Anode not a Factor up to 
50 kv].-Mason. (Phys. Review, 15th July 
1937, Series 2, Vol. 52, No. 2, pp. 126-127.) 

4306. STUDY ON THE INITIAL ELECTRONS FOR 
THE IMPULSE SPARK DISCHARGE.-Suzuki, 
Nakamura, & Mikami. (Electrotech. Journ., 
Tokyo, Sept. 1937, Vol. I, No. 4, pp. 134- 
141.) For previous work see 1155 of March. 

4307. RESEARCH ON SYNTHETIC MATERIALS [based 
on Düsseldorf " Nation at Work " Ex- 
hibition].-Schmidt. (Zeitschr.V.D.I., 4th 
Sept. 1937, Vol. 81, No. 36, pp. 1052-1053.) 
See also Schwandt, 3298 of September. 

4308. POROUS CERAMIC MATERIALS FOR HIGH - 
FREQUENCY TECHNIQUE [particularly 
" Ergan "].-Albers -Schönberg. (See 4120.) 

4309. INVESTIGATION OF THE STRUCTURE OF 
PLASTIC MATERIALS [by Microscopic Method 
employing Stains].-Weigel. (Zeitschr. 
V.D.I., 7th Aug. 1937, Vol. 81, No. 32, 
PP 935-938.) 

POLYMERISATION IN THE ELECTRIC FIELD 
[as displayed by Impregnating and Con- 
denser Oils : Direct Action, not due to Gas 
Particles in Suspension : etc.].-Liechti & 
Scherrer. (Helvet. Phys. Acta, Fasc. 4, 
Vol. IO, 1937, pp. 267-269: in French.) 

431o. 



November, 1937 THE WIRELESS ENGINEER 

431I. CONTRIBUTION TO THE STUDY OF THE MATRIX, 
ELECTRIC MOMENT [and the Dielectric 
Polarisation Theories of van Vleck and 
Niessen].-Courtines. (Ann. de Physique, 
July/Aug. 1937, Vol. 8, pp. 5-145.) 

4312. THE DEFORMABILITY OF THE MOLECULE IN 
AN ELECTRIC FIELD [and the Much Larger 
Decrease of Dielectric Constant of Dilute 
Nitrobenzol/Hexane Solutions, caused by an 
Electric Field, than That corresponding to 
the Orientation of the Molecules].-Piekara. 
(Acta Phys. Polonica, Fasc. 2, Vol. 6, 1937, 
pp. 150-157: in German.) 

AN EXPERIMENT ABOUT ELECTRIC ABSORP- 
TION [Dielectric Losses in Dipole Substances 
in H.F. Field Not Appreciably Changed by 
Superposition of Parallel Constant Electric 
Field].-Gorter & Brons. (Physica, Aug. 
1937, Vol. 4, No. 8, pp. 667-668 : in English.) 
As opposed to the effect in the paramagnetic 
case (371 of January). 

4314. MAINS TRANSFORMER DESIGN : METHOD OF 

ASCERTAINING THE OPTIMUM SIZE OF CORE.- 
Dent. (Wireless World, i8th June 1937, 
Vol. 4o, p. 593.) 

4315. COMPUTATION CURVES FOR DESIGN OF MAINS 
TRANSFORMERS AND CHOKES.-Nüsslein. 
(Funktech. Monatshefte, Aug. 1937, No. 8, 

PP. 233-244.) 
4316. PERMANENT MAGNETS AND THEIR MANU- 

FACTURE.-Venco. (L'Elettrotec., 25th Aug. 
1937, Vol. 24, No. 16, pp. 494-501.) 

4317. ON THE INTERNAL CHANGES IN NICKEL- 
ALUMINIUM STEEL USED FOR PERMANENT 
MAGNETS.-G. B. Livshits & M. P. Savtsova. 
(Journ. of Tech. Phys. [in Russian], No. 9, 
Vol. 7, 1937, pp. 907-916.) An experimental 
investigation to determine the effect of 
tempering and annealing on the atomic 
structure of this type of steel. The con- 
clusions reached are compared with those of 
other authors. 

4318. THE LATTICE SPACING OF IRON/NICKEL 
ALLOYS [Measurements after Slow Cooling 
and after Quenching].-Bradley, Jay, & 
Taylor. (Phil. Mag., April 1937, Series 7, 
Vol. 23, No. 155, PP. 545-557.) 

4313. 

4319. CHANGE OF SATURATION MAGNETISATION BY 
PRESSURE ON ALL SIDES [Ballistic Measure- 
ments on Fe, Ni, Various Alloys : Small 
Pressure Coefficient except for Some Alloys, 
where Saturation Intensity Decreased 
markedly as Pressure Increased : Explana- 
tion in Terms of Alloy Structure, etc.].- 
Ebert & Kussmann. (Physik. Zeitschr., 
15th June 1937, Vol. 38, No. 12, pp. 437-445.) 

4320. DOMAIN THEORY OF FERROMAGNETICS UNDER 
STRESS : PART I [General Form of Statistical 
Theory : Formulae for Magnetisation and 
Strain Components : Special Case of Nickel 
Crystals].-Brown. (Phys. Review, 15th 
Aug. 1937, Series 2, Vol. 52, No. 4, 
PP. 325-334.) 
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4321. THE BEHAVIOUR OF BITTER'S LINES [formed 
by Colloidal Iron Oxide Deposits on Polished 
Surfaces of Single Ferromagnetic Crystals] 
UNDER ELASTIC DISTORTIONS [Lines are 
Boundaries of Weiss -Heisenberg Regions : 

Demonstration of Change of Magnetisation 
Direction under Elastic Distortions : 

Estimate of Internal Tensions in Crystal].- 
Soller. (Zeitschr. f. Physik, No. 7/8, Vol. 1o6, 
1937, PP 485-498.) 

4322. " NICKEL -HANDBUCH " [Book Review : 

Nickel/Iron and other Nickel Alloys with 
Special Physical Properties].-(Zeitschr. f. 
tech. Phys., No. 9, Vol. 18, 1937, p. 287.) 

4323. " MAGNETISCHE UND ELEKTRISCHE EIGENS- 
CHAFTEN DER LEGIERTE WERKSTOFFE " 
[Ferromagnetic Alloys : Book Review].- 
von Auwers. (Elektrot. u. Masch:bau, 
22nd Aug. 1937, Vol. S5, No. 34, p. 416.) 

4324. COERCIVE FORCE IN SINGLE CRYSTALS [of 
Silicon -Iron : Measurements in Different 
Directions].-Sixtus. (Phys. Review, i5th 
Aug. 1937, Series 2, Vol. 52, No. 4 , 

PP. 347-352) 

4325. THE MAGNETIC AFTER-EFFECT WITH CAR- 
BONYL IRON [Measurements : Theory : 

Effect of Eddy Currents, Temperature, Field - 
Strength : Principle of Superposition : Effect 
of Plastic Deformation : Consequences for 
Loss -Angle Measurements].-Richter. (Ann. 
der Physik, Series 5, No. 7, Vol. 29, 1937, 

pp. 605-635.) 

4326. PRECISE MAGNETIC TORQUE MEASUREMENTS 
ON SINGLE CRYSTALS OF IRON.-Tarasov & 

Bitter. (Phys. Review, 15th Aug. 1937, 
Series 2, Vol. 52, No. 4, pp 353-360.) 

4327. THE FERROMAGNETIC MOMENTS OF SOME 
ALLOYS OF COBALT [With Chromium, 
Aluminium, Tungsten, and Molybdenum].- 
Farcas. (Ann. de Physique, July/Aug. 1937, 
Vol. 8, pp. 146-152.) 

4328. ON THE THEORY OF DEPENDENCE OF THE 

FERROMAGNETIC PROPERTIES OF METALS 
ON TEMPERATURE, and ON THE QUESTION 
OF THE NATURE OF THE COERCIVE FORCE.- 
Akulov : Kondorskij. (Comptes Rendus 
(Doklady) de l'Ac. des Sci. de l'URSS, 
15th June 1937, Vol. 15, No. 8, pp. 445-45o 
in English : pp. 457-459: in German.) 

4329. THE TEMPERATURE DEPENDENCE OF THE 

MAGNETISATION OF A FERROMAGNETIC 
MATERIAL AT LOW TEMPERATURES.- 
Opechowski. (Physica, Aug. 1937, Vol. 4, 
No. 8, pp. 715-722 : in German.) 

433o. THE THEORY OF FERROMAGNETISM : LOWEST 
ENERGY LEVELS [Spin Wave Theory suitable 
for investigating Temperature Variation of 
Magnetisation : Energy Band Theory tells 
Which Elements should be Ferromagnetic : 

Perturbation Theory].-Slater. (Phys. Re- 
view, Ist Aug. 1937, Series 2, Vol. 52, No. 3, 

pp. 198-214.) 
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4331. ON THE MAGNETIC PERMEABILITY OF 
CHEMICAL COMBINATIONS OF FERROMAGNETIC 
BODIES IN A FIELD OF HIGH [Short -Wave] 
FREQUENCY. Zimowski. (Acta Physica 
Polonica, Fasc. 5, Vol. 6, 1937, pp. 6-II : 

in French.) 
4332. CONTRIBUTION TO KNOWLEDGE OF SURFACE 

Boxas [Magnetic Effects connected with 
Adsorption of Various Gases at Carbon 
Surface].-Juza & Langheim. (Naturwiss., 
6th Aug. 1937, Vol. 25, No. 32, pp. 522-523.) 

4333. CONTRIBUTION TO THE THEORETICAL 
PROBLEM OF THE FOUCAULT CURRENTS 
[produced by Alternating Fields in Massive 
Ferromagnetic Material at Rest : Extension 
of Maxwell -Thomson Theory : Considera- 
tion of Variable Permeability and Reaction 
of Foucault Currents].-Bászel. (Zeitschr. f. 
Physik, No. 5/6, Vol. 106, 1937, pp. 343-353.) 

4334. THE DISPERSION BAND AND SKIN EFFECT 
IN THE SINUSOIDAL FIELD AND IN THE 
TRANSITIONAL FIELD.-Arkadiev. (Comptes 
Rendus (Doklady) de l'Ac. des Sci. de l'URSS, 
5th July 1937, Vol. 56, No. I, pp. 35-40: 
in French.) 

4335. NEW METHOD OF DETERMINING THE MAG- 
NETIC PROPERTIES OF IRON [the Siemens & 
Halske " Ferrometer," with Vibrator Recti- 
fier and De -Phasing Device].-Triau. (Rev. 
Gén. de l'Élec., 28th Aug. 1937, Vol. 42, 
No. 9, pp. 264-268.) 

4336. NOTE ON THE ABSOLUTE DETERMINATION OF 
MAGNETIC FIELD STRENGTH [by Inducto- 
metric Method : Strength of Field at Source 
of Charged Particles in Focusing Magnetic 
Spectrograph].-Rogers. (Phys. Review, 
15th Aug. 1937, Series 2, Vol. 52, No. 4, 
p. 385.) 

4337. AN ARRANGEMENT FOR INCREASING THE 
SENSITIVITY OF A MOVING COIL GALVANO- 
METER USED BALLISTICALLY FOR THE 
MEASUREMENT OF MAGNETIC FLUX.- 
Bellasio. (L'Elettrotec., 25th Aug. 5937, 
Vol. 25, No. 16, pp. 505-506.) 

4338. A NEW MAGNETIC FLUX METER [using Hall 
Effect in Bismuth Spirals in Bridge Circuit]. -Smith. (Elec. Engineering, April 5937, 
Vol. 56, No. 4, PP. 441-445 and 475, 476.) 

4339. PREPARATION OF TELLURIUM FILM WHOSE 
RESISTANCE CHANGES WITH MAGNETIC FLUX 
[also acts as Rectifier and Thermocouple].- 
Wein. (Electronics, Sept. 1937, Vol. Io, 
No. 9, p. 29.) In a miscellany entitled 
" Questions and Answers." 

4340. RESISTANCE CHARACTERISTICS OF TELLURIUM 
AND SILVER/TELLURIUM ALLOYS [for Nega- 
tive -Temperature -Coefficient Resistances for 
Compensating Purposes].-Faus. (Elec. En- 
gineering, Sept. 5937, Vol. 56, No. 9, 
pp. 1128-1533.) 

4341. GLUCINIUM [Beryllium] AND ITS ALLOYS.- 
Gadeau. (Rev. Gén. de l'Elec., 5ith Sept. 
1937, Vol. 42, No. 55, pp. 328-334.) 
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4342. ELECTROLYTIC RECORDING OF WEAK ELEC- 
TRIC CURRENTS [Solutions With Sodium 
Diethyldithiocarbamate or Rubeanic Acid as 
Indicators give Dark Permanent Records : 

about 5 Times as Sensitive as Starch Iodide 
Solution].-Lutkin. (Journ. Scient. Instr., 
Sept. 1937, Vol. 14, No. 9, pp. 306-308.) 

4343. ON OPTICAL INDICATORS [Glow -Discharge 
Indicating Tubes].-L. G. Usikov. (Izyestiya 
Elektroprom. Slab. Toka, No. 52, 1936, 
PP. 46-52.) 

A general discussion on various devices in which 
use is made of glow -discharge tubes for indication 
purposes. The operation of a two -electrode neon 
lamp is discussed in detail, and the main conclusions 
are given of an experimental investigation which 
was carried out to determine the various factors 
affecting the striking voltage and the stability of 
the discharge. Phase and pole -finding lamps, 
indicating respectively the phase synchronism of 
two systems (in wavemeters, etc.) and the direction 
of the current in a conductor, are also discussed. 
The paper is concluded by brief descriptions of 
various indicating devices proposed by Pohl & 
Straeler (5934 Abstracts, p. 322), Gehrcke, and 
others. 

4344. INSTRUMENT SUSPENSIONS [Silica Fibres : 

Conductive Coatings : Suspension : Metal 
Wires and Filaments : etc.].-Walden. 
(Journ. Scient. Instr., Aug. 1937, Vol. 14, 
No. 8, pp. 257-268.) 

4345. MINIATURE BALL BEARINGS [Of Extreme 
Precision : Over -All Size from 1.5 mm 
Upwards : for Ultra -Sensitive Meters, etc.] 
-(Journ. Scient. Instr., Sept. 1937, Vol. 54, 
No. 9, p. 317.) 

4346. RELAYS IN TUBE OUTPUT CIRCUITS [Methods 
of Rapid Determination of Circuit Conditions 
for Optimum Relay Magnetomotive Force]. 
-George. (Electronics, Aug. 5937, Vol. IO, 
No. 8, pp. 19-21 and 58.) 

4347. ON THE DESIGN OF A RELAY OF SMALL 
DIMENSIONS AND WEIGHT [Operating Time 
o.5 Millisecond or Less].-Peretz-Orlovsky. 
(Automatics 6. Telemechanics [in Russian], 
No. 6, 5936, pp. 89-92.) 

4348. RESISTANCE OF SILVER CONTACTS [Oxide iS 
Not a Good Electrical Conductor : Tarnish 
may be a Sulphide : Need for Investigation]. 
-Windred. (Electrician, 3rd Sept. 5937, 
Vol. 119, p. 266.) 

4349. CONSTANT TEMPERATURE: A STUDY OF 
PRINCIPLES IN ELECTRIC THERMOSTAT DE- 
SIGN ; AND A MAINS -OPERATED ISOTHERMAL 
CHAMBER CONSTANT TO ONE -THOUSANDTH 
OF A DEGREE CENTIGRADE.-L. B. Turner. 
(Journ. I.F_.E., Sept. 5937, Vol. 81, No. 489, 
PP. 399-417 : Discussion pp. 418-422.) 

4350. THE EFFICIENCY OF COUNTERS AND COUNTER 
CIRCUITS [Formulae in Terms of Recovery 
Times of Counter, Amplifier, and Recording 
Unit].-Ruark & Brammer. (Phys. Review, 
15th Aug. 5937, Series 2, Vol. 52, No. 4, 
PP. 322-324) 
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4351. TORCH ION COUNTER [New Type of Counter 
employing the " Torch " Effluence produced 
by Short -Wave Generator].-Prokofiev. 
(Comptes Rendus (Doklady) de l'Ac. des Sci. 
de l'URSS, 5th July 1937, Vol. 16, No. 1, 

PP. 41-43 : in English.) 

4352. A UNIVERSAL COUNTER [using Richter & 

Geffcken's Relay (Three -Electrode Neon 
Tube) and Neher & Harper's Arrangement]. 
-Dauvillier. (Comptes Rendus, 5th July 
1937, Vol. 205, No. 1, pp. 36-37.) See 3621 
of 1936. 

4353. DETERMINATION OF THE COUNTING LOSSES 
IN THYRATRON RECORDING CIRCUITS, and 
DISCHARGE MECHANISM AND CHARAC- 
TERISTICS OF GEIGER -MÜLLER COUNTER 
TUBES.-Lifshutz, Duffendack, & Slawsky. 
(Phys. Review, Ist June 1937, Series 2, 
Vol. 51, No. II, p. 1027: abstract only.) 

4354. VACUUM TUBE CIRCUITS FOR SCALING DOWN 
COUNTING RATES [give Shorter Resolving 
Time, Greater Stability and Durability than 
Thyratron Circuits].-Stevenson & Getting. 
(Phys. Review, Ist June 1937, Series 2, 
Vol. 51, No. I I, p. 1027: abstract only.) 

4355. AN A.F. AND R.F. WIRING DEVIC.- 
Bjorndal. (See 4171.) 

4356. CABLE WITH TWO -LAYER SHEATH [t0 Econo- 
mise in Lead].-Reuschenbach. (Zeitschr. 
V.D.I., 4th Sept. 1937, Vol. 81, No. 36, 
p. 1055.) Developed at the Felten & 
Guilleaume works. 

4357. PROTECTION OF BURIED METALLIC CON- 
DUCTORS AGAINST ELECTROLYTIC CORROSION 
BY MEANS OF THE " ELECTRONIC FILTER " 
[Semiconducting Layer keeping out Chemical 
Bodies but passing Electrons to carry the 
Current brought by the Ions : Rubber Tape 
impregnated with Graphite].-Borel. (Bull. 
Assoc. suisse des Élec., No. 3, Vol. z8, 1937, 
pp. 54-57 : in French.) 

4358. ACCUMULATOR PARTS MADE OF NEW SYN- 
THETIC MATERIALS [particularly " Decelith " 
(Polyvinyl Chloride)].-Hauffe. (E.T.Z., 2nd 
Sept. 1937, Vol. 58, No. 35, p. 963: abstract 
only.) 

It is even suggested that Decelith should, as a 
carrier, replace lead in the plates themselves, but 
this proposal is criticised by the abstractor. 

4359. A DIVERTER-POLE GENERATOR FOR BATTERY 
CHARGING.-de Kay. (Bell Lab. Record, 
Aug. 1937 Vol. 15, No. 12, pp. 382-384.) 

4360. RÉSUMÉ OF SOME RESEARCHES ON THE 
MOLECULAR MECHANISM OF THE PRODUCTION 
OF ENERGY IN PRIMARY BATTERIES.- 
Cordebas. (Rev. Gén. de l'Élec., 21st Aug. 
1937, Vol 42, No. 8, pp. 231-236.) 

STATIONS, DESIGN AND OPERATION 

4361. RADIO COMMUNICATION IN LIGHTHOUSE 
WORK.-Harding. (Lighthouse Conference, 
Berlin 1937 : Papers submitted by U.S. 
Lighthouse Service : Topic C-8, pp. I-2.) 
For a number of other papers in this volume 
see under " Directional Wireless." 

4362. SHIP -TO -SHORE COMMUNICATION.- Riddle. 
(Electronics, Sept. 1937, Vol. IO, No. 9, 

pp. 9-12 and 58.) 

4363. SOVIET RADIO AT THE NORTH POLE [Photo- 
graphs and Captions].-(Electronics, Sept. 
1937, Vol. ro, No. 9, pp. 22-23.) 

4364. RADIO LINK WITH IRELAND [Nine -Channel 
Ultra -Short -Wave Belfast/Stranraer Link].- 
(Wireless World, loth Sept. 1937, Vol. 41, 
pp. 260-261.) See also Ullrich, 3890 of 
October. 

4365. SHORT-WAVE TELEPHONY : INAUGURATION 

OF BELFAST/STRANRAER NINE -CHANNEL 

ULTRA -SHORT-WAVE RADIO LINK.-(Elec- 
trician, 3rd Sept. 1937, Vol. 119, pp. 257-258.) 

4366. AN ULTRA -SHORT-WAVE TELEPHONE LINK 

BETWEEN EINDHOVEN AND TILBURG [On 

123 and 140 cm Waves, Distance nearly 
3o km (Direct Optical Path) : Yagi Aerials : 

TB 1/6o Triode as Generator : " Autodyne- 
Superhet " Receivers].-von Lindern & 

de Vries. (Philips Tech. Review, June, 1937, 
Vol. 2, No. 6, pp. 171-176.) 

4367. THE RADIOTELEPHONIC LINK PARIS/NEW 
YoxK.-Rigal. (Ann. des Postes, T. et T., 
June 1937, Vol. 26, No. 6, pp. 489-532.) 

4368. THE SERVICE AREA OF A LONG -WAVE TELE- 
GRAPHIC TRANSMITTER.-Green. (See 4000.) 

4369. THE ELECTRICAL DESIGN OF A BROADCASTING 

CENTRE [Discussion of Advantages and 
Disadvantages of " Centralised,' " De- 
centralised," and " Mixed " Systems, leading 
to Detailed Description of the " Decentral- 
ised " System evolved by the Belgian 
National Broadcasting Institute].-Hansen. 
(L'Onde Elec., Aug. 1937, Vol. 16, No. 188, 

PP. 437-466.) 
" In conclusion, the decentralised system is 

preferable for an important broadcasting centre 
because it presents marked advantages in technical 
quality and facility of working, and is hardly more 
costly in material [the fact that, on the average, 
rehearsals occupy 4 hours to every hour of trans- 
mission, and that recordings also occur, means that 
in a modern centre most of the studios are in use 
simultaneously : this deprives the centralised 
system of most of its advantage in economy of 
material]. We do not think that the system [the 
" alpha -lambda " decentralised system here des- 
cribed] has so far been employed by any other 
broadcasting centre." 

4370. SIMPLIFYING BC OPERATORS' JOB [Simplified 
Control Panel at KONO: using Rotary 
Multi -Contact Switches in place of Patch 
Cords : etc.].-Ing. (Electronics, Sept. 1937, 
Vol. 1o, No. 9, pp. 24-25.) 
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4371. THE FOURTH MEETING OF THE CCIR, IN 
BUCHAREST.-Münch. (T.F.T., Aug. 1937, 
Vol. 26, No. 8, pp. 188-190.) 

GENERAL PHYSICAL ARTICLES 

4372. SOLUTION OF THE GENERAL PROBLEM OF THE 
DIFFRACTION OF ELECTROMAGNETIC WAVES 
[by Use of Fredholm's Theory], and ON THE 
THEORY OF ELECTROMAGNETIC OSCILLATIONS 
IN PLANE INHOMOGENEOUS FIELDS.- 
Kupradze. (Comptes Rendus (Doklady) de 
l'Ac. des Sci. de l'URSS, 5th July 1937, 
Vol. 16, No. I, pp. 31-34 : 25th July, No. 3, 
pp. 165-168: both in German.) 

4373. ON THE LORENTZ EQUATION OF MOTION IN 
THE NEW ELECTRODYNAMICS.-Chraplywy]. 
(Acta Phys. Polonica, Fasc. 1, Vol. 6, 1937, 
pp. 31-39 : in English.) 

4374. STUDY ON A NEW METHOD OF INTEGRATION 
OF MAXWELL'S EQUATIONS, AND ITS APPLI- 
CATION TO THE CALCULATION OF THE ELEC- 
TROMAGNETIC FIELD OF THE ELECTRON IN 
MOTION.-Reulos. (Ann. de Physique, 
May/June 1937, Vol. 7, pp. 700-789.) 

4375. ON THE PROPERTIES OF CERTAIN VIBRATORY 
DOUBLETS [Calculations of Common Fre- 
quency of Two Stationary Electrons at 
Various Distances Apart : Energy of Moving 
Doublet : Doublet and Photon].-Jones. 
(Phil. Mag., Sept. 1937, Series 7, Vol. 24, 
No. 161, pp. 458-466.) 

4376. ON THE PRODUCTION OF PAIRS BY THE 
COLLISION OF ELECTRIFIED PARTICLES.- 
Racah. (Nuovo Cimento, March 1937, 
Vol. 14, No. 3, pp. 93-113.) 

4377. COLLISIONS OF THE SECOND KIND AND 
SENSITISED FLUORESCENCE OF TIN AND 
MERCURY ATOMS [Measurements of Spectral 
Lines Emitted].-Winans & Williams. (Phys. 
Review, Ist Aug. 1937, Series 2, Vol. 52, 
No. 3, p. 250: abstract only.) 

4378. ON THE VALUES OF FUNDAMENTAL ATOMIC 
CONSTANTS [All Present Experimental 
Values of hie are probably too low].-Birge. 
(Phys. Review, Ist Aug. 1937, Series 2, Vol.5z, 
No. 3, P. 241.) 

4379. THE TIME EFFECT IN THE NORMAL WIEN 
EFFECT [in Ionic Clouds and Electrolytes : 

Theoretical Explanation of Frequency 
Variation].-Falkenhagen, Fröhlich, & 
Fleischer. (Naturwiss., 25th June 1937, 
Vol. 25, No. 26/27, pp. 446-447.) 

4380. RECIPROCALS TO AMPERE'S LAW [Variant 
Form of Faraday's Law of Electromagnetic 
Induction : Law of Equivalence of Magnetic 
Circuit with Changing Flux and Electric 
Shell].-Carwile. (Phys. Review, 1st June 
1937, Series 2, Vol. 51, No. II, p. 1016: 
abstract only.) 
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MISCELLANEOUS 
4381. A GRAPHICAL METHOD FOR INTEGRATING THE 

DIFFERENTIAL EQUATIONS OF ELECTRO - 
TECHNICS [using Direction -Field of First - 
Order Equations : Illustrative Examples of 
Iron -Free and Iron -Cored Choke Coil].- 
Böning. (Arch. f. Elektrot., loth Aug. 1937, 
Vol. 31, No. 8, pp. 545-551.) 

4382. ON PRODUCTS OF LAGUERRE POLYNOMIALS 
[Deductions by Operational Calculus from 
Definition of Polynomials by Generating 
Function].-Howell. (Phil. Mag., Sept. 
1937, Series 7, Vol. 24, No. 161, pp. 396-405.) 

4383. ON BOOLE'S OPERATORS IN THE CALCULUS 
OF FINITE DIFFERENCES [Treatment as 
Ordinary Variables by Means of Integral 
Transformations : Connection with Trans- 
formations due to Bromwich and Carson].- 
Florin. (Phil. Mag., Sept. 1937, Series 7, 
Vol. 24, No. 161, pp. 492-502.) 

4384. INTERNATIONAL TERMINOLOGY IN ENGINEER- 
ING [Connection with Decimal Classification 
System, Dictionaries, and the Purification 
of Languages : Formation of German 
Committee].-Frank. (Zeitschr. V.D.I., 4th 
Sept. 1937, Vol. 81, No. 36, pp. 1048-105o.) 

4385. RECENT DEVELOPMENTS IN THE PHOTO- 
GRAPHIC COPYING OF PUBLISHED ARTICLES. 
-Dadswell. (Journ. of Council for Sci. & 
Indust. Res., Australia, Aug. 1937, Vol. Io, 
No. 3, pp. 187-192.) 

4386. A PROPERTY OF A BAD CONTACT [between a 
Very Fine Wire and a Less Thin Wire : 

Resistance diminishes regularly as Current 
diminishes : Liable to Falsify certain Ex- 
perimental Results].-Vernotte. (Journ. de 
Phys. et le Radium, June 1937, Vol. 8, 
No. 6, pp. 7o -71S.) 

4387. NOISE IN PHOTOPHONE RECEIVERS, AND THE 
H.F. METHOD OF ITS SUPPRESSION.- 
Yamada. (See 4188.) 

4388. LIGHT -BEAM CONTROL OF FOG SIGNALS.- 
Phippeny & Merrill. (Lighthouse Conference, 
Berlin 1937: Papers submitted by U.S. 
Lighthouse Service : Topic B-3, pp. 2-9.) 

4389. ON CATHODE-RAY SELECTOR DESIGN [for 
Telemechanics].-Kovalenkov & Petrov. 
(See 4255.) 

4390. CARRIER -CURRENT TELEPHONY WITH PARTI- 
ALLY TRANSMITTED CARRIER AND SINGLE 
SIDEBAND [Amount of Carrier is fixed by 
Band -Pass Filter and Not by usual " Com- 
pensating Carrier Current " Method, and is 
Larger than usual, with Certain Advantages]. 
-Chakravarti. (L'Onde Élec., Aug. 2937, 
Vol. 16, No. 188, PP. 467-490.) 

4391. WIRED - WIRELESS INTERCOMMUNICATION 
SYSTEMS [for Offices].-(Wireless World, 
24th Sept. 1937, Vol. 41, pp. 305-306.) 

4392. DOSE MEASUREMENT IN SHORT- AND ULTRA - 
SHORT -WAVE THERAPY.-Schwarz. (See 
4Z25.) 
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Some Recent Patents 
The following abstracts are prepared, with the permission of the Controller of H.M. Stationery Office, from 

Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.z, price if- each. 

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

serial number. 

AERIALS AND AERIAL SYSTEMS 

466 ozo.-Aerial and input circuit designed to 
receive either television signals or the normal 
broadcast programmes. 

The General Electric Co. and D. C. Espley. 
Application date i4th November, 1935. 

466 516. -Form and arrangement of a dipole 
aerial suitable for receiving television signals. 

E. C. Cork. Application date 3oth November, 

1935. 
469 245. -Television aerial and transmission line 
and method of matching their effective impedances 
over a wide band of frequencies. 

E. C. Cork. Application dates 21st November, 

1935, and 18th June, 1936. 

TRANSMISSION CIRCUITS AND APPARATUS 

466 o14. -Two-way signalling system in which a 
common beat frequency is used for heterodyne 
reception at both terminal stations. 

Telefunken Co. Convention date (Germany) 28th 
January, 1936. 
466 o32.-Thermionic oscillation -generator in which 
the frequency is stabilized by an electro -mechanical 
resonant device, such as a piezo-electric crystal. 

Marconi's W.T. Co. and T. D. Parkin. Applica- 
tion date zoth November, 1935. 

466 o14. -Two-way short-wave set in which the 
difference between the carrier wave used for 
transmission and that used for reception serves 
as the intermediate frequency for superhet re- 
ception at both ends of the link. 

The Telefunken Co. Convention date (Germany) 
28th January, 1936. 

466 3z7. -Multiplex signalling systems in which 
the original speech frequencies are converted into 
" defining " signals before transmission so as to 
ensure privacy. 

Electrical Research Products Inc. Convention 
date (U.S.A.) 3oth October, 1935. 

466 686. -Coupling of a short-wave valve oscillator 
to a frequency -stabilizing resonant line comprising 
a pair of concentric tubes a quarter -wave long. 

Marconi's W.T. Co. (assignees of H. Tunick). 
Convention date (U.S.A.) 15th June, 1935. 

467 332. -Means for preventing or cancelling -out 
the effects of phase -distortion in modulated 
carrier -wave signalling systems. 

Ferranti ; M. K. Taylor ; and S. Atkinson. 
Application date loth September, 1935. 

468 548. -Method of propagating ultra -short waves 
of the " displacement " type along a dielectric 
guide, and of modifying or reshaping them, say, 
from one form or orientation to another. 

Standard Telephones and Cables (communicated 
by Western Electric Co. Inc.). Application date 
25th September, 1936. 

RECEPTION CIRCUITS AND APPARATUS 

466 4o4. -Amplifying circuit with " negative " 
feed-back for reducing valve -curvature distortion. 

N. V. Philips Lamp Co. Convention date (Ger- 
many) 23rd December, 1935. 
466 4,5. -Superheterodyne receiver in which part 
of the output from the frequency -changer is fed 
back to the local oscillator in order to increase the 
overall selectivity of the set. 

J. Robinson. Application date 22nd November, 
1935. 
466 526. -Receiver in which the degree of reaction 
is automatically adjusted in accordance with the 
setting of the wave -change switch. 

E. K. Cole and G. Bradfield. Application date 
31st January, 1936. 
467 z63. -Balancing -out or reducing the effect of 
transient interference in radio reception. 

W. S. Percival. Application date 8th November, 

1935- 
467 284. -Self-contained short-wave adapter for 
a superhet receiver. 

T. A. Biddington and R. Pearl. Application 
date 18th January, 1936. 

467 771. -Method of facilitating the tuning of a 
wireless receiver by applying a check or brake to 
the controls at the critical point. 

N. V. Philips Lamp Co. Convention dates 
(Germany) loth August, 26th October, and 8th 
November, 1935. 
468 17z. -Receiver for converting frequency modu- 
lations into amplitude variations in carrier -wave 
signalling. 

Marconi's W.T. Co. (assignees of M. G. Crosby). 
Convention date (U.S.A.) 17th October, 1935. 

468 763. -Method of balancing -out ignition in- 
terference in a motor -car radio set. 

Galvin Manufacturing Corp. (assignees of R. E. 
Wood and R. S. Yoder). Convention date (U.S.A.) 
loth January, 1935. 

VALVES AND THERMIONICS 
465 863. -Electrode assembly particularly suitable 
for a valve handling ultra -short waves. 

Standard Telephones and Cables (assignees of 
Le Materiel Telephonique). Convention date (France) 
12th December, 1935. 
466 363. -Amplifier valve with one or more 
auxiliary diode or rectifying electrodes. 

E. K. Cole and G. Bradfield. Application date 
17th January, 1936. 

DIRECTIONAL WIRELESS 

465 792. -Wireless set for receiving directional or 
navigational signals from marker " and over- 
lapping beam beacons, particularly on board an 
aeroplane. 

R. P. G. Denman. Application date ,4th November, 
1935. 
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466 122. -Radio navigation system for guiding 
and landing aeroplanes in which use is made of 
two syllables, such as " Croy " and " Don " to 
indicate the correct course. 

D. N. Sharma. Application date 21st November, 
1935. 

467 547. -Balancing -out capacity reaction between 
the rotor and stator of a radiogoniometer, and 
correcting for quadrantal error. 

Soc. des Etablissements Henry -Lepaute. Con- 
vention date (France) 26th November, 1935. 

467 892. -Direction -finding system in which the 
bearing signals are integrated by high-speed switch- 
ing means and are definitely distinguished from 
" jamming " or other undesired signals. 

Marconi's W.T. Co. and G. M. Wright. Applica- 
tion date loth November, 1935. 

TELEVISION AND PHOTOTELEGRAPHY 

465 837. -Amplifying circuit designed to give a 
uniform gain over a wide band of signal frequencies, 
as in television. 

Baird Television and G. W. White. Application 
date 15th November, 1935. 

465 892. -Time -base circuit for a television 
receiver in which the anode of the saw-toothed 
oscillation valve is directly connected to the 
deflecting -plates of the cathode-ray tube. 

Baird Television and L. R. Merdier. Application 
date 16th November, 1935. 

46'5 966. -Television scanning system in which an 
auxiliary scanning spot of constant intensity is 
utilised to augment the normal electron -emission 
from a photo -sensitive electrode. 

The British Thomson -Houston Co. (communicated 
by the A.E,G.). Application date 22nd November, 
1935- 

465 970.-" Phasing " arrangement for use with a 
rotating -mirror scanning -device for television. 

E. Traub. 

466 419. -Separating the picture signals from the 
synchronizing impulses in a television receiver. 

Baird Television and L. M. Merdler. Application 
date 23rd November, 1935. 

466 715. -Method of superposing both picture 
signals and synchronizing impulses upon the carrier 
wave at the same amplifying stage in a television 
transmitter. 

Baird Television and G. W. White. Application 
date 2nd December, 1935. 

466 826. -Electrostatic deflecting -plates for a 
cathode-ray television receiver. 

E. Ruska and Fernsen Akt. Application date 
24th December, 1935. 

467 916. -Rectifying and filter circuit for separating 
the picture signals from the synchronizing -impulses 
used in television. 

Radio -Akt. D. S. Loewe. Convention date 
(Germany) 2nd January, 1935. 

467 918. -Method of reproducing television pictures 
outside a cathode-ray tube by utilising the effect of 
the scanning stream upon the total reflecting 
properties of a glass prism mounted at the end of the 
tube. 

Marconi's W.T. Co. and G. M. Wright. Applica- 
tion date 27th December, 1935. 
468 191. -Television system in which the signals 
are transmitted on a single carrier of constant 
frequency and are projected as simultaneous lines 
on the viewing -screen of the receiver. 

F. von Okolicsanyi. Convention date (Germany) 
12th December, 1935. 
468 483. -Cathode-ray television transmitter in 
which an electrode producing secondary emission 
is interposed between the " gun " and the photo- 
electric screen. 

Standard Telephones and Cables (assignees of 
Nippon Electric Co.). Convention date (Japan) 3rd 
August, 1935. 
468 965. -Arrangement for ensuring that the 
electron stream in a cathode-ray television trans- 
mitter reaches all points on the photo -electric 
screen in a direction perpendicular to its surface. 

H. G. Lubszynski. Application date 15th January, 
1936. 

SUBSIDIARY APPARATUS AND MATERIALS 
465 83o. -Moving -coil speaker having a large and 
relatively flaccid diaphragm, and also a light rigid 
diaphragm working into a flat horn. 

E. K. Cole and A. E. Falkus. Application date 
21st November, 1935. 
466 o31. -Photo -electric light valve which operates 
by variations produced in the " adhesion " attrac- 
tion between small crystals, such as mica. 

Marconi's W.T. Co. ; L. M. Myers ; and E. F. 
Goodenough. 
467 516. -Loud speaker in which the driving force 
is applied to the base of the cone in a direction 
extending along the line of its walls towards the 
apex. 

W. Ditsche. Convention date (Germany) 19th 
December, 1934. 
468 146. -Photo -electric cell fitted with a centre 
electrode and a spiral anode for producing secondary 
emission. 

The General Electric Co. and C. H. Simms. 
Application date 4th March, 1936. 

MISCELLANEOUS 
466 046. -Preventing distortion effects in a cathode- 
ray tube due to the use of A.C. for heating the 
filament of the tube. 

E. Michaelis (communicated by E. Kinne). 
Application date 25th January, 1936. 
466 426. -Construction of cathode-ray tube whereby 
the usual " thickening " of the glass at the neck 
of the tube is avoided. 

Baird Television and A. H. Johnson. Applica- 
tion date 27th November, 1935. 
468 179. -Cold -cathode high -frequency oscillators 
utilising secondary emission. 

Marconi's W.T. Co. (assignees of W. van B. 
Roberts). Convention date (U.S.A.) 5th November, 
1935. 


