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Editorial 
Natural and Resonant Frequencies of 

Coupled Circuits 

IT is many years since we first showed that 
the two natural frequencies of two similar 
oscillatory circuits coupled, say, as shown 

in Fig. i, by the condenser K, can be deter- 
mined very simply by assuming the circuits 
to be opened and the condensers CC equally 
charged.* On simultaneously closing the 
circuits there will be a simple damped 
oscillatory current ; if the condensers are 
charged so that they both tend to discharge 
in the same direction around the circuit 
LCCL, the condenser K plays no part and 
w2LC = Z, neglecting the effect of R; if, 
however, the condensers are charged in 
opposite directions, they will both discharge 
simultaneously through K, which may be 
regarded as two condensers of half the 
capacitance connected in parallel, and 
w2LC' = r, where C' is the capacitance of 
C and K/2 in series. If only the left-hand 
condenser is charged, then on discharge, 
beats will occur due to the simple super- 
position of the two symmetrical cases. 

If one were asked how many resonant 
frequencies the arrangement shown in Fig. I 
possessed, one would naturally, in the light 
of the above, reply two. Even if the 
resistances were so great that the discharges 

I " A new method of determining the frequencies 
and coupling coefficients in coupled oscillatory 
circuits." Elect. World, N.Y. 68, p. 368, 1916. 

became non -oscillatory, and there was conse- 
quently no natural frequency, one would 
feel tempted to maintain that the two 
resonant frequencies would be unaffected. 
This would only be justified, however, if the 
exciting electromotive forces were operative 
on both circuits in a symmetrical manner, 
one frequency corresponding to the case in 
which the electromotive forces induced in 
the coils were in phase and the other to that 
in which they were in opposition. 

If the exciting e.m.f. E is only induced in 
the left-hand circuit, which we may regard 
as the primary, conditions are not nearly 
so simple. If the resistances RR are small, 
there are three resonant frequencies, that is, 

three frequencies at 
which the current Il is 
in phase with E. Two 
of them are the fre- 
quencies discussed 

ÌI 1' 

above, and they corre- 
spond to maximum 
values of the current I1 ; 

the other is a frequency 
that could not arise from consideration of 
the natural frequencies, since it corresponds 
to a minimum value of Il, that is, it is a 
case of rejector resonance or, as it is some- 
times called, anti -resonance. If now the 
resistances RR are gradually increased, 
this latter resonant frequency is unchanged, 

R B R 

Fig. i. 
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whereas the two former frequencies ap- 
proach one another until at a certain 
value of R they coalesce, only to vanish, 
for on any further increase of R, reson- 
ance of this type becomes impossible. This 
can be shown as follows. If an electro- 
motive force E be induced in the left-hand 

coil, the impedance Z = Z1 + ZZ+Zz where 

Z1 = R + j (wL - -%) and Z2 = i /ju,K. 

For the admittance we have 

Y=I Z1+Z2 
Z Z12 + 2 Z1Z2 

If we put R = a, wL --C = b, and K = cl 

so that Z1 =a 4-jb and Z2= -jd 
thenY= a+j(b-d) 

a2 - b2 + 2bd + j2a (e - cl) 

{a+j(b-d)}{a2-b2-ß- 2bd-j2a(b-d)} 
(a2 -- b2 + 2bd)2 + 4a2(b - d)2 

Now I, = EY and for I, to be in phase with 
E the imaginary component of Y must 
vanish, that is (a2 - b2 + 2bd) (b -cl) - 
2a2(b - d) = o. 

Hence for resonance either b -d = o or 
a2 + b2 - 2bd = o. If b -cl = o, that is 

o,L -aC -mK = o, then 

w2LC+Korw2LC=I+K 
which gives also the resonant frequency of 

tl 

MA XI M .ropRENT 
;ZegfIl 
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REJECTOR RESONANCE 

MI tl tl p ,tl 

R IN moN 

Fig. 2. (C 
+K R2\2 I ( 2C 

LCK 2L2) > L2L2 \I + K 
either LCK circuit with the other one open. 

It is interesting to note that this frequency 

and as R is increased from zero Z falls from 
infinity as shown in Fig. 3 ; it reaches a 

CL 
K(C+K) 

and then increases continually with in- 
creasing R. 

The other condition for resonance, viz., 
a2+b2= 2bd =o 
that is 

llz ll R2 + (wL - 
wC/ wK 

(wL - wC/ = o 

gives 

June, 19.1 1 

is independent of the resistance of the 
circuits (see Fig. 2). At this frequency the 
expression for the admittance reduces to 

a R 
Y = a2 + d2 - R2 + (i/u,K)2 

CL i and Z=R+W2K2R R+K(C 
K) R 

This is obviously a case of rejector resonance 
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Fig. 3. 

,tl 

minimum value of 2R when R = 

z C + K R2 
w 

LCK zL2 

+K R212 I / 2C1 .17C 
LCK 2L2) L2C2 \I + K I 

For this to have real values, that is, for the 
existence of such resonant frequencies, the 
quantity under the root must be positive, 
that is 

and CCKK L2> r 
VI 

+ K 
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R2 
Hence - 

aL 
must not exceed 

K - C 
(I - 1/I + 2C/K) 

For smaller values of R2/2L the root will be 
real and there will be two values of w. 
If R = o 

w2 = C K 
LCK 

_I 

C{K1l2 I 
LCK L2C2 

(1 

C K C 

LCK 
I I 

LC °r CK/2 
L C K/2 

2C1 

K 

which correspond to the two natural fre- 
quencies referred to in our opening paragraph. 

These could be obtained directly by putting 
a -o in the condition a2 -{- b2 - 2bd = o. 

If R has a value less than the critical value 
determined above, we have for the resonant 
admittance, putting a2 + b2 - 2bd = o, i.e. 
a2 - b2 + 2 bd = 2a2 

{a j(b - d)}{2a2 - j2a(b - d)} 
Y 

4a2(a2 - b2 -}- d2 - 2 bd) 

2a3 2a(b - d)2 2ad2 1 1 

4a2d2 4a2d2 2a 2R 
Hence the impedance is simply 2R for 
both the resonant frequencies, as shown in 
Fig. 3. 

As R is increased from zero the two fre- 
quencies approach until, when R has the 
critical value, they coalesce. This frequency 
is given by the formula 

w2=C+K R2 LCK 2L2 

since the quantity under the root vanishes. 
z 

Putting 
R = 

K 
+ 

C 
(I - "V I + 2C/K) this 

becomes 
w2LC = 1/ 1 -}- 2C/K. 

If the coupling is made very weak by in- 
creasing the value of K, so that 2C/K is 
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small compared with unity, this will approxi- 
mate to 

w2LC = I + C/K 

which is the formula found above for the 
rejector resonant frequency. 

Figs. 2 and 3 refer to an example in which 

L=ImH 
C=ImµF 
K = Io mµF 

If R = o the three values of w are 106, 
1.049 x 1o6 and 1.096 x 106. As R is 
increased, the acceptor resonance frequencies, 
which correspond to the humps in the 
resonance curve, approach each other, until 
when R = 95.45 ohms, they coalesce at a 
value of w of 1.047 x 106 with an impedance 
Z of 190.9 ohms. As R is increased, the 
rejector resonant w remains unchanged at 
1.049 X 1o6 whilst the impedance falls to a 
minimum of 190.7 ohms at a value of R of 

95.35 ohms. The small differences between 
some of these figures are not errors of calcula- 
tion but become more pronounced the 
tighter the coupling. A vertical line on 
Fig. 2 gives the values of w for the two 
humps and the trough of the resonance curve 
for any value of R ; their heights will be 
inversely proportional to ordinates of Fig. 3. 
Practically speaking, when R reaches 95.4 
ohms, the humps vanish and the impedance 
is then 190.8 ohms. With any further 
increase of R there is only one resonant 
frequency, the single hump now replacing 
the trough, and we are no longer justified 
in calling it rejector resonance, for its 
rejector characteristics have been replaced 
by those of acceptor resonance. We have 
idealised the problem to some extent by 
assuming the effective resistance of each 
circuit to be exactly the same. In practice 
this will rarely be the case, but the assump- 
tion simplifies the problem and is the most 
reasonable one to make. It should also be 
noted that we have confined our attention 
entirely to the primary current I1, whereas 
when considering resonance curves it is 
more often the secondary current 12 that is 
plotted. G. W. O. H. 
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PART I 

1. Introduction 
THE purpose of a time base is the re- 

peated provision of a voltage which 
increases sensibly linearly with time 

throughout a certain time interval whose 
length can be varied over a wide range. 
Usually, this voltage is produced by the 
comparatively slow charging of a condenser, 
the charging epoch being terminated at 
some specified condenser voltage, and the 
initial voltage conditions reinstated, by the 
quasi -instantaneous discharge of the con- 
denser via some kind of discharge tube. For 
exact repetition to ensue, the charging current 
must also repeat its initial value at the 
instant when the discharge tube flashes, but 
it is quite immaterial whether or not it does 
so as a result of the flash, in a similar manner 
to the condenser voltage, or acquires that 
value independently. 

Thus, four distinct modes of operation 
present themselves, depending on the be- 
haviour of the charging--eurrent -whilst- the 
condenser voltage increases. The current 
may : 

MS. accepted by the Editor, November, 5940. 
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remain constant throughout, 
return to its initial value imme- 
diately before the discharge, and 
remain constant during the dis- 
charge, 

(c) be reset by a separate device in a 
manner analogous to the resetting 
of the voltage by the discharge tube, 

(d) be reset by the same device which 
resets the voltage. 

The pentode or saturated -diode charging 
circuits are examples of type (a) : the simple 
resistance charging circuit, in which the early 
part of the exponential rise of condenser 
voltage is utilised, is an example of type (d). 
These devices are already well known and 
merit no further discussion : it is the object 
of this paper to discuss type (b), type (c) 
being thought too complicated to be of 
practical value. 

An important distinction between type 
(b) and (d) operation is at once apparent. 
For a range of time limited to the charging 
period, type (d) occurs if the voltage is a 
single valued function of the current, which 
would be the case if the current decreased 
(or increased) smoothly. But type (b) 
requires that the voltage be a double valued 
function of the current, a condition which 
would be satisfied if the current increased at 
first, reached a maximum, and decreased there- 
after (or conversely if it first decreased, 
reached a minimum, and increased thereafter). 
A current curve of the shape required in type 
(d) may be obtained if the circuit associated 
with the condenser is non -inductive. This is 
fortunate, since, on short circuiting the con- 
denser, the current immediately resumes 
its initial value, a transition which would be 
impossible if inductance were present. But 
a current curve of the shape required by 
type (b) may be obtained by the use of in- 
ductance, and this again is fortunate, since 
it enables the current to be kept sensibly 
constant during the discharge period. It 
is with this type of circuit that this paper is 
concerned : in particular, to ascertain 
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whether or not it possesses any advantage, 
either in better linearity or greater output, 
over the usual one. 

It is of interest to note that the problem 
is very reminiscent of the familiar one of 
signal shaping in cable telegraphy. Attention 
has been given to this topic by others (Bib. z, 
Chap. 16, p. 479 ; and later workers), and 
more complicated networks are possible. 

2. Theory 
2.1. Circuit Operation 

The circuit under consideration is shown 
in Fig. I. The condenser C charges through 
R and L in series, and, when V reaches 172, 

the thyratron trips and discharges C down 
to V1, the minimum ionisation potential 
of the thyratron. This discharge is per- 
formed very rapidly indeed, and may be 
regarded as instantaneous to a fair degree 
of approximation : it follows that the current 
I will be the same at the beginning of the 
new charging epoch as it was at the end of 
the preceding one. Thus, if time is reckoned 
from the beginning of a charging epoch of 
duration T, I = I at t = o and t = T, and 
also V- V1att=oand V2att=T. 

With these boundary conditions fixed, the 
problem reduces to a consideration of a simple 
series RLC circuit : the thyratron can be 
omitted since it operates only infinitesimally 
before and infinitesimally after the epoch 
defined above. Since the operation of the 
time base does not extend beyond the first 

R L 

Fig. i. 

TRIP V, 

MEAL V, 

peak of the voltage wave, it is instructive 
to consider first the manner in which the 
shape and size of this voltage " wave front " 
vary with the circuit constants and initial 
conditions. 

2.2. Effect of Circuit Constants and Initial 
Conditions 

The general solutions of the equations for 
the simple RLC circuit with various initial 
conditions of circuit current and condenser 
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voltage are well known : they are available 
elsewhere (Bib. 2, Chap. 5, p. 47), and will 
not be repeated here. Instead, the results 
of a numerical study of a particular case 
will be given : these are shown in Figs. 2, 

s 
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P 28,300 CRITICAL 
1..,300 

2,000 
OSCILLATORY 

2 

) 

( 

( 

( 

TIME -t-MILLISECOROE 

Fig. 2. 

3 and 4. Figs. 2 and 3 are designed to illus- 
trate the effect upon the voltage wavefront, 
as the circuit is arranged to be successively 
highly damped, critically damped, oscillatory 
and damped, and oscillatory and undamped. 
The curves have been drawn for two par- 
ticular initial conditions, when the initial 
current Io is zero and when it is 5o mA, the 
initial condenser voltage being zero in each 
case. Curves for various initial condenser 
voltages have not been given since, within 
the range of interest, the solution is com- 
paratively insensitive to the initial condenser 
voltage. The voltage range over which the 
potential -time characteristic is sensibly linear 
is obviously greatest in the oscillatory case 
and, accordingly, Fig. 3 has been drawn to 
illustrate in more detail the effect of the 
initial 'current : the time scale has been 
halved so as to show the effect of damping 
more clearly, and to give a more complete 
picture of the oscillation. 
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2.3. Detailed Analysis 
Examination of Curves 2 and 3 of Fig. 4 

shows that, during the first rise of voltage, 
there is a time, T say, at which the current > 

repeats its initial value. If at that instant 
the voltage could be reset to its initial value, 
without changing the current, the voltage and 
current curves would repeat between T and 
2T their values between 0 and T : and if the 
resetting occurred at 2T, 3T . . . etc., the 
process would be repeated indefinitely, 
yielding voltage and current curves as shown 
in Fig. 5. Such a device would be a time 
base of type (d), and could be realised by 
arranging the thyratron of Fig. i to trip and 
heal at the potentials V1 and V2 relevant 
to Fig. 5. 

It is apparent that the condition of interest ° 

is the oscillatory one where R2 < 4L 
: as a 

C 

u 
o L:ºoH 

40 

p 

- 
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1,218R19._ 

R(oHM) TrE 
,00.6°° LOGARITHMIC 
E0,00 CRITICAL 
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o 
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o o 6 

TIME -S - MILLIECOHCO 

Fig. 3. 

first approximation to this, the condition 
with R = o will be discussed. 

2.31. General Equations 
Adopting the usual symbol convention, 

Ñ: o0 l, 
j,jmAl o 
o 

Ir 
1. I ºo 

Fig. 4. 

the circuit equation is : 

Ld22Q E 

or, since : V=Q 
C 

June, 1941 

d2 

dt +V=E .. (2) 

of which the solution has the form : 

V = E + A sin (wt - #) .. (3) 

and hence, since : 

dV I=Cdt 
I = CAw cos (wt - #) .. (4) 

where : w = JLC .. (5) 

and A and # have yet to be determined from 
the initial conditions. 
I = Io at t =o and also att= Tso: 
(t = o) Io = CAw cos (- ¢) (a) 1 

(t = T) Io = CAw cos (wT - ,) (b) r 

whence : 

cos (- qf) = cos (wT - ¢) 

or : - _ f (wT - 96) + 27r 
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Of these solutions the only one of interest is 
the first : 

- - (wT - ) 

or: = ti (7) 

and, from (6) : 

`4 Cw cos wT/2 

Thus, substituting from (7) and (8) into (4) 

it follows that : 

I0 cos (wt -wT/2) 
cos WT/2 

Similarly, on substituting in (3) : 

V=E+t sin (wt -wT/2) (10) 
Cw cos wT/2 

But V = V, at t = o, and V = V2att=Tso: 
.1 tan 0.)T/2(t 

= o) V, E Cw 

I tan WT/2 
V2=E+ 

a 

Cw 

lo 

(t T) 

whence : 

(V2 + V1) = 2E 

or: E=(V2+V1) 
2 

and : (V2-V1)- 2Io tan wT/2 
Cw 

(V, - V1)Cw 
or : Io = 

2 tan wT/2 

.. (8) 

and, substituting for E and Io from (12) and 
(i3) into (io), it follows that : 

1 [V2±V1]+[V2-V1] 

r 
2 

rr 

L 2 

I I 
1 

[Sill (wt-wT/2)J (i4) 
Lsin wT/2 

a result which is, of course, self-evident from 
Fig. 5. Equations (9) to (14) specify the 
operation of the circuit. 

2.32. Condition for Maintenance of Steady 
State 

From (12) it is necessary that V1 and VZ 

be displaced equally above and below E. 
At first sight this result appears somewhat 
surprising for, although V1 is fixed by the 
ionisation potential of the thyratron, 172 is 
variable at will by varying the grid bias. 

It would seem, therefore, that V2 might have 
any value not necessarily that defined by 
(12). In fact it cannot, for the existence 
of a steady state has been postulated, and 
this can only hold if (12) is satisfied : attempts 
to use the circuit with V 2 < or > (2E - V1) 

would end in failure. Thus, deriving the 
same result from energy considerations for 
one epoch: 

Energy supplied by battery 
= Energy withdrawn from 

condenser 

i.e., EC(V,-V1) = C(V22 - V12)2 
(15) 

and hence : 2E _ (V, + V1) .. (16) 

If 2E > (V, V1), the 'energy supplied 
would exceed that withdrawn, and the 
energy in the circuit would increase con- 
tinually towards infinity : conversely, if 
2E < (V, + V1), the stored energy would 
decrease to zero. In neither case could a 
steady state exist. It may be noted that in 
the latter case since 172 > V1, 172 > E, and 

(v.+v,)1__ 

/ 
v= (v. -v,) 

,, 
I / 

T"T.-«- 
T º T 

Fig. 5 

the condenser potential assumes the steady 
value E which is insufficient to trip the 
thyratron. 

2.33. Frequency 
From (13) it is not possible to evaluate 

T immediately, for the equation contains 
Io which depends on the circuit conditions 
at the instant of switching on. This state of 
affairs has arisen as a result of considering 
a non -dissipative circuit for, in such a circuit, 
the initial conditions govern the behaviour 
for all time. But in a dissipative circuit, 
the initial conditions control only the early 
transient régime, and play no part in the 
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Irn 

or, since the frequency f = 
(and does not, it should be noted, 
generally require to exceed 
0.5.106 cycles/sec.) : 
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steady state performance of the circuit. 
The procedure to be adopted is, therefore, 
immediately apparent : a resistance R must 
be introduced, and it must be supposed so 
small that it does not appreciably influence 
the wave form in any one cycle, and does 
not invalidate (13)*. Thus, whatever the 
initial conditions, once the steady state has 
been reached, the current in the circuit will 
assume a steady mean value Im which is 
quite independent of I. 
Now Q = CV 

or : I =C dE 

SO : 

T 
C dV 

dt m T dt 
o 

and therefore : 

-C(V2-V1) 
m 

C(V2-V1) 

f . . 
Im 

.. (17) 

. . 

(b) 

(c) 

- (i8) 

and if V1 < V2, (18) (a), (b) and (c) 
become : 

or : 

and : 

CV 
m T 

T= 
IV2 m 

Im f CV2 

(19) 

(18) (a) is, of course, physically obvious since 
it is merely the charge gained by the con- 
denser in the given time interval T, divided 
by that time. It should be noted that it is 
quite independent of the manner of variation 
of V between the two limiting values V1 and 
V2, at t = o and t = T : it depends only on 

the mean value of dt throughout this inter- 
val and, therefore, only on V, and V 2. 

* Cf. Fig. 3, Curve 3. 

+ 

(V2+ V1) RF2C(V2 - V1) or: E 
2 { T 

RF2C(V2 - V1) and so : T = -(V2+1/1)12 (a) 

E-(V2+V1)/2 (21) 

or : f = RF2C(V2 - V1) (b) 

If the current fluctuations are small, negli- 
gible error will be introduced by assuming 
F = 1 : (2r) (a) and (b) become : 

RC(V2 - V1) 1 

E - (V2 + V1)/2 I` 

(22' 
f E - (V2+ V1)12 

() RC(V2 - V1) 
b 

and if V1 C V2, (22) (a) and (b) may be still 
further reduced to : 

RCV2 T 
(E -V 2/2) 
(E - V2/2) 

It is now necessary to evaluate Im in terms 
of the known circuit parameters : this is 
most readily done from energy considera- 
tions. If the form factor of I be denoted 
by F, the effective value of I is FIm, and 
since : 

Energy supplied by battery 
= Energy withdrawn from condenser 
+ Energy dissipated 

it follows that : 

EIT= m 
C(V22 - V12) 

RF2Im2T 
2 

.. (20) 

and, on substituting for Im from (i8) (a) : 

EC(V2-V1) C(V22 - V12) 

T 2T 

RF2C2(V2 - V1)2 

T= 

f RCV2 

Since operation is confined to that portion 
of the voltage wave bounded by peaks of 
opposite sense, it is apparent from physical 
considerations that u,T Tr, and, therefore, 

that T . The analytical necessity for 

this restriction will emerge later (see Sub- 
section 2.35 Equation (39) et seq.) 
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Further, (23) (b) may be written : 

E-V2/2 
fCV 2 

and it is obvious that V2 1> 2E for, other- 
wise, it would be necessary for R to assume 
negative values. The ratio V2/E thus ac- 
quires a particular significance, and may be 
termed the " voltage utilisation factor ' of 
the circuit. 

From (i8) (a) and (21 (a) it follows that : 

Im=E-(VZR +VI)/2 
F (a) 

be assumed that F = i 

R= 

and if it 
)12 .1,= E - 

R 1 (b) r 

(24) 
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2.34. Maximum Output Voltage 

From (r4) the output voltage is (V2 - V1) 
and from (13) (a) this may be seen to have a 
maximum when : 

wT IT 

2 2 

Substituting for T from (28) in (22) (a) 
there results : 

1 V2 + Vii 

and if V1 < V2 this reduces to : 

=-V2 

[][E_]RCw 
2 

(25) or V2(RCw z ) = irE .. (b) 

and if V1<V2: 

R 
E-V2/2 

(c) 

It should be noted from (25) (c) that, if R 
is very small, as is assumed in the theory, 
appreciable reduction of V2 below zE in the 
course of adjustments would lead to danger- 
ously high values of Im. A method of over- 
coming this difficulty will be described later 
(see Subsection 2.36). 

(25) (b) may be written : 

R = [I (V2 
I - 

2E 
V 1)] [j (a) 

and if V1 < V2 : (26) 

R [i E] [Ì ] .. (b) 

the quantity may thus be regarded as a 

second significant quantity* denoting the 
" mean resistance " of the circuit. From 
(26) (b) 

zE 

If 
zÉ 

= i, 
E/RI 

= o and eitherR = o, or 
E 

m 
= oo ; thus 

Im = o and, therefore, no current flows. 

If V= 
o, É I = and - = R, the thy- 

ratron remaining tripped. 
m 

* See equation (24) et seq. 

(a) 

.. (28) 

(29) 

(3o) 

It may be noted that, with R = o, V2 = 2E, 
a result which is in agreement with (i2) 
for V1 = o. 

But : RCw = = Q 
Lw 

and it may be concluded that, provided 
Q > 4, the maximum possible value of V 2 

will not be seriously affected by fhe presence 
of R. 
2.35. Linearity 

The fractional linearity may be defined as 
follows : 

dV T 

[ dt ] min. 
d_V1 

â- (3i ) 

i [ dt ] max. 

or since I = C 
dV 

I min. T 
as : s = [I max.], (32) 

From (14) : 

dV [(V2 - V1)] cos (wt - wT /2)] 
dt 2 sin wT/2 

.. .. .. (33) 
Th s has a maximum when t = T/2 given by : 

d_V T 

[ { 
(V2 - 

w 
V i)w 

(34) - T/2 ] 
and minima when t = o and t = T given by : 

{V1 T (V2 - V1)w w 

[ dt ]min. }, - [ 2 sin wT/2 ] cos 2 
(35) 
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From (3i), (34) and (35) it follows that : 

wT 
8 = i - cos 

2- 
(a) 

u,T =1 - I - sin2 - 
. 2 

wT rr 
and if 

z- 
-: 

( 
l 

8 = r - I -z w --T) 
Tf 

2 2 

I w 
or : ---- sin -,ad' - (b) 

2 2 i 

which may be still further reduced to : 

or : 

and deterioration of 8 with T is, therefore, 
very rapid. These findings limit the field 
of application of the device : the point will 
be discussed at a later stage (see Section 5). 

J- here appears as a third significant 

(36) quantity* : since Lw = Z =, IL 
it may 

Cw - v C' 
be termed the element reactance " of the 
circuit and cannot readily exceed io4 ohms. 

(37) 

On substituting for w and T from (5) and 
(i8) in (36) (a) : 

8 =1 - cos [2 VIM] [C( Ì 1)](a) 
m 

which, if V, < 172 gives : (38) 

S = i -cos [\L I j . (b) 

and similarly, using (37) instead of (36) : 

8 = 
8 [LC] [C(V Im- 

V1)]2 
(a) 

and this, if 

-V,<17 
2, gives : 

8 
8 ["V 

/ 
2 L Lm] 

(39) 

From (36) (a) it follows that, since 8 i, 

2 , 2 , 
and, therefore, that T 4 : the 

physical necessity of this result has already 
been noted (see Subsection 2.33, equation 
(23) et seq.). 

Further, since 2 2 
, it follows from (38) 

-C V21 (b) that 
2 [ v L /7" 2 

It may be seen from (37) that, for a given 8 : 

T cc VLC 
and, therefore, large values of T necessitate 
very large values of L and C. Further, for 
a given w : 

oc T2 

2.36. Improved Circuit Arrangement 
In Subsection 2.33, Equation (25) et seq., 

it was pointed out that appreciable reduction 
of V, below 2E might result in dangerously 
high values of Im. An alternative circuit 
which eliminates this trouble is shown in 
Fig. 6. Here the decoupling circuit R'C' 

TRIP Va 

HEAL V1 

Fig. 6. 

supplies the time base with a smooth voltage 
E' given by : 

E' = E - R'Im (40) 
(25) (a) must be rewritten therefore as : 

I --E-R'Im-(V2+V1)l2 (a)`I F2R 

or : 

_E-(V2+VI)/2 
Im 

Let : 

R" _ (F2R + R') 
or, if F = r, and with R' > R : 

R" = (R + R') . . 

and (4i) (b) may be rewritten : 

E - (V2 + V1)/2 Im- 
R" 

and if V1 < V2 

E -V 2/2 I = R 
Thus I.>. 

R 
: this occurs when V, = o, 

(a) 

(b) 

(4i) 

(42) 

(43) 

* See equations (24) et seq., and (26) et seq. 



June, 1941 THE WIRELESS ENGINEER 231 

and a safe value can readily be ensured by a 
suitable choice of R'. 

From (43) (b) : 

E - V212 
I 

which, as in (26) (b) becomes : 

(a) 

(44) 

R" - LI 2E J [Imi (b) 

2.37. Cómparison with Simple RC circuit 
2.371. Output Voltage for a Given 

Linearity.-It is required to ascertain 
V2 

É 
for a specified 8 and a probable Q. 

From (23) (a) : 

V2 (I I 
E - / 

\2 QwTi 
where, from (37) : 

wT = 
If8=0.01,wT=0.3 and with Q=6: 

V2 E .. .. (47) 
In the simple RC circuit : 

V = E(i - e-e1ac) 

and, as in Subsection 2.35 
dV E ((_,R° 
dt RC \e / 

{L dt ]max.}o - L dl,, SO : 

and : 

-o 

RC 

([ dt ] 
rmin.}o 

L dt ],_T 

RC 

SO : 8 = 
¡- 

1 

(E - V2)] 
E 

or : 0.99 (E 
E 

and : V2=0.o1E 

(48) 

(49) 

(50) 

From (47) and (53) it appears that the intro- 
duction of inductance of low damping 
permits a ioo-fold increase of amplitude 
without loss of linearity. 

But it is to be expected that such im- 
provement could only be obtained by the 
use of relatively large currents : this possi- 

bility will therefore be examined in the follow- 
ing paragraph : 

2.372 Current Required.-From (25) (c) : 

Im = RE 
-V212 

R (54) 

where, for the same value of 8 as before, 
from (45) : 

II 
R=[o.3vCV2JL 

1 rr 

E 
V2 

or : Im 
o.31/L/C 

And if ji:ü = 5.Io3 : 

Iwi < 
1.5 

(45) So, with V2 = ioo : 

Im 70 mA 
which is rather a lot. 

(46) (To be concluded) 

- 
V2] (55) 2 

(56) 

(57) 

I.E.E. Wireless Section Committee 
THE Committee of the Wireless Section of the 

Institution of Electrical Engineers has made 
the following nominations to fill the vacancies 

which will occur on the Committee on September 
3oth, i941:-Chairman, Mr. H. Bishop, C.B.E., 
B.Sc. (Eng.), (British Broadcasting Corporation) ; 

vice-chairman, Mr. A. H. Mumford, B.Sc. (Eng.), 
(Post Office Engineering Department) ; ordinary 
members of committee, Mr. H. G. Beer (Post Office 
Engineering Department), Mr. F. P. Best, M.Sc., 
B. Eng. (Marconi International Marine Communica- 
tion Co.), Mr. H. G. Hughes, M.Sc. (H.M. Signal 
School), Prof. Willis Jackson, D.Sc., D. Phil. 
(Manchester University), and Dr. H. A. Thomas, 
D.Sc. (National Physical Laboratory). 

Not later than June 7th, any five (but not more 
than five) members of the Wireless Section may 
nominate any other duly qualified person as chair- 
man, vice-chairman, or ordinary member by de- 
livering such nomination in writing to the secretary 
of the Institution, together with the written consent 
of such person to accept office if elected. 

Book Received 
Understanding Radio.-By Herbert M. Watson, 

Herbert E. Welch and George S. Eby. This 
American book, which is written in a clear, 
easily readable style, is designed to provide the 
beginner with an elementary working knowledge 
of the fundamental principles of wireless and elec- 
tricity. In addition to the text matter, each of the 
fourteen chapters contains a list of technical terms 
used. At the end of each section a list of questions 
is given on the subjects covered. Pp. 603 IX, 
379 Figs. McGraw-Hill Publishing Co., Ltd., 
Aldwych House, London, W.C.2. Price i1. 
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The Pierce Piezo-Electric Oscillator* 
Analysis for the Design of Crystal and 

Line -Controlled Apparatus 

By H. Jefferson, B.A. 
(Research and Development Department, Marconi 's Wireless Telegraph Company, Ltd.) 

Introduction 
THE need for a fresh analysis of the 

Pierce crystal oscillator circuit was 
felt particularly in designing an oscil- 

lator required to have the frequency variable 
over the maximum range compatible with 
control by a single crystal. It was desired 
that the frequency should be varied by a 
single element, and that the amplitude of 
oscillation should not vary with the fre- 
quency. Little guidance was found in the 

Symbols 
For ease of reference the symbols used in the 

analysis are listed below :- 
cm 
co 
Cl 
C2 
C3 

GI 
G2 
I1 

72 

L 
Lm 
L1 
L2 
P 
Q 
r 
V1 
V2 

Y 
a 

P 
a 
wo 

w 

Feedback condenser (Figs. 1 and 2). 
Optimum value of C. 
Total grid -cathode capacitance. 
Crystal series capacitance (Fig. 3.) 
Anode tuning capacitance. 
Physical capacitance in grid -cathode cir- 
cuit. Lumped in CO for analysis. 
Grid circuit conductance. 
Anode circuit conductance. 
Input current to four terminal network. 
Output current from four terminal 
network. 
Equivalent anode circuit inductance. 
Optimum value of L. 
Crystal inductance. 
Physical anode circuit inductance. 
Admittance of grid circuit. 
1 /G2wL. 
Ca/C1. 
Input voltage to four terminal network. 
Output voltage from four terminal net- 
work. 
Admittance of anode circuit. 
(1 + y(1 - Q2))/(, - a2) 
Amplification factor of valve. 
Anode voltage/grid voltage. 
Impedance of valve. 
co/o, 

: 27r X resonant frequency of 
crystal. 
27r X operating frequency. 

MS. accepted by the Editor, February, 1941. 

papers consulted, which, while deriving 
conditions for oscillation, gave no indication 
of a method of selecting circuit values for a 
particular application. The analysis given 
here provides a means whereby component 
values may be chosen, and the method is 
extended in an appendix to an analogous 
form of line -controlled oscillator. 

The analysis is confined to the circuit with 
the crystal connected between grid and 
cathode. A similar analysis for the grid - 
anode connection could be performed, but 
in general the mechanical convenience of 
having one crystal electrode earthed makes 
this form of the circuit more popular. The 
results are expressed in the form of a design 
basis in the section headed Application of 
Results. 

Finally an example is given applying the 
results of the analysis to the oscillator 
referred to above. Curves show the agree- 
ment between theory and experimental 
results. 

In the appendix the corresponding line - 
controlled oscillator is discussed : the crystal 
is replaced by a line of length A/4, short 
circuited at one end, and with the connections 
made at an intermediate point on the line. 
The anode load is formed by another suitable 
line. 

Analysis 
The conventional physical circuit is shown. 

in Fig. i. A tetrode is used in order that 
the grid -anode capacitance shall be small 
compared with the required value, and thus 
an external element may be used, which 
will be independent of valve operating. 
conditions. 

The valve is biased in the usual way to 
give class A working, and the criterion for 
oscillations to be maintained is derived. If 
the amplification factor of the valve is. 
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slightly higher than that required for steady 
oscillation, oscillations, once started, will 
grow in amplitude until limited. Any 
random discontinuity in the circuit currents 
will suffice to initiate oscillation. 

Fig. 1. 

To simplify the analysis the tuned anode 
load is replaced by an equivalent inductance. 
Normally this inductance may be regarded 
as constant over the working frequency 
range of the oscillator. 

Rearranging the circuit and taking account 
only of A.C. paths, the circuit can be drawn 
as Fig. 2. The valve is drawn as a triode, 
as the screen circuit provides only a static 
control of the effective 1.2 and p of the valve. 

Assume that the connection between 
terminals I and 3 of Fig. 2 is broken. Then, 
provided that physical means are provided 
for maintaining the correct bias conditions, 
the network becomes an amplifier followed 
by a load YCP. If a voltage e = e cos wt 
is applied between I and 2, the voltage 
between 3 and 4 will be e' = e'o cos (wt + B). 

If now YCP is such that eo = é o and O = 27rn 
(n an integer), terminals I and 3 will be at 
the same potential, and may be connected 
together without affecting the circuit. Then 
oscillations once set up will persist. For 
class A conditions with zero grid current 
this means 

I1 = I2 = o 

VI = V2 
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Hence by applying the circuit laws 

I = - -[(i + PY) (I + P/jwC) + PP1 
.. .. (2) 

P is the admittance of the grid circuit and 
therefore 

P = jwCo -i- G1 + jwCl/(I - w2LICI) 

= G1 + jwCj[I + r(I - a2)]/(I - a2) 

=G1+jwC1a .. .. .. (3) 

where a = [I + r(I - a2)]/(I - a2) .. (4) 

Y is the admittance of the anode circuit 
and therefore 

Y = G2 + (I - w2L2C2)/jwL2 .. (5) 

If i - w2L2C2 is not too small, this may 
be written 

Y=G2-I-I/JwL 
where L = L2/(I - (02L2C2) 

Substituting from (3) and (4) in (2), 

-(µ+I)=pGl+pG2-I C 

Ca 
GI 

+ P \jwL + G2Il Cla+ .WC/. 
. 

+ jwC + jwL + wC1Pa 

v, 

(6) 

(7) 

(8) 

Fig 2. 

Separating real and imaginary parts we have : 

-(ii+I) =P(G1+G2) 
C G 

+ (1 + PG2) C -p w2LC (9) 

o = (pz- pw2LC1)oa. 

(( 

+ \PG1G2 + G1)L C + p 
. . (io) 

From (Io) 

a = 

L C 
(PG1G2 + G1) 

C1 P C1 

P(w2LC - I) 
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On substitution in. (9) this gives, after 
rearrangement, 

l 
1` = Il(w2LC 

I) + PG2l\(( w2LC - I) 
(12) 

r I L 
+ PG, Lw2LC I + Cp2 -I u,2LC] 

Reverting 
a = 

L G1G2 + (2 + PG2) C I - w2LC 

to equation (io) 
[I r(I - 02)]/(I - 02) 

L C _ [(PG1G2 + G1) + p -1]/(p(w2LC-I)) 
C1 

. . (13) 

Rearranging (4) 

a2 = 1 + I/(y - a) (14) 
and inserting the value for a and Co/C1 for r 

a2 = I + pCl/ 

[PC 0 + L(PG1G2 + G1) + PC- 

w2LC ] (15) 

Equations (Iz) and (15) give the condition 
for oscillation and the oscillation frequency. 
In practice the value ofµ given by equation 
(12) is lower than that obtained for small 
grid swings, and the amplitude of the oscil- 
lations grows until the curvature of the 
characteristic results in a mean value of µ 
corresponding to that of equation (12). 
It will be noticed that 
equation (12) which 
may be considered as 
determining the out- 
put of the oscillator, 
is independent of CO, 

which may therefore 
be conveniently used 
to adjust the oscillator frequency as given 
by equation (is). 

It now remains to select some physical 
condition which will permit the deter- 
mination of the circuit elements, or will 
reduce the number of variable elements. 
One condition selected is approached from 
two standpoints, but may be taken as a 
single condition ; either that C3 (Fig. 1) 
should have a variable range effecting the 
greatest possible shift of oscillation fre- 
quency, or that C3 should be sufficiently 
large to make the oscillation frequency 

Pa 

Fig. 3. 
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independent of changes of valve input 
capacitance. Choice of L2 will be left to 
the physical considerations applicable to 
any particular oscillator, as will choice of 
L1 and C1, the crystal constants. Another 
condition will be that over the range of 
variation of frequency, the output shall be 
maintained constant. To obtain this, use 
will be made of a rule applicable to all 
oscillators. 

Rule to be Applied 
In a valve oscillator where constant output 

is desired with variation of circuit elements, 
the output must be taken from that valve 
electrode where limiting takes place. 

Simple examples of this are :- 
(I) With a low anode load impedance, and 

grid limiting taking place before anode 
limiting, the grid voltage remains constant. 

(2) With a high load impedance, and 
limiting taking place at the anode, the anode 
voltage remains constant. 

(3) With small swings, but an A.V.C. 
system operated from the anode, the anode 
swing remains constant. 

Applying this rule to our crystal oscillator, 
if the ratio of the permissible anode swing 
to the permissible grid swing is 71, we can 
take as a good class A approximation, 

n = D.C. anode volts/D.C. grid volts 
(i6) 

For limiting to take place at the anode 
we must have 

n < Iµ/[Y(P + 1/Y)]I 
while for grid limitation 

n Iµl[Y(P + 1/Y)]I . . 

(17) 

(i8) 

when ix. is the amplification factor for small 
grid swings. 

For the oscillator under consideration we 
take the output from the anode, so re- 
arranging (ri) 

µ/n > II + PYI 
and this inequality certainly holds if 

µ/77 - 1 % IPYI 
p(G22 + 1/w2L2)I . . (19) 

Hence we find that the optimum value of 
L, namely Lm, must satisfy the inequality 

I/wLm 
[(µ 

- G22]1 .. (20) 
P! 
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If µ 
77 

this can be written 

THE WIRELE 

wLm > [()2J - G22] (2oa) 

A further condition which may be im- 
posed is that C should be chosen to make µ 
a minimum ; this is the condition for maxi- 
mum output. 

From (12), by rearrangement, 
wL 

[wC pG2) - w2LC 
(1 + µ= 

I 

+ pwC (I + PG2)2] + P w2LC PG' 

Equating the derivative with respect to 
C to zero, all other elements being assumed 
constant, since in any case change of C 
cannot greatly affect w, we obtain : 

*AL (1 + PG 2) -LC2 (I - 2w2LC) (I + PG 2)2 
P 

(I - w2LC)2 

PG1 
w2LC2 -° 

which gives the equation for Cm, the opti- 
mum value of C1 

w4L2C2m(I + pG2 PG1) 

{ 2w2LCmI w2 
P2G1(I 

+ PG 2)2 + pGi] 

[w2L2G 

p 

1 

(I -}-pG2)2-{- pGi] =o. 

Writing for convenience 

A = 
2L2 

(1 -I- pG2)2 + r]pGi .. (21) 

we have 

wC = wL[I + (1 + I + PG2 - PGl)#1 
A 

.. .. (22) 
which value may be inserted in equations 
(12) and (15). 

Reverting now to equation (15), having 
fixed Cm and Lm, we require for good fre- 
quency control by Co that 
Co % [Lm(G1G2 + G1/p) + Cm]/(I - W2LmCm) 

.. .. (23) 
for the smallest value of Co, while for maxi- 
mum range of control by Co, Co/CI must be 
as small as possible. Since Co includes C3 
and stray capacitances in addition to the 
crystal capacitance, this means that a low 
inductance crystal is required. 
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For frequency stability with supply varia- 
tion the frequency must not depend on p. 
The term containing p in (I2) should there- 
fore be small, and thus 
LmGi/P C Co(I - w2LmCm) + LmG3G2 + Cm 

.. .. (24) 
Clearly when (23) holds, (24) holds also. 

Summary of Results 
Writing Lm in place of L2/(r - w2L2C2) (6) 

for anode 

wLm > X1)2 - G221- 
1327 ] 

(20) 

The optimum value of C is given by 
I/wCm = wLm[I + {r + (I +' PG2- PG1)/A}#] 
where A = PC1[w2Lm2(I + PG 2)21122 + 1] (22) 

For frequency control to be by Co we 
require 

Co i [LmG1(I + PG2)/P + C]R' - w2LmCm) 
.. (23) 

while for wide range of frequency control 
the crystal inductance should be low. On 
the other hand, for rigorous control by the 
crystal, the crystal inductance should be 
high and C1 low, so that the right-hand side 
of equation (15) is effectively unity. 

For maximum frequency stability with 
valve changes 

LmGl/P < Co(I - w2LmCm) + LmG1G2 + Cm 
.. .. (24) 

Application of Results 
The following example illustrates applica- 

tion of the results obtained above to the 
design of a crystal oscillator. The frequency 
of the oscillator is required to be variable 
over the maximum range compatible with 
crystal control in the region of 79.8 kc/s, 
control being effected by variation of C3 
(Fig. 1), forming part of Co. The output 
is to be taken from the anode via a buffer 
stage. 

(1) Valve selected ; KTZ.63, giving expli- 
citly 'A. = I.8 X I0e, p = 1.5 X 106,11 = Ioo. 

(2) Crystal selected with resonant fre- 
quency 79.8 kc/s (w = 0.5 x roe). For the 
the specimen chosen C1 = 0.165 X 10-12, 
Co = 20.5 x 10-12. To allow for valve and 
stray capacitances take Co = 3o X 10-12. 

(3) Coil selected : the criterion in this 
case is that the self -capacitance should not 

C 2 
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be greater than about one -tenth of the value between the design values and the 
of C2 required, and that the coil should of the components actually used. 
have a good Q at the operating frequency. 

200 

1941 

values 

For the coil chosen : conveniently L2 = < 

20 X io -3 with a Q of ioo and a self -capacit- 
,90 

ance of 4 x 10-12 to be lumped in C2. 
d 

190 
ó (4) Grid resistance: conveniently G1=10-6. CRYSTAL RESONANCE. 79.9kc/s 

tao (5) Anode from the conductance : Q of so 70 90 1 0 100 150 

the coil, G2 4 10-6. If we include the grid 
FREQUENCY IN CYCLES PER SECOND resistance of the buffer stage, G2 is corre-ABOVE CRYSTAL RESONANCE 

spondingly increased. For convenience take Fig. 5. 
G2 = io -5. 

,90 

CALCULATED 

D ,10 

MEASURED 

100 

90 

ó 

wo 

CRYSTAL RESONA CE=lA9 ks/. 

21018 

,U 30 00 a0 50 E0 >0 

CAPACITANCE CS (SEE FID.t) tlpF 

Fig. 4. 

AO ,00 

(6) Anode condenser, C2: using (2o), 
wLm >, 188 X Io3 , Lm > 376 X I0-3. 
Hence taking the lowest value for Lm. by 
(i6) C2 = 190 X 10-12. 

(7) Coupling condenser, Cm : by (2i) 
A = 7.53 and by (22) wCm = 1.95 x 10-6 
and Cm = 3.9 x 10-12. 

(8) Control by Co : The right-hand side 
of the inequality (23) is [LmG1(I pG2)/p 

Cm]/(I -w2LmCm) =10.8 x 10-12. Hence 
Co will still exercise reasonable control at its 
minimum of 30 X 10-12. 

(9) Frequency Stability : Inequality (24) 
reduces to 0.125 x 10-6 < 1.90 x 10-6 
which may be considered reasonably satis- 
factory. The component values obtained 
above are not critical. 

Fig. 4 shows the calculated and measured 
curves of the oscillator frequency plotted 
against the capacitance of C3, and Fig. 5 
shows the measured output plotted against 
frequency. Departure from the calculated 
performance in Fig. 4 is due to the difference 

APPENDIX 
Application of the Theory of the Pierce Oscillator 

to Line -stabilised Oscillators 
At very high frequencies, the use of quartz 

' crystals to provide stabilisation of an oscillator 
becomes impracticable, partly for mechanical 
reasons, and partly because the " Q," or reactance/ 
resistance ratio, of the crystal is no longer large. 
A circuit commonly used is, however, almost 
identical with the crystal oscillator circuit, with the 
exception that the controlling crystal is replaced 
by a quarter -wave line, connection being made to 
an intermediate point on the line. By expressing 
the impedance of the line in suitable form, the design 
principles laid down above can be extended to cover 
this circuit. 
Analysis. 

Consider a line of 
Zo = i/ Yo and of length 
l = a/4, short circuited 
at one end (Fig. 6.) The 
admittance measured at 
a point 1 from the open 
end will be Y = j YQ cos 
(wl/v)/[cos (wl1/v) sin 
(w(l - li)/v)l. 

Near the first zero, 
where wl/v = 42, let Y 
= jwCj + I/jwLj and 
w2L1C1 I (Fig. 7a). 

Differentiating, the appropriate values for C1 
and L1 are found to be : 

Cl it sec' 11 a YBl sec'r 11 Tr 
sec'If 11 ir 1_ w 4 l 2) 2V \l 2) 

El 
2 \l 2 

Z0 Tr 
a 

11 Tr I 2V (l Tr L1 = 
co 4 

cos (l z) w2 ÿo1 cost 
\ l 2) 

2 / d n 
Kw1 

COS=( 
I 2) 

where K is the capacitance per unit length of the 
line. 

If the circuit includes a series capacitance C2, 
the reactance characteristic becomes that of Fig. 7b, 
and the ratio of anti -resonant frequency to resonant 
frequency will be 

v, - \l + C1)ß 
The addition of a shunt capacitance C3 gives the 

reactance characteristic of Fig. 7c. Here v, has 
not changed, but vD has been reduced to 

characteristic impedance 

1 - l,' 
OE 

o 

1.-4 íc3 

Fig. 6. 

1o 
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val - 2' [L1 ' {CI + C2C3/(C2 + C3)}] -- 

It will be seen that this reactance characteristic 
is identical with that of the crystal elements of the 
oscillator circuit discussed above. Hence the 
conclusions derived are applicable to the line 
oscillator. 

(a) 

(b) 

(c) 

v. 
LINE 

LINE +C, 

LINE C2 AND C3 

Fig. 7. 

With an inductive anode circuit impedance, 
produced by either a suitable physical coil or a 
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line of length between A/4 and A/2, the oscillation 
frequency lies between yr and val. For the maxi- 
mum stability then, these two frequencies should 
be as close as possible. This becomes 

C1 + C2C3/(C2 + C3) 
1 giving 

C1 + C2 

C2 < (C1C3)I 

Furthermore, as C3 has some control of the fre- 
quency, it should be stable in value. Hence a 
physical condenser should be included to minimise 
the effects of valve capacitance changes. The 
largest possible value of C3 should be used. 

Making use of equations (2o) and (21) of the 
crystal oscillator analysis, the minimum reactance 
of the anode circuit is found to be : 

,,, = oip/µ approximately, or 

D.C. anode voltage (mutual conductance of 
D.C. grid voltage the valve). 

The feedback capacitance is approximately 
given by 

twC - I/wL,,, 

This value is somewhat greater than that obtained 
from the more exact equation (22). If possible 
this capacitance should also be a physical element. 

Unfortunately the writer has no experimental 
verification of the results here obtained. Such 
information as has been made available to him 
has been in a form unsuitable for use in confirming 
the conclusions reached. The success of the crystal 
oscillator theory, however, affords some hope that 
the extension of the theory may be of value. 

The Crosley Contrast Expander* 
An Analysis of the Circuit 

By S. W. Amos, B.Sc. (Hons.) 

THE following is an analysis of that type 
of contrast expansion circuit, which 
consists of two similar metal -filament 

bulbs and two fixed resistances of the same 
value arranged in the form of a Wheatstone's 
bridge, as shown in Fig. i. 

Metal filament lamps possess the property 
that their resistance increases as the P.D. 
across them is increased. Some experiments 
carried out on a 2.5 volt torch bulb to deter- 
mine this variation gave the curve shown in 
Fig. 2, from which it can be seen that the 
resistance varies from i to to ohms. In fact 
a to to i variation is nearly always possible 
with a metal filament lamp, and it is by 

* MS. accepted by the Editor, March, 1441. 

virtue of this fact that such lamps can be 
used to achieve contrast expansion. 

10 

S 

4 

2 

fi 

Fig. 1. 

ACROSS 

Fig. 2. 

2 3 

BULB IN VOLTS 

In Fig. t, V is an output valve, T the 
output transformer, r two similar fixed 
resistances and r1 two similar lamps. R 
represents the speech coil of the moving -coil 
loudspeaker. 
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and R+r 
Hence the power in the loudspeaker is given 
by 

Let rl = resistance of each lamp when 
cold, 

and r2 = resistance of each lamp when 
hot. 

If r < rl then the directions of the currents 
in all the resistances are as shown in Fig. 3. 

Let i1 = current in AB and CD, 
i2 = current in AC and BD, 

and 13 = current in the speech coil R. 
Equating currents at B :- 

22=1-}-23. 
Equating E.M.F.s around the circuit ABC :- 

rlil = ri2 + Ri3. 
From these two equations 

R - J- r, i2=i1R+r 
r1 -r 13=Z1 

i32R= Ri, 12 (R+r)2, 
Now the total power absorbed by the whole 
network is given by :- 
Total power = P.D. between A and D X 

Total current flowing into A 

(12r + 21r,) Xl(il + i2) 

=Zl2 (ri +rR+}rr)\I+R -}-r 
lrJ. 

Hence 
Power in speech coil 

Total power 
R(r1 - r)2 

(Rr + Rrl + 2rr,) (2R + r + r1) 
This result as it stands 
applies when the bulb 
is cold. By substitut- 
ing r2 for r1 it applies 
when the bulb is hot. 
Now if, during the 
reproduction of loud c 
orchestral passages the 
bulbs burn brilliantly, 

t and if their resistances 
during 'very quiet pas- 
sages are not appre- 
ciably different from 
the cold value, then it Fig. 3. 

follows from the above that the ratio of 
increase of contrast given by the expander 
is given by :- 
Ratio of increase of contrast 
- [Rr + rl (R + 2r)] [(2R + r) + rl] (r2 - r) 2 

[Rr + r2(R + 2Y)][(2R+ r) +r2](r1 - r)2 

Putting A = rl(R + 2r) 
Rr B 2R+r and 

r2 = Iorl, and, writing it in the,usual decibel 
notation we obtain for the improvement in 
contrast 

ioLo [A + i][B + I](Ior1 - r)2 decibels. Log, 
[IoA + r][ioB +i] (ri -r)2 

The behaviour of this . expression with 
variation of r is given in the Table, which 

ó 

15 

0 

YiwF nr r IN OHMS 

Fig. 4. 

also includes the corresponding values of 
power delivered to the speech coil and total 
power absorbed. These results have been 
evaluated for a speech coil of 5 ohms re- 
sistance and for bulbs having a rating of 4 
volts and o.i amps. The curve of Fig. 4 
illustrates the dependence of contrast upon 
the value of r. It is seen that the contrast 
increases with increase of r and it actually 
reaches a theoretical value of infinity at 
r = 4 ohms, the resistance of the bulbs when 
cold. An improvement of 12 decibels is 
generally advocated as being most suited 

Power Total Ratio Improve - 
Value delivered power of ment in 

of to absorbed increase expansion 
r speech by of in 

coil network expansion decibels 

0 3.2 watts 4.0 watts 2.8 : 1 4.5 
I ohm 2.11 watts 4.04 watts 5.76: 1 7.6 
2 ohms 1.47 watts 3.97 watts 13.8 : I 11.4 
3 ohms 1.07 watts 3.77 watts 56.9: I 17.6 
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to the reproduction of orchestral music, and 
it is seen that for the particular values chosen 
this is achieved with fixed resistors of value 
just over 2 ohms each. 

The law which the increase of contrast 
obeys depends upon the way the resistance 
of the bulb varies with the P.D. across it. 
From Fig. 2 the variation of resistance is 
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seen not to be a linear function of the applied 
P.D. and hence we can conclude that this 
expander does not give linear expansion, 
i.e. the improvement in contrast is not 
proportional to the original contrast present. 
Nevertheless, even this kind of expander is 
well worth including in receivers, owing to 
its simplicity. 

Wireless Patents 
A Summary of Recently Accepted Specifications 

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.2, price 11- each 

ACOUSTICS AND AUDIO -FREQUENCY CIRCUITS 
AND APPARATUS 

531 963.-Means for producing " vibrato " effects 
in a low -frequency amplifier. 

S. W. Kaye. Application date loth July, 1939- 

532 3o2.-Amplifying system in which a combina- 
tion of positive and negative feed-back is used to 
stabilise the circuit. 

Standard Telephones and Cables (assignees of 
F. B. Llewellyn). Convention date (U.S.A.) 7th 
October, 1938. 

533 255.-Low-frequency amplifier with negative 
feed-back giving a differential attenuation of the 
high and low notes in order to improve the timbre 
of the reproduction. 

Philips Lamps. Convention date (Netherlands) 
26th October, 1938. 

DIRECTIONAL WIRELESS 

532 1o7.-Aeroplane aerial designed to show equal 
sensitivity, at all points along the gliding path 
taken by the craft when making a blind landing. 

W. H. A. Thiemann (communicated by Bendix 
Aviation Corporation). Application date 25th May, 

1939. 
532 122.-Keying system for a radio -navigation 
beacon transmitter of the overlapping -beam type. 

Marconi's W.T. Co. ; E. Green ; and N. E. 
Davis. Application date 12th July, 1939. 

532 173.-Aerial arrangement for a beacon station 
radiating a four -course navigational beam. 

Standard Telephones and Cables (assignees of 
E. N. Wendell). Convention date (U.S.A.) 3oth 
September, 1938. 

532 499 Directive aerial consisting of two spaced 
radiators each forming a narrow loop closed 
through a surge impedance. (Addition to 500 162.) 

Soc. Anon. des Industries Radio-Electriques. 
Convention date (France) 3rd September, 1938. 

532 547-Rotary condenser arrangement for switch- 
ing the frame and vertical aerials used in direction 
finders to produce a reversed cardioid polar diagram. 

Marconi's W.T. Co. and C. S. Cockerell. Applica- 
tion date 29th August, 1939. 

RECEIVING CIRCUITS AND APPARATUS 
(See also under Television) 

531 779.-Receiving set in which frequency -modu- 
lated signals are converted into amplitude -modu- 
lated signals by a frequency selective path controlled 
by back coupling. 

Standard Telephones and Cables (assignees of 
H. Nyquist). Convention date (U.S.A.) 24th August, 
1938. 
531 827.-Electron-multiplier circuit in which the 
mean anode current is stabilised in order to regulate 
the mutual conductance of the valve for small grid 
voltage variations. 

E. L. C. White. Application date loth July, 1939. 
53I 977.-Lecher-wire coupling for a push-pull 
amplifier for ultra -high frequencies. 

Standard Telephones and Cables and D. H. Black. 
Application date 14th July, 1939. 

532 ,z6.-Protective arrangement for a wireless set 
adapted to be energised either from A.C. or D.C. 
mains. 

A. A. Thornton (communicated by Philco Radio 
and Television Corporation). Application date 13th 
July, 1939. 

532139 Tightening device for the cord trans- 
mission or drive in the tuning system of a wireless 
receiver. 

Philips Lamps. Convention date (Netherlands) 
loth August, 1938. 

532 2,3.-Means for neutralising the " blocking " 
or secondary -emission effect of strong signals in an 
output power pentode. 

W. W. Triggs (communicated by Rogers Radio 
Tubes). Application date 22nd August, 1939. 

532 249 Automatic gain control system applicable 
to secondary -emission amplifiers. 

Standard Telephones and Cables ; D. S. B. 
Shannon ; and P. K. Chatterjea. Application date 
18th July, 1939. 
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532 316. -Design of superhet set with a stage of 
radio -frequency amplification intended to simplify 
tuning and switching. 

A. A. Thornton (communicated by Philco Radio 
and Television Corporation). Application date 17th 
July, 1939. 
532 326. -Cross -coupled valve circuit for producing 
a large output current not necessarily proportional 
to the input. 

L. H. Paddle. Application date loth July, 1939. 

TELEVISION CIRCUITS AND APPARATUS 
FOR TRANSMISSION AND RECEPTION 

531 495 Arrangement and mounting of the com- 
ponent parts of a wireless set on a chassis com- 
prising parts which are vibration -proof and parts 
which are not. 

Philips Lamps. Convention date (Netherlands) 
27th July, 1938. 
531 612.-Decoupling arrangement for a mains -fed 
wireless set using iron -cored tuning coils. 

L. L. de Kramolin. Convention date (Germany) 
25th May, 1938. 

531623. -Wireless receiver arranged to operate 
either as a superhet or as a straight tuned set, at will. 

R. M. Electric and G. H. Bradbury. Application 
date 6th July, 1939. 
531 828. -Cathode-ray tube in which a photo- 
sensitive surface of oxidised metal is used to pro- 
duce a beam of electrons representative of the light 
and shade of a televised picture. 

Baird Television and P. W. Willans. Application 
date Loth July, 1939. 
532 o74.-Thermionic-valve circuit arrangement for 
correcting the steady off-centre deflection of the 
electron stream in a cathode-ray tube. 

Baird Television and D. V. Ridgeway. Application 
date 16th August, 1939. 

TRANSMITTING CIRCUITS AND APPARATUS 
(See also under Television) 

531 982. -Arrangement for protecting a wireless 
transmitter from the effects of lightning. 

F. C. McLean. Application date 9th August, 1939. 
532 121. -Means for preventing frequency " drift " 
during the time the cathode of a valve generator is 
heating -up. 

Marconi's W.T. Co. and N. H. Clough. Applica- 
tion date 12th July, 1939. 
532 204. -Modulating system with means for pre- 
venting distortion due to envelope phase -shift. 

E. K. Sandenzan. Application date 21st August, 
1939. 
532,619. -Selective transmission network comprising 
a four -terminal transducer for attenuating waves 
of one frequency while transmitting waves of a 
different frequency. 

Standard Telephones and Cables (assignees of 
C. H. Dagnall). Convention date (U.S.A.) 5th 
November, 1938. 
533 138. -Modulating system with means for 
accentuating either the carrier -wave with respect 
to the side -bands, or vice versa. 

Philips Lamps. Convention date (Netherlands) 
15th October, 1938. 

533 289. -Transmitting circuit with balancing 
means for producing a frequency -modulated signal, 
particularly for short-wave working. 

E. C. Cork and J. L. Pawsey. Application date 
16th July, 1939. 

533 479 Means for eliminating " noise " in a 
system in which at least two signals are transmitted 
on the same carrier frequency, one by amplitude 
and the other by frequency modulation. 

The British Thoonson-Houston Co. Convention 
date (U.S.A.) 12th November, 1938. 

CONSTRUCTION OF ELECTRONIC -DISCHARGE 
DEVICES 

531 760. -Cathode-ray tube of the kind in which 
television images of large size are produced by using 
a secondary cathode and an incandescent anode. 

Marconi's W.T. Co. and L. M. Myers. Applica- 
tion date 12th July, 1939. 
531 903 Thermionic valve comprising means for 
compensating for the effect on the electrodes of 
thermal expansion of the lead-in wires. 

Standard Telephones and Cables and A. I. 
Vangeen. Application date 11th July, 1939. 
531 9o4. -Construction and assembly of the elec- 
trodes of a thermionic valve with external and 
internal screening means. 

Standard Telephones and Cables and F. D. Good - 
child. Application date 11th July, 1939. 
532 025. -Construction and assembly of the elec- 
trode system of an electron multiplier or cathode-ray 
tube to avoid undesired secondary emission. 

F. J. G. van den Bosch and Vacuum -Science 
Products. Application date 12th June, 1939. 
532 082. -Arrangement of the concentrating and 
dividing electrodes in a two -stage electron -multiplier 
tube. 

The M -O Valve Co. and G. W. Warren. Applica- 
tion date 16th August, 1939. 
532 525. -Method of making from silver and anti- 
mony the mosaic electrodes used in television 
cathode-ray tubes. 

Baird Television and K. A. R. Samson. Applica- 
tion date 24th July, 1939. 

SUBSIDIARY APPARATUS AND MATERIALS 

530 726. -Device for producing a stream of ions 
moving at high velocity. 

" Fides " G.m.b.h. Convention date (Germany) 
26th March, 1938. 
530 957 Means for increasing, by any desired 
factor, the impedance of a multiple -electrode piezo- 
electric crystal unit. 

Standard Telephones and Cables (assignees of 
J. F. Barry and H. G. Och). Convention date 
(U.S.A.) 3rd September, 1938. 
531 268. -Adjustable -capacity electrodes for Mount- 
ing one or more piezo-electric crystal oscillators. 

E. L. Gardner and Simmonds Development Cor- 
poration. Application date 4th July, 1939- 
531 639. Piezo-electric valve -oscillator circuit for 
generating frequencies of the order of 500 kc/s. 

Marconi's W.T. Co. and G. P. Parker. Applica- 
tion dale 12th July, 1939. 
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PROPAGATION OF WAVES 

1577. LONGITUDINAL ELECTROMAGNETIC WAVES BE- 
TWEEN PARALLEL PLATES [offering Simple 
Example of Wave Propagation in Hollow 
Guides, with Solution in Terms of Simple 
Mathematical Expressions, so that Physical 
Aspect of Problem is Not Obscured, and 
Effect of Conductivity of Dielectric can be 
Seen].-V. C. A. Ferraro & H. T. Flint. 
(Prot. Phys. Soc., 1st March 1941, Vol. 53, 
Part 2, pp. 170-181.) 

1578. ON THE ULTRA -HIGHS [Increase Of Sporadic -E 
(" Short Skip ") Reception as Sunspot Cycle 
approaches Low Period : " Persistent Feel- 
ing " among Experimenters that Some Rela- 
tion exists between Weather & U.H.F. 
Long -Distance Communication, due to a 
Common Cause : etc.].-E. P. Tilton. 
(QST, March 1941, Vol. 25, No. 3, pp. 50-53.) 

1579. RECOMBINATION AND ATTACHMENT PRO- 
CESSES IN THE IONOSPHERE [Quantal Collision 
Considerations leading to Values for A (=N_/ 
N6) of loo in E Region and I or Less in 
F Region, consistent with Dynamo Theory 
(apart from Possible Modifications by 
Appleton-Weekes Lunar -Tides Results)].- 
H. S. W. Massey. (Bull. No. II, Int. Union 
Geod. & Geophys., Washington Transactions 
1939, pub. 1940, pp. 521-523.) For previous 
work see 3038 of 1939. 

1580. DISSIPATIVE PROCESSES FOR ELECTRONS IN 
THE IONOSPHERE [Establishment of Balance 
between Negative Ions & Electrons reduces 
Effective Value of Electron -Production Rate 
and increases Effective Electron -Recombina- 
tion Coefficient : Explanation of Pressure - 
Independence of (a, + Aa,) in Regions E & 
Fi : Doubtful Importance of Photo -Detach- 
ment : Uncertainty whether Great Dis- 
crepancy between Estimated & Theoretical 

Summer F2 Recombination Coefficients can 
be similarly attributed to Negative Ions].- 
E. V. Appleton. (Bull. No. II, Int. Union 
Geod. & Geophys., Washington Transactions 
1939, pub. 1940, pp. 523-526.) 

1581. SOME RECENT IONOSPHERIC RESEARCHES 
[including Estimation of Scale Height from 
Ionised -Layer Structures, Estimation of Air 
Densities from Electron -Collision Frequencies, 
Variation of Solar U -V Radiation during 
Sunspot Cycle, Reality of D Layer, Lunar 
Tides, & Tropospheric Reflections (from 
Water -Vapour Discontinuities, not from 
Ibnised Layers)].-E. V. Appleton. (Bull. 
No. II, Int. Union Geod. & Geophys., 
Washington Transactions 1939, pub. 1940, 
pp. 516-521.) 

1582. THE IONOSPHERE TEMPERATURES [Calcula- 
tion, by Equation H = kT/mg, of Tempera- 
tures in E & F Layers, for Various Assumed 
Compositions].-R. Penndorf. (Naturwiss., 
zznd Nov. 1940, Vol. z8, No. 47/48, p. 751.) 

" Pekeris [see 3291 of 1940] has calculated, from 
measurements on separate days, the variation of 
the carrier concentration in the F2 layer as a func- 
tion of the true height, and obtains for H [the scale 
height] values between zo and 3o km, values 
considerably smaller than those given by Appleton 
for this layer and for the same time of year [4292 
of 1939 and 1581, above]. For values of H given by 
Appleton for the E layer, and for those calculated 
by Pekeris [for the F5 layer], the present writer 
has calculated the corresponding temperatures 
from the equation H = kT/mg. In so doing, 
important assumptions have had to be made as to 
the composition of the air at these heights. These 
assumptions are either taken from the latest work 
on the subject or are so chosen as to represent limits 
within which the composition may vary . The 
E layer contains nitrogen and oxygen, of which 
the former is not dissociated, whereas the latter, 



242 THE WIRELESS ENGINEER June, 1941 

under the action of the sun's rays, begins to dis- 
sociate at this height, so that the two assumptions 
' AI ' & ' A2 ' [N2, 02 & N2, 0, proportions 81% & 
19% in both cases] are taken as limiting cases. 
Thus the temperature certainly lies between 330° 
& 374° K. The composition assumed in ' A3 ' 
[67% Ng, 32% 0] is based on the data of Mitra & 
Rakshit [3120 of 1938 : this assumption gives a 
temperature of 308°]. These writers arrive at the 
composition ' B2 ' [93% N2, 6% 02] for a 25o km 
height if N2 & 02 are present, and ' B4 ' [36% N2, 
64% 0] for the supposition that only N2 & O exist 
beyond a loo km height. The remaining com- 
positions ' B1,' ' B3,' & ' B2 ' are the limiting cases 
of probable compositions [' B1 ' & ' B3 ' being 
exactly as ' A1,' ' A2' for the E layer-see above- 
while B2 ' is 41% N2, 40% N, & 19% 0]. 

" The temperatures arrived at are all lower than 
those previously supposed to exist, but are more 
reliable since the true heights, and not the equivalent 
heights, are used as a basis for the calculation of 
the vertical distribution of carrier concentration. 
Moreover, the hitherto assumed rapid rise of 
temperature between the E and F2 layers is reduced 
to an amount that appears completely credible." 
For the E layer the values have already been 
mentioned : for the F2 layer they range (for com- 
positions ' B1 ' to ' B4 ' in order) from 625° to 437° 
K for the Pekeris lower limit H = 20 km, and 
from 936° to 655° K for his upper limit H=3o km. 
1583. IONISATION AND DISSOCIATION OF DIATOMIC 

MOLECULES BY ELECTRON IMPACT [Mass - 
Spectrometric Study of Molecules H2, CO, 
NO, N2, & 02 : Analysis of Results].- 
H. D. Hagstrum & J. T. Tate. (Phys. 
Review, 15th Feb. 1941, Vol. 59, No. 4, 
Pp. 354-370) 

1584. PROBLEMS OF UPPERATMOSPHERIC PHYSICS 
[Question of Local Terrestrial Influence on 
F -Region Ionisation : Problems of the Noon 
" Bite -Out " in Ion Density and of the 
Presence of an Annual Variational Compo- 
nent in Same Phase in Both Hemispheres : 

etc.].-L. V. Berkner. (Bull. No. L1, Int. 
Union Geod. & Geophys., Washington Trans- 
actions 1939, pub. 1940, pp. 500-502.) 

1585. OBSERVATORY TECHNIQUE OF IONOSPHERIC 
MEASUREMENTS [and the Problems en- 
countered in Their Analysis].-L. V. Berkner. 
(Bull. No. I1, Int. Union Geod. & Geophys. 
[as above], pp. 417-437.) 

1586. OBLIQUE -INCIDENCE RADIO TRANSMISSION 
AND THE LORENTZ POLARISATION TERM 
[Comparison of Theoretical & Observed 
Max.Usable Frequencies leads to Support for 
Sellmeyer Theory (a = o) : a Step -by -Step 
Method of Solving the Integral Equation 
involved].-Newbern Smith. (Journ. of Res. 
of Nat. Bur: of Stds., Feb. 1941, Vol. 26, 
No. 2, pp. 105-116.) 

1587. ECHO MEASUREMENTS IN LONG-DISTANCE 
TRANSMISSION AND THEIR RELATION TO 
ZENITHAL REFLECTIONS.-R. Eyfrig. (Hoch f: 
tech. u. Elek:akus., Dec. 1940, Vol. 56, No. 6, 
pp. 161-174.) 

The pulse -transmission researches of Crone & 
others (3974 of 1936) could not be carried as far as 

was intended, and for this reason alone a further 
series of tests was desirable (it is mentioned, in 
passing, that in the above paper the similar work of 
Martyn-1727 of 1935-was overlooked). Mean- 
while, however, a theoretical paper has appeared 
(Millington, 4220 of 1938) and also two by Newbern 
Smith (3592 of 1937 and 3108 of 1938: an abbrevi- 
ated treatment adapted to practical requirements) : 

this theoretical work allows the conditions for long- 
distance transmission (with its oblique ray incidence) 
to be calculated from observations on vertical echoes 
(zenithal reflections). It became, therefore, addi- 
tionally desirable to extend the original tests, in 
order to check these theoretical results. Four 
transmitters were available, at Herzogstand near 
Kochel (two), Adlershof, and Berlin. The second 
transmitter at Kochel was of the Goubau " continual 
rotation " type, giving pulses of a frequency which 
varied continuously over the range I-Io Mc/s in a 
period of 3 minutes, then remained at a fixed value 
(61.6 or 46 m wave) for the rest of the hour until 
the next 3 -minute " traverse " (" Durchlauf ") was 
automatically started. The tests covered about 
3800 hours in the periods June/Dec. 1938 and 
Jan./Aug. 1939. 

Author's summary :-" In the first part of this 
paper the zenithal reflections of two stations at a 
distance of 56o km are compared. For the F layer 
good agreement was found, provided that the 
pulses were not in the immediate neighbourhood of 
the critical frequency [in which case, as might be 
expected from the more southerly situation of 
Kochel, implying a higher electron concentration, 
echoes were liable to be found there at times when 
no zenithal reflection occurred at Berlin. In con- 
nection with this difference in latitude, it is pointed 
out that the z° difference in longitude should have 
made the morning rise in concentration reach a 
given value over Berlin about 8 minutes earlier 
than over Kochel : actually, in 85% of the cases 
zenithal reflection occurred first over Kochel, 
followed in 3-20 minutes by Berlin : in the re- 
maining cases Berlin led by 2-14 minutes. This 
indicates " that the effect of difference of longitude 
is completely masked by that of difference of 
latitude, and perhaps also by other influences 

" As regards the abnormal -E layer the conditions 
at the two stations may be completely different, 
a confirmation of the belief that the abnormal -E 
layer covers a comparatively limited extent in a 
horizontal direction. A large number of observa- 
tions appeared to show that the abnormal -E layer, 
or more correctly its producing agent [corpuscular 
rays], is in motion and possesses a high north; south 
component of velocity " [thus Table 1, p. 164, 
shows several cases, both by day and night, when 
abnormal -E ionisation appeared over Berlin Ii -24 
hours earlier than over Kochel and disappeared 
F-31 hours earlier. The calculated north/south 
velocity component, 40-320 m/s, " is of the same 
order as that found by Aschenbrenner in his Munich 
Dissertation " [no definite reference given[. 

" In the next part of the paper the usefulness of 
Newbem Smith's formula for the calculation of the 
effective heights of reflection at the F layer for 
long-distance transmission is confirmed " [Tables I) 
II, & III : the cursive numerals give the calculated 
values. The formula referred to (eqn. 4b, p. 165, 
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is that given by the simple theory of Smith's first 
paper referred to above : his more complicated 
treatment in the second paper, taking into account 
the earth's curvature (and also the magnetic field) 
is not considered, the present tests being over a 
distance of only 56o km. Farmer, Childs, & Cowie 
(4219 of 1938) have stated that Smith's formula is 
only applicable if the ionosphere is in a calm con- 
dition, as indicated by clear and regular magneto - 
ionic splitting such as that of Fig. 6. The present 
observations, however, show that even when the 
layer is disturbed, as indicated by the rather thick, 
blurred F2 traces of Fig. 7, the observed and 
calculated heights for a 61.6 m wave agree well. 
But when multiple splitting occurs at zenithal 
reflection, serious discrepancies are found (see 
small table at bottom of p. 167), amounting in one 
case to as much as 95 km. Examination of all 
the data leads to the cónclusion that wherever 
multiple splitting was found, the calculated height 
was always lower than the observed height (p. 168 : 

the small table, however, shows one case, on 
6th December, where the two values agreed 
although, presumably, multiple splitting was 
observed). " Owing to the complicated nature of 
the relations it is not easy to give a definite explana- 
tion of this result." The validity of the Smith 
formula was not checked for the E layer, since 
Smith's second paper had already confirmed this]. 

" In conclusion, ' transmission loops ' and other 
special transmission phenomena in the neighbour- 
hood of the critical frequency are discussed. The 
probability is pointed out of the existence of an 
occasionally occurring ionisation layer above the 
F2 layer." The " transmission loops " here referred 
to are defined as follows :-for frequencies close to 
the critical frequency, two paths exist (Lassen, 
1926), a shorter path resulting from approximately 
mirror-like reflection and a longer one in which the 
wave is propagated over a long stretch inside the 
ionised layer. If the electron concentration becomes 
smaller and approaches the value at which no more 
reflection can occur, these two paths come together, 
and with a further decrease in ionisation the trans- 
mission breaks down. In long-distance records this 
effect shows itself by the appearance of " hooks," 
which " were correctly interpreted for the first time 
in the Crone, Krüger, Goubau, & Zenneck paper 
[already referred to above]. A corresponding effect 
occurs as long-distance transmission sets in when 
the previously insufficient ionisation rises to a high 
enough value. Now it often occurs that the ionisa- 
tion fluctuates in such a manner that the two paths 
persist during the whole time : the communication 
breaks off and is restored. In this way ' trans- 
mission loops ' are formed, consisting of two ' hooks ' 
in opposite directions " [Figs. 8-11]. Characteristic 
points about these loops are discussed. Since they 
are a regular feature in F2 records, they might also 
be expected to occur with the E layer. No such 
traces, however, were found in all the 500 hours 
when the presence of the E layer afforded an 
opportunity for them to present themselves. This 
would imply that near those frequencies at which 
long-distance waves are just reflected at the E 
layer, the longer alternative path, in the layer 
itself, is not possible-presumably because of the 
steep gradient in that layer and its small thickness. 
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The writer is not dogmatic on this point : he agrees 
that the number of observations may have been 
too small, or the resolving power of the apparatus 
too low ; although certain points he makes regarding 
the " transmission loops," such as the indication 
that during a decrease in electron concentration 
the gradient in the layer becomes steeper (" which 
may be explained by contraction "-bottom of 
p. 171), convince him that the technique employed 
is so sensitive that it brings out facts hitherto 
unnoticed. It is mentioned that on many occasions 
the records show simultaneous reflections at the 
F2, F1, and E layers, due to the different angles of 
incidence at the various layers. 

As regards the occasional appearance of a layer 
above the F2 region, this is dealt with in sub- 
section b on pp. 172-173 (where it is also mentioned 
that " hooks " do not always occur at the setting -in 
or breaking -off of long-distance transmission : the 
upper path is often absent, perhaps because of the 
much greater absorption in the passage over a long 
stretch of the layer. It is also mentioned here that 
transmission by double reflection at the F layer 
[2 x F in Fig. 14] may persist longer than that 
by single reflection [F], in spite of the steeper 
incidence in the former case). The occurrence of 
this additional layer is deduced from the occasional 
appearance of small " loops " in the upper branch : 

such loops " can only occur if the ' traverse ' in 
the neighbourhood of the critical frequency of the 
F2 layer has a cusp": Fig. 16 is stated to show three 
such loops : " this is only possible if one assumes 
that above the usual F2 layer yet another ionisation 
step occurs, but only occasionally. This is shown 
in Figs. 17 and 18. Moreover, such a layer has 
already been observed " [see the Crone paper already 
referred to]. 

1588. RELATION BETWEEN ACTUAL AND VIRTUAL 
IONOSPHERIC HEIGHT.-H. G. Booker & S. 
L. Seaton. (Bull. No. II, Int. Union Geod. 
& Geophys. [as above], pp. 503-515.) Already 
dealt with in 2145 of 1940. 

1589. SUGGESTED LINES FOR FURTHER INVESTIGA- 
TIONS OF UPPER -AIR PHYSICS.-J. A. 
Fleming. (Bull. No. II, Int. Union Geod. & 
Geophys. [as above], pp. 527-531.) 

1590. RESULTS OF CONTINUOUS MULTI -FREQUENCY 
IONOSPHERIC RECORDINGS AT THE HUANCAYO 
MAGNETIC OBSERVATORY, PERU, DEC. 1937 
TO DEC. 1938.-H. W. Wells & H. E. Stanton. 
(Term'. Mag. & Atmos. Elec., Sept. 1939, Vol. 

44, No. 3, PP. 3z6-334.) For later work see 
25 of January. 

1591. THE IONOSPHERE.-E. O. Hulburt. (Scien- 
tific Monthly, May 1939, PP. 420-430.) 

1592. THE REFLECTION OF ELECTROMAGNETIC 
WAVES FROM A LAYER WITH A NEGATIVE 
DIELECTRIC CONSTANT [and the Origin of 
the Luxembourg Effect].-S. M. Rytov & 

F. S. Yudkevich. (Journ. of Exp. & Theoret. 
Phys. [in Russian], No. 8, Vol. Io, 1940, 

pp. 887-902.) 
The difficulties arising in the study of the propa- 

gation of electromagnetic waves in a space whose 
properties vary continuously from point to point 
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are discussed, and a short critical survey is given 
of the work on the subject done by various writers. 
The problem is then confined to a plane electro- 
magnetic wave falling on a plane layer whose 
dielectric constant a may decrease to zero and even 
acquire a negative value (all other factors such as 
the absorption due to the conductivity of the layer, 
the effect of the earth's magnetic field, etc., are 
neglected). A special type of layer is considered, 
characterised by a continuous variation of the 
function e(x) from a positive value e1 at x -+ -oo 
to a negative value e,, at z = o and to a positive 
value E2 at z +co (ej and e2 being assumed to be 
equal) ; de/dx has only one discontinuity, namely 
at x = o (Fig. 2). It is pointed out, however, that 
the consideration of a special case does not invalidate 
the general significance of the conclusions reached. 

The wave equation (2, 3) is written down and its 
solutions (3, i) are obtained. The reflection of 
the wave from the layer is discussed in detail and 
conditions for total reflection are represented 
graphically in Fig. 3. General equations (4, r) and 
(4, 2) are derived determining respectively 142 
in space x< o where a superposition of the incident 
and reflected waves takes place, and 1E212 in 
space x > o. An analysis of equation (4, I) shows 
that in the case of total reflection and a sufficiently 
small slope of e, the intensity of the electric field 
of the wave is considerably increased (sometimes 
as much as loo times) in front of region e < o 
(Figs. 4, 5, & 6). This phenomenon must favour 
the appearance of non-linear effects, and it is 
suggested in a brief discussion (p. 900) that it 
explains completely the origin of the Luxembourg 
effect. 

In an appendix a general formula (d) is derived 
for determining the density u of electric energy for 
any law of dispersion and any " achromatism " of 
the field. 
1593. THE STUDY OF THE SUDDEN FADE-OUTS OF 

SHORT RADIOELECTRIC WAVES.-R. Jouaust. 
(Bull. No. r1, Int. Union Geod. & Geophys. 
[as above], pp. 413-416: in French.) Sum- 
marising the work dealt with in 3449/3452 of 
1939. 

1594. ON THE LINK BETWEEN SOLAR AND MAG- 
NETIC PHENOMENA [Statistical Examination 
of Tamanrasset Quiet -Day Magnetic Records, 
with Their Indications of Chromospheric 
Eruptions : Maurain's 24 -Day Interval 
between Spot & Storm (Significance Un- 
known) : Hale's 26 -Hour Interval confirmed 
for Sudden, Not Exceptionally Intense 
Storms].-J. Coulomb. (Bull. No. ii, Int. 
Union Geod. & Geophys. [as above], pp. 
392-393 : in French.) See also 3053 of 1939. 

1595. THE DETERMINATION IN ADVANCE OF THE 
CRITICAL FREQUENCIES OF IONISED LAYERS. -K. M. Kosikov & V. A. Gromov. (Elektro- 
svyaz [in Russian], No. 9, 2940, pp. 40-45.) The connection between the critical frequencies 

of the ionised layers and solar activity is discussed, 
and it is suggested that by using solar -activity 
indices it is possible to predict the critical fre- 
quencies for a considerable time in advance. 
Wolf's number R in the form proposed by Stewart & 
Eggleston (3454 of 1939) is chosen for this purpose. 
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One of the methods proposed consists in plotting 
an R curve, calculated from formula r (R = 
F(r - S)' e - b(r - S)), for the month or year 
in question, and also curves showing the relation- 
ship between the observed values of R and the 
critical frequencies of the F1 and F2 layers. With 
the aid of these curves the critical frequencies can 
be predicted with sufficient accuracy for practical 
purposes. In the case of the E layer use is made 
of the formula f$ = fao ti sin h, where fE, is the 
critical frequency of the layer when h (the height 
of the sun over the horizon) is 90°, and of a curve 
(Fig. 8) showing the relation between fE, and R. 
1596. PERIODICITIES IN SOLAR VARIATION RE- 

FLECTED IN THE WEATHER [Corrections].- 
C. G. Abbot. (Nature, 5th April 1941, Vol. 
147, p. 414.) See 13 of January. 

1597. A NEW ZONE OF ACTIVITY OF THE SOLAR 
CORONA [Latitude 63° : No Accompanying 
Phenomena in Photosphere or Chromo- 
sphere].-M. Waldmeier. (Naturwiss., 7th 
March 1941, Vol. 29, No. 10, p. 150.) 

1598. THE CONTINUOUS SPECTRUM AND THE COLOUR - 
TEMPERATURE OF THE SUN IN THE REGION 
3000-7000 ANGSTROM UNITS. - Kienle. 
(Naturwiss., 28th Feb. 1941, Vol. 29, No. 9, 
pp. 124-129.) 

1599. P -RADIATION [from M -Regions of Great 
Activity on Sun's Surface : responsible for 
Auroras and Night Ionisation of Upper 
Atmosphere : coming in Clouds of Various 
Sizes forming More or Less Continuous 
Stream].-Carnegie Institution. (Science, 
7th March 1941, Vol. 93, Supp. pp. io and 
12.) A short note based on recent studies. 

1600. REPORT OF THE AURORAL COMMITTEE.- 
C. Störmer. (Bull. No. i1, Int. Union Geod. 
& Geophys. [as above], pp. 204-224.) 

1601. " DAS POLARICHT UND DIE PROBLEME DER 
HÖCHSTEN ATMOSPHARENSCHICHTEN [Aurora 
and Problems of the Upper Atmosphere : 

Book Review].-L. Harang. (Naturwiss., 
7th Feb. 1941, Vol. 29, No. 5/6, pp. 83-84.) 

1602. A POSSIBLE METHOD OF MEASURING THE 
EFFECT OF PARTICLE EMISSION ON THE 
EARTH'S MAGNETIC FIELD [Sun as Pseudo- 
Thermionic Emitter, with Fluctuations of 
Same Nature as Shot Effect & Flicker Effect : 

Possibility of A.C. Amplifier/Multilayer-Coil 
Combination capable of detecting Fluctua- 
tion Field of 5.2 X 10-10 Gauss].-E. A. 
Johnson. (Bull. No. II, Int. Union Geod. & 
Geophys. [as above], pp. 544-547.) 

1603. THE DISTURBANCE -FIELD OF MAGNETIC 
STORMS [Chapman's Current -System checked 
by Independent Derivations of Currents 
required in Atmosphere for Selected Hours 
of Four Magnetic Storms].-E. H. Vestine. 
(Bull. No. i i, Int. Union Geod. & Geophys. 
[as above], pp. 36o-381.) 

1604. STUDY OF THE SEVERE MAGNETIC STORM OF 
APRIL, 1938.-A. G. McNish & H. F. 
Johnston. (Bull. No. ii, Int. Union Geod. 
& Geophys. [as above], pp. 348-353.) For 
the March 2940 storm see 15 of January. 



June, 1941 THE WIRELESS ENGINEER 

1605. VARIOUS HYPOTHESES REGARDING THE 
ORIGIN AND MAINTENANCE OF THE EARTH'S 
MAGNETIC FIELD.-E. H. Vestine, M. A. 
Tuve, & E. A. Johnson. (Bull. No. II, Int. 
Union Geod. & Geophys. [as above], pp. 
354-360.) 

1606. VARIATION IN EARTH -CURRENT ACTIVITY 
WITH THE SUNSPOT -CYCLE [High Degree of 
Correlation between Annual (and also 
Month -to -Month) Changes].-W. J. Rooney. 
(Bull. No. 1I, Int. Union Geod. & Geophys. 
[as above], pp. 467-473.) 

1607. THE DENSITY OF THE UPPER ATMOSPHERE 
FROM PHOTOGRAPHIC METEORS [Indications 
that Temperature rises to Maximum (about 
365°K) near 6o km and drops to Minimum 
(about ,8o°K) at or above 82 km (Nocti- 
lucent-Cloud Height) : 6o km Maximum 
may extend 30 km or more, with Very 
Abrupt Drop to Minimum : a Seasonal 
Variation in Densities].-F. L. Whipple. 
(Bull. No. II, Int. Union Geod. & Geophys. 
[as above], pp. 499-500.) 

1608. ON THE 27 -DAY AND 13.5 -DAY WAVES IN 
COSMIC -RAY INTENSITY, AND THEIR RELA- 
TION TO CORRESPONDING WAVES IN TERRES- 
TRIAL -MAGNETIC ACTIVITY [Both Waves 
are Quasi -Persistent : caused by External 
Magnetic Field superposed on Earth's Per- 
manent Field at Times of Magnetic Dis- 
turbances].-S. E. Forbush. (Bull. No. 
Int. Union Geod. & Geophys. [as above], 
PP- 438-452.) See also 1342 of 1940. 

1609. DISTRIBUTION OF OZONE IN THE STRATO- 
SPHERE [Radiosonde Observations to 27 km, 
passing through 65-70% of Ozone & Other 
Ultra -Violet -Absorbing Constituents (if Any), 
chiefly localised between 15 & 27 km, with 
Wide Maximum of Concentration at 24- 
25 km].-W. W. Coblentz & R. Stair. 
(Journ. of Res. of Nat. Bur. of Stds., Feb. 
1941, Vol. 26, No. 2, pp. 161-174.) Cf. 
Strong, 1297 of May. 

1610. ON MAXWELL'S THEORY FOR DIELECTRIC 
AND MAGNETIC MEDIA [Modification to 
include Materials with Properties varying 
with the Field Strength].-Kneissler-Maix- 
dorf. (See 1799.) 

161I. THE MEASUREMENT OF THE DISPERSION AND 
ABSORPTION OF ELECTROMAGNETIC WAVES 
IN HEAVY WATER.-M. A. Divilkovski & 
D. I. Mash. (Journ. of Exp. & Theoret. Phys. 
[in Russian], No. 8, Vol. Io, 1940, pp. 
903-907.) It has been suggested that the sharp distinction 

between the properties, physical and chemical, of 
D2O and H2O is due not to the peculiarities in the 
molecular structure but to differences in inter- 
molecular forces. If this is correct, the ratio of 
the relaxation times of the two substances should 
be equal to the ratio of viscosities. Accordingly, 
the relaxation -time ratio was calculated, using 
formulae derived elsewhere (727 [and 1958/1960] of 
1940), from the dielectric constants and con- 
ductivities of the two liquids ; the latter values 
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were determined experimentally by observing the 
temperature rise in the liquid when placed in a 
magnetic or electric field (at wavelengths of 451 
and 23.6 cm). The ratio was found to be 1.31 X0.05, 
while the ratio of viscosities was 1.23. This result 
is considered satisfactory, " since the slight dis- 
crepancy is probably due to experimental errors 
not yet accounted for." 
1612. A MODERN REPRESENTATION OF GULL - 

STRAND'S WORK ON GEOMETRICAL OPTICS.- 
H. Epheser. (Ann. der Physik, Ser. 5, 
No. 7/8, Vol. 38, 1940, pp. 501-541.) 

1613. WAVES IN AN OPEN OSCILLATING TANK [con- 
taining Inviscid Liquid : Development of 
Approximate Theory for Small Displace- 
ments].-Binnie. (Engineering, 21st March 
1941, Vol. 151, pp. 224-226.) 

ATMOSPHERICS AND ATMOSPHERIC 
ELECTRICITY 

1614. TRENDS OF RESEARCH IN TERRESTRIAL 
MAGNETISM AND ELECTRICITY.-J. A. 
Fleming. (Bull. No. II, Int. Union Geod. & 
Geophys., Washington Transactions 1939, 
pub. 1940, pp. 41-61.) 

1615. IONIC EQUILIBRIUM IN THE TROPOSPHERE 
AND LOWER STRATOSPHERE.-O. H. Gish & 
K. L. Sherman. (Bull. No. I1, Int. Union 
Geod. & Geophys. [as above], pp. 474-491.) 

1616. NEED FOR MEASUREMENTS TO SUPPLEMENT 
OBSERVATIONS OF POTENTIAL -GRADIENT AND 
OF CONDUCTIVITY AT ATMOSPHERIC -ELEC- 
TRICITY OBSERVATORIES [n, N, & q All 
require Measurement before Interpretation 
is Attempted].-O. W. Torreson & G. R. 
Wait. (Bull. No. II, Int. Union Geod. & 
Geophys. [as above], pp. 460-466.) 

1617. SOME METEOROLOGICAL EFFECTS AND THEIR 
RELATION TO THE ELECTRICAL CONDITION 
OF THE LOWER ATMOSPHERE.-G. R. Wait & 
O. W. Torreson. (Bull. No. II, Int. Union 
Geod. & Geophys [as above], pp. 491-499.) 

1618. NEW MEASUREMENTS OF THE EFFECT OF 
ATMOSPHERIC PRESSURE AND TEMPERATURE 
ON COSMIC RAYS.-F. Göttlicher & W. W. 
Dittrich. (Physik. Zeitschr., 1st/15th Sept. 
1940, Vol. 41, PP- 402-406.) 

1619. CHANGE IN HEIGHT OF A MESOTRON-PRO- 
DUCING LAYER OF AIR [Results indicating 
that Blackett's Assumption of Decaying 
Mesotron formed at Height varying from 
Day to Day may explain some Variations in 
Cosmic -Ray Intensity at Surface].-N. F. 
Beardsley. (Phys. Review, 15th Feb. 1941, 
Vol. 59, No. 4, p. 402.) Cf. Duperier, I027 
of April. 

1620. THE DAILY VARIATION OF THE COSMIC 
RADIATION [Recent Observations showing 
Systematic Differences between the Times 
of Appearance of the Extreme Values in the 
Daily Curve, for Different Azimuths : Ex- 
planation demands Increased Radiation at 
Certain Times of Day from Preferred Direc- 
tions : Possible Interpretations].-W. Kol- 
hörster. (Physik. Zeitschr., 15th Feb. 1941, 
Vol. 42, No. 2/3, pp. 55-57.) 
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162I. THE COUNTER TUBE AS A MEASURING IN- 
STRUMENT [Very Reliable & Consistent 
Results obtainable with Suitable Circuits].- 
W. Kolhörster & E. Weber. (Physik. 
Zeitschr., Ist Jan. 1941, Vol. 42, No. i, 
pp. 13-19.) 

PROPERTIES OF CIRCUITS 

1622. REPORT ON THE PROPERTIES OF WIRES AT 
FREQUENCIES UP TO 400 MC/S [including 
Thermal Method of measuring Skin Effect 
(applicable also to Current Measurement) of 
Magnetic & Non -Magnetic Wires : Com- 
parison with Theoretical Values : Effect of 
Magnetic Fields on Resistance of Mumetal : 

etc.].-G. G. Sutton. (Electrician, 4th April 
1941, Vol. 126, p. 202.) Summary of E.R.A. 
Report M/T 69. 

1623. SURVEY OF THE PROBLEM OF MATCHING [for 
Maximum Power : Under- & Over -Matching 
in Output Valves : for Maximum Voltage : 

Resonance Matching : Resonance Matching 
with Double Lines at Ultra -High Fre- 
quencies : etc.].-H. Pitsch. (Funktech. 
Monatshefte, Jan. 1941, No. 1, pp. II -16.) 

1624. THE VALUE OF REACTANCE DIAGRAMS IN THE 
STUDY OF FILTERS, ETC. [illustrated by 
Example of Quartz -Crystal Resonator].- 
L. E. C. Hughes. (Electrician, 28th March 
1941, Vol, 126, p. 197.) 

1625. PAPER ON THE STUDY OF " GATE " AND 
OTHER FILTERS BY PHOTOGRAPHIC RECORD- 
ING, USING SQUARE -WAVE EXCITATION WITH 
AUTOMATIC REPETITION.-Turney. (See 
1729.) 

1626. APPARATUS FOR SURVEYING THE RESONANCE 
CURVES OF SIMPLE OSCILLATORY CIRCUITS 
AND BAND-FILTERS.-J. H. VOR Duhn. 
(Funktech. Monatshefte, June 194o, No. 6: 
Addendum, Jan. ,941, No. 1, p. io.) 

In the addendum the partial similarity between 
the writer's apparatus and the Philips " Frequency 
Modulator Type GM 2881 " is acknowledged, but 
it is pointed out that in the latter apparatus the 
resonance curve " is displaced sideways past a 
fixed mark, and it may happen that the curve dis- 
appears completely or in part from the screen," 
whereas in his apparatus it remains unchanged on 
the screen. 
1627. RECENT RESULTS OF THE THEORY OF LINEAR 

ALTERNATING CURRENT CIRCUITS [Linear 
Networks].-W. Cauer. (Arch. f. Elektrot., 
i4th Dec. 194o, Vol. 34, No. 12, pp. 689-70o.) 

From the author's summary :-" A series of 
characteristic examples of the theory of linear 
networks are dealt with : oscillation condition for 
amplifier with negative feedback, calculation of the 
imaginary component from the real component of 
an impedance, reactance theorem, symmetrical 
quadripole, quadripole representation of a cable, 
chain -system band -filter with Tschebyscheff's quad- 
ripole damping, representation of a curve of equal 
subjective auditory sensitivity by a reactance 
quadripole with open -circuited output, representa- 
tion of the CCI noise -level curve according to 

Lee & Wiener's method, an open -circuited -output 
broadcast band -filter, a low-pass filter with 
Tschebyscheff behaviour of the effective attenua- 
tion, six -pole frequency -separating filters with 
constant effective resistance, the establishment of 
a general law that every dipole consisting of in- 
ductances, mutual inductances, ohmic resistances, 
and capacities is equivalent to a dipole with only 
one single ohmic resistance, or what comes to the 
same thing, to a reactance quadripole closed by an 
ohmic resistance [Figs. Io a-c : p. 699]. 

' 
` In connection with these examples, the following 

conceptions and laws of circuit -theory . are 
discussed : equivalence, duality " . . . and the 
ability, given by the theory, to represent any 
curve which in a given frequency interval runs as 
an arbitrary positive continuous function, with any 
desired degree of accuracy as the attenuation of a 
symmetrical quadripole of constant effective 
resistance : " the advantages of such a method 
over the older, still widely employed methods of 
1928 [Zobel and others] are obvious." A forth- 
coming book by the writer, " Theory of Linear 
Alternating -Current Circuits, Vol. I ", is frequently 
referred to, as giving a comprehensive treatment 
of the wave -parameter theory of filters. 
1628. WIDE - BAND TRANSFORMERS : PRACTICAL 

CALCULATION AND BALANCING [particularly 
for Television].-Hegner. (See 1701.) 

1629. THÉVENIN'S THEOREM : AN EXAMPLE OF ITS 
VALIDITY IN TRANSIENTS AND OPERATIONAL 
CALCULUS.-T. H. Turney. (Electrician, 
18th April 1941, Vol. 126, p. 234.) For other 
work on this theorem see, for example, 464 of 
1937 and 2237 of 1938. 

1630. ON THE THEORY OF PARASITIC BACK - 
COUPLING IN A RESISTANCE -COUPLED AM- 
PLIFIER.-V. L. Lebedev. (Elektrosvyaz [in 
Russian], No. 9, 1940, pp. 59-65.) 

It is pointed out that in investigating the self - 
excitation of resistance -coupled amplifiers using a 
rectifier for anode power supply, it is usual to 
regard the output impedance of the rectifier as 
equal to the reactance of the rectifier filter output 
condenser (Krize, 1353 of May). This would be 
correct if the critical frequency at which self - 
excitation conditions are created were much higher 
than the natural frequency of the filter. Theoretical 
considerations and experiments have shown, how- 
ever, that these two frequencies lie close together, 
which makes the above assumption inadmissible. 
Accordingly another theoretical investigation of the 
problem is presented, and three -stage amplifiers with 
and without a decoupling anode filter are con- 
sidered separately (Figs. 5 and 2 respectively). 
For each of the above cases equations are derived 
determining the amplitude/phase characteristic and 
critical frequency of the amplifier, and in accordance 
with Nyquist's principle conditions are established 
for stable operation. 
1631. ON CHOOSING A CIRCUIT FOR A BAND-PASS 

AMPLIFIER.-N. I. Chistyakov. (Elektro 
svyaz [in Russian], No. 9, 194o, pp. 74-78.) 

It is shown in a book by the author that the 
band width AL, at a frequency f, of a circuit with a 
damping d is determined by a parameter a, _ 
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info/fod. It follows from this formula that fod = 
2d1oc4, and that the relationship between fod and 
d f o can be represented by a straight line with a 
slope '2 a. It is further stated that for each type 
of circuit there exists a definite relationship between 
ao and the frequency distortion coefficient y. 
Accordingly, 14 different circuits (one tuned circuit, 
two single non -coupled circuits, two -section filter 
with an optimum coupling between the sections, 
etc.) are considered and eight nomograms are 
drawn each showing a family of 14 straight lines 
for a definite value of y. From these nomograms, 
accprding to the given data, an optimum circuit 
can be easily selected. Numerical examples are 
given. 

1632. 'A SIMPLE AMPLIFIER FOR VERY SMALL 
CURRENT PULSES.-Riezler. (See 1784.) 

1633. THE CONSTRUCTION OF VECTOR DIAGRAMS 
FOR DAMPED OSCILLATIONS.-S. Reisch. 
(Zeitschr. f. tech. Phys., Vol. 21, 1940, pp. 
176-177.) 

1634. A CIRCUIT FOR FIRING THYRATRONS IN 
TIMED SEQUENCE [primarily for Control of 
Cathode-Ray-Oscillograph Sweep and Thyra- 
tron Stimulators in Action -Potential Studies : 

Cycle Length from a Few Milliseconds to 4 
Seconds. Cycle Spacing Half to 8 Seconds].- 
R. G. Loeffel. (Review Scient. Instr., Feb. 
1941, Vol. 12, No. 2, pp. Io2-103.) For 
another circuit with the same object see 166 
of January (Marshall & Talbot). 

1635. THE THEORY OF THE LEAKY -GRID AUTO- 
OSCILLAT OR.-Evtyanov. (See 1645.) 

TRANSMISSION 

1636. ON ULTRA -HIGH -FREQUENCY OSCILLATIONS 
GENERATED BY MEANS OF A DEMOUNTABLE 
THERMIONIC TUBE HAVING ELECTRODES OF 
PLANE FORM [Experiments with Symmetrical 
Double -Cathode, Double -Positive -Grid Ar- 
rangement (136o of 1938) : Advantages over 
Barkhausen-Kurz Connection : Relation- 
ships between Voltage, Electrode Distances, 
& Frequencies : Results possibly explained 
by Modification of Benham -Müller Negative - 
Conductance Theory : etc.].-W. A. Leyshon. 
(Proc. Phys. Soc., Ist March 1941, Vol. 53, 
Part 2, pp. 141-156.) 

1637. ON THE THEORY OF AN ELECTRON -BEAM 
OSCILLATOR WITH PHASE FOCUSING.-V. I. 
Kalinin. (Elektrosvyaz [in Russian], No. 9, 
1940, PP. 46-54.) 

The theory of the ultra -short-wave oscillator pro- 
posed by Brüche & Recknagel (2325 of 1938) is 
discussed and formulae are derived which can be 
used as a first approximation in the design work. 
A simplified circuit diagram of the oscillator is 
shown in Fig. 2, where the mesh plates of condenser 
I are used as a " lens," while condenser II is placed 
at its focus. The " focusing " off electrons is 
examined with the aid of a graph, Fig. 4, where 
the movement and " bunching " of three typical 
electrons a, b, and c is indicated. A formula (5) is 
derived determining the conditions for ideal focus - 
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ing, corresponding to an infinitely large density of 
the electron current, and also a formula (I I) for 
calculating the current density at the focal point. 
Using formula II in a modified form (is) the curves 
of the current density at the focal plane are ex- 
amined, and it is shown that they have a well- 
defined maximum which in certain conditions may 
split into two separate peaks. Thus the oscillator 
can also be used as a frequency multiplier if the 
frequency determined by the separation between 
the two peaks is separated from the oscillator output. 
The power delivered to circuit II is next determined 
(formula 18), and formula 19 is derived showing the 
efficiency of the oscillator. Methods are also 
indicated for determining the power outputs and 
efficiencies on separate harmonics. From a few 
numerical examples, it appears that an efficiency 
of the order of 5o% may be obtained, which is 
much higher than the efficiencies of valve and 
magnetron oscillators operating on ultra -short 
waves. Finally, conditions for self -oscillation are 
established (eqn. 29). 

1638. THE PHASE FOCUSING OF ELECTRON BEAMS 
TRAVELLING IN A STRAIGHT LINE [Velocity - 
Modulated Oscillators & Amplifiers]. - F. 
Borgnis & E. Ledinegg. (Zeitschr. f. tech. 
Phys., No. Ir, Vol. 21, 1940, pp. 256-261.) 

In such devices, " the property of the modulator 
of bunching together the electrons at certain points 
is called ' phase focusing.' Brüche & Recknagel 
have pointed out the far-reaching analogy between 
this process and the focusing of light rays by a lens 
[2325 of 1938]. In further researches the focusing 
has been investigated particularly for the practically 
important case of a sinusoidal shape of the modu- 
lating potential u(t) [references are here made to 
the work of Kockel & Mayer (2218 of 194o), Mayer 
(1657 of 1939), Geiger (1639, below), and Lüdi 
(377 of 1940)]. 

" The procedure given in the present investigation 
for a thorough consideration of the path/time dia- 
gram of the electron paths (' electron time -table ') 
enables a very simple and general view of the pro- 
cesses to be obtained ; in particular, the idea of 
phase focusing of higher order is given a very clear 
significance." This path/time diagram-the (s,t) 
diagram-is first described : s is the distance 
travelled beyond the modulator, along the " drift 
path " between modulator and catcher ; t is time 
passing, r the time of departure from the modulator, 
so that if y (r) represents the velocity of an electron 
as it leaves the modulator at time r, the value of 
s at any moment t is given by eqn. I, s = v (r) 
. (t - r). This equation represents a family of 
straight lines with r as parameter. In Fig. z the 
paths are shown of two neighbouring electrons 
leaving the modulator at times r and r AT, the 
electron leaving at the latter moment being assumed 
to have a slightly higher velocity than the other. 
The neighbouring paths meet at time t' at the 
position s' : such a point s' represents a focus of 
the first order. The envelope of the straight-line 
family of eqn. i with r as parameter forms the 
geometrical locus of the first -order foci. The 
equation of the envelopes (referred to as the caustic 
by analogy with optics, the modulator representing 
the lens) is given in parametric form in eqn. 3 : s = 



248 THE WIRELE 

v2(7)¡ß(r) ; t = r + v(r)/i(r), where the dot repre- 
sents a differentiation with respect to the 
variable r. 

Fig. 3 shows three paths, with v(72)> v(7)> v (r1). 
Thè following simplifying assumptions are made :- 
the function v(r) is periodic, with the period 73 - 71 
(r3 > r% > 71) ; always greater than zero ; in- 
creasing monotonously in the interval (r1, r2) ; the 
first derivative possesses one and only one extreme 
value in that interval ; and S(r1) = ß(r2) = o. 
Under these assumptions the envelope possesses a 
singular point, a sharp tip, as at s, (Fig. 3), as 
follows from eqn. 4 : v(7) . v(r) = 2 $'(r). This 
applies to all functions v(7) : if v(r) is given, eqn. 4 
gives the value of r and thus (from eqn. 3) the 
value SF at the sharp point. If not more than 3 
neighbouring paths meet here, SF represents a 
second -order focus : if the number of paths is 
n + 1, an nth order focus. A special case occurs 
when eqn. 4 is fulfilled identically ; that is, when 
it can be regarded as the differential equation for 
v(7). The solution is 0(7) = spit, - 7), and if 
this is combined with eqn. 3 it follows that s = s, 
the whole caustic shrinks into a fixed point. Thus 
for this special course of v(r) all the paths combine 
at one point (focus of infinite order). 

Consideration of another method of representa- 
tion, the (s,r) diagram with t now as parameter 
(Fig. 4), shows that although a second -order focus 
always exists, an nth order focus can occur only 
if all the conditions of eqn. 6 are fulfilled, namely 
1(7) = o, 3(7) = o, . . . s'+ (r) = o. One possi- 
bility is to depart from the above assumptions 
regarding v(r) by giving the modulation a form 
such as that of a Fourier series with the necessary 
number of Fourier coefficients. Another theoretical 
possibility is to use several lenses one behind the 
other, their distances being so adjusted that the 
relative phase conditions of the modulating poten- 
tials u(t) allow the whole system of eqn. 6 to be 
satisfied. Thus Fig. 5 shows an arrangement of 
two lenses (modulators) with spacing s1. A focus 
of higher than second order can naturally be 
obtained by such a combination of two lenses only 
if s1 comes out a real number : we shall show below 
that for a pure sinusoidal variation of 0(r) and 
arbitrarily small depths of modulation the neces- 
sary conditions in eqn. 6 cannot be fulfilled by a 
real s1 " [see final paragraph of abstract]. 

The density distribution along the path, of the 
ray is then considered : Fig. 6 shows two neighbour- 
ing paths, one following the other at an interval 
of dr. The ray density is given by eqn. II (a 
footnote points out that this value of density is 
identical with the total current density only outside 
the caustic). At the caustic itself the density is 
infinite. The positions of the minima of ray 
density are given by the condition vü = 2i)2, which 
is identical with eqn. 4 (see above), so that the 
minima must be on those paths which pass through 
the focus of second or higher order, independent of 
the position s. The paths traversing the tip sp2 of 
the caustic which lies below the axis s = o have to 
be taken into account, although this point has no 
real significance as a focus. The values of the 
minima are given by eqn. 13. At the focus itself 
(s = sF1) the ray density (and here also the total 
current density) fluctuates between infinity and 
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lo(I + s,I/IsF21), where j is the ray density at 
s = o. If s,1 and 4,2 are symmetrical to the axis 
s = o, the smallest ray density at the focus is equal 
to j. 

The final section II deals with the special case 
of a pure sinusoidal modulation of depth a. Fig. 9 
shows the position SF of the higher -order focus as a 
function of a. For small values of a the symmetry 
condition mentioned above is practically fulfilled 
(Fig. 8), so that the ray density at the focus 
fluctuates between ¡j and infinity. Consideration 
of a two -lens combination, with pure sinusoidal 
modulation of small amplitude, leads to eqn. 26 
for the condition that a third -order focus should be 
obtainable, and this equation cannot be satisfied 
by real values of s1, so that the result mentioned 
earlier is found, namely that under these conditions 
the second -order focus is the highest possible. A 
supplementary note on the Fourier analysis of (r) at 
low modulation depths will appear in the next issue. 
1639. CURRENT -FLOW CHARACTERISTICS IN VELO- 

CITY -MODULATED VALVES. -M. Geiger. (Tele- 
funken -Rohre, No. 16, 1939, p. 177 onwards.) 
A summary was dealt with in 295o of 1940. 
The paper is referred to in 1638, above 

1640. ON THE THEORY OF " DRIFT TUBES " [Hahn - 
Metcalf Velocity -Modulated Tubes].-H. E. 
Hollmann & A. Thoma. (Hochf:tech. u. 
Elek:akus., Dec. 1940, Vol. 56, No. 6, pp. 
18,-186.) 

" Path -time compression . was used first, for 
the generation and amplification of ultra -short 
waves, in the Heil ' out -coupling ' generator [3380 
of 1935] ; later, in the double -grid retarding -field 
valve with reversal -space free from high frequencies 
[Allerding & others, " Resotank," 2258 of 1938 : 

German Pat. No. 665 6,9] ; and finally in the 
latest American path -time devices, the Klystron 
[Varian, 2773 of 1939] and the ' drift tubes ' of 
Hahn & Metcalf [Igo, of 1939 : for later work see 
537/8 of 1940]. 

" Now that the theory of path -time compression 
has been developed by Webster [3950 of 1939 : for 
later work see 968 of 1940], and extended and tested 
experimentally with the help of ballistic models 
[Hollmann, 2544 of 1940], in the following pages 
the most interesting points of the drift tubes 
described by Hahn & Metcalf are investigated 
mathematically." 

The writer deals first with the modulating system -" nothing more or less than the Heil ' out - 
coupling ' generator " : the condition for max. 
velocity modulation is obtained, and a formula for 
the optimum length of the modulating cylinder is 
found : if the former condition is satisfied, the input 
impedance of the cylinder is practically infinite and 
the modulation process takes up no energy. Next 
he considers the path -time compression between 
the modulating stage and the " work system " . 

i.e. along the drift tube or compression space. For 
the optimum condition at the modulator (i.e. 
¡to= = r) the compression factor is twice as large 
as in the Klystron, so that the beam can be fully 
modulated with half the modulating voltage or with 
half the compression angle. 

Treatment of the " work system " deals with the 
final velocity of the beam electrons, the additional 
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path -time compression in the " work cylinder " 
(superposed on that due to the modulating system 
and representing a type of anode retroaction), and the 
permissible voltage -modulation at the "work cylin- 
der," limited primarily by the condition that the final 
velocity given by eqn. 3b should not be imaginary. 

Section Iv then considers the efficiency. The 
theoretical best efficiency comes out at 54% com- 
pared with 58% for the Klystron : " since, however, 
it requires alternating voltages only half as high, 
the drift tube is superior to the Klystron particu- 
larly in the region of extremely short waves, where 
the matching may easily present difficulties." The 
internal resistance of the " work system " comes 
out at 1.35 x Io4 ohms for a beam velocity of 
I000 volts and a beam current of 20 mA, so that 
low -loss cavity resonators can be found to match. 

Section v takes advantage of the possibility, 
offered by the theory developed, of investigating 
the setting -up of oscillations through the negative 
internal resistance of the " work system " acting 
as a Heil " out -coupling " generator, " if only the 
repose current I, enters it : that is, if the velocity 
modulation arising from the modulating system 
disappears." The best efficiency then comes out at 
30.5%. This leads to the final section vI, dealing 
with the Hahn -Metcalf modification of the original 
drift tube of Fig. I into the " reflection generator " 
circuit of Fig. 5, where the modulating system is 
made to function also as the " work system," the 
beam after emerging from the modulating system 
being returned to it by a stationary retarding 
voltage. Ordinarily, an efficiency of only about 
38% is to be expected, but if working conditions 
and electrode spacings are so adjusted that a 
" sorting -out " of slow and fast electrons is ob- 
tained, the theoretical maximum becomes about 
67%. Various factors, such as secondary emission, 
would prevent such a value being obtained in 
practice, but " the theory gives a convincing ex- 
planation of the good results obtained by Hahn & 
Metcalf with such devices." 
1641. BAND WIDTH AND READABILITY IN FRE- 

QUENCY MODULATION.-Crosby. (See 1797.) 

1642. THE THEORETICAL FOUNDATIONS OF MODULA- 
TION [Simple Mathematics of Amplitude, 
Phase, & Frequency Modulation : Compari- 
son of the Last Two Types : Methods of 
Modulation : the Nature of the Armstrong 
System].-O. Schmid. (Funktech. Monats- 
hefte, Jan. 1941, No. 1, pp. I-6.) For the 
fundamental frequency -modulation methods 
the reader is referred to Weizenmiller's paper 
(1643, below). 

1643. FREQUENCY MODULATION BY VALVES.- 
Weizenmiller. (Funktech. Monatshefte, April 
1940, No. 4, p. 17 onwards.) Referred to in 
1642, above. 

1644. A MODULATION METHOD FOR ULTRA -SHORT- 
WAVE TRANSMITTERS [to avoid Disturbance 
of Frequency & Oscillation Stability by 
Modulation of Electrode Voltages : Radi- 
ating Dipole mounted on Vibrating Di- 
electric Diaphragm close to Open End of 
Feeder]. - J. Pintsch A.G. (Funktech. 
Monatshefte, Feb. 1941, No. 2, p. 32.) German 
Patent No. 639 190. 

1645. THE THEORY OF THE LEAKY GRID AUTO- 
OSCILLATOR.-S. I. Evtyanov. (Elektro- 
svyaz [in Russian], No. 9, 1940, pp. 66-73 
to be concluded.) 

The Meissner leaky -grid oscillatory circuit (Fig. 1) 
is considered and two differential equations deter- 
mining the operation of the system are written 
down (lower half of page 66). Using Van der Pol's 
method, these equations are reduced to two 
autonomous differential equations of the first 
order (end of section 2, p. 68), on which further 
analysis is based. In section 3 it is assumed that 
the static characteristics Is (es) and I, (ei) can be 
represented by straight lines (Fig. 2), and methods 
are indicated for determining the amplitude /at of 
the first harmonic of the anode current and the 
constant component I,,, of the grid current. In 
section 4 a third equation (for da/db : beginning of 
the section) is derived from the two equations 
referred to above, and particular points of this 
equation on the phase plane (a, b), i.e. points for 
which da/db = o/o, are found. 

1646. A GANG -TUNED VARIABLE -FREQUENCY OS- 
CILLATOR [with Advantages of Electron - 
Coupled Type (Electronic Isolation & Com- 
pensating Effect for Supply -Voltage Fluctua- 
tions) without Its Defect (e.c.o. Cathode 
above Ground Potential for R.F.)].- B 
Goodman. (QST, March 1941, Vol. 25, No. 3, 
pp. 14-17 and 74.) 

RECEPTION 

1647. REVERSAL OF RECTIFICATION BY HEAT IN 
CRYSTAL CONTACTS, AND ITS ANALOGY TO A 

THERMOELECTRIC PHENOMENON [Experi- 
ments on Bomite Detector with Copper -Pin 
" Whisker " : Support for Eccles Thermo- 
electric Theory of Rectification].-M. A. E. 
Sherbini & Y. L. Yousef. (Proc. Phys. Soc.., 
ist March 1941, Vol. 53, Part 2, pp. 120- 
125.) Further development of the work 
dealt with in 2959 of 1939. 

1648. A COMPACT 56 Mc/s CONVERTER : A Two - 
TUBE SINGLE -CONTROL UNIT WITH 3 Mc/s 
OUTPUT.-B. Goodman. (QST, Feb. 1941, 
Vol. 25, No. 2, pp. 8-11.) 

1649. SOME THOUGHTS ON AMATEUR FREQUENCY - 
MODULATION RECEPTION : AN INEXPENSIVE 
ADAPTER FOR USE WITH COMMUNICATIONS 
SIPERHETS.-G. Grammer. (QST, March 
1941, Vol. 25, No. 3, pp. 9-13 and 7o .. 74.) 

1650. PHASE SELECTION IN RADIO COMMUNICATION 
[for Two -Channel Telephony].-E. G. Momot. 
(Elektrosvyaz [in Russian], No. 9, 1940, pp. 
8-27: to be concluded.) 

Continuing previous work (2977 of 194o) a 
theoretical discussion is given of a detector system 
suitable for two -channel radio -telephony. The 
system proposed by Pistolkors and Siforov in 1934 
is essentially as follows. In the transmitter two 
modulators are used to which voltages are applied, 
coming from a common carrier -frequency oscillator . 

but 90° out of phase (Fig. 5). In the receiver, the 
output of a synchronous beat -oscillator is added 
to the received double signal voltage, at an angle of 

D 
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approximately 9o° to that modulation voltage 
which it is desired to eliminate (Fig. 6). In the 
present paper suitable detector circuits are shown 
(Figs. 9 & ro) and various aspects of their operation, 
such as the optimum phase angle of the local 
oscillator, synchronisation of this oscillator, dis- 
tortion due to imperfect synchronisation, and fre- 
quency -stability requirements, are discussed in detail. 
1651. EXPERIENCES OF THE OWNER OF A 400 WATT 

20 M TELEPHONE TRANSMITTER IN TREATING 
NEIGHBOURING BROADCAST RECEIVERS TO 
ELIMINATE INTERFERENCE.-C. Wesman. 
(QST, March 1941, Vol. 25, No. 3, pp. 43- 
47 and 104, 106.) 

1652. RADIO INTERFERENCE FROM THERMOSTATS 
IN REFRIGERATORS AND IRONS.-S. F. 
Pearce & S. Whitehead. (Electrician, 4th 
April 1941, Vol. 126, p. 202.) Summary of 
E.R.A. Report M/T 67. 

1653. THE INTERNAL RESISTANCE OF PENTODES 
AND HEXODES IN AUTOMATIC VOLUME 
CONTROL ON THE DISTRIBUTING [Retarding] 
GRID: THE INFLUENCE OF THE SCREEN & 
RETARDING GRIDS ON THE INTERNAL RE- 
SISTANCE.-H. Pitsch. (Funktech. Monats- 
hefte, Feb. 1941, No. 2, p. 28.) 

The term " distributing grid " is given to the 
retarding grid (next to the anode) because when a 
volume -control voltage is applied to this grid it 
alters the distribution of the electron flow between 
the anode on the one hand and the screen grid on 
the other, and thus changes the slope of the control 
grid with respect to the anode current, so that the 
grid-voltage/anode current characteristic is tilted. 
This amplification control is used in addition to that 
at the control grid, to heighten the over-all' control. 
As the volume -control voltage on the retarding 
grid becomes more negative, an electron cloud forms 
between screen and retarding grids, on which the 
anode alternating voltage exerts a stronger in- 
fluence than on the electron current : the result is 
that the upper part of the valve behaves like a triode, 
in which the anode alternating voltage penetrates 
the control grid and the internal resistance falls, 
causing excessive damping of the following circuit. 
This effect led to the introduction of an additional 
screen grid between the retarding grid and the 
anode, with a low penetration coefficient (German 
Patent No. 622 513). The difficulty can also be 
avoided (as in the low -noise h.f. regulating pentode 
EF,3) by spacing the retarding -grid spiral so widely 
that the electron cloud is reduced. 
1654. PRACTICAL DESIGN OF MIXER OR CONVERTER 

CIRCUITS : COMPARISON OF TUBE TYPES, AND 
CHECKING PERFORMANCE.-C. R. Hammond. 
(QST, Feb. 1941, Vol. 25, No. 2, pp. 38-43.) 

1655. MIXING ARRANGEMENT FOR SUPERHETERO- 
DYNE RECEIVERS [Difficulty of obtaining 
Necessary Oscillator Alternating Voltage 
over a Wide Frequency Range with Hexodes 
or Octodes : Objections to the Push -Pull 
Method of overcoming This : Improved 
Circuit with Octode combined with Triode]. 
-H. J. Stanienda. (Funktech. Monatshefte, 
Nov. 1940, No. 1 r, p.175.) A Scbaleco-Radio 
patent. 

1656. THE CALCULATION OF THE OSCILLATOR 
CIRCUIT IN THE SUPERHETERODYNE RE- 
CEIVER [Choice of the Three Tracking Fre- 
quencies : Formulae for Shortening & 
Trimmer Condensers : Dependence of Former 
on Coil & Switch Capacities, etc : Nomo- 
gram : Interpolation Formulae for More 
Exact Calculation for Special Requirements : 

Calculation of Inductances].-O. Meisinger. 
(Funktech. Monatshefte, Nov. 1940, No. 1 r, 
pp. 161-164.) Cf. Wald, 1839 of I940. 

1657. CONSTANT BAND -WIDTH TUNING : USE OF 
" STAGGERED " INDUCTANCE VALUES.- 
R.C.A. (Wireless World, April 1941, Vol. 47, 
No. 4, pp. 105-106.) 

1658. THE DESIGN OF THE IRON CORE OF TRANS- 
FORMERS [A.F. Output Transformers for 
Loudspeaker Supply : Physical Principles]. -H. Pitsch. (Funktech. Monatshefte, Nov. 
1940, No. I1, pp. 168-170.) Further develop- 
ment of the work dealt with in 3518 of 1939 
and back reference. ' 

1659. THE AEG BROADCAST RECEIVERS 1940/41 
FOR EXPORT [Details of Types Super -43o, 
Push - Button Super - D44o, " Orchestra " 
Super 709, & a Small Battery Model 450B].- 
W. Hering. (AEG-Mitteilungen, Jan./Feb. 
1941, No. 1/2, pp. 49/56.) 

1660. TEST REPORT : PHILIPS MODEL 296A [Short, 
Medium, & Long Bands].-(Wireless World, 
April 1941, Vol. 47, No. 4, pp. 116-117.) 

1661. OVERHAULING OLD RECEIVERS : REJUVEN- 
ATING VETERANS FOR WARTIME LISTENING.- 
(Wireless World, April 1941, Vol. 47, No. 4, 
pp. 114-115.) 

AERIALS AND AERIAL SYSTEMS 

1662. THE STUDY OF SHORT-WAVE AND ULTRA - 
SHORT -WAVE AERIALS AND FEEDERS BY 
MODEL TESTS AT MUCH LOWER FREQUENCIES. -L. E. C. Hughes. (Electrician, 18th April 
1941, Vol. 126, p. 233.) 

1663. A MAST RADIATOR WITH A REGULATED 
CURRENT DISTRIBUTION.-G. Z. Ayzenberg 
[Eisenberg]. (Elektrosvyaz [in Russian], No. 
9, 1940, pp. 28-39.) 

A comparison between mast radiators, as used at 
present for medium waves, and the T and L types 
of aerial is made and the desirability of improving 
the current distribution along the mast, and of 
extending its operating wave -band, is pointed out. 
Accordingly, consideration is given to an insulated 
tubular mast with a wire running up the centre, the 
wire terminating at the top in a lumped capacity 
formed by two divergent conductors. Four methods 
of operation are considered : (a) Mast fed at base, 
and base of mast and wire connected through a 
series LC circuit (Fig. ra) ; (b) as " a " but with 
the LC circuit from wire to ground (Fig. Ib) ; 

(c) as " a " but with feed to the wire instead of 
to the mast -base, and LC circuit from base of mast 
to ground (Fig. 3) ; and (d) a simplification of " c " 
in which the mast is effectively grounded and a 
variable impedance is connected between a point 
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some way up the mast and ground, for current 
adjustment. 

For each of the above cases formulae are derived 
for determining the current and potential dis- 
tribution and the effective height of the mast. 
Experiments were also made with a model of the 
type (a) mast which showed that throughout the 
whole wavelength range of the experiments (16 to 
40 m) the current distribution along the mast 
could be easily regulated by varying C, and that in 
particular it was possible to maintain the current 
antinode at the middle of the mast. It was also 
found that the effective height of this mast is 
double that of an ordinary mast. 
1664. A NEW AERIAL -MEASURING INSTRUMENT 

FROM THE ROHDE & SCHWARZ LABORATORY. 
-O. Macek. (Funktech. Monatshefte, Nov. 
1940, No. II, pp. 171-173.) 

A mains -driven instrument for measuring the 
natural frequency, equivalent capacity, resistance, 
and loss factor of an aerial, and the equivalent 
values of added coils and condensers. The cali- 
brated signal generator has a range of loo kc/s 
to io Mc/s. 

VALVES AND THERMIONICS 

1665. ON ULTRA -HIGH -FREQUENCY OSCILLATIONS 
GENERATED BY MEANS OF A DEMOUNTABLE 
THERMIONIC TUBE HAVING ELECTRODES OF 
PLANE FORM.-Leyshon. (See 1636.) 

1666. ON THE THEORY OF AN ELECTRON -BEAM 
OSCILLATOR WITH PHASE FOCUSING.- 
Kalinin. (See 1637.) 

1667. THE PHASE FOCUSING OF ELECTRON BEAMS 
TRAVELLING IN A STRAIGHT LINE [Velocity 
Modulation], and CURRENT -FLOW CHARAC- 
TERISTICS IN VELOCITY -MODULATED VALVES. 
-Borgnis & Ledinegg : Geiger. (See 1638 & 
1639.) 

1668. ON THE THEORY OF " DRIFT TUBES " [Hahn - 
Metcalf Velocity -Modulated Tubes].- Holl- 
mann & Thoma. (See 1640.) 

1669. " ELECTRON -INERTIA EFFECTS " [Book Re- 
view].-F. B. Llewellyn. (Proc. Phys. Soc., 
ist March 1941, Vol. 53, Part 2, pp. 199-zoo.) 
One of the " Cambridge Physical Tracts." 

1670. METHODS OF REDUCING THE [Shot Effect] 
NOISE OF VALVES [including Electron- 
Multipliers].-J. Gröber. (Hochf:tech. u. 
Elek:akus., Dec. 1940, Vol. 56, No. 6, pp. 
174-181.) 

The " weakening factor " F, by which the 
Schottky expression for the mean square of the 
shot -effect current fluctuation in the saturated 
régime must be multiplied to obtain the corre- 
sponding value in the space -charge régime, is always 
smaller than unity : its minimum theoretical value 
has been found to be o.i, while the smallest reliable 
experimental value is that of 0.22 obtained by 
Jacobi & Kirchgässner for cylindrical electrodes 
(see ref. 4 at end of paper). With commercial valves 
F values only down to about 0.5 are obtained : this 
fact is attributed to the potential drop at the cathode 
(in directly heated valves), to cooling at the filament 

ends (producing saturation at those points), and to 
ion noise due to residual gas. 

The first method now investigated for reducing F 
is that of " high -frequency interruption in the 
saturation régime." Döhler & Hecker, in their 
paper on " a new rectifying mechanism for centi- 
metric waves " (4383 of 1939), found that at these 
high frequencies the transit time of the electrons 
from the cathode to the potential minimum had a 
rôle to play. They showed that a rapid rise of the 
potential in the first moment caused the whole 
space charge between cathode and anode to fly to 
the anode. Now if the saturating voltage is in- 
terrupted periodically as in Fig. 1, being applied 
for times tl and cut off for times t2, then during t2 
the space charge will collect, and' since it will do so 
close to the cathode only a very small displacement 
current, with correspondingly small fluctuations, 
will flow during t2. In time t, this space charge will 
overcome the potential minimum and, since the 
distance potential-minimum/anode is comparatively 
large, will reach the anode only after several time 
intervals. In this space charge the fluctuations 
occurring during its formation -time t2 will already 
have been smoothed out, so that the total fluctua- 
tions should be reduced. This consideration only 
applies for times t1 -{- t2 so small that stationary 
values according to the three -halves law have not 
yet set in : this time is smaller than 3 X Io o sec. 
" If, therefore, a frequency greater than 3 X Io8 c/s 
is selected, a smaller fluctuation current must flow 
with this interruption, if the assumption is correct. 
If this effect is to predominate, the rise of the 
voltage pulse must be sharp, so that the space - 
charge weakening produced by the appearance of a 
potential minimum during the time t1 can play no 
part. Besides steep sides for the pulse, the ampli- 
tude must be large enough to reach with certainty. 
the saturation region." 

Experiments on a diode were carried out with the 
apparatus of Fig. 2 and the amplifier of Fig. 3 
(with a filter which cut out practically all flicker 
effect and ion noise), the voltage pulses being 
generated by a 3 -point generating circuit using a 
special R.C.A. valve on wavelengths 50-15o cm. 
The diode was connected at a potential antinode 
of the Lecher system, which was inductively 
coupled to the oscillator : the rectified anode 
current produced a voltage drop across a 15- 
kilohms shunt resistance, and the noise component 
of this was led through a condenser to the amplifier. 
The measurements were repeated with the anode of 
the diode supplied with continuous positive 
potential, and the noise -values compared. The 
weakening factor F decreased progressively from 
0.97 to 0.44 as the interruption frequency was 
increased by decreasing the oscillator wave from 
150 cm to 6o cm : here, of course, F represents no 
longer the comparison between saturation and 
space -charge régimes, but between the " continu- 
ous " and the " interrupted " saturation. 

The second method investigated is that of apply- 
ing a magnetic field. The weakening effect of a 
space chärge on the shot noise is due to the fact 
that each emerging electron causes a potential 
change in the valve and exerts thereby an effect 
on the passage of the other electrons : this reaction 
is so directed that it produces a reduction of the 

D2 
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square of the current -fluctuation. Now Miller has 
shown that a magnetic field in the direction of the 
cathode of a concentric -electrode system causes the 
electrons to rotate round the filament many times 
before they reach the anode. Each electron should 
therefore, because of its longer stay, exert a greater 
reaction on the remaining electrons, and a con- 
sideration of the equation for the total fluctuation 
current in the space -charge régime (half -way down 
p. 177, r-h column : taking into account both 
classes of electrons, those that reach the anode 
and those that return to the cathode) shows that 
there should be an optimum number of spirallings 
which would give the greatest total weakening of 
shot noise. There should therefore be an optimum 
magnetic field and an optimum inclination of this 
field to the filament, assuming that the electrode 
system is sufficiently accurately concentric and that 
the magnetic field is quite uniform. Further, in 
such an arrangement the magnetic field increases 
the slope of the valve, and this in itself should 
improve the freedom from noise, since the merit 
of a valve in this respect is directly proportional to 
the square of the slope. 

Measurements were first made on commercial 
concentric -system diodes, but it was soon found 
that the imperfect centering and straightness of the 
filament led to conflicting results : for instance, the 
slope was decreased instead of increased by the 
magnetic field, parasitic oscillations were liable to 
occur, etc. Magnetrons were therefore used instead 
(with their segments short-circuited) as likely to 
have good centering, and this was confirmed : the 
magnetic field increased the slope (about 1.6 times) 
and decreased, for the same anode current, the 
noise current to about one-half. The greatest noise 
reduction occurred when the field formed an angle 
of about 2°-3° with the filament, although this 
angle must be zero if the magnetic field is to 
increase the valve slope. The weakening factor 
was not so low as that found by Jacobi & Kirch- 
gässner (mentioned above) on account of the end - 
cooling of the cathode and the field distortions due 
to the end -plates of the magnetron. Fig. 12 shows, 
for two values of anode current, the noise -current 
as a function of the magnetic field -strength : for 
each anode current there is an optimum field as 
regards noise. 

Measurements on commercial triodes again en- 
countered the difficulty that imperfect centering 
produced a decrease in slope when the magnetic 
field was applied. In spite of this, large reductions 
in the noise were obtained, as much as a 9 -times 
improvement in merit being about the best result. 
With a bar -grid valve (curves in Fig. 17) instead 
of a spiral -grid design, the slope could be maintained 
unreduced in the magnetic field, probably owing 
to the smaller distortion of potential field with 
this type of grid. Here the merit was improved 
3 times, but an important fact from the, point of 
view of electron -multiplier design was brought out, 
namely that the magnetic field considerably 
decreased the shot noise in the initial zone. Weiss 
has proposed to work electron -multipliers in the 
transition region between the space -charge and 
initial zones, where the ratio S/ia is favourable and 
the shot effect is limited by the space charge : but 
by the use of a magnetic field the shot effect can be 

reduced also in the initial zone, and the electron - 
multiplier can thus be used in that zone, where the 
ratio S/ia is distinctly better than in the transition 
region proposed by Weiss. 

1671. THE MECHANISM OF THE ELECTRICAL 
DISSIPATION OF GAS [" Clean -Up Effect "J 
AT PRESSURES BELOW I0-4 mm Hg.- 
H. Schwarz. (Zeilschr. f. Phys., 28th Dec. 
194o, Vol. I17, No. 1/2, pp. 23-4o.) 

In a high -vacuum hot -cathode tube of special 
design, with ring -anode, a sudden variation of 
anode current (" electron -current jump ") between 
the values o.r and 3o mA was observed (anode 
voltage 4000 v). This electron -current jump is 
attributed to electrical charging of the glass wall 
produced by secondary electrons. It is independent 
of pressure within the range 2 X 10-7 and 
2 X Io-s mm Hg. The charging of the wall depends 
on the secondary -emission coefficient S of the 
wall: if S is less than unity, the wall becomes 
negatively charged : if greater than unity, it 
charges positively. Introduction of gas raises the 
secondary emission : S may rise above unity and 
the wall become suddenly positively charged. Out - 
gassing reduces 8 below unity, and the wall becomes 
suddenly negatively charged. By applying a mag- 
netic field, only electrons of low energy were 
allowed to reach the wall : S then remained less than 
unity under conditions where it would be greater 
than unity if there were no magnetic field. The 
electrical conditions were reproduced by introducing 
a copper -foil cylinder into the tube and evacuating 
the tube thoroughly : by giving this wall -coating 
the anode potential, the same high anode current 
was obtained as after a positive electron -current 
jump, while by giving it the cathode potential 
the same low anode current occurred as after a 
negative jump. 

After the occurrence of a negative jump (i.e. a 
jump from high to low anode -current values) the 
pressure was found to fall, too quickly to be 
followed, from 1o4 to io a mm Hg : the positive 
gas ions being " shot " into the negatively charged 
glass wall. This clean-up effect could not be 
obtained with the foil -lined tube : in a tube lined 
with an open -meshed wire net it was obtained only 
within a limited potential range (+3o to +14ov) 
for the net. It is deduced that for the clean-up 
effect to occur it is not enough that the positive 
ions should be able to reach the wall : the electrons 
must also be able to reach it, since the wall -charge 
is so small that it is completely compensated 
by ion positive ions, so that no measurable 
clean-up effect will occur. Further tests indicated 
that the net -coated wall may be considered equiva- 
lent to a perfectly smooth glass wall coated with 
a I.7 -molecular gas layer. 

i672. THE INTERNAL RESISTANCE OF PENTODES 
AND HEXODES IN AUTOMATIC VOLUME 
CONTROL ON THE DISTRIBUTING GRID.- 
Pitsch. (See 1653.) 

1673. TRIODE OR PENTODE ? [in Audio -Frequency 
Stages : Triode preferred for " Quality " 
Receivers, Pentode only for Fewest Possible 
Valves].-J. Bärisch. (Funktech. Monats- 
hefte, Nov. 194o, No. r i, pp. 165-167.) 
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1674. PRACTICAL DESIGN OF MIXER OR CONVERTER 
CIRCUITS : COMPARISON OF TUBE TYPES, 
AND CHECKING PERFORMANCE.-C. R. Ham- 
mond. (QST, Feb. 1941, Vol. 25, No. 2, 
PP. 38-43.) 

1675. PROBLEMS OF SERIES FILAMENT OPERATION 
[and Circuits to avoid Common Faults in 
connecting 1.4 V Filaments in Series or 
Series -Parallel : Protection of Valves against 
Failure or Removal of Any One : etc.].- 
(Sci. Abstracts, Sec. B, Feb. 1941, Vol. 44, 
No. 518, pp. 32-33.) 

1676. CIRCUIT FOR AMPLIFIER VALVES HEATED 
BY ALTERNATING CURRENT OR PULSATING 
DIRECT CURRENT [for Hum Elimination].- 
Siemens & Halske. (Funktech. Monatshefte, 
Nov. 1940, No. I I, p. 176.) German Patent 
No. 65o 206. 

1677. HOT -CATHODE VALVES [German Patent 
No. 639 468 for Method of maintaining 
Emissivity under Varying Load Conditions 
by Use of Auxiliary Cathode heated by 
Anode Current].-Siemens-Schukert. (Funk - 
tech. Monatshefte, Nov. 1940, No. II, p. 176.) 

1678. HOT -CATHODE VALVES .VITH TWO OR MORE 
ALTERNATIVE FILAMENTS. - Siemens-Schu- 
kert. (Funktech. Monatshefte, Feb. 1941, 
No. 2, p. 32.) 

German Patent No. 635 540, for high -voltage 
valves in which the filaments are subject to electro- 
mechanical forces : the leads of one filament take 
the form of tubes enclosing the solid leads (glass- or 
quartz -insulated) of the second filament. 

1679. THE RÔLE OF COPPER IN THE W -Cu -Ba 
CATHODE.-K. Brüning. (Physik. Zeitschr., 
1st/15th June 1940, Vol. 4z, pp. 285-290.) 

1680. EXPERIMENTAL INVESTIGATIONS TO TEST THE 
WAVE -MECHANICAL THEORY OF FIELD 
EMISSION OF ELECTRONS [from Pure & Coated 
Metal Points : Previous Lack of Exact 
Knowledge about Shape of Point (& conse- 
quently about Field Strength) remedied by 
Electron Microscope : Müller's Deviation 
from 3/2 Law (Barium on Tungsten) due to 
Formation of Crystallites : Theory Con- 
firmed].-R. Haefer. (Zeitschr. f. Phys., 
21st Nov. 1940, Vol. I16, No. 9/Io, 
pp. 604-623.) 

1681. SUCCESS OF SEVEN YEARS' TEST OF GLASS/ 
METAL SEALS USING KOVAR [Alloy of Iron, 
Nickel, Cobalt, & Manganese with Same 
Expansion -Coefficient as the Glass employed]. 
-H. Scott. (Sci. News Letter, ist March 
1941, Vol. 39, No. 9, p. 135.) 

1682. BRAZING IN ELECTRICAL FURNACES [for 
Metal Valves, Condenser Plates, etc : Advan- 
tages, Practical Technique].-G. Simon. 
(AEG-Mitteilungen, Jan./Feb. 1941, No. 1/2, 
PP. 20-24.) 
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1683. THE DIFFUSION OF HYDROGEN THROUGH 
IRON AND ITS DEPENDENCE ON THE CONDI- 
TION OF THE SURFACE : ITS RELATION TO 
CATALYSIS.-H. Betz. (Zeitschr. f. Phys., 
28th Dec. 1940, Vol. 117, No. 1/2, pp. 
Ioo-I18.) 

Further development of the work of Günther- 
schulze & colleagues on the diffusion, through an 
iron cathode, of hydrogen in a glow -discharge 
tube. It was found that the diffusion was almost 
completely suppressed if the entrance surface of 
the iron was " smoothed " with emery, and that 
on the other hand it was increased some 2.4 times 
if the emergence surface was " smoothed " instead ; 

the first result, therefore, was due not to the 
" smoothing " process rendering the surface imper- 
meable, but to its making easier the return of the 
hydrogen atoms into the gas space, so that they 
preferred to do this rather than to enter the iron. 
Further experiments, in which the irregular 
scratches made by the emery were replaced by 
straight lines scratched with a razor blade to form 
grids of different spacings, confirmed this conclusion : 

apparently the sharp edges produced by either 
method act as active centres which facilitate the 
return of the hydrogen atoms. An equation based 
on this supposition, and relating the rate of diffusion 
with the spacing of the scratched lines, agreed well 
with measured results. The phenomenon has an 
intimate connection with surface catalysis, the 
sharp edges acting as active centres which promote 
the catalytic recombination of the hydrogen atoms 
into molecules. 

ACOUSTICS AND AUDIO -FREQUENCIES 
1684. DIRECTIVE SOUND : THE THEORETICAL 

FOUNDATIONS FOR THE DIRECTIVE TRANS- 
MISSION AND RECEPTION OF SOUND WAVES, 
AND THEIR PRACTICAL APPLICATIONS TO 
PROBLEMS OF SOUND PROPAGATION IN FREE 
MEDIA [Submarine Signalling, Harbour - 
Entry Sound Beams, etc.].-F. A. Fischer. 
(Naturwiss., 7th March 1941, Vol. 29, No. to, 
pp. 138-146.) For correction (inversion) of 
Fig. 2 see issue of 28th March, No. 13, p. 200. 

1685. COMBINING HIGH- AND LOW -FREQUENCY 
LOUDSPEAKERS : SIMPLE DIVIDING NET- 
WORKS FOR USE AFTER THE AMPLIFIER.- 
J. K. Hilliard. (Wireless World, April 1941, 
Vol. 47, No. 4, pp. 103-104.) Article based 
on Hilliard's paper in Electronics, Jan. 1941. 

1686. THE DESIGN OF THE IRON CORE OF TRANS- 
FORMERS [A.F. Output Transformers for 
Loudspeaker Supply].-Pitsch. (See 1658.) 

1687. " MYSTERY " RECORD PLAYERS : DETAILS 
OF THE WIRELESS LINK IN AMERICAN 
RADIO -GRAMOPHONES. - (Wireless World, 
April 1941, Vol. 47, No. 4, p. 113.) 

1688. NEW INSTRUMENT' ANSWERS TELEPHONE 
AUTOMATICALLY [" Peatrophone " : speaks 
Message (e.g. giving Whereabouts) and states 
that a 3o -Second Message can be Recorded]. 
-(Distribution of Electricity, April 1941, 
Vol. 13, No. 142, p. 46o : summary only.) 
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1689. ON THE INTERNAL FRICTION OF VIOLIN 
WOOD [the Pine used for Cheap Violins : 

Logarithmic Decrement independent of 
Frequency from io to io 000 c/s].-E. 
Rohloff. (Zeitschr. f. Phys., 28th Dec. 1940, 
Vol. 117, No. 1/2, pp. 64-66.) Extension of 
the work dealt with in 57o of 1939. 

1690. THE LINE RECORDING PROCESS IN CATHODE- 
RAY OSCILLOGRAPHY [for Economy in 
Photographic Film, primarily in Researches 
on Speech and Auditory Fatigue].-Silink. 
(See 173o.) 

1691. " ACOUSTICS " [Book Review.-A. Wood. 
(Prot. Phys. Soc., 1st March 1941, Vol. 53, Part 2, pp. 196-197.) Vol. II of " The 
Student's Physics " : " its readers should 
not be confined to those about to sit for 
examinations.. . 

1692. ON THE THEORY OF ACOUSTIC DOUBLE 
REFRACTION OF COLLOIDAL SOLUTIONS 
[Analysis of Orienting Action of Supersonic 
Waves on Suspensions of Non -Spherical 
Particles : Variation of Relaxation Time 
with Size of Particles & Viscosity of Liquid : 

etc.]-S. Oka. (Zeitschr. f. Phys., 21st Nov. 
1940, Vol. 116, No. 9/Io, pp. 632-651.) 

1693. EFFECT OF SUPERSONIC WAVES ON THE 
MAGNETIC PROPERTIES OF NICKEL [Large 
Irreversible Changes : Barkhausen " Jump " 
helped forward].-Schmid & Jetter. (Natur- 
wiss., 7th Feb. 1941, Vol. 29, No. 5/6, 
p. 85 : short summary only.) 

1694. A NEW METHOD FOR THE MEASUREMENT OF 
SUPERSONIC -WAVE ABSORPTION [Using Modi- 
fied " Schlieren " Method giving, with White 
Light, Coloured Pictures of Sound Radiation 
with Zones of Equal Intensity all in Same Colour].-E. Schreuer & K. Osterhammel. 
(Naturwiss., 17th Jan. 1941, Vol. 29, No. 3, 
P. 44.) 

PHOTOTELEGRAPHY AND TELEVISION 
1695. THE LIMITS OF PERFORMANCE OF ELECTRON - 

OPTICAL RAY -PRODUCING SYSTEMS.-E. 
Gundert. (Zeitschr. f. tech. Phys., No. 11, 
Vol. 21, 1940, pp. 246-25o.) 

The ray -producing system of a cathode-ray tube 
is in general required to give a spot on the screen 
of adequate brightness and smallness. Since the 
luminous output of the screen can be taken as 
approximately constant for a given phosphor, the 
necessary ray power I. x U. is governed by the 
requirements as to brightness. For -a given ray 
power, however, the larger we make the ratio 
anode -voltage U,/ray-current I the smaller can 
the spot be made, but the greater becomes the 
expenditure in generating the anode voltage and 
in deflecting the ray. The inclination is, therefore, 
to keep that ratio to as low a value as possible 
consistent with the production of a sufficiently small 
spot. The object of the present paper is to derive 
the limit to which the ratio can be reduced, in a form 
applicable to practical tube design. 

Starting from the Abbe " sine condition " for 
distortionless image formation (eqn. I), and 

assuming that the spot consists of the image, on the 
screen, of the cathode or a part of it, and that the 
emerging electrons have a Maxwellian velocity 
distribution, eqn. 7 is obtained. This shows that 
there is a minimum value for the product r. U,/I, 
(where r is the radius of the ray in the de- 
flecting field) which must not be gone below if 
the tube " sharpness " is to be satisfactory. If r 
could be increased arbitrarily, it would be possible 
to keep the product above the limiting value and 
yet reduce the U,/I, ratio as much as was desired : 

but this increase of r would produce aperture error, 
deflection coma, deflection astigmatism, and (for a 
slanting screen) defective depth focus. The 
maximum value for r (and consequently the desired 
minimum value of U,/I,) is derived for four cases : 

where only one type of aberration has to be con- 
sidered ; where both deflection errors (astigmatism 
and coma) have to be considered ; where astig- 
matism only has to be considered but in conjunction 
with aperture error ; and finally where an arbitrary 
number of errors, increasing with differing powers 
of the ray radius, have to be considered as occurring 
simultaneously. 
1696. AN EXAMPLE OF THE APPEARANCE OF 

DISTURBING STRUCTURES IN TELEVISION 
IMAGES [Interference -Effect between the 
Parallel -Line Raster & the Image -Structure 
(a Form of the " Lath -Fence Effect ") 
shown by Photographed Images of a Test 
Star for Various Numbers of Lines : Peculiar 
Structure resulting from Interference].- 
R. Theile. (Funktech. Monatshefte, Feb. 
1941, No. 2, pp. 29-30.) 

The true interference effect is best seen in Fig. 4, 
where the line thickness has been increased so that 
the wide black spaces between the lines (when the 
line -number is low) are reduced. The genuineness 
of the interfering action is confirmed by Figs. 5 & 6, 
where exactly the same patterns are obtained by 
direct photography of the combination of a star and . 

a parallel -line grating. 
1697. COLOUR TELEVISION : DIRECT PICK-UP 

DEMONSTRATED IN THE STATES [Orthicon 
Camera : Colour Disc Synchronisation by 
Transmitter Impulses instead of by Common 
Mains : etc.l. - Columbia Broadcasting 
System. (Wireless World, April 1941, Vol. 
47, No. 4, p. ro.) See also 1122 of April. 

1698. THE TELEVISION BROADCASTING SERVICE 
AND ITS EVOLUTION.-K. Müller -Lübeck. 
(Funktech. Monatshefte, Nov. 1940, No. II, 
Supp. pp. 41-44.) 

Including short descriptions of the equipment at 
the Berlin studios (for wireless broadcasting as. well 
as for cable transmission on a 4.2 Mc/s carrier to 
certain Berlin and Hamburg viewing centres) and 
of the testing and transmitting technique : limita- 
tions and possibilities of television. 
1699. THE UNIT CONTROL RACK IN TELEVISION 

TRANSMISSION SERVICE.-M. Kippenhan. 
(Funktech. Monatshefte, Feb. 1941, No. 2, 
SuPP PP. 5-7.) 

In Fig. 2, showing the basic lay-out of the 
" EKG " (unit control rack), B is the picture - 
control tube for monitoring the controls of back- 
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ground brightness and sharpness of detail; KO is 
the smaller tube for peak -value control (with fixed 
amplifier) ; the sound -control monitor is at the 
bottom. Wireless and wire broadcasting is provided 
for. The ubiquity of the " EKG " is seen clearly 
in the general station diagram given in Fig. 1. 

1700. ULTRA -HIGH -FREQUENCY SUPERHET DESIGN 
FOR IMPROVED PERFORMANCE IN AUDIO AND 
VIDEO RECEPTION.-D. A. Griffin. (QST, 
Feb. 1941, Vol. 25, No. 2, pp. 27-29 and 9o: 
to be concluded.) For the original receiver 
see Sherman, 3091 of 1940. 

1701. WIDE -BAND TRANSFORMERS : PRACTICAL 
CALCULATION AND BALANCING [particularly 
for Television]-Th. Hegner. (Funktech. 
Monatshefte, Feb. 1941, No. 2, pp. 17-27.) 

Further development of the work referred to in 
48 of 1940. The present paper deals in a practical 
way with the two types of transformer, the 
unsymmetrical/unsymmetrical (one end of each 
winding earthed : in a television amplifier, for a 
frequency -band of 2 x 3 Mc/s on an i.f. carrier 
of 8.4 Mc/s : comparative advantages of one-sided 
and two-sided damping) and the unsymmetrical/ 
symmetrical (secondary connected to push-pull 
amplifier or rectifier). 

In general, one-sided damping is to be preferred 
(usually in the primary circuit) : it gives a higher 
secondary voltage. Two-sided damping has, how- 
ever, the advantage of a wider frequency band: 
it may be chosen when the measured limiting 
frequencies come out inside the required limits 
even with very close coupling, and the pass -band 
will then be increased V2 times. The coupling 
coefficient, for any particular core. shows. only 
a slight dependence on the number of turns. It 
has a definite relation to the ratio of the limiting 
frequencies. The requirement that the limiting 
frequencies should lie symmetrically on either side 
of the carrier yields, by the formulae derived, all the 
characteristic frequencies. The estimation of the 
capacities on the primary and secondary sides 
allows approximate values to be derived for the 
primary and secondary self-inductances : a practical 
measuring method for checking these rough values 
is described. The design of a transformer for 
a push-pull stage has only one special requirement : 

that the secondary circuit should be made com- 
pletely symmetrical : the capacities across the two 
halves of the secondary winding then have no effect 
on the functioning of the transformer as a band - 
filter. The secondary winding must be tuned as a 
whole to the resonance frequency. The results of 
the theory can be applied to transformers working 
in conjunction with rectifiers : the application is 
particularly complete for the whole -wave rectifier. 

1702. STUDY OF COMPOSITE PHOTOCATHODE BY 
ELECTRON DIFFRACTION [Cs introduced into 
Chamber containing Oxidised Silver Film : 

Diffraction Pattern becomes Diffuse as 
Amount of Cs is increased and Photoelectric 
Current appears : later, becomes Sharp 
again as Photosensitivity disappears].- 
Uyeda & others. (Sci. Abstracts, Sec. A, 
Feb. 1941, Vol. 44, No. 518, p. 5o.) 
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1703. MEASUREMENTS ON COMPOSITE PHOTO- 
CATHODES : II.-P. Görlich. (Zeitschr. f. 
Phys., 5th Dec. 1940, Vol. 116, No. 11/I2, 
PP. 704-715.) 

For Part I see 3695 of 1938. Summary of 
results :-(a) The Richardson straight lines for 
[Ag]-Cs20,Ag,Cs-Cs layers were measured and the 
work functions calculated from these were compared 
with those derived by the photoelectric method. 
Previous investigators had found large differences 
between the values given by the thermal and 
photoelectric methods, suggesting that the equation 
eqS = hvo has no validity for composite cathodes : 

this would mean that a smaller energy is necessary 
for the thermal ionisation of adsorbed atoms than 
for the photoelectric ionisation. Table r shows the 
writer's results : although there is a tendency for 
the thermal value to lie below the photoelectric 
value, the differences are far smaller than those 
previously found. 

(b) From new and previous results the writer 
obtains a picture of the constitution and emission 
mechanism of [Ag]-Cs20,Cs-Cs and [Ag]-Cs20, 
Ag,Cs-Cs layers. 

(c) Layers of composition [Ag]-Cs2O,F,Cs-Cs 
have their long -wave maximum more and more 
displaced towards shorter wavelengths, the larger 
the atomic volumes of the added foreign metal F, 
where F represents Mo, Al, Pb, Ni, or Mn. This 
rule does not apply to alkali or alkali -earth metals, 
or to silver itself, as the foreign metal. The 
sensitivity is increased considerably (Table 2) unless 
too much of the foreign metal is added (Table 4). 

(d) A comparison of layers of composition [T]- 
Cs20,Cs-Cs and [T]-Cs20,T,Cs-Cs shows that the 
introduction of some of the carrier metal has a good 
effect for carriers other than [Ag] : here [T] repre- 
sents Be, Mn, Pb, or Cu. 

(e) Investigation of layers [T]-Cs10,Ag,Cs-Cs 
shows that the foreign metal determines not only 
the conductivity and the position of the long -wave 
maximum but also the over-all sensitivity ; and 
that silver plays a specially important rôle as 
foreign metal (in some cases increasing the sensi- 
tivity jo times). It is deduced that an interaction 
takes place, between the ionisable Cs atoms and the 
foreign -metal atoms, which has a decisive influence 
on the photoionisation of the Cs atom and hence 
on the sensitivity. The quite different action of a 
deposited foreign metal on the sensitivity of anti- 
mony -alloy photocathodes is discussed in section 
7 : here no increase in sensitivity is produced, but 
rather a decrease. 

A bibliography is given at the end of the paper, 
and a footnote points out that the " new high - 
sensitivity photosurface " described by Glover & 
Janes (437o of 194o) is evidently one of the com- 
posite cathodes dealt with above. 
1704. THEORY OF ACOUSTIC DOUBLE REFRACTION 

OF COLLOIDAL SOLUTIONS [Orienting Action 
of Supersonic Waves on Suspensions of Non - 
Spherical Particles].-Oka. (See 1692.) 

MEASUREMENTS AND STANDARDS 

1705. A NEW CONDUCTOMETER FOR THE FRE- 
QUENCY RANGE OF O.I . . . 100 MC/S [in 
Two Models, o.1-ro & Io-loo Mc/s : for 



256 THE WIRELE 

Measurement of Valve Input Impedances, 
etc.].-G. Opitz. (Arch. f. Tech. Messen, 
Nov. 1939, No. Io1, double p.T 142.) Based 
on the work of Rohde & Opitz, 1128 of 194o. 

1706. THE PERFORMANCE LIMITS OF THERMAL 
RADIATION -MEASURING INSTRUMENTS [Va- 
cuum Thermoelements, Radiometers, Bolo - 
meters, etc.]. -W. Dahlke & G. Hettner. 
(Zeitschr. f. Phys., 28th Dec. 1940, Vol. 117, 
No. 1/2, pp. 74-80.) 

Some of these instruments can be classified as 
" heat engines " in which the radiation is con- 
verted into heat in an absorbing body (the " receiv- 
ing system "), a fraction of this heat being made to 
perform the " deflection work." Czerny, in 1932, 
derived an upper limit for the " useful action " of 
such a device : for a temperature -rise of the 
receiving system of some 1o7 degree, this limit was 
given as around Io a ; actually, in practice, about io Iu is attained. Another group, including the 
bolometer, cannot be classified as heat engines, 
because the deflection work is performed by a 
current source and the temperature -rise only acts 
as a release. Surprisingly, however, the per- 
formance of the most sensitive bolometer is only 
about the same as that of a heat -engine device. 
It is this problem, pointed out by Czerny, that the 
present writer examines. 

He shows that the " energy threshold " of all 
such meters, and therefore their performance, is 
governed by the spontaneous energy and tempera- 
ture fluctuations of the receiving system. The 
threshold can theoretically be lowered, and the 
performance improved, by lowering the temperature 
of the receiving system and everything with which 
it is in thermal exchange, or by decreasing the 
thermal capacity of the receiving system. The 
former process " encounters serious practical 
difficulties " : the latter plan involves a considera- 
tion of the time during which the receiving system 
must be exposed to the radiation. He arrives 
finally at the conclusion that for a given ambient 
temperature the optimum performance depends 
only on the thermal -exchange rate A of the re- 
ceiving system (eqn. 12), and concludes that the 
total thermal losses, useful and unavoidable, are 
likely to be of the same order in all types of device, 
which would account for the similarity in per- 
formance. The only hope of improving this per- 
formance would seem to lie in arranging for the 
best possible thermal isolation of the receiving 
system. 
1707. THE DIFFERENTIAL PHASEMETER.-V. M. 

Lavrov. (Elektrosvyaz [in Russian], No. 9, 
1940, pp. 55-58.) 

A new type of phasemeter has been developed 
in which use is made of two pairs of crossed coils 
mounted on a common spindle (Fig. i). The angle 
a between the axes of the first pair i and 2 can 
be varied without altering the direction of the 
bisectors of the angles formed by these coils. The 
two other coils I and II are fixed with their axes 
coinciding with these bisectors. If currents of the 
same amplitude but displaced by an angle ¢ are 
passed through i and 2, a rotating magnetic field, 
generally of an elliptical form, will be produced. 
E.m.fs induced by this field in I and II will differ 
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by dE = k cos 4 (ç ± a). If a is made such that 
_ ± a, the rotating field will be circular and 

dE reduced to zero. In the experimental model 
built, dE is measured by a current indicator 
connected in a balanced thermocouple circuit 
(Fig. 2) and # is read directly off the scale when 
dE = o. An accuracy within about I % was 
obtained, and it is stated that with improved 
construction this can be made still better. 
1708. A CIRCUIT FOR TESTING CURRENT TRANS- 

FORMERS [or Potential or Power Trans- 
formers : Ratio & Phase -Angle measured 
by Variation of Three -Voltmeter Method].- 
E. A. Walker. (Review Scient. Instr., Feb. 
1941, Vol. 12, No. 2, pp. 85-86.) 

1709. A NEW AERIAL -MEASURING INSTRUMENT 
FROM THE ROHDE & SCHWARZ LABORATORY. 
-Macek. (See 1664.) 

1710. APPARATUS FOR SURVEYING THE RESONANCE 
CURVES OF SIMPLE OSCILLATORY CIRCUITS 
AND BAND-FILTERS.-vOn Duhn. (See 1626.) 

17óI. ELECTRONIC A.C. VOLTMETER [for Frequencies 
Io c/s to 15o kc/s : Special Logarithmic 
Indicator : Stabilisation & Linear Rectifica- 
tion by Negative Feedback : Model 300].- 
Ballantine Laboratories. (Review Scient. 
Instr., Feb. 1941, Vol. 12, No. 2, p. 107.) 

1712. A WIDE -RANGE VACUUM -TUBE VOLTMETER: 
A.C.-POWERED INSTRUMENT FOR D.C., A.C., 
AND R.F. MEASUREMENTS.-T. J. Kelley. 
(QST, Feb. 1941, Vol. 25, No. 2, pp. 32-35 
and 82.) 

1713. VOLTAGE MEASUREMENT BY A PHOTO- 
ELECTRIC NULL METHOD.-F. Ender. (Physik. 
Zeitschr., Ist/i5th June 194o, Vol. 41, 
pp. 297-302.) 

1714. A MIXER TUBE AS ELECTRODYNAMOMETER 
FOR THE SELECTIVE MEASUREMENT OF VERY 
SMALL ALTERNATING CURRENTS. -S. Singer. 
(Zeitschr. f. tech. Phys., Vol. 21, 194o, 
p. 175 onwards.) 

1715. A CONTACT AND TIMING INDICATOR FOR 
INSULATION MEASUREMENTS [for Insulation 
Resistance or Breakdown Tests on Radio 
Components in Mass Production : Danger of 
passing Faulty Items owing to Failure, or 
Too Short Duration, of Application of 
Voltage : a Thyratron Saw -Tooth Generator 
Circuit (with Neon Stabilising Diode) 
indicating Contact & Elapsing of Specified 
Time].-T. J. Rehfisch. (Journ. of Scient. 
Instr., April 1941, Vol. 18, No. 4, pp. 63-65.) 

1716. THE INTERVAL SELECTOR : A DEVICE FOR 
MEASURING TIME DISTRIBUTION OF PULSES.- 
A. Roberts. (Review Scient. Instr., Feb. 
1941, Vol. 12, No. z, pp. 71-76.) A summary 
was referred to in 2763 of 194o. 

1717. NEW APPLICATION POSSIBILITIES FOR THE 
INCANDESCENT LAMP IN MEASURING TECH- 
NIQUE [Filament Resistance constant over 
Many Years if worked at only 8-Io% of 
Nominal Voltage : Use for Extending or 
Compressing the Lower End of Meter Scales : 

etc.]-W. Oesinghaus. (AEG-Mitteilungen, 
Jan./Feb. 1941, No. 1/2, pp. 37-41.) 
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1718. OPTICAL LEVER MIRROR [for Galvanometers, 
etc : Reflections from Air/Glass Surface of 
Usual Concave Mirror avoided by Replace- 
ment by Plano -Convex Lens with Silvered 
Back (Plane) Surface].-Taylor. (Review 
Scient. Instr., Feb. 1941, Vol. 12, No. 2, 
pp. 104-105.) 

1719. AN APPROXIMATE ANALYTIC EXPRESSION 
OF THE BALLISTIC SENSITIVITY CURVE, AND 
ITS APPLICATION TO RAPID MEASUREMENT.- 
de Gerszonowicz & Gerszonowicz. (Review 
Scient. Instr., Feb. 1941, Vol. 12, No. 2, 

PP. 98-99.) 
1720. CONCERNING RESISTIVITY IN ELECTRICAL 

PROSPECTING : A PRACTICE TO BE REJECTED 
[Mental Aberration in Use of Ohms/cm3 or 
Ohms/m3].-P. L. Mercanton. (Bull. No. I I, 
Int. Union Geod. & Geophys., Washington 
Transactions 1939, pub. 1940. Pp. 543-544 
in French.) An electrical resistance 
divided by a volume has no physical 
significance ". 

172I. ON THE USE OF SILVER ALLOYS AS RESIST- 
ANCE MATERIALS [particularly for Standard 
Resistances : Investigation of Electrical & 
Mechanical Properties of Silver -Manganese - 
Tin Alloys NBW 108, 139, & 173: Large 
Negative Temperature -Coefficients of Re- 
sistance when Cold -Worked, reduced to 
about Zero by Suitable Heat Treatment].- 
Schulze. (Physik. Zeitschr., 1st Jan. 1941, 
Vol. 42, No. I, pp. 6-13.) 

1722. MUTUAL INDUCTANCE OF TWO HELICES 
WHOSE AXES ARE PARALLEL [as in Ayrton- 
Jones Current Balance].-C. Snow. (Journ. 
of Res. of Nat. Bur. of Stds., Dec. 1940, 
Vol. 25, No. 6, pp. 619-671.) 

1723. INDUCTANCE CALCULATIONS AS APPLIED TO 
AIR -CORED COILS [with Table & Curve of K 
in Modified Nagaoka Formula].-S. W. 
Amos. (Wireless World, April 1941, Vol. 47, 
No. 4, pp. 108-109.) 

1724. " QUARTZ OSCILLATORS AND THEIR APPLICA- 
TIONS " [Book Review].-P. Vigoureux. 
(Proc. Phys. Soc., 1st March 1941, Vol. 53, 
Part 2, p. 197.) A notice was referred to in 
1535 of 1940. 

SUBSIDIARY APPARATUS AND MATERIALS 
1725. KERR-EFFECT OSCILLOGRAPH WITH TWO - 

COORDINATE DEFLECTION.-Eder. (Zeitschr. 
f. tech. Phys., Vol. 21, 1940, pp. 203-208.) 

1726. ON THE PRESSURE OF ELECTRON BEAMS.- 
Selényi. (See 1804.) 

1727. THE WESTERN ELECTRIC 330 -TYPE TRIPLE - 
GUN CATHODE-RAY TUBE.-(Bell Lab. 
Record, Jan. 1941, Vol. 19, No. 5, p. 164: 
photograph & caption only.) 

1728. ADAPTING A COMMERCIAL CATHODE-RAY 
OUTFIT FOR DIRECT -COUPLED, SINGLE - 
SWEEP APPLICATIONS [with Single Linear 
Sweeps up to 1 Second, and Long Time - 
Constant in Vertical Amplifier, as in Physio- 
logical Studies of Slow Transient Com- 
ponents].-Talbot. (Review Scient. Instr., 
Feb. 1941, Vol. 12, No. 2, pp. Ioo-ior.) 
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1729. PHOTOGRAPHING TRANSIENTS : OBSERVATION 
SIMPLIFIED BY AUTOMATIC REPETITION 
[Hard -Valve Electronic Relay Switch Cir- 
cuit, modified by Addition of Two Power 
Triodes in Parallel (as a Cathode Follower) 
and " Ammeter Valve," for Square -Wave 
Testing in Filter -Circuit Research : Results 
on " Gate " Filters (and Comparison with 
Ladder Type)].-Tumey. (Wireless World, 
April 1941, Vol. 47, No. 4, pp. 98-10o.) For 
the original " switch " circuit see Clothier, 
4350 of 1939. 

1730. THE LINE RECORDING PROCESS IN CATHODE- 
RAY OSCILLOGRAPHY [for Economy in 
Photographic Film]. - Silink. (Funktech. 
Monatshefte, Jan. 1941, No. I, pp. 7 -Io.) 

Prague researches on certain diseases, by record- 
ing the initial changes of speech (particularly the 
sound of consonants in the middle of words), met 
with difficulties when ordinary mirror or cathode-ray 
oscillographs were employed for recording : the 
consumption of film was excessive, and the intensity 
of the sound source and sensitivity of the film did not 
allow the latter to be run fast, with the result that 
details were unreadable. The completely for- 
tuitous superposition of a 5o c/s mains frequency on 
the c -r -o record of a relaxation oscillation (Fig. I) 
led to the development of the modified recording 
method here described, in which a scanning action is 
applied to the ray in such a way that, allowing for 
the slant which would otherwise be produced by the 
motion of the film during the period of each line, 
the phenomenon is recorded in a close series of lines 
straight across the width of the film (Fig. 2c), the 
fly -back between the lines being too rapid to leave 
its trace. 

The comparatively simple circuit is shown in 
Fig. 5. The time -base voltage is taken to the 
horizontal plates of the electrostatic oscillograph 
and to a voltage regulator, from which a certain 
fraction of it is led, together with the process - 
voltage, to the vertical plates. Since the ray is 
deflected more or less diagonally by the time -base 
voltage (to compensate for the film movement) the 
ray intensity can be increased considerably without 
any damage to the screen, so that much more rapid 
oscillations can be recorded than is possible with 
ordinary methods. To avoid over -exposure of a 
line in repose (i.e. without vertical deflection by 
the phenomenon) Hollmann's plan of regulating 
the ray intensity by a full -wave diode rectifier was 
employed : the rectifier is fed with the alternating 
voltage of the phenomenon and the rectified voltage 
applied to the Wehnelt cylinder so as to regulate 
the ray intensity in accordance with the phenom- 
enon voltage. The great improvement produced 
by this refinement is seen by a comparison of 
Figs. 6 and 7, both of the same phenomenon. The 
advantages of the whole method, and its possible 
applications to purposes other than that for which 
it was developed, are discussed and illustrated on 

pp. 9 -Io. 

1731. SUCCESS OF SEVEN YEARS' TEST OF GLASS/ 
METAL SEALS USING KOVAR.-SCOtt. (See 
1681.) 
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1732. THE LIMITS OF PERFORMANCE OF ELECTRON - 
OPTICAL RAY -PRODUCING SYSTEMS.-GUn- 
dert. (See 1695.) 

1733. ELECTRON -OPTICAL SYSTEMS IN CATHODE- 
RAY TUBES [Elementary Principles].- 
Diels. (Funktech. Monatshefte, Jan. 1941, 
No. I, Supp. pp. 1-4.) 

1734. ON THE APERTURE ERROR [Spherical Aber- 
ration] OF ELECTRON LENSES : REPLY TO A 
PAPER BY W. GLASER, and REMARKS ON THE 
FOREGOING REPLY.-Rebsch : Glaser. (Zeit- 
schr. f. Phys., 5th Dec. 1940, Vol. 116, No. 
11/12, PP. 729-733 PP. 734-735.) 

" W. Glaser has recently calculated a magnetic 
lens which is claimed to have no aperture error 
[1165 of April]. This claim contradicts previous 
work, so that it seems justifiable to examine it 
more closely. Von Scherzer has shown that the 
aperture error of the space -charge -free electron lens 
can have only one sign and is always greater than 
zero. Later it was shown that this error can 
theoretically be made arbitrarily small," by making 
the magnetic or electric field strength near the 
object Change very rapidly over a very short length 
1, so that 1 = (H/H'). or 1 = (E/E'),,, is very 
small. Since 1 is limited by the fineness of workman- 
ship, there is a practical limit to the smallness of 
the possible aperture error : an empirical approxi- 
mate value for the minimum attainable dispersion - 
circle radius is given by p = }fV63, where f is the 
focal length, V the magnification ratio, and 8 the 
objective aperture. " The objectives of present- 
day electron microscopes have an aperture error 
more than ten times this value. It will be shown 
below that the field calculated by Glaser . is 
unsuitable for image -forming purposes. We calcu- 
late, for this purpose, the paths of the electrons 
proceeding from the middle of the object plane. 
It is seen that these electrons do not come together 
again at a point but traverse the field almost 
rectilinearly. . A further lens of adequate 
refracting power must be added for image forma- 
tion : then however a finite aperture error is 
reintroduced. . . . To obtain the smallest possible 
aperture error one must return to the conditions 
given above, namely the sharpest possible field 
decrease at the object." 

In his reply, Glaser disputes the validity of 
Rebsch's formula for the minimum value of p, 
which was based on magnetic fields having nothing 
to do with minimum aperture error and chosen 
merely because they were easily integrated. Fields 
can be obtained with much smaller values of p : 

in a later work he will give numerical details. The 
calculated field given by him was obviously not, 
intended to be applied directly : the necessary 
departure from the ideal field, for practical purposes, 
must be made on the lines indicated in his paper. 
See also 1735, below. 
1735. SPHERICAL ABERRATION IN ELECTRON - 

OPTICAL IMAGE FORMATION [Scherzer's 
Formula showing that Sp.A. cannot be Com- 
pletely Eliminated : Glaser's Formula for 
Aberrationless Field : Proof that Latter 
Field cannot form Real Image : Scherzer's 
Dictum is Correct].-Recknagel. (Zeitschr. 
f. Phys., 28th Dec. 1940, Vol. 117, No. 1/2, 
pp. 67-73.) Cf. 1734, above. 
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1736. FRESNEL ELECTRON DIFFRACTION.-Boersch. 
(Naturwiss., Ist Nov. 1940, Vol. 28, No. 44/45, 
Pp. 709-711.) 

Hitherto, only the Fraunhofer type of diffrac- 
tion has been encountered in electron optics (and 
has indeed been given the general term " electron 
diffraction "), although the writer pointed to the 
occurrence of Fresnel diffraction also, in connection 
with his investigations on the resolving power of 
the electron " shadow "-microscope-3715 of 1939, 
1571 (and 2710) of 1940: also Jahrb. AEG -Forsch., 
1940, Vol. 7, p. 34. The difficulties in finding, with 
electrons, the specially interesting interference 
maxima of a straight edge (for Fresnel diffraction 
at a slit is complicated by its dependence on the 
width of the slit) are due to the shortness of the de 
Broglie wavelengths of the electrons and the 
consequent very close spacing of the maxima. 
To enable these maxima to be separated, the lack 
of sharpness due to the size of the electron source 
must be made small compared with their spacing : 

thus to resolve the maxima n and n + 2, the 
diameter d of the source must not exceed ß/,1.a 
(v'n+2 - v'n). A . suitable source (d = 14o AU) 
was obtained as described in 1571 of 1940 (see also 
1174 of April), and with it records were obtained of 
Fresnel diffraction at an edge (Fig. 2) : four or 
five maxima could be distinguished, which agrees 
with the " coherence " condition of the above 
formula. Since the spacing of the maxima is only 
of the order of 20íc, the original photograph has 
had to be enlarged some 112 times, so that the 
layer grain is prominent. 

The spacing thus found is in agreement with 
eqn. I on p. 709 (hitherto confirmed only for 
visible light) if A is replaced by the de Broglie wave- 
length. Thus the properties of the electron are 
most simply described, for this experiment also, as 
de Broglie waves ; and the Fresnel theory of diffrac- 
tion, with its further development by Kirchhoff, 
Sommerfeld, and others, is also valid, within the 
present limits of accuracy, for electron waves. 

The special importance of Fresnel diffraction at 
an edge, for electron optics, lies in the fact that the 
spacing of the maxima, according to eqn. I, is 
independent of the geometrical dimensions of the 
obstacle, and that submicroscopic magnitudes such 
as atomic spacings play no rôle. Consequently 
the determination of the electron wavelength 
according to eqn. I is based only on the direct 
measurement of the distance between electron 
source and object and of the spacing between the 
maxima, whereas hitherto it has had to depend on 
Fraunhofer diffraction tests at crystal lattices 
whose spacings had to be measured by X-ray 
methods. 

In the case of other objects such as apertures or 
screens, the phenomena are greatly complicated 
by their dependence not only on the object dimen- 
sions but also on ñ and a. The " double -wall " 
effect on images of the flagella of bacteria, and the 
" ring structure " of the background, found in 
previous shadow -microscope records, are to be 
attributed to such Fresnel diffraction phenomena. 
Estimation of the object size from such diffraction 
figures would at present seem to be difficult owing 
to their dependence on the transparency of the 
object. See also 1737, below. 
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1737. FRESNEL DIFFRACTION PHENOMENA IN THE 
SUPERMICROSCOPE.-Boersch. (Naturwiss.,Ist 
Nov. 1940, Vol. 28, No. 44/45, PP. 711-712.) 

A letter pointing out the implications of the 
writer's results (1736, above) as regards the electron 
microscope. He concludes that the divergence of 
the incident incoherent beam in the microscope 
as at present developed (irradiation aperture say 
10-8 cm, wavelength say 5 x io 10 cm) would, by 
its displacement of the interference system belonging 
to each primary ray, require the distance l between 
object and focusing plane to be so small, if the 
first two edge -diffraction maxima are to be 
separated, that the separation would come beyond 
the limit of resolving power of the instrument, 
of the order of 50 AU. Although the actual 
observation of the diffraction maxima would 
therefore be prevented, the effects of the Fresnel 
diffraction may nevertheless make themselves 
evident. For instance, the lack of sharpness of the 
contour -edges found by Mahl and attributed to 
diffraction effects (Jahrbuch. AEG -Forsch., 1940: 
see also 2102 of 1940) is attributable to such .an 
action. Other objects, such as the flagella of 
bacteria, show for the same reason a " doubling " 
effect, as is seen in shadow -microscope observations : 

this effect must also appear with the ordinary 
electron -microscope when the focusing is not sharp. 
To avoid erroneous conclusions regarding the 
image content it is therefore desirable that incorrect 
focusing should not allow Fresnel -diffraction 
phenomena to be resolved this can be arranged 
by increasing the irradiation aperture. Such an 
increase tends to bring with it a decrease in 
resolving power, but the latter can be avoided by 
the use of small object apertures (see the writer's 
Jahrbuch paper mentioned in 1736, above, and also 
1174 of April). On the other hand, if it is desired 
to observe the Fresnel -diffraction phenomena in the 
ordinary electron microscope, this should be made 
possible by decreasing the irradiation aperture. 
1738. ON THE APPEARANCE OF LINES OF BLACKEN- 

ING IN THE ELECTRON -MICROSCOPIC IMAGES 
OF CRYSTALLINE LAMELLAE [NOt Attributable 
to Mass -Thickness Structure of Object : 

an Unknown Effect (made evident by the 
Sensitivity of the Modern Electron Micro- 
scope to Small Changes in Direction) possibly 
due to Mechanical Strains in the Object].- 
von Ardenne. (Zeitschr. f. Phys., 5th Dec. 
1940, Vol. 116, No. 11/12, pp. 736-738.) 
See also 3153 of 1940. 

1739. THE EFFECT OF ELECTRON INTERFERENCE 
ON THE IMAGES OF CRYSTALS IN THE SUPER - 
MICROSCOPE [Surprisingly Marked Changes 
in Character of Image, produced by Very 
Small Changes in Angle of Incidence of 
Beam].-von Borries & Ruska. (Naturwiss., 
No. 23, Vol. 28, 1940, p. 366.) Mentioned 
in von Ardenne's paper, 1738, above. 

1740. THE DEVELOPMENT OF THE ELECTRON- 
SUPERMICROSCOPE WITH ELECTROSTATIC 
LENSES [Survey, including Photographs of 
Constructional Details and Specimen 
Records].-Brüche. (Zeitschr. V.D.I., 8th 
March 1941, Vol. 85, No. Io, pp. 221-228 
and Plates.) From the AEG laboratories. 
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1741. THE PHASE -CONTRAST METHOD AND ITS 
APPLICATIONS IN [Optical] MICROSCOPY, and 
THE OBSERVATION OF CHROMOSOMES BY 
THE PHASE -CONTRAST METHOD.-Köhler & 
Loos : Michel. (Naturwiss., 24th Jan. 1941, 
Vol. 29, No. 4, pp. 49-61: pp. 61-62.) 

1742. NOTE ON THE BEST FOCUS [of an Optical 
System] IN THE PRESENCE OF SPHERICAL 
ABERRATION.-Ta-Hang. (Proc. Phys. Soc., 
ist March 1941, Vol. 53, Part 2, pp. 157-169.) 

1743. A MODERN REPRESENTATION OF GULL - 
STRAND'S WORK ON GEOMETRICAL OPTICS.- 
Epheser. (Ann. der Physik, Ser. 5, No. 7/8, 
Vol. 38, 1940, pp. 501-541.) 

1744. THE STRUCTURE OF TIN -CONTAINING HALIDE 
PHOSPHORS.-Hüniger & Rudolph. (Zeit- 
schr. f. Phys., 28th Dec. 1940, Vol. I17, 
No. 1/2, pp. 81-99.) 

The property of small additions of the heavy 
metals thallium, copper, silver, and lead, of pro- 
ducing fluorescence in certain halides, is by no 
means limited to the alkali halides : such additions 
produce fluorescent powers in halides of the alkaline 
earths and of zinc, cadmium, and ammonium. 
Moreover, there are other heavy metals which form 
phosphors when introduced into alkali or alkaline - 
earth halides. Tin is particularly active in this 
way, making the iodides, bromides, and chlorides 
of all alkalis and alkaline earths, and some am- 
monium halides, fluoresce very brightly. The 
present paper deals with an investigation of such 
halides activated with divalent tin. The ultra- 
violet spectrum of the hydrogen continuum, given 
by a 3000 -volt, 5oo-mA hydrogen -discharge tube, 
was chosen as the exciting source because of its 
uniform energy distribution above about 28o mg 
(Fig. Fi 1). 

The spectral excitation distribution of a large 
number of the phosphors in powder form was 
investigated. Preliminary measurements with a 
spectrophotometer had confirmed, for these ma- 
terials, the assumption that the emission from a 
phosphor is, as regards spectral composition, 
independent of the wavelength of the exciting light 
(Fig. 2, which shows, for two materials separately, 
how the 3 emission distribution curves taken with 
3 different exciting wavelengths all coincide). 
This fact is necessary for the soundness of the 
method used for the main measurements. Here, 
because of the rather low intensity of the exciting 
source, a- photographic method was employed 
instead of a photoelectric : to keep the surplus 
ultra-violet exciting light which was not absorbed 
by the phosphor' from reaching the moving film, 
the glass plate carrying the phosphor specimen 
(Fig. 3) was coated with a Durophen-varnish layer 
which absorbed all light under 400 mg. The 
blackenings of the moving film, corresponding to 
the various emission intensities under different 
exciting wavelengths, were measured with a 
microphotometer and interpreted with the help of 
the curve for that particular film. 

The shape of the resulting characteristic was 
fundamentally the same for all the phosphors 
(Figs. 4-6) : the same light centre would appear 
to be active in all, and it is obvious that the tin 
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ion is mainly responsible for the results, although 
the halogen ions, and to a smaller degree the 
cations of the base material, have their effects on 
the position of the band systems of the curves. 
The excitation spectrum agrees, as simultaneous 
absorption measurements show (pp. 88-9o), with 
the absorption spectra of those phosphors which 
could be prepared in single -crystal form and with 
those of concentrated aqueous halide solutions 
containing small quantities of tin in the form of 
co-ordinatively saturated complex salts (Werner 
complex salts). This leads to the conclusion that 
the structure of the light centres is similar to that 
of these complex bodies. A comparison of the 
absorption measurements on the solutions with 
those on the single crystals makes it possible to 
estimate the number of light centres (table 2) : 

the proportion is something like ,o4 or 10-5. 
Finally, a comparison of some emission spectra 

of these divalent -tin phosphors (Figs. 14-17, 
taken by the spectrophotometer mentioned earlier) 
with the chemiluminescence spectra obtained by 
Polanyi & Schay by the reducing action of va- 
porised sodium and potassium on the halides of tetravalent tin, suggests very strongly that the 
emission of light from a crystalline phosphor is 
connected with an equation resembling that for 
the second stage of the reaction deduced by those 
workers : namely SnC13 -{- Na = NaCl -{- SnCI$ 
+ 74 kcal. If this is so, the presence of SnCI3 
and metallic sodium is essential, and this involves 
some process to change the divalent tin and mono- 
valent sodium ions originally in the crystal phosphor. 
" It is an obvious suggestion to make the exciting 
absorption responsible for this process " : equations 
for the absorption and emission processes are sug- 
gested at the bottom of p. 98. 

1745. THE POLARISATION OF THE FLUORESCENCE 
OF COMPLEX MOLECULES [of a Vapour].- 
Dashevski. (Journ. of Exp. & Theoret. Phys. 
[in Russian], No. 8, Vol. Io, 1940, pp. 
874-877.) 

Referring to an investigation by Suppe (Zeitschr. 
f. Phys., 1939, Vol. 113, p. 281) in which the polarisation (exceeding 3o%) of the fluorescence of 
C18Hlo vapour was observed, a theoretical discussion 
is presented establishing a relationship between the 
degree of polarisation P and the pressure p. Using the methods of the classical kinetic theory of gases 
and assuming that the depolarising effect is due to the rotation of the fluorescent molecule and its 
collisions with other gas molecules, a formula (3) 
is derived determining the required relationship. 
From this formula and experimental data given 
by Suppe (Fig. i) the limiting value Po of polarisation 
of the vapour in question (corresponding to the 
case of an isolated molecule) and the average 
duration ro of the excitation state of a molecule 
were found to be 4o% and 1.6 X Io7 sec. 
respectively. 

1746. THE TRANSFORMATION FROM PHOSPHOR- 
ESCENCE TO FLUORESCENCE PRODUCED BY 
OXYGEN [Adsorbates of Aromatic Com- 
pounds].-Kautsky & Müller. (Naturwiss., 
7th March 1941, Vol. 29, No. Io, pp. 150-151.) 

1747. DEMONSTRATION OF EXCITATION OF 
LUMINESCENCE BY FLAME [Bluish -Green 
Light from Boron Nitride in Contact with 
Flame, quite Different from Ordinary 
Temperature-Radiation].-Minchin. (Proc. 
Phys. Soc., 1st March 1941, Vol. 53, Part 2, 
pp. 190-191.) 

1748. THE FADING OF COLOUR IN ALKALI -HALOGEN 
CRYSTALLITES [and Its Dependence on 
Particle Size : Experiments with KBr & 
NaC1].-Kurzke & Rottgardt. (Naturwiss., 
17th Jan. 1941, Vol. 29, No. 3, p. 46.) 

1749. THE COAGULATION OF METAL DISSOLVED IN 
AN ALKALI -HALIDE CRYSTAL [Kinetics of 
Process taking place in NaC1 Crystal 
saturated in Na Vapour]. Smirnov. (Journ. 
of Exp. & Theoret. Phys. [in Russian], No. 8, 
Vol. io, 1940, pp. 910-92o.) 

ON THE MECHANICAL AND OPTICAL " EXCITA- 
TION " OF COLOUR CENTRES [Researches On 
NaC1 Crystals without & with Impurities].- 
Smekal. (Zeitschr. f. Phys., 21st Nov. 1940, 
Vol. 116, No. 9/10, pp. 525-546.) 

1751. ON THE PHOTOCHEMISTRY OF THE KH-KBr 
MIXED CRYSTAL. -Thomas. (Ann. der 
Physik, Ser. 5, No. 7/8, Vol. 38, 1940, 
pp. 601-608.) 

1752. THE VISUAL OBSERVATION OF A LATTICE 
TRANSFORMATION [Sudden Change in 
K,Cr2O7 Crystal Lattice at Transition Tem- 
perature]. - Schwab & Schwab - Agallidis. 
(Naturwiss., 28th Feb. 1941, Vol. 29, No. 9, 
PP. 134-135.) 

1753. A VACUUM -TIGHT SLIDING SEAL [giving 
Unlimited Translational & Rotational 
Motion].-Wilson. (Review Scient. Instr., 
Feb. 1941, Vol. 12, No. 2, pp. 91-93.) 

1754. THE MECHANISM OF THE ELECTRICAL DIS - 
SIPATION OF GAS [" Clean -Up Effect "] AT 
PRESSURES BELOW Io * mm Hg.-Schwarz. 
(See 1671.) 

THE DIFFUSION OF HYDROGEN THROUGH 
IRON AND ITS DEPENDENCE ON THE CONDI- 
TION OF THE SURFACE : ITS RELATION TO 
CATALYSIS.-Betz. (See 1683.) 

" METALLE UND LEGIERUNGEN FÜR HOHE 
TEMPERATUREN " [Metals & Alloys for High 
Temperatures : Book Review].-Hessen- 
bruch. (Physik. Zeitschr., 1st Jan. 1941, 
Vol. 42, No. 1, p. 23.) 

1757. BRAZING IN ELECTRICAL FURNACES [for 
Metal Valves, Condenser Plates, etc : 

Advantages, Practical Technique].-Simon. 
(AEG-Mitteilungen, Jan./Feb. 1941, No. 1/2, 
pp. 20-24.) 

PHASE OF ARC -BACK IN RECTIFIERS [Thyra- 
trons : Experimental Results interpreted by 
Kingdon & Lawton's Theory of Charging -Up 
of Small Nonconducting Particles on Anode 
Surface].-Hull & Elder. (Phys. Review, 
1st Jan. 1941, Vol. 59, No. I, p. 115: sum- 
mary only.) 
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1759. ON THE EFFICIENCY OF THE NEGATIVE GLOW 
[Experimental Investigation]. - Fischer. 
(Naturwiss., loth Jan. 1941, Vol. 29, No. 2, 
pp. 27-28.) 

1760. THE PROPAGATION OF THE VAPOURS OF ELEC- 
TRODE MATERIAL IN A SPARK DISCHARGE: 
Rayski. (Journ. of Exp. & Theoret. Phys. 
[in Russian], No. 8, Vol. Io,194o, pp. 9o8-909.) 

Extended spectral diagrams of sparks were 
obtained with the aid of a revolving mirror for 
electrodes made of Mg -Zn, Zn -Li, and Li -K alloys. 
It appears that in each case the velocities of the 
propagation of both elements are the same. The 
phenomenon is therefore independent of molecular 
velocities, and being similar to an explosion or 
ejection under pressure is of the hydrodynamic 
type. 
1761. ON THE DUAL BEHAVIOUR OF LEAD SULPHIDE 

AS A SEMICONDUCTOR [both as Oxidation 
(Deficiency) and Reduction (Surplus) Type : 

Comparison with Uranium Dioxide : Con- 
ductivity & Thermovoltage, for Varying 
Sulphur Content].-Hintenberger. (Natur- 
wiss., 7th Feb. 1941, Vol. 29, No. 5/6, 
pp. 79-80.) Schottky has suggested the 
adjective " amphotere " for such semi- 
conductors. 

1762. REVERSAL OF RECTIFICATION BY HEAT IN 
CRYSTAL CONTACTS, AND ITS ANALOGY TO A 

THERMOELECTRIC PHENOMENON.-El Sher- 
bini & Yousef. (See 1647.) 

1763. REPORT ON THE PROPERTIES OF WIRES AT 
FREQUENCIES UP TO 400 MC/S.-Sutton. 
(See 1622.) 

1764. A DETERMINATION OF THE MAGNETIC SATURA- 
TION INDUCTION OF [Pure] IRON AT ROOM 
TEMPERATURE.-Sanford & Bennett. (Journ. 
of Res. of Nat. Bur. of Stds., Jan. 1941, 
Vol. 26, No. I, pp. I-12.) 

1765. A NOTE ON CONCENTRATED FERROMAGNETIC 
AMALGAMS [Attempts to obtain a Ferro- 
magnetic Liquid Amalgam of Nickel & 
Mercury].-Bates. (Proc. Phys. Soc., Ist 
March 1941, Vol. 53, Part 2, pp. 113-115.) 

1766. MAGNETISATION NEAR SATURATION IN POLY- 
CRYSTALLINE FERROMAGNETS [taking into 
Account the Internal Magnetic Field arising 
from the Magnetisation Itself, neglected 
by Akulov & Gans].-Holstein & Primakoff. 
(Phys. Review, 15th Feb. 1941, Vol. 59, No. 4, 
PP- 388-394) 

1767. ON THE MIGRATION OF ATOMS IN IRON - 
NICKEL ALLOYS.-Owen & Sully. (Phil. 
Mag., April 1941, Vol. 31, No. 207, pp. 
314-338 and Plate.) 

1768. AN INTERFEROMETRIC-DILATOMETER WITH 
PHOTOGRAPHIC RECORDING [primarily for 
Investigations on Order -Disorder Trans- 
formations in Alloys].-Nix & MacNair. 
(Review Scient. Instr., Feb. 1941, Vol. 12, 
No. 2, pp. 66-70.) 

1769. EFFECT OF SUPERSONIC WAVES ON THE 
MAGNETIC PROPERTIES OF NICKEL.-Schmid 
& Jetter. (See 1693.) 
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1770. THE VARIATION IN THE RESISTANCE OF A 
DIELECTRIC (MICA) IN A MAGNETIC FIELD.- 
Pruzhinina-Granovskaya. (Journ. of Exp. 
& Theoret. Phys. [in Russian], No. 8, Vol. Io, 
1940, pp. 878-886.) 

The increase in the resistance of mica when 
placed in a transverse magnetic field (longitudinal 
effect) was measured at various field intensities and 
temperatures. The intensity of the electric field 
was also varied. Experimental curves are shown 
and a detailed theoretical discussion, mainly con- 
cerning the electron structure of mica, is given. 

1771. FURTHER RELATIONSHIPS BETWEEN THE 
ANOMALIES OF INSULATING MATERIALS.- 
Böning. (Zeitschr. f. tech. Phys., No. 11, 
Vol. 21, 1940, pp. 25o-256.) 

The anomalies of actual insulating materials can 
be reproduced in a model consisting of ideal con- 
densers and resistances : see 4556 of 1938. The 
phenomena occurring in the model are directly 
connected with one another, from which it may be 
deduced that the anomalies of the actual insulator 
are also attributable to a common cause. The 
cause itself is a contested point : one theory 
(Maxwell -Wagner) assumes that the insulator 
consists of layers or inhomogeneities, so that it is 
electrically identical with the model : a second is 
based on dipole rotation (Debye) : and a third 
(the writer's) makes the displacement of mobile 
cations (" Gleitionen ") responsible for the anom- 
alies. The mere occurrence of the anomalies says 
nothing in favour of one theory more than of 
another, and attempts to make the temperature 
and frequency characteristics of the loss factor act 
as a criterion for the applicability of the inhomo- 
geneity theory or of the dipole theory have not 
been completely successful. The present work 
investigates what differences are to be e pected 
between the characteristics of the " settle potential " 
and " back potential," according to the inhomo- 
geneity theory, and those according to the writer's 
adsorption theory (see 457o of 1938), and which 
result is the better supported, so far, by, actual 
measurements. 

The meaning of " settle potential " (" Sets- 
spannung ") is made clear by the model of Fig. I, 
in which two condensers in series, only one of which 
is shunted by a finite resistance, are connected to a 
potential source for so short a time that only the 
geometrical capacity becomes charged and no 
appreciable charges can flow through the shunting 
resistance : the model is then left to itself, and the 
potential comes to a state of equilibrium with a 
" settle potential " P, [= P . C,/(C, -{- C,)] re- 
maining across the un -shunted condenser C1 : the 
discharge curve is seen in Fig. 2. Turning now to 
actual dielectrics, " if a condenser is charged in a 
short time and left to itself, the potential sinks 
rapidly at first and then more slowly. With many 
dielectrics the potential reaches an almost constant 
value, called the ' settle potential.' It appears 
that the charges have then taken up a final posi- 
tion." 

Now according to the inhomogeneity and dipole 
theories, for various charging potentials P the 
ratio P1/P should remain constant : according to 
the writer's absorption theory, on the contrary, the 
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curve of this ratio as a function of P should have a 
definite shape (Fig. 8, eqn. 46). The plotting of 
this characteristic should therefore give an indica- 
tion in favour of one or other of the theories. The 
decay curves of condensers appearing in the litera- 
ture " refer only to the case of long charging times," 
except those given by Gross (275 & 2985 of 1938) 
which were for very short charging times but were 
all taken with the same charging potential. " Some 
investigations by the writer on various materials 
including marble and composite cellulosic materials 
[" Hartpapier "], with short -time charging gave 
curves of the form of Fig. 2, with their initial 
portion falling extremely quickly while their con- 
tinuation ran almost horizontally for a long time." 
Although the quotations in this paragraph are 
taken from section 3, entitled " Comparison of the 
theoretical results with measured results," it 
seems impossible to find either there or elsewhere 
in Part A of the paper any indication whether the 
writer's curves were plotted for different charging 
potentials, and if so whether the P,/P character- 
istic was or was not of the shape foretold by his 
adsorption theory. Part B, dealing with the 
relation between the " settle potential " and the 
" back potential " Pr and the behaviour of the 
ratio Pr/P as a function of P, according to the 
writer's theory, seems equally inconclusive : the 
characteristic should, according to eqn. 64, be 
approximately the mirror -image of the P./P curve 
of Fig. 8, but no measured characteristics are given. 
1772. ON THE THEORY OF SOLID INSULATORS 

[Survey of the Writer's Success in applying 
the Electron -Gas & Lattice -System Hypo- 
thesis to Insulators : including Sections on 
the Excitation of Phosphors]. - Möglich & 
Rompe. (Naturwiss., 21st & 28th Feb. 1941, 
Vol. 29, Nos. 8 & 9, pp. 105-113 & 129-134.) 
Leading to " the elucidation of a series of 
phenomena which have hitherto resisted any 
simple interpretation ". See also 1773, 
below. 

1773. ON THE STATISTICS OF " MULTIPLE IMPACTS " 
[between Electrons & Sound Quanta in 
Solid Insulators].-Möglich & Rompe. 
(Zeitschr. f. Phys., 28th Dec. 1940, Vol. 117, 
No. 1/2, pp. 119-124.) 

" In several papers [see for example 4406 of 1940, 
on the energy transformation in crystal phosphors, 
and 1772, above] we have been able to show that a 
number of phenomena in insulators can be inter- 
preted satisfactorily with the help of the band 
model of the electron gas, provided that the inter- 
action of the electrons with the lattice is taken 
into account. It was thus found that the coupling 
of the electrons with the lattice could not always 
be regarded as loose, but that this coupling could 
be quite strong at high temperatures and for high 
electron energies. The transition from weak to 
strong coupling occurs extremely abruptly and is 
marked by the frequent occurrence of a process 
which we have termed ' multiple impact '. This is 
characterised by the fact that a quantity of energy 
given up by the electron gas to the lattice is repre- 
sented by the emergence not of one single sound 
quantum but of a large number. There is also an 
inverse process, in which the energy of a large 

number of sound quanta is used simultaneously 
for the excitation of an electron state in the electron 
gas." In the present paper the temperature-. 
dependence of the expression for the frequency of 
multiple impact between the electrons and sound 
quanta of a solid body is calculated from the 
requirement that the thermodynamic equilibrium 
defined by Planck's equation should not be upset 
by the multiple impacts. 
1774. ON THE DIFFUSION OF GASES THROUGH 

HIGH POLYMER MATERIALS : I-A SIMPLE 
APPARATUS FOR MEASURING THE DIFFUSION 
OF GASES THROUGH FOILS.-Müller. (Physik. 
Zeitschr., 15th Feb. 1941, Vol. 42, No. 2/3, 
PP. 48-53.) 

1775. ON THE COMPOSITION OF PORCELAIN AND 
ITS VARIANTS [including H.F. Insulating 
Ceramics].-Funk. (Naturwiss., loth Jan. 

- 1941, Vol. 29, No. 2, pp. 18-27.) 
1776. CRYSTALLO-CHEMICAL VIEWPOINTS IN THE 

INTERPRETATION OF THE CONSTITUTION OF 
GLASSES.-Dietzel. (Naturwiss., 7th Feb. 
1941, Vol. 29, No. 5/6, pp. 81-82.) 

1777. GEOMETRICAL CONSIDERATIONS IN GLASS 
[including Miscibility & Immiscibility, and 
Anomalies in Certain Physical Properties].- 
Warren. (Sci. Abstracts, Sec. A, Feb. 1941, 
Vol. 44, No. 518, p. 29.) 

1778. SURVEY OF THE PREPARATION, PROPERTIES, 
AND USES OF THE COMMERCIAL PLASTICS.- 
Hoey. (Review Scient. Instr., Feb. 1941, 
Vol. 12, No. 2, pp. Iz 1 : long summary.) 

1779. PLASTICS FROM COFFEE BEANS [Caffelite, with 
" Very Good Electrical Properties at Low 
Frequencies] : SYNTHETIC RESINS FROM 
MELAMINE [with " Good Water -Resisting 
& Electrical Insulating Properties "] : 

SPEEDING -UP CURING TIMES OF UREA 
MOULDING MATERIALS.-(Electrician, 18th 
April 1941, Vol. 126, p. 227.) 

1780. " INDUSTRIAL SOLVENTS " [including a 
Chapter on Plasticisers : Book Review].- 
Mellan. (Nature, 22nd Feb. 1941, Vol. 147, 
p. 222.) ' A mine of information." 

1781. " PRACTICAL APPLICATIONS OF RECENT LAC 
RESEARCH " [Book Review].-Sen. (Current 
Science, Bangalore, Jan. 1941, Vol. Io, No. 1, 
p. 36.) 

1782. A CONTACT AND TIMING INDICATOR FOR 
INSULATION MEASUREMENTS.-Rehfisch. (See 
1715 ) 

1783. THE ELECTRICAL STRENGTH OF COMPRESSED 
GASES : Part II [leading to a Development 
of Slepian's Thermal -Ionisation Theory of 
Breakdown].-Gä,nger. (Arch. f. Elektrot., 
i4th Dec. 1940, Vol. 34, No. 12, pp. 701-712.) 

For Part I see 1196 of April. After a criticism 
of Townsend's theory and other explanations of the 
breakdown process, the writer arrives at the 
following picture as the only one which satisfies 
the observed results : An electron at the cathode/gas 
boundary layer is accelerated towards the anode 
and on its way, if the field strength is high enough, 
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splits up neutral gas molecules ; the resulting 
avalanche produces a withdrawal of energy from 
the external field ; of this energy only a small 
fraction appears again as ionising energy, the 
greater part being transferred, by collisions of low 
energy, to neutral gas molecules in the form of 
thermal motion. The heating of the gas leads 
finally to thermal ionisation as the result of collision 
processes of neutral molecules, eventually by way 
of metastable excitation states. The carrier source 
thus produced is very fertile. The voltage at which 
this ionisation becomes important is equivalent to 
the initial voltage of the discharge, and thus to 
the sparking voltage in a uniform field. " For such 
a field, therefore, we arrive at the conclusion that 
the breakdown occurs when enough carriers are 
produced thermally at the anode to make the 
resulting current reach a definite value." The 
theory allows Paschen's law to be derived. Since 
the electron velocity may rise to a considerable 
fraction of the velocity of light, it is concluded that 
for medium sparking distances breakdown times of 
I0-8 second may be expected, and only slightly 
longer times for wider gaps. Breakdown in an 
inhomogeneous field is treated on pp. 708-712. 
1784. A SIMPLE AMPLIFIER FOR VERY SMALL 

CURRENT PULSES [specially designed for 
recording Ionisation -Chamber Pulses (Alpha - 
Particles or Protons) occurring only about 
30o Times per Hour : used with Galvano- 
meter with a One -Second Swing : Freedom 
from Mechanical Disturbances, etc.].- 
Riezler. (Zeitschr. f. tech. Phys., No. I1, 
Vol. 21, 1940, pp. 241-243.) 

1785. THE INTERVAL SELECTOR : A DEVICE FOR 
MEASURING TIME DISTRIBUTION OF PULSES. 
-Roberts. (Review Scient. Instr., Feb. 
1941, Vol. 12, No. 2, pp. 71-76.) A summary 
was referred to in 2763 of 1940. 

1786. A CIRCUIT FOR FIRING THYRATRONS IN TIMED 
SEQUENCE.-Loeffel. (See 1634.) 

1787. RETARDED - RELEASE TIME -DELAY RELAYS 
FOR HIGH SWITCHING FREQUENCY [I000 or 
more per Hour] WITH LARGE RANGE OF AD- 
JUSTMENT [General Considerations, leading 
to New Improved Circuit]. - Schmideck. 
(AEG-Mitteilungen, Jan./Feb. 1941, No. 1/2, 
PP. 41-46.) 

In the new circuit (Fig. 6) the main magnet 
winding Sh and the low -resistance low -turns 
winding S, (which is in series with the electrolytic 
condenser) both work together while the condenser 
is charging : the discharge current flows through 
S, and may either weaken, extinguish or reverse 
the original magnetisation, according to require- 
ments. The various advantages are described 
on p. 46. 
1788. THERMAL RELAYS [primarily for Telephone 

Work, to give Delays of 5 to 4o Seconds].- 
Bloxsidge. (Sci. Abstracts, Sec. B, Feb. 
1941, Vol. 44, No. 518, p. 32.) 

1789. ELECTRONIC RELAY [using a Type OA4G 
Cold -Cathode, Starter -Anode, Gas -Filled 
Tube & 3000 -Ohm Relay].-Rudy & Fugassi. 
(Sci. Abstracts, Sec. B, March 1941, Vol. 44, 
No. 519, PP. 40-41.) 
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1790. MATERIALS FOR ELECTRICAL CONTACTS.- 
Chaston. (Engineering, iith April 1941, 
Vol. 151, pp. 285-286: to be continued.) An 
I.E.E. paper. 

1791. ELECTRICAL AND THERMAL CONTACT RE- 
SISTANCES OF METALLIC CONTACTS [of the 
Type in which the Electron Passage depends 
on the " Tunnel " Effect, i.e. Contacts with 
Very Thin (probably Monomolecular) Separa- 
ting Film, Not Conductive].-Kohler. 
(Naturwiss., 14th March 1941, Vol. 29, No. 
II, pp. 164-165.) See also 1792, below. 

1792. THERMAL CONTACT RESISTANCE OF METALS 
AND THE RESULTING TEMPERATURE JUMP 
IN THE CONTACT : NEW TYPE OF THERMO- 
ELECTRIC FORCE IN SINGLE -METAL CIRCUIT, 
AND ITS RELATION TO THE BENEDICKS 
EFFECT.-Kohler. (Ann. der Physik, Ser. 
5, No. 7/8, Vol. 38, 1940, pp. 542-554.) 
See also 1791, above. 

1793. THE MELTING -TIME OF PROTECTIVE FUSES : 

III.-van Liempt & de Vriend. (Zeitschr. f. 
Phys., 28th Dec. 1940, Vol. 117, No. 1/2, 
pp. 18-19.) 

Further development of the work dealt with in 
1226 of 1936. Meyer's constant C is measured for 
a number of metals and alloys, in the form of 
round wires ranging from 45u to booµ in thickness. 
Measurements on square -sectioned copper wire and 
on nickel tape confirmed the prediction (from the 
theoretical derivation of Meyer's formula) that the 
form of cross section has no influence on C. 

STATIONS, DESIGN AND OPERATION 
1794. SUMMARY AND DISCUSSION OF A PAPER 

ON MICRO -WAVE LINKS USING RELAY 
STATIONS.-Vecchiacchi. (L'Elettrotec., Loth 
Oct. 1940, Vol. 27, Supp. A, Fasc. I, pp. 
47-49.) In the Proceedings of the 44th 
Annual Reunion of the A.E.I. 

1795. INSTALLATIONS FOR WIRELESS TELEPHONY 
WITH ULTRA -SHORT WAVES [in Alpine 
Winter -Sports Localities : rented at 7.5o 
Fr. per Month : connected with Telephone 
Network].-(Bull. de l'Assoc. suisse des 
Elec., No. 25, Vol. 31, 1940, p. 590 : in 
German.) 

1796. A NEW PORTABLE ULTRA -SHORT-WAVE 
TRANSCEIVER [for Emergency Use, using 
Dry Batteries : Two Valves, Both employed 
in Transmission & Reception : 5 -Piece Rod 
Aerial : Wave -Range 4.7-5.3 m : Weight 
9.o kg].-Hasler A.G. (Bull. de ¡'Assoc. 
suisse des Elec., No. 25, Vol. 31, 1940, pp. 
589-590 : in German.) 

1797. BAND WIDTH AND READABILITY IN FRE- 
QUENCY MODULATION [Effect of Channel 
Width on Weak -Signal Voice Reception : 

Listening Tests show Optimum Deviation 
Ratio to be Unity for Max. Readability & 
Range : Superiority of F.M. over A.M. 
(using Same Band Width) as regards Read- 
ability].-M. G. Crosby. (R.C.A. Review, 
Jan. 1941, Vol. 5, No. 3, pp. 363-370: QST, 
March 194r, Vol. 25, No. 3, pp. 26-28 and 86.) 
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1798. PHASE SELECTION IN RADIO COMMUNICA- 
TION [for Two -Channel Telephony].-Momot. 
(See 165o.) 

1799. 

GENERAL PHYSICAL ARTICLES 

ON MAXWELL'S THEORY FOR DIELECTRIC 
AND MAGNETIC MEDIA. - Kneissler-Maix- 
dorf. (Arch. f. Elektrot., 14th Dec. 194o, 
Vol. 34, No. 12, Pp. 713-726.) 

Maxwell's equations, exactly correct for empty 
space, are also to a wide extent valid in the 
presence of materials for which the dielectric 
coefficient e and magnetic permeability IL are con- 
stant, that is, independent of the field strength. 
If e and µ vary with the field, and particu- 
larly if this variation depends on the electro- 
magnetic history of the materials, the theory can 
no longer be formulated in an equally exact way. 
" The following work will show that such an exact 
formulation can be made if the Maxwellian theory 
is subjected to a modification which is in no way 
fundamental " and which consists in the change 
that, instead of assuming that in addition to the 
fields themselves only the electric charges are electro- 
magnetically active, it is assumed that the electric 
currents are also active. The equations thus derived 
contain, apart from the specific resistance, no 
quantities which are bound up with material pro- 
perties. They give a partially different view of the 
processes. Hysteresis heat appears as current heat 
of the elementary currents ; the expression for the 
density of the field energy is likewise free from 
material values, and shows that the material is to 
be considered as source and " sink " of the electro- 
magnetic energy. 

1800. ON THE STATISTICS OF " MULTIPLE IMPACTS " 
[between Electrons & Sound Quanta in 
Solid Insulators].-Möglich & Rompe. (See 
1773.) 

1801. IONISATION AND DISSOCIATION OF DIATOMIC 
MOLECULES BY ELECTRON IMPACT.-Hag- 
strum & Tate. (See 1583.) 

1802. THE CALCULATION OF THE ENERGY OF 
REPULSION.-Mamotenko. (Journ. of Exp. 
& Theoret. Phys. [in Russian), No. 7, Vol. io, 
1940, PP- 740-742.) 

In a previous paper a method was proposed for 
determining the energy of repulsion in the case of 
two similar atoms : here the method is applied to 
the case of dissimilar ions Lit, H- and simple 
molecules H2, Hs. 

1803. THE RADIOMETRIC EFFECT IN LIQUID 
HELIUM.-Strelkov. (Journ. of Exp. & 
Theoret. Phys. [in Russian], No. 7, Vol. 10, 
1940, PP. 743-745.) 

The radiometric effect was observed in helium II 
and the deflection of the radiometer vane on which 
a beam of light was directed was found to be in the 
same direction as in the case of a rarefied gas. 
The deflection was measured under different tem- 
peratures and light intensities. It is suggested that 
the radiometric effect is closely related to the 
temperature creep in helium. 

1804. ON THE PRESSURE OF ELECTRON BEAMS 
[Failure of Previous Workers to demonstrate 
Its Existence, even Qualitatively : Addi- 
tional Importance of the Problem as Only 
Method of measuring Longitudinal Mass of 
Electron : Writer's Successful Application of 
Modern Vacuum & Valve Techniques to 
Demonstration & Measurement : Preliminary 
Report].-Selényi. (Naturwiss., 7th Feb. 
1941, Vol. 29, No. 5/6, pp. 78-79.) 

MISCELLANEOUS 

1805. THÉVEN IN 'S THEOREM : AN EXAMPLE OF 
ITS VALIDITY IN TRANSIENTS AND OPERA- 
TIONAL CALCULUS.-Turney. (See 1629.) 

1806. A THEOREM ON MAXIMA AND MINIMA WITH 
AN APPLICATION TO DIFFERENTIAL EQUA- 
TIONS.-Court. (Journ. of Math. & Phys. 
[of M.I.T.], Jan. 1941, Vol. 20, No. I, 
pp. 99-106.) 

1807. CONTRIBUTION TO THE SIMPLE PREPARATION 
OF NOMOGRAMS, WITH SOME EXAMPLES.- 
Schaer. (Bull. Assoc. suisse des Elec., 
17th Jan. 1941, Vol. 32, No. r, pp. 1-6: 
in German.) 

1808. THE STATIGRAPH GRAPH -DRAWING MACHINE. 
-Mills. (Engineering, 21st March 1941, 
Vol. 151, pp. 226-228.) 

1809. TRAINING IN SCIENTIFIC THEORY [and Need 
for Closer Alliance of Theory & Practice, 
with Mathematics as Principal Instrument 
in This Union].-Mórse. (Science, 28th Feb. 
1941, Vol. 93, Supp. p. 6.) 

1810. LEADING NATIONS IN SCIENCE AND THE 
NOBEL PRIZE.-Gunter : Brill. (Science, 
24th Jan. 1941, Vol. 93, pp. 82-83.> 
Prompted by Brill's article, 1285 of April. 

1812. THE POOR DELIVERY OF SCIENTIFIC PAPERS 
[Correspondence, with Criticisms & Sugges- 
tions].-(Science, 14th & 21st Feb. 1941, 
Vol. 93, pp. 158 & 184-185.) Continued 
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