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Editorial

Guglielmo Marconi

HE passing of the inventor of radio-
telegraphy marks an epoch in the
history of the human race. Some

may attempt to belittle the greatness of his
invention by referring to the work of
Maxwell, who might almost be said to have
evolved electromagnetic waves by the mental
processes of his giant mind, or of Hertz, the
brilliant mathematical and experimental
physicist who first demonstrated their reality,
or of others like Lodge, who continued and
developed the experiments of Hertz, or of
Popoff, who not only erected an aerial and
inserted a coherer between it and the earth
in order to record lightning discharges, but
pointed out that it could be used to transmit
messages if one could devise a powerful
enough transmitter. None of these things,
however, detract one jot from the credit due
to Marconi for the conception of the possi-
bility of applying the Hertzian experiments
which he had seen Righi demonstrate at
Bologna to practical telegraphy, and for
the determined way in which he set to work
to overcome experimental difficulties and
make his dream come true. He seemed to
have a prophetic vision of the future of
wireless ; to him the attainment of a range
of ten miles was merely an incentive to
reach a hundred miles, and the spanning of
the English Channel in 1899, a preliminary to
an attempt on the Atlantic.

It is not easy, even for those of us who
lived through it and took an interest in it,
to go back in imagination to those days when
Marconi, at that time only twenty-six but
already world-renowned, proposed to build
a transmitting station at Poldhu in Cornwall
of a power beyond anything previously
attempted and try to transmit signals to
America. The station was built with little
delay and Marconi went to St. John’s, New-
foundland to listen for the pre-arranged “ S "’
signals—and heard them, to the confounding
of the scientifically wise and prudent. The
scientitic opinion of the whole world was
against him, and with good cause, for were
not the waves of the same nature as light
waves and like them travelled in straight
lines ? It is true that there would be a slight
bending due to diffraction but not enough to
produce any appreciable effect on the far
side of that huge mountain of sea water.
It was little wonder that the reports of his
success met with considerable incredulity
and the dots which he heard, attributed to
atmospherics, but Marconi was in no doubt
and the scientific world gradually became
converted to the fact that the waves did
bend round the earth to an extent far beyond
that given by the simple theory. It was a
case of Marconi versus the rest—and Marconi
won, not because of any secret knowledge
which he possessed and others did not, but
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because of his persevering faith in his own
intuition. There was an element of truth
in a remark that we once heard made by
Professor Ayrton to the effect that if Marconi
had known as much about electromagnetic
waves as Sir Oliver Lodge he would never
have attempted to span the Atlantic.

Then followed the long struggle to increase
the reliability of the transatlantic service
with the increase of wave-length, size of
aerial, and power, and the heroic effort to
obtain an approximation to a high-power
continuous wave by means of the timed
spark. The public service across the Atlantic
was opened in 1go7.

Then after the war one occasionally heard
of amateurs working with powers of a few
watts establishing communication with other
amateurs in distant parts of the world by
means of the despised short waves, which,
being regarded as of no use for commercial
purposes, had been given to amateurs to
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play with. It then transpired that Marconi
had been making experiments with these
waves, and once again he showed his
intuitive faith and his readiness to stake his
reputation on this new discovery by doing
his utmost to stop the Government building
the projected long-wave high-power station at
Rugby, on the ground that it was already
obsolete or would soon become so. This
was the beginning of the rapid development
of short-wave directional communication
with all parts of the world.

Of the more personal side of his char-
acter we arc not qualified to speak, but on
the few occasions on which we came into
personal contact with him we were much
impressed by his simplicity and self-effacing
modesty. His name will be for ever linked
with the invention of what has proved to be
one of the greatest triumphs of the human
mind in the world of applied science.

G. W. O. H.

National Radio Show

HE annual Wireless Iixhibition at
I Olympia, which closes on September
4th, has again provided an opportunity
to examine the year’s progress in the design
of British broadcast receivers, television sets,
and laboratory and testing equipment asso-
ciated with design and maintenance. In next
month’s issue The Wireless Engineer will
describe new technical features of receivers
and those instruments, in particular, which
make an appeal to the radio engineer.
Television receivers are a feature of the
Show this year. It will be remembered
that at last season’s Exhibition not much
enthusiasm had yet been kindled for the new
service, but a year of experience and oppor-
tunity for development of receivers has
produced more optimism, both on the

part of the public and the manufacturer. A
large number of receivers have been demon-
strated to the public daily at Olympia, so that
an opportunity has been provided for several
thousand persons to sec television, many for
the first time.

A design for a receiver for experimental
construction is shown on the Stand of 7/e
Wireless World and attracts special interest,
as it is so placed that the details can be
studied by visitors.

Among broadcast receivers the outstanding
features are the increase in the number of
models providing short-wave bands and the
more liberal employment of valves, not
so much to increase amplification as to
provide for valve-operated refinements in
control.
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Resistance-Tuned Oscillators*
By W. G. Gordon, B.Sc., and R. E. B. Makinson, B.Sc.

1. Introduction

HE first suggestion of the possibility

of tuning a circuit to resonance by

variation of a resistance was made by
Van der Polt in a paper on circuit trans-
formations. However, S. Cabot} was the
first to produce a practical circuit (Fig. 3)
whose resonant frequency could be altered
by varying a resistance. He dealt mainly
with this circuit as an amplifier, but men-
tioned also the possibility of using it as a
resistance-tuned oscillator.

It is the object of this paper to point out
three transformations of Cabot’s circuit
with similar properties; to derive the con-
ditions for oscillation and the frequency
ranges of these when the losses and stray
capacities are zero, and to show the effect
of coil resistance and stray capacity in
limiting, in practice, the actual frequency
range obtainable. A practical form of
oscillator is briefly described and the use
of such circuits for producing frequency-
modulated oscillations is pointed out.

2. The Principle of Resistance-Tuned
Oscillators

Suppose a pure resistance R(w), which
is a function of the angular frequency w,
and is negative, to be con-
nected in a closed circuit
with an ordinary positive
resistance R, (Fig. 1).
Then oscillation will occur
if the total series resist-
ance becomes zero, i.e., if

Rw)+ R, =0 tq .. (1)

The frequency of the oscillation is obtained
by solving this equation for w, and may be
varied over a certain range by varying R;.
Networks can be set up which under certain
conditions behave as pure negative resist-
ances of value depending on the frequency.

R(e} R4

Fig. 1

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

t Balth. Van der Pol, Proc. I.R.E. 18 (x930),
221-230.

+ S. Cabot, Proc. I.R.E. 22 (1934), 709-731.

Four such are shown in Fig. 2 ; that marked
(a) is the one used by Cabot in his resistance-
tuned amplifier (Fig. 3), R; being a negative
resistance approximately equal in magni-
tude to R, and 4/(L/C). The combinations
(c) and (d) may be regarded as derived from
(a) and (b) by a process of inversion§ in

| |

i R2 C'L Rz L coC L
(o] Rz L R3 Re2 R3 Re R3
(a) (b) (e) (d)

Fig. 2.
which ““ series” and * parallel,” ‘‘induct-
ance ’ and ‘‘ capacity,” are interchanged

in the descriptions of the inverse circuits.

Their impedance functions may be ob-
tained from that of (a) by simple substitu-
tions, so only the latter will be given.

3. The Impedance Function for Fig. 2 (a)
The impedance of the combination is

7 . Relwj | RylCay
R, + Laj R;+ 1/Caj

(_Rg_—i—_ljs)L/C ﬂL_w:I/Cw)RZR;,

(R,Ry + L/C) + j(R3Lw — R,/Cow)

A+ 4B

~ C +yD

say

which will be purely resistive if

BC — AD = o.
This can be satisfied for all frequencies if
C=A4=o,

3 T. E. Shea, -“Tfransmission Networks and Band
Pass Filters,” p. 131.
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ie., if
R,= — R, i
=yl - - @

When these conditions obtain, the equiva-
lent resistance of the combination is B/D, or
_LCw®—1 |[L Low—1/Cw |L

R = = — =

)= TtV T Lot1CaNC ™ B
Thus we have a pure resistance which is a
function of frequency and is negative for a
frequency range given by

( (/ — IA —
Vi fa S
4. Effective Resistance of the Derived
Networks (b), (¢), (d) of Fig. 2

The network (b) is simply (a) with L and
C interchanged ; the equivalent resistance
is obtained by interchanging 1/Cew and
— Lw in (3) (the conditions (2) again
holding), and is the negative of that given
by (3).

Circuits (c) and (d) are derived from (a)
and (b) (in which (2) applies) by inverting
the latter with respect to R, = 4/(L/C).
The equivalent resistances of networks (c)
and (d) are then the reciprocals of those of
(a) and (b) multiplied by the square of the
inverting constant R,.

Fig. 3.—Cabot's vesist-
ance-tuned circuit. A
dynatvon is used as the
negative resistance Ry ;

Ry = p = +/(L]C).
Summarising these results, when the
conditions (2) hold
Rofw) = per— o[-
Ry (w) i;\égz:\/%_ n
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5. Frequency Ranges

Having obtained networks which behave
as pure negative resistances whose values
are functions of the frequency, we may use
them to obtain resistance-tuned oscillators
as explained in § 2, replacing R(w) of Fig. 1
by one of the four combinations of Fig. 2.

TABLE I
Oscillator |
derived Frequencv of Frequency
from | Oscillation. Range.
Fig. 2.
== % , | I
(a) o \/_1\'2 Ry Ri=10, w=1/y(LC)
(Ry ~ RLC Ry = Ry, w =0
() ‘u, V! Ry =0, o= 1/y(LO)
(Ko — KLC | Ry = Ky w = =
© jw- g/ R R =, w=1/V/(LC)
‘ (R, — RyLC Ry Rgy w— o
@ | o SR (R = o, o= 1y//(LO)
(By + Re)LC | 1Ry Rp,w — 0

Substituting the expressions (4) in turn
for R(w) in the general relation (1), and
solving [or w, we obtain expressions for the
frequency of oscillation of the four circuits
corresponding to Iigs. 2 (a, b, ¢, d), as
functions of R;.

The range of the tuning resistance R,
over which oscillations can occur in the cases
(a) and (b) lies between zero and R, - R,
= 4/(L/C), and in the cases (c) and (d)
between R, and infinity. The corresponding
frequency ranges are shown in Table 1.

6. Effect of Stray Capacities

It is found in practice that with the oscil-
lators derived from Figs. 2(b) and 2(c) the
frequency cannot be made to exceed a
definite upper limit which is approximately
the natural frequency of the coil L and the
stray capacity C’ across it. In Appendix I
it is shown that this follows from the equa-
tions of the circuit in which R, shunts
Fig. 2(b), when there is stray capacity across
the coil, the tuning range then being given
approximately by

I I (42)
VIZIC+ ) vieey

In the case of the oscillators derived from
2(a) and 2(d) the minimum frequency
obtainable in practice is greater than zero
(See Appendix II). This is usually due to
the finite reactance of the bypass condensers
of the power supply, or of blocking con-
densers.
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When there are losses and stray capacities
in these oscillators the relations R, = — Ry
— /(L/C) do not secure incipient oscilla-
tion, and one of the components, most
conveniently R,, must be adjusted slightly
at each frequency if this condition is desired.

7. Practical Results

I'he oscillator derived from Fig. 2(b) has
the convenient feature that the negative
resistance may be the plate circuit of a
reacting triode, as shown in Fig. 4 (unspecified

H.T.+

Fig. 4.—A practical form of oscillator, based on
Fig. 2 (b).

capacities are blocking condensers of suffi-
ciently high value). With a particular
triode and the values of L and L’ used the
negative resistance obtained was of the
order — 3,000 ohms. The curve of fre-
quency as a function of the resistance R,
is shown in Fig. 5; this range is not large
owing to the high stray capacity of the
coil L, and to the fact that L' had to be
large and closely coupled to L to o0
obtain the required low negative
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From the relations (2) expressing the
conditions for oscillation in the ideal circuits
it is seen that for a given value of negative
resistance R, and a given minimum fre-
quency L and C are automatically tixed
(C = — 1/wR,;, L = — Ryjjw); and from
(4a) that the ratio of maximum to minimum
frequencies obtainable falls off at high fre-
quencies, since the stray capacity across the
negative resistance is irreducible.

To attain a high C/C’ ratio, the magni-
tude of the negative resistance R; must
therefore be as small as possible. The lowest
values obtainable are about 2,000 olims with
a reacting triode, 8,000 ohms with a dyna-
tron, and 4,000 ohms with a 6C6 type
pentode tube, and it is found that C/C”
falls to unity at about 2 Mc/s, setting approx-
imately that limit to the frequencies obtain-
able from oscillators of this type.

The maximum frequencies obtainable with
circuits (a) and (d) are limited in a similar
way by stray capacitv and the least magni-
tude of the ncgative resistance available.
For most practical purposes, however, higher
frequencies can be obtained by (requency
doubling or by using the beat principle.
The necessary harmonics are easily obtain-
able by adjustment of R, or R,

Circuit (c) is not of great practical use,
due to the position of the negative resistance
in the circuit. In order to feed D.C. poten-

resistance. Using a better coil &

designed to have a low capacity §

a frequency range of from s00 8.

to 1,400 kc/s was obtained. 22 o00f
According to the simple theory 29

the circuit of Fig. 4 should generate ~ »”

a frequency tending to infinity %g’

as R, rcaches 3,000 ohms, and 3

tor higher R, cease to oscillate. &  esor

Actually it still oscillates when *

R, > 3,000 ohms, the frequency

tending asymptotically to the ¢

natural frequency of the coil
shunted by the stray capacity
C' as R, increases. It will be

noticed that when R, is very large

the circuit approximates to an ordinary
tuned plate triode oscillator, so this result is
to be expected. The frequency ranges of
oscillators of types (b) and (c) thus depend
on the ratio of C/C’ increasing with it.

2,000 2,000 5,000 8.000

R:1 RESISTANCE IN OHMS

Fig. 5.—Relation belween frequency of oscillation and R,

found with the civcuit of Fig. 4.

tial to the valve forming the negative re-
sistance a parallel feed system is necessary.
With choke decoupling it was found very
difficult to prevent oscillations in the choke
circuit, while with resistance feed ‘‘squeg-
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ging " developed. This instability is due
to the high L/C ratios and the low negative
resistances required in resistance-tuned
oscillator circuits. The oscillators derived
from (a) and (b) and (d) of Fig. 2z can be
series fed with D.C. potential, and no trouble
was experienced in getting them to work.

1 H.T.+

6.—A  circuit  for frequency-modulated
oscillation, developed from [Fig. 4.

Fig.

Since the frequency of oscillation of these
circuits depends on the negative resistance
Rj;, which in turn is dependent on the supply
voltages, the frequency stability cannot be
expected to be very good. They are there-
fore only wuseful when high frequency
stability is not of paramount importance,
but their special properties offer advantages
in certain applications.

For instance, in one of the oscillators
tested it was possible to vary the frequency
from 470 to 2,750 c/s by merely varying the
tuning resistance from zero to 10,000 ohms.
To cover the same range with an oscillator
of the conventional type would necessitate
the switching of large capacities, while a
beat frequency oscillator is considerably
more expensive to construct.

The most important application of these
circuits lies in a new method* of obtaining
frequency modulation by purely electrical
means. The usual method is by mechani-
cally varying an inductance or capacity of
the oscillatory circuit ; the Miller effect has
also been used to obtain an electrically
variable capacity. The difficulty with the
latter method is that the possible change in
the input capacity of a triode is not great,
so that the amplitude of frequency modula-
tion obtainable by this means is small,
especially at low frequencies.
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* British Patent Specification 452,080, Dec. 29th,
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The anode-cathode differential resistance
of a valve can in certain types be varied
within wide limits by varying the control
grid voltage. Using such a valve V, as
part of the tuning resistance of the circuit
shown in Fig. 6 the frequency of oscillation
can then be modulated electrically by
varying [,, the control grid potential of
V,. Fig. 7 shows the frequency as a func-
tion of the control potential of the * re-
sistance *’ valve in one such oscillator.

This system of frequency modulation has
been made use of by one of the authors in
apparatus for tracing out the selectivity
curves of radio receivers on the screen of a
cathode ray oscillograph; details of this
apparatus will be published later. It is
clear that response curves of many kinds
may be traced in the same way, even
when the frequency range required is quite
large.

The experimental work described above
was carried out by one of the authors
(W.G.G.) in the laboratories of the Common-
wealth Radio Research Board in Sydney.

8761
874t
872+
870
868t
866}

864

FREQUENCY IN KILOCYCLES PER SECOND

6620 é & é 8 10 12 14

NEGATIVE GRID VOLTAGE E,

Vig. 7.—Relation between the control potential
E, in Fig. 6 and the frequency of oscillation

The authors wish to thank Professor J. P. V.
Madsen for his continued encouragement
and advice.

APPENDIX I
Limatation of Frequency Range by Stray Capucity.

In the circuit of Fig. 8, which is derived from
Fig. 2 (b), there is a stray capacity C’ across the
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inductance L. We have for the state of incipient
oscillation
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resulting equation is complicated we may assume
for simplicity that C’< <C, when (8) gives approxi-
mately R, = p = +/(L/C). We then have from (9),

I
R —— when = 0
1t T IR, : .
+ z - ¢ Ve +or
1/jol + juC’ + 1/R; ’ and when Ry = p
or ___%,_. '
W (RiRyRALEC) + WHLCRy(Ry + R e -
. Thus the maximum frequency attainable is that at
+ LCRy(Ry + Ry)] — wjlRiRyRsC which L and C’ resonate, and a low C/C’ ratio
+ L(R; + Ry, + R3] — Ra(Ry + Ry) = o, limits considerably the possible frequency range.
Ro w2 I
j f
1 1
p 1 s I
| | \
| : \
i
a /’—": PR [ \P+r Ry
L % p- PPN 1PN
P Y p-r) YN
i/ i |
| / ||
A / 1
¥ t
Fig. 9.—Showing the necessary value of R, as a function
of R, and the dependence of w* on the latter.
Hence APPENDIX II
, RIRRC+ LR + Ry + Ry} (5) Effect of Coil Resistance on the Frequency Range.
RiRyR,LCC When the oscillator has the form of Fig. 3, but
. Ry (Ry + R») the coil L has a resistance #, the equation for
and w® ~ (6)  oscillation is

T LICR,(R, + R,) + CRy(Ry + Ry}
Eliminating ® we have as a condition for oscillation
at the frequency given by (5) or (6)

(R, 4+ RyCC'R{R,R3* = [CRyR, 1%,

+ L(Ry + Ry + R3] X [C'Ry(Ry + Ry)

+CRy(Ry + Ry)] .- (7
We now suppose that R, L and C are fixed, and

Ry = — v/(L[C)
— psay,

and that when the frequency is adjusted with R,
the point of oscillation is maintained by adjustment
of K,. Then from (7)

(Ry + Ry)pRR,C’ = [RyRy— p(Ry + Ry—p)] X

[C'p(Ry + Ry) — LRy(Ry — p)[p°]

or

RA(L + p*C’ + RyL(R; — 2p)/p"]

& Ry[p?C'(2Ry — p) — (R — p)*L/p]

+ CRyp*Ry — p) = © ®)
and from (6)

LICpR, + Ry — LR3(R; — p)¢%)

The value (8) gives for R, as a condition for
incipient oscillation is to be substituted in the
equation (g) for w? which then gives the range the
latter can have for variation of R;, subject to the
conditions R, >0, Ry >0, w?>o0. As the

(JoL + MR, 1
Ry + 7+ joL _rjw( — 1/p

R, 4

)

giving on separation of real and imaginary parts
R,(Ry + #) + (R + Ra)pLCw?® 4 ¥Ry
— p(Ry + 7y =0 .. - .. (10)
and
Ry(Ry 4+ 7)pC + rR2pC + (p — Ry — Ry)L=0
(x1)
As before, we suppose p, L and C to be fixed, with

p = V(L/C) and R, to be adjusted to keep the
circuit on the point of oscillation. Then from (11)

Ry =

(p — Ry — p* N
"_PT"E_ om ac .o (12)

Substituting in (ro) we obtain

— Ry) —r?p— R 1
ot P 1) (p 1) L . (13)
p+ R LC
In Fig. 9 the relations (12) and (13) are sketched,
showing the necessary value of R, for each setting
of R;, and the dependence of w? on the latter. The
negative values of R, and w* are inadmissible ;
R, must be infinite when Ry = p — v at @ = 0.
The inclusion ot the coil resistance v thus pre-
vents the frequency range from extending down
to zero if R, cannot be made high enough to satisfy
the condition for oscillation at the lower frequencies.
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Detection by Diodes and Triodes at
High Frequencies*
By W. E. Benham

SUMMARY.—Some 1926 experiments on the detection of unmodulated carriers, the
Irequency of which was varied from zero up to about f24 Mc/s., receive a measure of

explanation in the light of revised theoretical conclusions.

An exhaustive study of the

second harmonic, as produced by the valve from an input signal initially sinesoidal, leads

broadly to the following conclusions.

In the case of a diode with zero anode circuit load, a

decrease in the absolute value of the detection coefficient is predicted, whatever the space

charge conditions, as the frequency of the incoming signal increases.
a parallel plane diode, but quite marked in a
Experimental results on filamented cylindric

#s could reasonably be expected.

The effect is small in
cylindrical diode with thin filament.

al diodes show as good agreement with theoryv

In the case of triodes, tetrodes and pentodes a slightly different criterion must be applied

in the determination of the detection coefficient,
For a plane geometry an increase with frequency is predicted over the range

solution.

leading to marked differences in the

0w ¥ » where 74 is the electron transit time between cathode and a surface slightly beyond
T

27g
the grid. The detection coefficient for wTy
frequencies.
time in the absence of signal.

The above remarks refer to anod

3m/2 is about 3.5 times its value at very low
e bend detection, 7, being the electron transit
In the case of leaky grid detection a much smaller increase is to
be expected, but this case is not considered.

For a cylindrical geometry, the frequency

characteristic rises, as in the plane case, if the cathode diameter is not too small in comparison
with the diameter of the control grid, but for very small cathode diameters the frequency

characteristic falls.

Some early experiments on

a Marconi DEV triode uphold the theoretical

conclusions if we suppose that changes in the position of the potential minimum surface

surrounding the filament are effective in altering the apparent geometry.
ments, particularly on indirectly heated valves, are desirable.

IFurther experi-
Attention is called to a

hysteresis phenomenon which can occur at low frequencies, in the case of valves having oxide
coated cathodes, and which has nothing to do with the phenomena under investigation.
A\ section is devoted to the somewhat surprising phenomenon of ultra top bend detection.

Certain resonance cffects observed in 1926 are associated with the behaviour of the valve
as the frequency of the signal generator passes through a value equal to half that to which

the receiving circuit is tuned.

A simple theory of this effect confirms that an oscillation of

frequency 2w will build up in a circuit tuned to this frequency, if a diode valve is presented

with a signal of frequency w.
phenomenon is described as
" oscillation hysteresis.”’

When the latter is removed the oscillation dies down.
“driven instability,” and is to be distinguished from that of
It would appear incidentally that the use of frequency doubling

The

in radio transmitters has never been fully understood.

Introduction

F the input signal to a diode is initially
free from harmonics, it will not remain
so when the diode is made conducting

by heating the cathode. Harmonics arising
within the diode circulate through the input
circuit, so that the input signal becomes, in
effect, a distortion of its original pure sine
form.

In the analytical treatment of the electron
motions in the diode, it is convenient to
distinguish two cases of importance among
the infinite variety that can arise under
practical conditions. These two cases are
as follows.

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

(1) Input signal, under operating con-
ditions, is supposed free from harmonics.

(A7) The applied potential, when averaged
over a cycle of the received signal, does not
alter from the d.c. value impressed between
cathode and anode.

The above conditions are mutually ex-
clusive, ¢.¢., cannot both be satisfied together.

From the opening paragraph it will be
evident that condition 4 is not normally
satisfied.  When, however, we replace our
diode by a triode, tetrode or pentode, it is
possible to satisfy condition 4 to a close
approximation. This is owing to the separa-
tion of input and output circuits.

Condition A’ is the one to use in the case
of actual diodes, though this condition
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applies exactly only in cases where the load
resistance is zero.* The mean inter-clectrode
potential is then maintained equal to that
of the source of D.C. potential ; no
““ rectified ”’ potential is possible, since the
load resistance has been taken as zero.

Anode Bend Detection

Curve A of Fig. 1 represents the detection
coefficient, in terms of unity low frequency
value, in the case where condition A 1is
satisfied. A plane geometry is assumed.
In application to triodes, tetrodes and
pentodes a bye-pass for the second harmonic
(also given by curve A) would normally be
afforded by the provision of a suitable
condenser between anode and cathode.
For negligible D.C. load in the anode circuit
the frequency characteristic of the detection
coefficient is still given by curve A, and as
the optimum load (for a triode) would be

Fig. 1.—Second order solu-
tion, plane and cylindrical
diode. A, vectified current
(= modulus of second har-
monic total curvent) for
input polential free from
second harmonic (planes).
4’ vectified current for no
change in D.C. potential
between electvodes (planes).
B, curve corvesponding to
A, but for cvlinders with
infinitely  fine  filanent.
B’, cirve corvesponding 1o
A’ but for cylinders wilh
infinitely fine filainent. C,
vectified current jor har-
monic free input potential,
emission limited condition
(planes). x, typical ex-
perimental points for top-
bend vectification (cviin-
—=0To drical diode). o, typical
expevimental points  for
bottom bend vectification (cylindrvicul diode). Al
quantities are referved to unit low frequency value.
Actial sign of rectification is negative for cirve C
and poinis x, positive in all other cases.

given approximately by 7,/s, it is not far
from the truth to take curve A as the

* The case where the load resistance is xTefy‘ﬁigE
so that no second harmonic currert can tlow, is

amenable to treatment. The rectified potential
decreases with frequency according to the factor
11 . 13

1 t - a
[ 200 (wTg) S50 (wTg) ] for plane
509 (
2052

electrodes and [1 — wry)? + .0204(«)70)‘:] for

cylindrical electrodes <Z >> I\’.
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frequency characteristic under optimum de-
tection conditions. For a cylindrical
geometry, the frequency characteristic of
anode bend detection lies somewhere between
curve .1 and curve B, which represents the
hypothetical extreme of infinitely small
filament. In Fig. 1, 7, represents the
electron transit time in the absence of
signal. In the case of diodes this transit
time is reckoned between cathode and anode,
but in all other cases =, is reckoned between
cathode and a surface just beyond the grid.

Diodes require in general curves A’, B'.
While the presence of anode circuit load
would cause departures from these curves,
the inclusion of such load in addition to
electron transit time considerations is
thought not to be warranted. The theory
would become more difficult, and, though
this may be a personal preference, I would
always use tetrodes or pentodes as detectors
except perhaps in television work. The
experiments cited in the sequel were carried
out with zero anode circuit resistance to
afford comparison with theory.

Fig. 1 supersedes all previous second order
solutions. In carlier work it was assumed
that the applied potential, averaged over a
cycle, could be arrived at by integration over
the interelectrode space of the (time
averaged) value of the electric field. More
refined analysis! reveals that this is an
approximation too severc to be tolerated.
The fact that the approximation® was
passed by B. D. H. Tellegen® and repeated
by R. F. J. Jarvist and F. B. Llewellyn®
serves to indicate the difficulty which the
second order solution has presented in the
past. A greatly simplified treatment is
fortunately now possible, providing com-
plete information as to the first, second and
third harmonics, including the third order
contribution to the first harmonic, in a plane
diode, whether space charge or temperature
limited.

Curve C’ of Fig. 1 corresponds to the type
of detection which can occur on the flat
part of the anode current-anode  volts
characteristic. The detection coefficient 1is
negative in this case, but, as in the case of
the other curves, C’ corresponds to the
frequency characteristic referred to its low
frequency value as unity. These questions
are resumed in a later section.

The detection sensitivity of a diode is an
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optimum in the case of zero anode volts.
Under these conditions, unfortunately, an
estimate of electron transit time is a matter
of some difficulty. The points 0 on Fig. 1
are for a diode with zero anode volts, an
estimate of 7, being made by assuming the
electrons to travel with constant velocity,
determined by the filament temperature.
If the filament of the valve had been
infinitely fine, curve B’ would be the
theoretical curve for this case. The departure
of the points o from curve B’ is in the
direction required by the fact that the
experimental structure is intermediate
between the two theoretical extremes A’
and B'.

The points x on Fig. 1 correspond to top-
bend rectification. No theoretical curve has
been worked out for this case. As it well
known, the shape of this bend is determined
by the initial velocity distribution.

Points corresponding to ultra-top bend
detection are not shown on Fig. 1 as they
lie very close to the initial portion of the
curve C’, and would hardly be distinct
enough to be seen.

Some instructive results® on a Marconi
DEV triode as anode bend detector are
reproduced on Fig. 2. The paucity of points
is explained by the fact that these results
were at the time intended merely as a rough
check on the minimum anode voltage for
which the triode could be operated as valve
voltmeter free from frequency error. The
input potential was maintained at a given
value at each frequency by means of a
Dolizalek eclectrometer known to be free
from frequency error over the range
0 — 24 Mc/s. (this result had been estab-
lished during earlier work with diodes).

The humps appearing on Fig. 2 suggest
that the filament-grid geometry resembles a
plane geometry sufficiently for the hump
feature of curve .4 (Fig. 1) to be apparent.
The heights of the humps in Fig. 2 are,
however, very much less than that of
curve A. Thus, some intermediate theoretical
curve, lying everywhere betwecen curves A
and B of Fig. 1, would possibly explain the
experiments quite well. On this basis,
however, should we not expect the hump for
V,8 (Fig. 2) to be the same as that for V4 ?
At first sight this consideration seems to rule
out a purely “ transit-time ”’ explanation.
When, however, it is considered that the
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lumped potential at the grid surface is
almost zero in the case 17,4, it will be realised
that the potential minimum surface must be
of considerably larger radius than the
filament. As the anode voltage is raised the
potential minimum surface must close in on
the filament. Thus, we have only to assume,

1-3[
12
@lohf
Bl =0
10
Yy 3 8 10 12 14 16

Fig. 2.—Rough check on Marconi DEV triode as
anode bend detector. Grid bias zevo. Vp — anode
voltage, f = frequency in wmegacycles. 9.12.26.

as is reasonable, that the effective geometry
of the valve is determined by taking the
potential minimum as virtual emitter, and
the reduction of hump with increase of V,
receives immediate explanation. Moreover,
as the potential minimum moves inwards
the electrons have a longer journey to
perform. Thus the transit time (potential
minimum to grid) will not necessarily
decrease as the anode voltage V, is raised
from V7,4 to V,8. This possibility is also
suggested by the fact that the hump at
V.8 occurs at nearly the same value of f
as the hump at V4, whereas a reduced
transit time necessitates that the hump
move to the right of the diagram as V, is
increased. The hump does appear to move
to higher values of f as V, is raised further
to V,14. For now the potential minimum
would already be too close to the filament
to move inwards much farther. For V7,26
there is no sign either of a hump or of
increase with frequency. Higher frequencies
would have been necessary in order to follow
in detail the apparent change in geometry
between the extremes A4 and B of Fig. I,
though owing to the finite filament diameter
curve /3 would not be attained in practice.
In conclusion of this section, it should be
mentioned that the electron transit time
effective in the case of 17, 4 and V', 8 appears
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to be no less than 7.10~7 secs. It is owing to
contact potentials and similar considerations
that this thoriated filament valve cuts off
in the neighbourhood of zero grid bias.

In modern valves having oxide coated
cathodes, an oscillogram of the characteristic
may reveal a hysteresis effect, which generally
takes the form of a loop in the neighbourhood
of maximum anode current. This effect
which it is hoped to discuss elsewhere is not
to be confused with the phenomena discussed
in the present paper.

Ultra-Top Bend Detection

Experiments on a bright emitter used as
diode (grid and plate tied) are shown in Fig. 3.
The detection coefficient is normally negative

f240
a
5[ :
( mA
120

24V
110

12

10

18 18 20 22 24
-1} ——

(ARBITRARY UNITS)

o

—_—- —
>]

lo

—» DETECTION COEFFICIENT (ARBITRARY UNITS) -

1222

—>g
2 3
SQUARE OF INPUT SIGNAL

(ARBITRARY UNITS)
f18°3

Fig. 3.—18.9.26.

(f16, 18 and 20), the change of sign in the
cases f2z and f24 being ‘ anomolous.”
There appeared to be no reasonable explana-
tion, even of the ‘“normal” results, until,
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quite recently, the following expression was
derived for this case (plane diode)

! 1042 5 67
81y —QF’VILI——’w'r LY {wTg)t-
0 16w,2 18" o 2160 “7

(1)
The square bracket term is plotted as
curve C’ of Fig. 1. Equation (1) compares
with the following expression for bottom
bend detection as given by curve 4" :

- 37;0”1?': 7 y2
8t 60,2l T 600 (wro)
L7 g qd
116000 Tt } (1a)

Bearing in mind that ¢,, v, will depend on
the point chosen on the characteristic, we
may say that at frequencies for which
wty < I, the ultra-top bend detected current
is given by the same expression as for
bottom bend, but with a minus sign. This
result is little short of remarkable.* It is to
be emphasised that equation (1) and Fig. 3
refer exclusively to detection on the flat
portion of the characteristic and not to
detection at the top bend.

A simple explanation as to why detection
is obtained on the flat portion may be of
interest. [t may be shown that a single
electron in its passage between plane
electrodes induces in the circuit immediately
attached to the electrodes the current %c,
where ¢ is the absolute value of elec-
tronic charge, % is the velocity at the
point x where the electron happens to
be, and 4 is the total distance between
the planes. In terms of the electron

transit time, since % == vyr, 4 = }y7,%, the

2er . .
current becomes where 7, is the in-

2’

Ta
stantaneous electron transit time for the
whole journey. When half the electron
transit time has elapsed (r= }7,) the

. o e .
induced current is given by —, and this is
T

d

* Equation (1) is derived on the basis of no
second harmonic either in the input voltage or in
the space charge density, and these conditions are
not easily reproduced experimentally. The detec-
tion coefficient at f16.1 nevertheless agrees with
equation (1) to within 3% (N.B. w7y = 0.1 only).
At higher frequencies the agreement is less close,
due to the increase of second harmonic as f
approaches 24 Mc/s (see later).
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the average value of the induced current
per electron. Now, if 7, becomes shortened
(due to a positive cycle of input signal) the
induced current is increased, but since the
electron transit time is connected with the
electrode potential by a non-linear relation
the rise and fall of current will not cor-
respond in waveform to the rise and fall
of the potential. The induced current per
electron will, for an anode potential
v + v, c0s wt, be given approximately by
e

1

e

Ta
e<cvo>é‘/1 I vy coswt  vy%costwl >
d\zm/) \ 29, 8,2
The last term gives rise to a term
independent of {, negative in sign. The
complete explanation, involving many

clectrons, is naturally more complicated.
The extent to which we must revise our
ideas in regard to total emission will be
appreciated from the fact that the apparent
direct current in Iig. 3, at f24Mc/s, reaches a
value some 20 per cent. higher than the total
emission. The contracted positive scale
of the inset diagram, giving the detection
coefficient is to be noted. No evidence for a
rise in filament temperature was obtained,
and it may be said that theory no longer
requires such a rise.”

If the input waveform is not purely
sinesoidal, but is given by v, 4 v, cos wt
+ v, cos(2wt — @), the electron transit time
can, for certain values of ¢, be markedly
shortened during positive peaks. In this
way the value of 1, averaged over a cycle
can exceed the value corresponding to v,
The change in sign of the detection coefficient
found experimentally (I‘ig. 3) must be due to
the presence of cousiderable second
harmonic. At f24 Mc/s. the receiving circuit
is tuned to /48 Mc/s. and the second
harmonic produced by the diode builds up
a large potential. The following analysis
throws some light on this phenomenon, a
milder form of which appears on Tig. 4
(early run, top-bend detection).

Anomalous (Driven) Instability

Considering a diode for simplicity, let the
input signal be itially free from harmonic.
The diode will produce, in addition to
fundamental current, /,, some second har-
monic current ¢,, which returns via the
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input circuit and sets up the back em.f.
1,Z,. We may write at this stage

Vg =0 — 1,7,
in which the zero reminds us that there was
no second harmonic to begin with and that,

7/4/26 SPACE CHARGE SATURATED DIODE
00028
PEAK FREQUENCY
410Mc/s

lo
00024f /
NATURAL Vo
| FREQUENGCY /
8:38 Mo/s OPERATING
POINT
0°0020f
OI [«]
g ey
7.2}
00016

—

8/4/28 (SMAILLER COIL, SMALLER INPUT VOLTS)
PEAK FREQUENCY

J “uw?} 598 Mo/s

. NATURAL

oo FREQUENCY
11'91 Mao/s

00008}

0-0004 ; " : n n "

0 2 4 6 8 10 12 14 1"3
—» OSCILLATOR FREQUENCY (Mc/s)

Fig. 4—R.M.S. input volts keep constant at
each frequency.

therefore, we must now procced to a higher
degreec of approximation, and regard the
potential v, as part of the original signal.
Thus v, will give rise to further current of
second harmonic frequency (also to higher
even harmonics, 4th, 6th . . . which need
not concern us). In this wav we obtain
by successive approximations

Vs — 02 Zy[1 — Y, Zy + Y 27,2 -
= _izzi_ﬁ
14 ,Y,Z,

where ,Y, is the first order admittance of
the diode to signals of double frequency.
We may now define the apparent second
order admittance of the diode as
I+.Y.Z,
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whence we readily find that for 7, cither
very large or very small, the real part of Y,
is negative. In other words, however the
Input circuit is arranged (series or parallel
resonance), if 4w?LC == 1 the apparent
second harmonic conductance is negative.
This means that second harmonic will build
up, but it is necessary that the diode be
continually supplied with signal of funda-
mental frequency.

In the case of frequency doubling circuits
using triodes or pentodes, second harmonic
is selected by the output circuit, the input
circuit being tuned to fundamental. The
problem of improving the efficiency of
power stages operating as frequency
multipliers is one of the important questions
facing transmitter engineers at the present
time. It is my belief that such improve-
ment is possible, and the present article
may provide some useful hints in this
direction.
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Polytechnic Courses

PROSPECTUS has been issued by the

Electrical Lngincering Department of the

Polyvtechnic of the courses in Radio and Tele-
vision lingineering for the Session 1937-38 which
commences on September 2oth.

The courses, which extend over a period of five
vears, provide a thorough training in the principles
and technique of high-Irequency engineering.

The prospectus is obtainable on application to
The Polytechnic, 307-311, Regent Street, London,
W.1, where enrolments will be taken from Sep-
tember 13th to r7th between 6 and g p.m.

The Industry

BOOKLLET dealing with the theory, con-

struction and properties of electrolytic

condensers has now been issued by Ferranti,
Ltd.,, Radio Works, Moston, Manchester, 10.
Primarily intended for radio engineers and de-
signers, the publication is available at 1s. 6d. per
copy, post free.

The assets of Musikon, I.td., the well-known
makers of home and professional gramophone
recording apparatus, have been taken over by
Will Day, Ltd., 19, lLisle Street, Wardour Street,
London, W.C.

A slide rule designed essentially for calculations
in clectrical engineering is now available from the
Dubilier Condenser Co., l.td., Ducon Works,
Victoria Road, North Acton, I.ondon, W.3, at
the price of 39s. 6d. In addition to the usual
features of a slide rule, it comprises fixed scales for
voltage, frequency and wavelength and moving
scales for capacity and current.

Théorie et pratique des Circuits Fondamentaux
dela T.S.F.

Bv J]. Quiner, pp. 431+ VIII. 197 Figs.
Dunod, 92 rue Bonaparte Paris 6. 120 fr.

This boolk, to which M. Gutton, the Director of the
Laboratoire national de Radio-Electricitc has
written a preface, has as a continuation of the above
title "' Exposées par le calcul des imaginaires mis
a la portée de tous avec de nombreux exemples
numériques.”’  The use of complex algebra in the
solution of circuit problems has not been so common
in France as in England and the States, and, as
the author says, this method can be applied with
advantage to nearly everv circuit problem in which
the radio-enginecr 1s interested. Hence the slogan
which appears on the wrapper: “ La simplicité
parles Imaginaires.” After an introductory chapter
explaining the various svmbolic methods of
representing vectors, the author applies the method
to practically every circuit which occurs in radio
telegraphy and A.C. measurcment. The boolk is
clearly written and will provide excellent material
for those wishing to exercise themsclves in the
applications of the svmbolic method.

G.W. O H
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Characteristic Constants of H.F. Pentodes*

Measurements at Frequencies Between
1:5 and 300 Mc/s

By M. J. O. Strutt

(Natuurkundiz Laboratorium der N. V. Philips, Gloeilampenfabrieken, Eindhoven, Holland)

I. What are the Constants Determining
H.F. Action of Amplifier Tubes?

N the first place we have input parallel

resistance and input capacitance of the

tubes. This input parallel resistance is
parallel to the input circuit and hence
greatly affects its qualityv. Input capacit-
ance limits the smallest possible circuit
capacitance and hence the wave range
obtainable with a given tuning condenser.
Furthermore, variation of input capacitance
by volume control causes detuning 6f the
input circuit. Variation of input parallel
resistance by volume control results in
variable circuit quality and hence variable
selectivity. Replacing a tube in a set by
another one should result in small variation
of these constants, if no fresh trimming is
desired in such a case.

Much the same can be said of the output
parallel resistance and output capacitance of
a tube, as they are also parallel to a circuit.

In the third place, slope is a feature,
worthy of consideration. It should have
the same value in the short wave bands as
in the medium and long wave band.

As a fourth quantity, we have feed-back.
This may be expressed as an impedance
between output—and input electrode in the
tube, i.e., between input grid and anode.
At the medium and long wave bands this
impedance is a capacitance : the grid-anode
capacitance, and is kept as low as possible,
actually some thousandths of one puF with
H.F. pentodes. The feed-back impedance
has to do with the upper amplification limit.
It causes a certain part of the output voltage
to react on the input and, if phase relations
are favourable, may cause oscillation.

* MS accepted by the Editor, March, 1937.
P

Thus, the four required constants are :
input impedance,
output impedance,
slope,
feed-back impedance.

II. Principles of Measurement

Attempts have been made to measure
tube impedance values by replacing the
valve by a resistance and a capacitance in
parallel. However, in the short wave region,
especially above 20 Mc/s, the values of such
resistances may differ appreciably from the
D.C. value and thus cause trouble in the
interpretation of measured results. In all
the measurements, referred to here, a tuned
circuit was used, over which a diode volt-
meter 1measures the alternating voltage.
This voltmeter is dealt with in Section III.
Several oscillators were built, covering the
waverange between 200 and I m. wave-
length. The oscillator is coupled with this
circuit in such a way, that practically no
variation of generated voltage or frequency
occurs by detuning the circuit. The circuit
condenser has about 20 or 10 (above 60
Mc/s) puF maximum capacity. A calibra-
tion curve, taken at low frequencies, gives
the uuF value (e.g. 015 uul) corresponding
to one scale division. The scales mav be
read to 1/10 division. Let the voltage over
the circuit in the tuned position be e. Let
A4C be the detuning of the circuit condenser
(Farad), starting from this position, neces-
sary to bring the circuit voltage down to
¢/V'2. Then the resistance R, equivalent
to the circuit in the tuned position is R =
I/w AC (ohm), where w = 27 times the
frequency in cycles, corresponding to the
tuning position of the circuit. Obviously,
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by measuring the circuit impedance first
with the desired valve impedance parallel
to it and then without the valve, the equiva-
lent parallel resistance and capacitance of
the valve impedance are known.

In order, that this method of measuring
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adjustment of the coupling and the leakage
resistance of the oscillator always led to the
desired single irequency oscillation. At
frequencies above 30 Mc/s, harmonics of the
aforesaid receiver were made to give whistling
notes with the transmitter frequency in order
to check the state of

the impedance of a tuned circuit may vield
correct results, the transmitter output must
have one constant frequency. Often, in
the region of 5 to 300 Mc/s, parasitic oscilla-
tions occur, resulting in the generation of a
multitude of frequencies close together,
or a frequency band, or both. This was
controlled by the use of a back-coupled
short wave receiver, which went up to 30
Mc's. By tuning this receiver to the trans-
mitter, one sharp whistling note is heard, if
everything is correct. Often, a series of
whistling notes, close together on the re-
ceiver tuning scale or a hiss are observed,
indicating an undesirable state of oscillation
in the transmitter. Several transmitters
were used, each covering parts of the 1-5
to 300 Mc/s band. The Hartley scheme
proved satisfactory throughout and careful

oscillation. Above 30
Mc/s button tubes were
used in the oscillators,
the coils becoming
smaller and smaller.
Two transmitters are
shown in Fig. 1.  Fre-
quency drift proved to
be of no consequence
in our measurements.

(Lefty Fig. 1.—Photo of
two short wave transmitters.
Upper transnuitter 1—2m
wavelength ; Lowey trans-
mitter 24 m  wavelength.

(Below) Fig. 2.—Connec-
tions of diode wvoltineter.
D, diode of acorn type (0-1
mm space between cathode
and anode) ; C,, condenser
about 2,000 upl (mica) ;
R, vesistance o2 M, 4,
wmicvoammeter (1 division

0-01 iicroawmp, scale
has 100 divisions); C,,
block condenser 2,000 uul’

(mica).

. -
I Ve
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III. Diode Voltmeter

The coanections of the diode voltmeter
are shown in Fig. 2. Actual wiring is kept
as short as passible. A button diode (1/10
mm distance between cathode and anode)
is used. It can be predicted theoretically,
that detection of such a diode will be prac-
tically the same at say 60 Mc/s as at 500

€

€=



400

c/s. The voltmeter calibration curve was
taken at the latter frequency. Several
measurements (some of which were pub-
lished, see E.N.T., vol. 13, 1936, p. 200)
indicate * that this theoretical prediction
holds good up to about 6o Mc/s.
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electric couples. Take the D.C. calibration
curve. Use this curve at any frequency.
The heater current values will give the true
alternating currents if multiplied by a
factor, depending on the frequency only.
A discussion of the action of thermo-electric-
junctions at different frequencies leads to
the conclusion, that this assumption will
only be violated for alternating currents of
too great values. A thermo-electric couple,
the D.C. calibration-curve of which is known,
is coupled with the coils of the short-wave
transmitter. At the same time this trans-
mitter is coupled to the tuned circuit with
diode voltmeter. Then the strength of the
transmitter is varied (e.g. by varving the
D.C. potentials). Taking the ratio of the
voltmeter readings equal to the ratio of the
direct currents through the thermo-junction,
which correspond to the measured thermo-

(Above) Fig. 3.—Relative calibration curves
of diode voltmeter. Vertical . micvoamp. diode
curvent | hovizowtal : velative valuwe of alter-

l T

]

nating volts on diode voltmeiev. Crosses
corvespond to 1-26 m wavelength, circles to

l' T
|
T

50 in. Curves can be made to coincide, except 300

at higher voltages, which covvespond to vather

high  curvents thvough the theymojunction,
used to obtuin these velative check curves.

(Right) Fig. y.——Resonance curve at 126
wavelength.  Vertical scale : relative value of
alternating volts acvoss the tuned civcuit ;
hovizontal scale :  divisions of condenser
seale.  Points measured, curve calculated.

200

Above 60 Mc/s, however, owing to
transit time effects, even in a button

A }[ ]

diode deviations from the low fre-

quency check curve occur. Now, for the
course of 1measurements, explained in
Section II, it is not necessarv, that the
voltmeter indicates the absolute value of
the alternating voltage across the circuit.
It will be sufficient to have a relative
volt indication, such that the voltmeter
readings have all to be multiplied by a
common factor in order to get the true volts.
This common factor, however, need not be
known and may be a different one for every
transmitter frequency used in the measure-
ments. In order to get such a relative
check curve of the diode voltmeter at any
frequency under consideration, a simple
method was applied. This method starts
from the following assumption on thermo-

80 82 84 86 88 20

tensions at the frequency under considera-
tion, a relative calibration curve of the diode
voltmeter at any frequency is obtained.
This procedure was successful up to 300
Mc/s, but will very probably apply even at
3,000 Mc/s.

In Fig. 3 two relative calibration curves
of the diode voltmeter, obtained by this
method, are shown. They mayv be made to
coincide, except at high current values. The
latter range is not used in the measurements.
This is evidence of the truth of the underlying
assumption. Iig. 4 shows a resonance curve
taken with the diode voltmeter at 1-26 m
wavelength. The exact coincidence with the
calculated curve is further evidence for the
truth of said assumption.
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IV. Shielding and Wiring

It was found that alreadv at 30 Mc/s
elaborate precautions were necessary, to
prevent spurious effects, such as voltages
being induced in an uncontrolled way on
parts of the apparatus and especially on
the tuned circuit. The finally adopted type
of shielding consists of a number of 1 mm
iron plate boxes with closely fitting covers.
These boxes are interconnected by copper
tube, 10 mm outside diameter, closely fitted
to the boxes. One box contains the trans-
mitter, a second one the transmitter bat-
teries. The tension supply wires run through
the copper tube interconnecting these boxes.
A simple filter circuit, consisting of small
coils and of condensers, prevents the gene-
rated voltage from reaching the batteries.
The transmitter box is connected to the
measuring box by a tube, which serves as
outer lead of a concentric line, coupled to
the transmitter circuit at one side and to the
tuned circuit of the measuring box at the
other side. In the tube an insulated wire
serves as inner lead of the line. The measur-
ing box is built in three different ways for
the purposes of measuring input impedance,
output impedance and retroaction imped-
ance. Fach box contains several com-
partments completely screened from each
other. The batteries for the valves, which
are measured in one of the compartments of
each measuring box, are contained in separate
battery-boxes, connected with the measur-
ing boxes by means of copper tubes, as with
the transmitter. The measuring instrument,
being a microammeter (1 scale division
corresponds to 0-0I pA) is contained in a
separate box, connected to the measuring
box (diode voltmeter compartment) by a
copper tube. The reading slit of the instru-
ment box is covered with copper gauze, in
order to obtain most perfect screening.
The complete apparatus for measuring input
impedance of valves up to 300 Mc s is shown
in Fig. 5. The other two sets (for output
impedance and for retroaction impedance)
are rather similar in general appearance.
Fig. 5 also shows a Lecher-wire system,
which is used for determining wave lengths.

Fig. 6 shows the wiring scheme of the
arrangement for measuring the anode im-
pedance of valves. The separate compart-
ments, into which the measuring box is

subdivided are indicated by dotted lines.
The alternating transmitter vcltage is first
connected to the tuned circuit and then to
the tuned circuit in parallel to the valve
toc be measured. The values of R, and
C, are chosen such, that the diode volt-
meter D, indicates a constant voltage,
whether the valve is connected to the
tuned circuit or not.

Fig. 5.—View of complete apparatits jor nweasuy-

ing input impedances. 1, transmitler box ,

2, transmitter battery box ; 3, measuving box of

Fig. 7 for determining inpui impedance of acorn

valves : 4, diode voltmeter balteries = 5, Wicro-

ammeter box ; 6, battery box for valve to be
nieasured.

Using this same arrangement, with small
obvious changes, -the slope of valves was
measured up to about 6o Mc/s. The abso-
lute value of the slope was equal to the static

C 2
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value within a few per cents (error of the
measuring results) up to this frequency.
No material change of this value is expected
up to 300 Mc/s.
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anode-grid impedance divided by the tuned
impedance of the grid circuit. Conditions
for this equality are : The grid circuit must
be tuned to maximum voltage across this
circuit and the anode alternating
voltage may not vary during this
tuning operation.

(Left) Fig. 6-—~Wirving of measuring

Zel $

arvangement for anode impedances. R,

vesistance 1,000 ohms ; Z,, to transmittey ;

Dy, and Dy, diode voltmeters of Fig2,; C,,

| 20,000 puk ; Cy, o1 puuF ; C, 20,000

pupt €y, 20,000 uuF ; C, variable condenser

max. 15 pukF ; Vi, tension of scveem grid ;
Va, tension of anode.

A separate measuring box was used for
measuring the grid input impedance of
valves. The wiring scheme of this box
need not, however, be explained by a new
Fig. In Fig. 6 the anode has simply to be
connected to earth by a 20,000 upF condenser
and the input grid to be disconnected from
earth and connected to the condenser C,,
which is disconnected from the anode. Fig.
7 gives a view of the grid impedance box
and its compartments, set up for measuring
acorn valves. The left compartment con-
tains the valve to be measured, the central
compartment contains the circuit (coil in
small copper cylinder) and the coupling
(two parallel ends of wires) of the circuit to
the transmitter line. The right compart-
ment contains the diode voltmeter and re-
lated wiring. The box of Fig. 7 is mounted
in Fig. 5 on the measuring table and panel.

Fig. 8 shows the wiring of the measuring
box for determining feed-back impedance.
The dotted lines again indicate the screened
compartments of the measuring box. The
alternating transmitter voltage is connected
to the valve anode, which is connected to
earth through a resistance of 500 ohms.
This transmitter voltage could be varied
between 3 and 30 volts (effective value)
during the different measurements. A tuned
circuit is connected to the input grid of the
valve. The ratio of the voltage across this
circuit to the anode alternating voltage is
measured. It may be proved, that this
ratio is equal to the absolute value of the

(Below) Tig. 7. —View of box for measur-
g grid tnpedances of acorn pentodes.

V. Grid Impedance Values of some Valves

In Table I on the next page some
measured values of grid impedances for
different valves are brought together.

In the first column of the table the valve
types AF3 and AF7 are: H.F. pentodes
(Philips) with P — base (side prongs), AF3
being of the variable and AF7 of the fixed
bias type. The other valves are also H.F.
pentodes (Mullard), VP4B being of the
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variable and the other valves of the fixed
bias type. R cold means the input grid makers, this slope being about 2 mA/V

normal slope conditions, given by the valve-

parallel resistance with unheated valve, for the first four valves and about half this

value for the acorn (button) type.

______ — ——— ——emms The capacitances in the last two

1! | columns are pupF values and these

| I are practically independent of wave-

| ¢ : length. The value R active is given
_|| U N

|
|
|
|
|
!
|
!
|
|
|
l
1
|
{
A

<
%)

-

W (e

whereas R biased is related to the valve

[¢]
0
-

2]

under ordinary heater, anode and screen
grid tensions, but with a bias tension on the
input grid, which corresponds to practically

Fig. 8.—Wiring of measuring arrange-
ment for determining feed-back impedance ;
Z,, transmitter leads; Dy, and D,, diode
voitmeter of Fig. 2 Cy, Cs, Cy and C,,
20,000 pul’ each ; Ry, 500 ohms, V,
tension of anode ; V., tension of screen grid ;
V,, tension 20 Volts max.; C, variable
condenser of 15upF max.; L, self
inductance tuned with C to transwmittey
frequency.

by 1/R active = 1/R hot — 1/R biased.
This corresponds to the impedance part,
determined by the action of the valve.
Finite electron transit time causes i Very

zero anode current. R hot corresponds to marked decrease of R active at short
TABLE I
Wave- | R (MQ). C (unk.).
Valve. length, - SR, ——— —
m. Cold. | Biased. Hot. | Active. Cold Hot.
AF3 L g Al | 230.0 I 3.9 4.7 3.3 a2 [
62.5 | 23 — 1.1 1.4
39.5 1.6 | 2.6 0.38 0.45
26.0 0.86 1.8 0.17 0.19
21.2 0.74 1.5 o.108 0.116 6.1 7.0
16.2 0.50 0.74 0.002 0.067
12.4 0.40 0.54 0.036 0.039
‘ 8.6 — - 0.015
5.6 ; 0.19 0.21 0.0097 0.0102 ]
ALy 230.0 l 2.9 6.0 2.1 3.3
02.5 2.2 6.2 0.79 0.92
‘ 39.5 1.5 2.7 0.26 0.29
260.0 1.0 2.3 0.11 0.12
21.2 0.69 1.4 0.070 0.074 6.6 3.1
16.2 0.51 0.80 0.039 0.041
12.4 0.35 | o0.34 0.023 0.024
3.6 0.15 0.17 o0.011 0.012
5.6 | o1 0.12 0.0045 0.0040
VP4B 19.6 ‘ 0.8 1.3 0.090 0.096 1 o "
‘ 9.8 0.38 0.25 0.021 0.023 P> 7
|
SP4B 2 el 19.6 ‘ 0.60 0.90 0.050 0.053 16 8
.8 0.28 0. o 0.011 1 5 &
9 | 3t | o.ort
|
Acorn Pentode . . 8.0 [ 0.9 0.12 0.14
5.0 0.70 | o.50 0.044 0.049 ]
3.28 0.36 | 0.27 0.021 0.023 3.25 3.65
2.00 0.100 0.068 0.0068 0.0077 ’
1.26 0.041 | o0.026 | 0.0025 0.0028
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wavelengths. The decrease of the other
R-values must be ascribed to dielectric and
other losses in the valve constructions.

The values R active for the acorn pentode
are shown in Fig. 9. These values are
almost exactly inversely proportional to the

square of the frequency.

/ 103

2x105

5x104
7/ 4x104

3x104

.

2 x 104

104

5,000

/ 4,000

3,000

2,000

5040 30 20 13‘000

500 300 200 100

Fig. 9.—Active grid parallel resistance of acorn
pentodes (circlesy.  Vertical : vesistance ohms ;
horizontal : frequency Mcls.

The above values correspond to valves,
selected so as to be representatives of each
type. Individual valves of each type may,
however, show R-values, differing as much
as 20 per cent. from the above quoted, owing
to small deviations during the manufacturing
processes.

VI. Anode Impedance Values of some Valves

Table II shows some measured values.

The valves were measured under normal
operating conditions given by the valve-
makers, bias being such that the slope of the
first two valves was about 2 mA/V, and of
the acorn valve about half this value,
whereas the anode currents of the VP4B
and SP4B were adjusted to 8 and 3 mA
respectively. The meanings of the sus-
cripts ““ cold ” “ biased,” etc., are the same
as those in Table I. The capacitances of
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any one valve are equal in all the conditions
and hence are not quoted in the table.
Generally, anode resistance is much greater
than grid resistance for any of the valves
considered. The decrease of anode resist-
ance at short wavelengths is not due to
electron transit times. It is caused by losses
in the valve constructions and by coupling
cffects between the leads and electrodes of
the valves.

VII. Feed-back Impedances of some Valves

The measured absolute value of the feed-
back impedance 7, in ohms is given for
some valves in Table I1I.

The difference between the hot and cold
values could be explained by taking into
account the altered cathode-heater-capacity
under these circumstances and the pro-
perties of the measuring sct, especially the
condensers C,, C; and C, of Fig. 8. This
being of no further interest for the considera-
tion of valve properties, only cold values
were measured for the valves VP4B and
acorn pentode.

The impedance between anode and grid
in a valve can be represented by a capacit-

ance at the Ilonger wavelengths. Con-
tinuing this in the short wave region, the
TABLE 1I
| Wave- R (MQ).
Valve. | length. —— -
| 'm. | Cold. “Biased. | Hot. | Active.
‘ M ('
AF3 | 625 0.75 | 0.67 I 0.43 1.2
| 335 0.52 0.47 0.34 L3
20.4 | 0.35 | 0.29 0.19 0.54
12.1 0.20 0.18 o.I11 | 0.26
8.0 | orr \ 0.097 | 0.056 | 0.13
5.05 0.038 | 0.022 | 0.054
ALy 62.5 1.12 1.12 0.68 1.7
33.5 . 0.75 0.73 0.50 | 1.6
204 | 0.49 0.45 ‘ 0.25 | 0.58
| 121 0.2 0.22 O.I1 0.24
[ 8.0 0.081 | 0.078 | 0.045 ‘ o.11
5.05 [ 0.046 | 0.041 0.024 | 0.058
VP4B 20.6 0.26 ’ ‘ 0.18
10.3 0.114 0.072 |
’ 4.95 | 0.040 [ 0.025
SP4B | 206 | o.25 | 0.17
10.3 0.123 0.072
J 495 0.040 | 0.023 |
Acorn 100 | 1.0 — | —
Pentode| ‘
| 5.0 0.50
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TABLLE IIL
Wave- ‘ Z, (Ohms).
Valve. length, —
m. | Hot. Cold.
AF3 58.5 | 11.0 . 10" 12.0 . 10°%
24.6 5.4 .10 7.9 .10°
19.8 2.6 .10% 3.6 . 10"
12.0 | 0.34 . 108 0.46 . 10°
8.0 86.0 .10% | 110.0 .10%
5.2 25.0 . 10° | 310 . 10%
AF7 58.5 12.4 .10% 12.9 .10°
80 | 810 .10* | 124.0 .10°
VP4B 60.0 | 14.0 . 10°
10.0 0.30 . 10%
5.5 0.048.10%
Acorn Pen- :
tode 40.0 2.7 . 10"
20.0 1.4 .10°
10.0 0.72 . 108
5.0 0.42 . 108

anode-grid-capacitance is found to alter its
value as a function of wavelength. Thus,
for the valve AF3 we have for this cold
capacitance in puk :

C = 0.0031 — 0.0075 . 10¥8 . (27f)?
where f is the frequency in c/s. For the
VP4B the equation is

C = 0.0024 — 0.0059 . T0 % (27f)?

These equations represent the measured
values of feed-back impedance quite accu-
rately. The anode-grid-capacity decreases
with increasing frequency till it is zero at a
certain critical frequency, then becomes
negative and increases again very fast.
The acorn pentode is again by far the best
one of all the valves considered.

VIII. Discussion of the Results

It is first proposed, to derive generally the
frequency dependence of the impedances
dealt with above on theoretical grounds.
Any of the valve impedances may be repre-
sented by a resistance in parallel with a
capacitance, such that the admittances are :

1 . .
A= 7(5'+' jwC, where w = 2rl and j =

+v —1

Now, suppose, that anywhere inside the
valve, e.g. in one of the leads, an additional
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impedance is inserted. How does the ad-
mittance A vary as a result of this insertion.
The frequency w enters into all the formulas
only in the combination jw. Thus, develop-
ing the altered admittance A' in a Taylor
series, we get
Al = A + a, + ajo + dy(jw)? + as
(jo)?

from this, we may deduce the variations of
1/R and of C as a function of w:

As the only imaginary values result from
jw, the coefficients a,, @y, a,, etc., must be
real quantities.

1 I

RR ayw?and C* = C + a,

— aw? + ..

In words: The variations of the reciprocal
parallel resistance and of the capacitance,
representing any valve admittance by the
insertion of any additional impedances in
the valve (e.g. in the leads) are even func-
tions of the frequency w, l.e. the first fre-
quency dependent term must be propor-
tional to w® This rule holds also, if no
additional impedances have been inserted
purposely. At higher f{requencies, some
impedances inside the valves (e.g. the self—
and mutual inductances of the leads) become
more and more important and cause varia-
tions of the measured valve impedances,
such as input impedance, output impedance
and retroaction impedance. The equivalent
resistances and capacitances of these varia-
tions must contain the frequency w in the
forms w?, !, % etc. but no terms w, w?,
etc.

At high frequencies, the transit times of
electrons become important factors, which
manifest themselves in the valve impedances.
Here again the frequency enters into the
formulas only in the combination jw. Hence,
the above rule may be deduced in exactly
the same way, leading to the same result
as regards the variation of valve impedances
in the short wave region.

On the contrary, dielectric losses in the
valve insulating parts may be frequency
dependent in such a way, that the above
rule of the frequency dependence of the
valve impedances does not apply, if such
losses are a relevant cause of their variations.
Thus, the cold valve impedances are not
necessarily even functions of w. But the
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active parts of the valve impedances must
be.

This is completely confirmed by the
measured active impedances of the Tables
1 and II. The values of the active resist-
ances in these tables with increasing fre-
quencies are functions of w?, as they must
be theoretically. Considering Table III,
the fact, that the retroaction impedance can
be represented by a capacity with great
accuracy, indicates, that valve dielectric
losses are irrelevant for this impedance.
Hence the above rule can be applied and it
may be predicted theoretically, that the
feed-back capacity has a part independent
of frequency and a part proportional to the
square of the frequency. This latter part
turns out to have a negative coefficient in
the valves measured.

As to the physical causes of the decrease
of valve impedances at increasing frequency,
in the case of anode impedance and retro-
action, the coupling between different elec-
trodes inside the valves accounts fully and
even, as shown by calculations, numerically
for the variations of active anode impedance
and of feed-back. The decrease of input
impedance, however, is for the greater part
due to electron transit time between cathode
and grid.

IX. Voltage Amplification at very short
Wave Lengths

The quality of tuned circuits in the short-
wave region is determined : first by losses
of coils and condensers, secondly by the
tolerances of valve input and output capaci-
tances, thirdly by the variations of the valve
input capacitances, when applying a variable
bias tension for controlling the amplification.
The second point arises from the considera-
tion, that often no additional trimming of
the tuned circuits is desired when replacing
one valve by another of the same type.
With most modern H.F. pentodes, acorn
tubes excepted, the tolerances of sajd
capacitances are about - 0-6 uul’. The
capacitance variations mentioned in point
three are about 1 uuF at most, but for many
applications also will not exceed o6 or
07 puuk. Now assume that a tuned circuit
should not be detuned more by a capacitance
variation of 0-6 than corresponds to a drop
on the resonance curve to 1/ v/2 of the maxi-
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mum value. What is, in this case, the
maximum circuit impedance R at any wave-
length ? Using the formula mentioned in
Section II, R = 1/wdC, where A4C = 06
ppl and o = 2nf (f frequency in c/s).
As f=3.10%A (A wavelength in meters)
this yields : R (ohms) = X (m) X /27 .3 .10%
.06. 10712 =X (m)/1'1.10-% Within a
small error this result corresponds to the
rule : make the tuned circuit impedance at
any wavelength equal to as many times
1,000 ochms as the wavelength in meters.
The losses are such that circuits of this type
can be easily made. Thus, without special
precautions, circuit impedances of 26,000,
17,000, 9,000, 5,000 and 2,300 ohms were
obtained at 8, 3, 33, 2 and 1-26 meters
wavelength.

The output impedance of valves is shown
in Tables I and II to be always much better
than the input impedance. The input
impedance of the valves A3 and VP4B in
Table I is such, that even at 5 m wavelength,
using circuits of the above type, amplifica-
tion factors of 6 to 8 times per stage are
possible.  With the acorn pentode, even at
I m wavelength an amplification of 15
could be obtained. The valves AF7 and
SP4B will give only about 2z to 4 times
amplification at 5 m wavelength.

Considering feed-back impedance, the con-
dition that a H.F. stage will not oscillate
is SR*Z. <1, where S is the slope (A/V),
R the tuned circuit impedance (ohms) and
Z. the absolute value of the feed-back
impedance (ohms) as given in Table III.
Taking the valve VP3B we have S = o-002,
R = 5,000 ohms, 7, = 4,800 ohms at 5:5 m
and hence SR?7Z. = 1-04. At this wave-
length, though it is not certain that oscilla-
tion of a H.I". stage using this valve will
occur, for safety, I should be lowered, e.g.
to 4,000 olims or S lowered by applying
bias tension on the input grid.

The author takes pleasure in acknowledg-
ing the collaboration of Dr. A. van der Ziel
in obtaining the results dealt with above.

Summary

According to Section I the four funda-
mental constants of H.I' valves are : input
impedance, output impedance, slope and
feed-back impedance. Section II deals with
the measurement of these constants by the
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use of a resonance circuit and a diode volt-
meter across this circuit. Some remarks
are made as regards transmifters up to
300 Mc/s. Section IIT gives a description
of the procedure for obtaining calibration
curves of the diode voltmeter up to 300
Mc/s. The shielding and wiring of the
different measuring arrangements are fully
described in Section IV. Section V contains
values of input impedance for the valves
AF3, AF7 (Philips) SP4B, VP4B (Mullard)
and for the acorn pentode (Mullard) up to
300 Mc/s. In Section VI values of output
impedance for these valves are given up to
60 Mc/s. Section VII contains feed-back
impedances of said valve types up to 6o
Mc/s. In Section VIII a discussion of the
results is given, wherein it is deduced,
theoretically, that the reciprocal resistance
and the capacitance, equivalent fo any of the
measured 1mpedances so long as the active
parts are considered, must be functions of
the square of the frequency. This is con-
firmed by the Tables I, II and IIL. The
physical causes for the decrease of active
impedances at higher frequencies are dealt
with brieflyv. The last Section (IN) gives
the recommended circuit qualities on short
wavelengths and, using these circuits, shows,
that H.F. amplification at 5 m is possible
using the valves AF3 or VP4B, giving
amplifications of 5 and more.
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Bridge for Direct Impedance Measurement
To the Editoy, The Wireless Engineer.

Sir,—Your Editorial under the above heading in
the May issuc tempts me to draw vour attention to
a simple and ingenious bridge invented by Mr. \V. H.
Grinsted and used in the shops and laboratories of
Messrs. Siemens Bros. since 1920, It was designed
for the purpose of measuring, quickly and con-
veniently and frequently by semi-skilled operators,
the modulus and argument of pieces of telephone
apparatus such as receivers, ' induction coils,”
feeding-bridges, etc., at one frequency (796 c/s.).

Z Py

The value of the impedance is rarely less than
100 £ or more than 20,000 2 and an accuracy of
I or 2 9, is usually adequate.

Z is the impedance to be measured.

R is a N.I. resistance box.

7 1s a N.I. sliding-resistance, which may be
calibrated in degrees of argument for any one
irequency.

Py and P, are the equal primary windings of a
mutual inductance, the D.C. resistance and stray
capacitances of which are kept as low as possible.

S is the sccondary winding of this mutual
inductance.

On balance, R gives the modulus and » the
argument ot 7.

The theory of this bridge is so simple that a
further description is scarcely warranted.

Messrs. Tinsley have been manufacturing it in
commercial form for some vears.

G. W. Surton.

London, S I:.18.  Siemens Brothers & Co. Ltd.

Frequency Changers in All-Wave Receivers
To the Iditor, The Wiveless Engineer.

Sir,—Dr. Strutt in his article * Frequency
Changers in All-\Wave Receivers,” published in the
April, 1937, issue of The Wireless Engineer, has
pointed out clearly the defects of both of the two
major types of frequency converters when used in
receivers which must cover both low and high
frequencies. His discussion, however, seems to
point to an improved Octode (inner-grid injection
of oscillator voltage) as approaching the ideal
somewhat more closely than the type of mixer
tube in which the oscillator voltage is applied to
an outer grid. A similar analysis of the two types
made in this laboratory has led to an opposite
result. In the first place, it is believed to be too
difficult and too inconvenient to neutralize properly,
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over a wide range of conditions, the ‘ electron
coupling " found in the former type of mixer. A
second factor leading to a reversal of Dr. Strutt’s
conclusion is that it has been found possible to
eliminate the major defects of the latter type.

The early experiments made by W. A. Harris
of this Company also indicated, as Dr. Strutt has
described, that this space-charge coupling was
largely a one-way negative capacitance which could
be neutralized by a small positive capacitance
connected from oscillator to signal grid. Sub-
sequently, however, an investigation of the signal
grid input impedance as a function of oscillator-
grid voltage by the writer indicated that a transit
time effect was present which changed markedly
the conductance of this grid. At high frequencies
(i.e., 20 to 30 megacycles) the data showed that
this conductance change was almost as important
as the capacitance change in contributing to an
induced voltage of oscillator frequency on the
control grid circuit. Calculation indicated that
neutralization could be effected by a combination
of a resistance and a neutralizing capacitance
(preferably in series) connected from oscillator to
signal grids: this was verified by trial on an
RCA 0A8 Dentagrid converter with a separate
oscillator applied to the first grid.

At 20 megacycles, with an 8,000-ohm signal-grid
circuit tuned to give maximum, fundamental
oscillator frequency, induced voltage, the following
data were obtained on an RCA 6AS8 tube:

| Applied | Induced
Oscil- | Signal-
Neutralization. lator Grid Ratio.
Volts. | Volts.

None .. 3 at 1.5 3.60 2.40
Capacitance only
(approx. 2 uul?) .. 6.0 3.30 0.55

Capacitance and series
resistance (approx.
2 ppF and 455 ohms) 6.0 o [o]

The tests indicated that perfect neutralization
was possible at any one frequency, but was so
critical in adjustment as to remain only approxi-
mate over a band of {requencies. The neutraliza-
tion values varied also with applied oscillator
voltage ; for example, an increase in oscillator
voltage to 12.0 volts in the last case of the table
above induced 2.0 volts on the signal grid. A
slight decrease in the capacitance and an increase
in the resistance to about 500 ohms brought the
induced voltage back to zero. This behaviour had
already been qualitatively predicted by inspection
of the signal-grid admittance data. Irom the
point of view of a receiver manufacturer attempt-
ing to use reasonably complete neutralization in
large-scale production, the critical adjustment
necessary is most discouraging.

One of the advantages of the Octode, or inner-
grid injection type of mixer, as pointed out by
Dr. Strutt, is the high signal-grid input resistance.
If it is necessary to mneutralize the * electron
coupling * by the above means (i.e., including 4

THE WIRELESS ENGINEER 489

series resistance) it is found that the advantage is
lost because of the increased losses due to the
neutralizing resistor. Under these conditions such
a mixer is usually inferior to the outer-grid injection
type, if the same conversion conductance is
assumed. If neutralization is not resorted to,
operation at large ratios of signal frequency to
1.F. is not practicable.

The work done here on the outer-grid injection
type of mixer has shown that the low input resist-
ance and the high signal-grid current at high
frequencies are caused by the electrons returned
by the oscillator grid to the signal-grid region.
By the application of electron beam principles
together with specially devised constructions it
has been found possible to prevent the returned
electrons from reaching the signal grid without in
any way sacrificing the other desirable features of
this type of mixer. The writer believes it unlikely
that equivalent results can be achieved in the
Pentagrid or Octode type of converter.

It appears as if the only remaining disadvantage
of the outer-grid injection type mixer lies in the
change of signal-grid capacitance with AV.C.
voltage. This difficulty is present to an equal
degree in r-f amplifier tubes: its seriousness does
not seem to be fully appreciated as yet.

I£. W. HEerROLD,
RCA Manufacturing

New Jersey, U.S.A.
Company, Inc.

Radio-Electricité Générale.

By R. Mesny. Vol 2. Pp. 441+ XXL Ftienne
Chiron, j0 rue de Seine, Paris 6. 60 ir.

This is the second volume of a work which is to be
completed in three volumes. The first was entitled
“ Etude des Circuits et de la propagation,” the
present one is on ‘* Fonctionnement des lampes—
Etude des émetteur et des récepteur,” and the third
not yet published will deal with ' Emission et
réception dirigées.” This second volume is con-
veniently divided into two separate books cach of
about 220 pages. Any one who is acquainted with
French wireless literature knows that Professor
Mesny writes in a clear style, giving evidence of the
practised teacher of the subject. The material is
well arranged, the data carefully explained, sim -
plifving assumptions made where permissible, and
ample refercnces given to original papers. The book
is very well illustrated with graphs and diagrams of
connections.

The first thirteen chapters are devoted to valves,
and their various applications as amplifiers, de-
tectors, oscillation generators, etc. Chapter NIV
deals with the various causes of noise in valves and
valve circuits, Chapter XV with the coupling
between the valve oscillation generator and the
transmitting aerial, Chap. XVI with anti-fading
aerials and synchronised stations, Chap. XVII with
high-frequency insulators, Chap. XVIII with the
design of masts, earth systems and counterpoises
Chap. XIX with receiving aerial and the final
chapter with aerials of the Beverage type.

The book would form a very good text-book for
classes and we welcome it as a useful addition
to the literature of the subject.

G. W. 0. H.
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A Thermionic Wattmeter *
By Raymond J. Wey, A.M.IR.E.

SUMMARY —The action of a multi-grid valve of the heptode type when used as a means
of measuring power is examined theoretically, it being shown that the effect of curvature of the
characteristics can be substantially eliminated by the method of phase reversal of grid voltage.

The effect of harmonics in the applied voltages is examined and it is concluded that

although odd harmonics have no effect, even harmonics can cause errors.

It is shown that

the mean of two measurements made with opposite polarity of load current gives the

true value

These conclusions were verified experimentally, it being found that with the type of valve
used in the tests an accuracy of about 1 to 2 per cent. could be obtained with sinusoidal
input, provided the grid voltages were limited in value

The effects of phase angle and harmonics were investigated and found to be substantially

in accordance with the theoretical conclusions.

Finally, methods of deriving the necessary grid voltages from the load circuit are described.

1. Introduction

LTHOUGH thermionic valves are ex-
A tensively used for measurements
of all kinds, and particularly of
voltage, the measurement of power has
received comparatively little attention. A
thermionic wattmeter must necessarily be
more complex than a thermionic voltmeter,
since fundamentally it must measure the
instantaneous product of two electrical
quantities, the load voltage and current.
Thermionic valves being substantially voltage
operated devices, except at higher radio
frequencies, it is necessary to produce a
voltage proportional to the load current.
This means that a resistance must be con-
nected in series with the load, and the
thermionic device must be capable of
measuring the product of two voltages,
ve., the load voltage and the voltage drop
across this additional series resistance.

At the present time two methods of power
measurement based on this principle are
known. The first method, in which two
triode valves are used in a special differential
circuit, has been described by Dr. 2. Mallet.!
It may be regarded as an indirect method, in
that the electron stream of each valve is
modulated by one grid only, no direct
multiplication of one voltage by another
taking place in the valve. The second
method, with which this article deals, may
be termed a direct method, since a multiple-

* MS. accepted by the Editor, April, 1937
! A Valve Wattmeter,” I.E.E. Journal, Sept.,
1933, Vol. 73, p. 295.

grid valve is used, in which the electron
stream is modulated simultaneously by two
grids in such a way that the resultant change
of anode current is a function of the voltages
applied to the two grids.

The heptode valve, commonly used for
frequency changing in superheterodyne re-
ceivers, is a well-known tvpe of multiple grid
valve in which the electron stream is con-
trolled by two independent grids. It is
virtually a combined triode and tetrode with
a common cathode and electron stream.
Referring to Fig. 4, it will be seen that the
stream of electrons, after emission from the
cathode, is first modulated by the grid 1,
normally the oscillator grid, after which it
passes grid 2, which forms the oscillator
anode. This latter grid is so dimensioned as
to exercise practically no controlling influence
over the electrons, the majority of which
thus pass on to grid 3. This, with grid 5,
forms a screen around grid 4, and, being
maintained at a positive potential with
respect to the cathode, must be supplied
with current from the external -circuit.
Grid 4 is the control grid of the tetrode portion
of the valve, and is normally supplied with
the signal frequency input. The modulation
of the electron stream at the oscillator
frequency by grid 1 and then at the signal
frequency by grid 4 gives rise to beat
frequency components in the anode current.

The application of the heptode valve to
the measurement of power followed some
previous investigation by the author into
the mechanism of frequency changing,
described in a previous article in this
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Journal.? Tt was shown that the beat
frequency component was proportional to
the product of the alternating voltages at
grids 1 and 4, or

lial— gE"ZE” (a + 2bP)
where 7, = max. value of beat frequency
component of anode current.
E, = max. value of oscillator grid
voltage.
He max. value of control grid
voltage.

The other terms in this equation are
constants depending upon the valve charac-
teristics and operating conditions and are
explained in Section 2.
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Fig. 1.

It was also shown that the two grid
voltages of different frequency can be
regarded as of the same frequency but of
continuously varying phase, the maximum
value of anode current occurring when the
phase difference is zero, and the minimum

t < Heptode Irequency Changers,” W.E. and

E .., Dec., 1934, Vol. 11, p. 642.
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value when the phase difference is at a
maximum, 7.e., 180°. The difference between
the maximum and minimum values of anode
current is equal to the total swing of the
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Fig. 2.
beat frequency component. It is thus

evident that the oscillator and control grids
may be supplied with alternating voltages of
the same frequency, and by changing the
phase relationship of these voltages (i.e.,
changing the polarity of one of them) the
change in anode current of the valve will be
proportional to the product of the two
alternating voltages. The theory underlying
this method will now be examined in detail.

2. Theory of the Method

The static characteristics of the heptode
valve used in these investigations are shown
in Figs. 1 and 2. The valve was a 2A7 type,
and the choice of suitable operating con-
ditions was simplified by the previous work
carried out on this type of valve. Referring
to Figs. 1 and 3 it will be seen that the
anode current-control grid voltage charac-
teristics at a particular value of grid bias
can be represented approximately by a
series of divergent straight lines passing
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through a common point N on the zero
anode current abscissa. In the previous
calculation of the beat frequency com-
ponent this linear relationship was assumed
to hold rigidly, since the grid input is
usually small in frequency changing. In
the present case, however, it was decided to
include a second order term in order to
determine what effect departure from
linearity had on the accuracy of measure-
ment. Fig. 2 shows the effect of oscillator
grid voltage at various values ol control
grid voltage, and these characteristics can be
represented with reasonable accuracy by the
sum of the first and second powers of a
series. The combined effect of the potentials
of the oscillator grid and control grid,
referred to hereafter as grids 1 and j respec-
tivelv, on the anode current can thus be
represented by the following equation :
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instantaneous value of alternating
voltage applied to grid 4.
Instantaneous anode current when
e, and ¢, are in phase,
instantaneous anode current when
e, and e, are in phase opposition.
mean mutual conductance of grid
at bias (), zero grid 1 potential.

constants derived from static

characteristics.

When ¢, and e, are applied simultaneously,
and in phase, to the respective grids,

{t(P+e) +b(P+e,)?Hg(Q +eq)
ag(PQ + Pey +- Qey + egey)

+ ali(Peg® + e,e,%)

+ bgQ(P* + 2Pey + ¢,?)

+ bg(P%, + 2Pe.e, + e,%,)

. 2
iy he 2}

I, = (aP + bP){g(Q + eg) + ke .. (1) bh(P?e® + 2Peje,® + e %,
Now it is possible to change the phase of
where . i :
instant anod ent either ¢, or ¢; to obtain 7,; assuming at
: Ene LAt CONSIIIOECRCUICHIC present that e, is reversed, it is found that
Vi change of anode current. iy — 14, the difference in instantaneous anode
P = bias of grid 1 measured from currents in the two cases, contains terms
point .}/ of zero anode current. in ey, e,¢; and e4e,® only, and is given by
i, — 1, = 2ag(Pe, + eLe,)
TILIITIIITITITTT TR P
| =--— OBSERVERED CHARACTERISTICS _1712/"2 3 +2hg(Prey+2 €181t e,%,)
IDEAL LINEAR CHARACTERISTICS Al .
1 [ " i ey S 371 8 The anode current meter
! 53 @ AN indies . .
. a K E | 2L & ynll indicate mean values,
< 6,2 s e,
iH I | s <
| ! L r J . e
| e 3 z I =— 1, — 1,) d#.
! | 1/\" HEP- 6}%(1 = 27 g. S,l 2
I ,/Q\\o 1 4;4 z
I gsx , ; 7o ¥ o - Also, when e¢; and e, are
; y = ;\IOI < ] 4 Z  alternating voltages the mean
r ! | . L .
! =g «F\\ /V Lo g value of terms in ¢, or e, only
i ) T L i ;/451 T & 1s zero, hence
T At T TTUL 8 it shges?
T TV =F = 2?9 §11— 1y = 2agee; + 2bge,e,
X <
HNPP e 1] L] | : + 40gPeey
V7 L= =l_ 52V .
! :,//A—- =T 1 | || > 2g \ e e4(a + 2bP)
N = e e A ;
-12 —10 —8 =6 =3 =7 + beye, (2)
FETERRIAL CF R 6 [ Welue Thus it will be seen that
Fig. 3. the resultant change in mean
anode current caused by re-
(¢ = bias of grid 4 measured from versing the polarity of e, is proportional
point V. to the product of ¢,e, only when the second

instantaneous value of alternating
voltage applied to grid 1.

i

term is negligible compared with the first,
since it involves the square of ¢,. One
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condition giving zero value for the second
terms is when e, and e, are sinusoidal
voltages. In this case the change of anode
current, derived from equation 2, is

o 8—=2m
I =2+ sz)J- e1,d0
™ 8=o0
= gla + 20P)E E jcos p (3
where e, = E, sin 0
¢4 = Eysin (8 + p)
Thus, when one of the voltages E, or E, is
the voltage drop over the load whilst the
other is the voltage drop over a series
resistance, it will be apparent that [ is
proportional to the power 1n the load.

3. Effect of Harmonics

It will be evident from equation 2z that
when harmonics are present in either or both
of the applied grid voltages e; and e, an
error will be caused, which is given by

b er%;
(a + 2bP) e,

Thus the error will depend both upon the
valve characteristics and the waveform of
the grid voltages, and therefore will generally
be of indeterminate magnitude, since the
waveform is seldom known with any
accuracy. The evaluation of the above
expression, which in any case would be
somewhat tedious, is actually unnecessary,
for a method will be described by which the
error can be eliminated.

Theoretically, odd harmonics only should
cause no errors, as \e,%, is then zero, but
even harmonics can cause serious errors which
will be proportional to the magnitude of I\,
other factors remaining constant, since

{e%e, p EBE,
Vee, p ELE,

X 100 9 col o (4)

o 2

Yerla 4 g

Yevey
where I, and [, are the maximum values
of ¢; and e, respectively. It should be
noted that neither the magnitude of Z, nor
the curvature of the grid volts—anode
current characteristic (e — i,) has any
effect on accuracy, the curvature factor 4
being absent from equation j.

If the equations given in Section 2 are

reworked, assuming this time that e, be
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reversed in polaritv instead of e,, it is found
that 4; — ¢, now contains only terms in e,
e.e, and e.e,% and is given by
1 — 1y = 2ag{Qey + €1e4) + 2ah eyc?
+ 4bgP(Qey + ¢1e) + 4bhPeye?

Upon integration, terms in e, or e, only
become zero

-28agee, + ahee,’

+ 2hgPeje, + 2biPee,?
2\¢g(at2b0P)ejey+ hia+2bP)ee,?
)

This result, as would be anticipated, is
identical with the previous result, equation 2,
when the second terms are zero. \When
even harmonics are present, the error due
to the second term is of different value,
however, and is given by

Ao s 109 .. .. (6)
gleeq

In this case the error is independent of
the magnitude of I, and of the curvature
of the ¢, — 1, characteristic, since the
factors « and & do not appear.

Summing up, it will be seen that the
difference in mean anode current of a heptode
valve having characteristics capable of being
expressed by equation 1, obtained by
reversing either of the applied grid voltages,
is equal to

51-1 i~ 1‘2

o 6=2m
I =%{a sz)J ee, df )
m™ 8-0

provided that no even harmonics are present.
Furthermore, the ettect of curvature of
either of the characteristics e¢; — ¢, or
e, — i, can be eliminated by reversing the
voltage applied to that grid giving the
curved characteristic.

4. Elimination of Error Due to Harmonics

If the expression for the error given in
equation 4 be examined, it will be seen that
when ¢, is reversed in polarity the numerator
remains unchanged, whilst the denominator
changes sign. The error has thus been
changed in sign but not in magnitude. Thus
it is evident that il two measurements are
made, the first by noting the change in anode
current when the voltage ¢, applied to grid 4
is reversed, and the second by changing the
polarity of the voltage e, applied to grid 1
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and repeating the measurement, two values
will be obtained having equal and opposite
errors, the mean of these being the true
value.

Similarly, in the second case considered,
in which the error is given by equation 6,
this error can be eliminated by making two

measurements, with e, reversed for the
second determination.
Obviously, the wvalidity of the above

conclusions depends upon the assumption
that the valve characteristics can be repre-
sented by equation 1. Since this only holds
accurately over a limited range, errors are
to be expected at large values of input
voltages. It will be seen later that this
effect is actually observed in practice.
Before passing on to the experimental
work verifving the conclusions reached
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this difference in anode current was pro-
portional to the power only if both grid
characteristics were completely linear, since
any curvature will result in a variation of
mean anode current when one voltage only
is applied, a condition which corresponds to
zero power. It was also stated that no
valve with completely linear characteristics
could be found, the best giving a variation
of anode current when ¢, was applied of
3% of that caused by the application of
¢, and ¢, simultaneously. Hence it was
found necessary to balance out this change
by using two similar heptode valves in the
adjacent arms of a Wheatstone bridge.
Grids 1 of both valves were connected
together so that the variations of anode
current due to the application of ¢, were the
same in each valve, the bridge remaining

above it is of interest to note that a method balanced. Grids 4 were supplied with
of power measurement has been described alternating voltages in phase opposition
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Fig. 4.

by J. R. Pierce3, in which the measurement
was made by noting the difference in steady
anode current of a heptode valve caused by
applying the alternating voltages to both
grids simultaneously. It was shown that

~3"Proposed Wattmeter Using Multi-Electrode
Valves,” I.R.E. Proc., April, 1936, Vol. 24, p. 577.

derived from a centre tapped transformer
secondary winding, the primary being con-
nected across a resistance in series with the
load. The anode current of one valve was
increased whilst that of the other was
decreased, the resultant unbalance of the
bridge being shown on the instrument
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connected across the diagonal of the bridge.

Tt is evident that the results obtained bv
this method of connection will be similar
to those obtained by the method described
in Section 2, in which ¢, is reversed in polarity
to obtain the variation of anode current.

5. Experimental Procedure

The method of measurement adopted was
such that it was unnecessary to measure
separately the two applied grid voltages.
It will be apparent from the circuit shown
in Fig. 4 that these were derived from
the voltage drops over the two resistances R,
and R, in series, and hence only one measure-
ment was necessarv, that of current through
the resistances. The R.M.S. value of the
current was given by the dynamometer
ammeter shown at A. The resistance R,
was duplicated so that e, could be reversed
in polarity merely by operating the change
over switch S. A resistance of 1M was
connected between grid 4 and the grid bias
battery B, in order that under no circum-
stances could the grid become free. Should
this occur it is possible for a relatively large
change of anode current to take place,
damaging the anode galvanometer G. The
voltage e, was derived from the combined
voltage drops over Ry and R,, and when it
was desired to alter the phase relationship of
¢, and ¢,, also over C, whichh was normally
-horted out. The battery B, supplied the
necessary extra bias for grid 1. To change
the polarity of e, the A.C. supply to the
potentiometer P was reversed in polarity.

The change in anode current was measured
on the multi-range galvanometer G, the
steady ' current being ‘“ backed off " by
means of the batterv B, The current for
full scale deflection of the galvanometer was
10, I00 Or I,000 microamperes according to
the range in use. Screened grid and anode
potentials were shown by the voltmeters V,
and V,, a fine adjustment potentiometer ()
being provided to enable the screened grid
voltage to be maintained at a constant
value of 100, since a slight variation in this
causes a large change in anode current and
mutual conductance of the valve. For this
reason it is necessary that dry batteries
used for screened grid supply be in good
condition, as excessive internal resistance
will result in errors, since the screened grid
current varies when the grid voltages are
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reversed in phase. The anode potential
was adjusted to within about 0.75 volt, this
difference from the normal value producing
the small error of 0.075%,. This point was
dealt with in the author's previous article,
in which it was shown that the approximate
change of anode current and hence con-
ductance due to a small change in anode
potential was given by

SE
*y gl

where - 8F is the change in anode potential,
I is the normal anode voltage, and K is a
constant, which, for the particular valve
used in the tests, was 850. Thus the error is

8

+ =5 F 850 -+ 0.00T &

0.1%, per volt 8F,

since the anode voltage used was 150.

The heater was supplied with a constant
voltage of 2.5 from a “ floating ”* battery.

The method of taking readings was as
follows : After the valve had ** warmed up ”’
for about half an hour the operating
potentials were accurately adjusted to the
predetermined values, and maintained at
these throughout the tests. Alternating
voltages of suitable magnitudes were then
applied to the grids, by adjusting the
potentiometer P, and the switch S set to
produce minimum anode current. The
battery B, was then tapped at a suitable
voltage so that the galvanometer reading
was approximately zero. The increase of
current consequent upon reversing S was
noted, the range of the galvanometer being
set to give the maximum readable deflection.
This increase as measured was subject to
corrections for the shunting effect of the
resistance R,, purposely made of high value,
upon the galvanometer. When the increase
was of small magnitude relative to the
standing anode current it was necessary to
take the mean of about four or six successive
readings of increase and decrease. This
eliminated the effect of slow drift in the
steady anode current caused by slow battery
voltage fluctuations, too small to be measured
on the voltmeter but sufficient to affect the
galvanometer when on its most sensitive
range.

(To be concluded.)
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3231. REGULARITIES AND lRREGULARITIES IN THE
IonospHERE.—E. V. Appleton. (Nature,
19th June 1937, Vol. 139, p. 1076 : abstract

of Roy. Soc. Bakerian l.ecture.)

A survey of *‘ the information derived from radio
sounding of the ionised regions of the upper
atmosphere ”’ and a comparison of the results
" with those derived from a theory of simple layer
formation by solar ionising radiation, travelling
rectilinearly and attenuated according to a mass-
absorption law ”—a ‘simple region.” “ The
comparisons are concerned chiefly with the variation
of maximum electron content N, with solar
radiation angle of incidence x, with the total
conductivity for direct currents such as determines
the quiet-day magnetic variations, and with the
high-frequency absorption of radio waves traversing
such a region.” ‘' Ior the lower region E . . . .
the value of N,, is found to vary, experimentally
and theoretically, as (cos x)é. The high-frequency
absorption . . . varies theoretically as (cosx)g."
‘“ No evidence is found suggesting the existence of
permanent highly retlecting regions in the lower
or middle atmosphere.”” ‘ The transverse direct-
current electron conductivity of a simple region
is . . . found to be less than that calculated by
Schuster and Chapman . . . this difficulty is met
by the assumption of the existence of quantities
of positive and negative ions in the lower part of
the ionosphere, undetectable by radio methods,
but which contribute to the conductivity for steady
electromotive forces. From this assumption
follows an explanation of the high effective electron
recombination coefficient in the lower region.”

Measurements of N, for regions [, Iy, and F,
support *‘ the identification of the lower regions of
the ionosphere with the levels at which flow the
currents affecting terrestrial magnetism.” * The
two types of ionospheric abnormalities, the one
associated with bright solar eruptions and the

other with terrestrial magnetic storms, were com-
pared and discussed.” ‘‘ An estimate of the actual
heights reached by radio waves at the level of

retlection leads . . . to an estimate of the pro-
portional variation of air density with height
for the ionised component.” The local * scale-

height ” is greater in region I than in region E.
‘“The atmosphere therefore extends to much
greater heights than are estimated from the simple
exponential decrease of pressure with height found
in the lower atmosphere . . . the temperature at
300 km is higher than at lower levels, or it [the
atmosphere| is there composed largely of a light
gas such as helium. Difficulties in the way of
acceptance of the latter alternative are discussed.”’

3232. MEASUREMENT OF THE SCATTERING KREGION
(G REGION) OF THE IONOSPHERE [using 5-15m
Waves: Echo of Distorted Wave Torm
(duration often around o.5 X 1073 Sec.,
from 107 Sec. Signal) : fg varies with Same
Tendency as Max. Llectron Density of I,
Layer : etc.].—Maeda: Kirby & others.
(£lectrotech.  Journal, Tokyo, July 1937,
Vol. 1, No. 2, pp. 66-67.)

For Kirby's G layer see 1934 Abstracts, p. 374
(two) ; also 3308 of 1935. ““ Qutside of these
reports, the writer has neverseen any studies made
on this G layer.” He Dbelieves that the Kirby
results, the known short-wave scattering when a
receiver is within the skip distance, and his own
present results on ultra-short and short waves,
are all due to one and the same scattering region
“ Assuming f; to be the frequency at which a
G-reflected wave drops under the noise level,
then this f; can be made higher by increasing the
transmitting power and receiving sensitivity, so
that it cannot be taken as a definite critical fre-
quency in the F, layer ”’; but the f; mentioned
in the title extension was measured with the power
and sensitivity about constant. On the assumption
that the long duration of the echo is due to scattered
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reflections in various parts, the distance over which
the sources of retlection appear to extend is of the
order of 150 km.

3233. RECORDING ULTrA-HIGH-I'REQUENCY SIG-
NALS OVER LONG INDIRECT PaTHs : ParT I1
A DrsCRIPTION OF THE RECEIVING AND
RECORD-ANALYSING EQUIPMENT [using Bank
of Thyratron-Operated Clocks as Integrator].
—Hull. (QST, July 1937, Vol. 21, No. 7,
pp. 10-12 and 78, 80.) For Part I see 2442
of July.
THE REFLECTION OF RaDIO WAVES IN THE
TrorosrHERE [Observations on C Region :
High Barometer, Low C Region and vice
versa].—R. C. Colwell & A. W. Friend.
(Phys. Review, 1st June 1937, Series 2
Vol. 51, No. 11, p. 1005 : abstract only))

3234

. METEORS AND UPPER ATMOSPHERIC IONISA-
TION [Leonid Shower of 1936 : No Appreciable
Change in Iy or Iy lonisation, Marked
Increase in E, and k,: Explanation by
Lindemann & Dobson ‘‘Gas-Cap’ Hy-
pothesis|.—J. N. Bhar. (Indian Journ. of
Phys., May 1937, Vol. 11, Part 2, pp. 1009
118.)

For 1933 work on the I. layer only see 1934
Abstracts, p. 314. " If . . . we remember, as has
been explained above, that a region which is
aiready ionised should undergo proportionately
greater increase of ionisation than one which is not
originally ionised, we easily see that the metcoric
impact, instead of producing uniform ionisation
[in whole mass of air between 160 and 60 km], will
tend to accentuate the ionisation maxima E; and
E, which are already existing.”

3236. THE IONOSPHERE AND MAGNETIC STORMS
[Ionospheric Disturbances occur chiefly in
Night I and Daytime I, Regions : Principal
Effects indicate lixpansion and Ditfusion of
F and F, Regions: Seasonal Variations :
Recent Severe Magnetic Storms and Radio
Fade-Outs: These probably produced by
Difterent Agencies but Both associated with
Active Sunspot Areas].—Kirby, Smith,
Gilliland, & Reymer. (Phys. Review, 1st
June 1937, Series 2, Vol. 51, No. 11, pp. 992
993.) See also 413 & 3673 of 1936.

3237. OBSERVATIONS OF THE IONOSPHERE MADE
DURING JUNE/JULY 1936 IN THE CiTY OF
Kiuv, LaT. 50° 27" NowtH, LoNG. 30° 30’

EasTt or GRrEENWICH [including Dartial
Eclipse of Sun].—S. Tetelbaum. (Tech.
Phys. of USSR, No. 3, Vol. 4, 1937, pp-

200-223: in English.)

Observations by Bulatov are mentioned which
suggest that the ionising effect, on the ' region,
of corpuscular radiation from the sun is of appre-
ciable magnitude. ‘° The abnormalities in the
form of the curves throughout July 1g9th [eclipse]
are possibly a consequence of the unusual dis-
placement of masses of air at great heights, caused
by the moon’s penumbra. . . . It is possible that
the regions of the atmosphere subject to the effect
of the penumbra moved towards the observation
point from the east towards the west [since meteor
observations indicate that east winds with velocities
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up to r1oco km/hour exist at heights of about
40-8o km]. A future work will be devoted to a
detailed examination of this question.” New
estimates of electron and ion densities in the
D, L&, and F regions are made, but it is stressed
that accurate values of the ratio of ions to electrons
can only be obtained when there is a reliable
theorv of propagation faking friction into account.
A number of other points are discussed, and the
apparatus used is described : both pulse trans-
mitter and receiver were in the same building,
only about 20 metres apart, and both were pro-
vided with a ‘‘ sphere interrupter ”’ consisting of a
small suspended steel ball vibrated (by an alterna-
ting magnetic field) between two massive steel
spheres. There is a list of 133 literature references.
IFor the Russian version of the paper see fourn. of
Tech. Phys. [in Russian], No. 7, Vol. 7, 1937, pp.
740-759-

3238. AN IMPULSE LEQUIPMENT FOR INVESTIGATING

T JoNOSPHERE.—S. Tetelbaum. (/zvestiya
Elektroprom. Slab. Toka, No. 5/6, 1937,
pp. 16-23.)

A rather fuller description of the equipment used
during the observations referred to in 3237, above.
A description is also given of a similar equipment
used for an investigation of the lower layers of the
ionosphere (5 to 60 km) carried out this year. Some
of the oscillograms obtained during this investiga-
tion are shown.

3239. A PYRHELIOMETER HAVING A SPHERICAL
ABSORBER IS USED TO FOLLOW SUNSPOT
ActiviTiEs [Total Intensity Method : Com-
parison with Other Methods]).-—L. F. Miller.
(Phys. Review, 1st June 1937, Series 2,
Vol. 51, No. 11, p. 1018: abstract only.)

PERIODIC VARIATIONS OF THE |ONOSPHERE :
THEIR PRACTICAL EFFECT ON SHORT-WAVE
RECEPTION.—(Wireless World, 2nd July 1937,
Vol. 41, pp. 10-11.)

3240.

3241. THE VELOCITY OF Rapio WavEs ovER LoNG
DiIsTANCEs [with Base Line of Several
Hundred Miles: Timing Impulses re-
broadcast to Original Station: Velocities
calculated on Assumption of Reflection
from E Region are much lower than Velocity
of Light]—R. C. Colwell & A. W. Friend.
(Phys. Review, 1st June 1937, Series 2,
Vol. 51, No. 11, p. 990.) For previous work
at shorter distances see 438 of February
(cf. also 2050 of June). The go and return
frequencies used in the present work were
14 160 and 14186 kc/s respectively.

3242. MEASUREMENTS OF PRESSURES IN THE
UpPER ATMOSPHERE |[by Simultaneous
Observation of Ratio of lirst-Negative to
Second-Positive System of Nitrogen Bands
in Auroral Display and of Auroral Height].
J. Kaplan. (Nature, 26th June 1937, Vol. 139,
p. I112)

3243. INTENSITY VARIATIONS OF THE GREEN AND
RED OxYGEN LINES AND THE OCCURRENCE
OF THE ¢-SYSTEM [of Nitrogen Bands] 1N THE
AURORA AND LIGHT OF THE NIGHT SKY.—
L. Vegard. (Zeitschr. f. Physik, No. 1]z,
Vol. 106, 1937, pp. 108~131.)

D 2
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WHAT 15 THE ORIGIN OF THL PARTICLES IN
THE AURORA BoreaLis? [Theoretical lix-
planation of Production of Charged Particles
of Great Iinergy in the Sun with the Help of
the Magnetic Fields in Sunspots’. —H.
Alfvén.  (Zeitschr. f. Physik, No. 9/10,
Vol. 105, 1937, pp. 633-641.)

. THE DIFFRACTION OF LLECTROMAGNETIC
WAVES FROM AN ELECTRICAL POINT SOURCE
ROUND A FINrreELy CONDUCTING SPHERE,
WITH APPLICATIONS TO RADIO-TELEGRAPHY
AND THE THEORY OF THE RaiNsow : D’arT I.

B. van der Pol & H. Bremmer. (Phil.
Mag., July 1937, Series 7, Vol. 24, No. 159,
PP 141-176.) An exposition, with numerical
results, of the mathematical method of
Watson.

3246. PROPAGATION OF POTENTIAL IN DISCHARGE
Tuses [Experimental Values of Velocity in
Dry Air for Varying Pressure and Tube
Diameter : Speed greater for Negative than
{or Positive Impulses : Lincar Speed/Voltage
Curve at Constant Pressure].—Snoddy,
Dietrich, & Beams. (Phys. Review, 15t June
1937, Series 2, Vol. 51, No. 11, p. 1008 :
abstract only.) Work already referred to in
2878 of August.

THE ELECTRIC SPECTRUM OF LIQUID WATER
FROM FIVE To TwENTY CENTIMETRES [Re-
fractive and Absorption Index : No Evidence
of Dispersion : Calculated Relaxation Time].
—H. W. Knerr. (Phys. Review, 1st June
1937, Series 2, Vol. 51, No. 11, p. 1007 :
abstract only.)

3244.

3247

A MEASUREMENT OF THE VELOCITY OF LIGHT
[Kerr-Cell Modulation Method requiring
only Short Base Line].—W. C. Anderson.
(Review Scient. Instr., July 1937, Vol. 8,
No. 7, pp. 239-247.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

3249. LIGHTNING. —Goodlet. (Journ. I.E.E., July
1937, Vol. 81, No. 487, pp. 1-26.)

See 2886 of August. Long Discussions follow on
pp- 26-56: Appendix I is described as ‘‘ an out-
standing contribution to the subject, of great
originality. I refer to the part which deals with the
mechanism of the discharge stroke, and which
imports quantitative ideas into the first qualitative
outline that Sir George Simpson gave us.”’

7148.

3250. COMPARISON OF THE SPECTRA OF LIGHTNING
FLASHES WiTH THE SPECTRA OF NITROGEN
BANDs EXCITED BY ELECTRONIC BOMBARD-
MENT.—Bernard. (Jousn. de Phvs. et e
Radium, May 1937, Series 7, Vol. 8, No. 5
p- 655)

Extension of the writer’s work on auroral spectra,
(2069 of Jumne) to lightning spectra. '‘ The agree-
ment of these values allows it to be supposed that
the spectrum is excited by well defined shocks of
energy ; but the considerable development of the
rotation components of the wvarious bands is
incompatible with an excitation of electronic origin.
It must be concluded, therefore, that heavier
particles are involved, probably ions created by the
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actual passage of the flash. which excite the neigh-
bouring lavers of air. These ions would rapidly
reach a velocity limit of 12 km, corresponding to
the calculated mean energy of 22.2ev.”

PROPERTIES OF CIRCUITS

3251. A NEw THEOREM oN ELECTRICAL NETWORKS
[connecting Final Steady State with A.C.
Admittance or TImpedance: derived (by
Symbolic Calculus) from Heaviside’s Remark
on ‘ Pseudo Heat Dissipation ”].—B. van
der Pol. (Physica, July 1937, Vol. 4, No. 7,
pp- 585-589 : in English.)

The new theorem is: ' The ratio of twice the
excess of the magnetic energy over the electric
energy to the heat dissipation per second, all in the
final, steady state, equals the differential of the
logarithm of the impedance with respect to jw at
the frequency w = 0.”” A deduction is that “‘ the
efficiency with which a batterv can be made to
charge a system of condensers (any resistances and
inductances being present in the circuit) is always
50%.""

3252. TRANSFORMATION FORMULAE or IMPEDANCES

AND ADMITTANCES IN THE METHOD OF

SYMMETRICAL COORDINATES [using Matrix

Theory].—S. Koizumi. (Phil. Mag., July

1937, Series 7, Vol. 24, No. 159, pp. 195-206.)

GENERAL lSQUALISER THEORY, Two-

TERMINAL  AND  CONSTANT-RESISTANCE

STRUCTURES : PaRT 1I.—F. M. G. Murphv.

(Marconi Review, March/April 1937, No. 65,

pp. 20-26.)

Second and final part of the work referred to in
2485 of July. Design methods: intervalve cor-
rectors : inverse and equivalent networks : example
of use of formulae for practical design.

3254. UsiNG THE R.F. CHARTs [for Band-Pass R.F.
Circuits].—Nachod. (See 3285.)

ResisTaNcE ConTROL oF MuTvaL INDUCT-
ANCE CoUPLING BETWEEN Two TUNED
Circults.—Sturley.  (See 3287.)

3253

3255-

3256. THE MacGNEro-IoNic CoupLing orF Two
Erectric Circuits.— V. F. Makarov. ([:-
vestiya Elektroprom. Slab. Toka, No. 4,
1937, pp- 19-20.)

An inductance coil connected to the primary
circuit is wound round a gas-filled tube, the two
electrodes of which are connected to the secondary
circuit. When an alternating voltage equal to or
exceeding the striking voltage of the tube is applied
to the coil, the gas in the tube becomes ionised and
an alternating current of the same frequency flows
through the tube.

3257. ELEcTRONIC MuTuaL COUPLING BETWEEN
RESONANT CIRCUITS, AND AUTOMATIC SELEC-
Tivity CoNTROL.—Boella. (See 3286.)

3258. ON THE PROBLEM OF THL CONTROL OF
FREQUENCY BY VARIATION 0F VOLTAGE :

THE VALVE AS A VARIABLE CAPACITY : AUTO-

MATIC TunNING CorRRECTION [and Other
Applications].—W. Engelhardt. (Funktech.
Monaishefte, June 1937, No. 6, pp. 175-179.)

" To sum up, it may be said that fundamentally

a control of frequency by means of an auxiliary
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valve is possible. The amount of maximum fre-
quency change is limited by the increasing losses in
the oscillatory circuit and depends on the working
frequency. For ATC of broadcast receivers the
circuits described can, with suitable values, be
applied without moditication : they have, indeed,
already been tried in practice. Similarly, nothing
stands in the way of their use for measuring pur-
poses [e.g. ' howlers ”” for frequency analysis, etc.]
provided that only small frequency changes, or the
variation of comparatively low frequencies only,
are required. But when (as in the distant control
of a single-span receiver) large frequency changes
such as 1000 kc/s or over are necessary, with a
basic frequency which is comparatively high, then
the circuits are unsatisfactory owing to the high
losses.”

3259. THE TRANSFORMER : ITs MODE OF ACTION
anp EguivarExt Crrcurr.—F. Bergtold.
(Funktech. Monatshefte, June 1937, No. 6,
Pp. 179-182.)

3260. TUNED LINES As RuacTances [Comparison
with Circuit containing Lumped Inductance
and Capacitance : Effect of Line Resistance
on Resonance-Amplitude and Frequency
Characteristic : Series and Parallel Re-
sonance : etc.].—Bell. (Marconi Review,
March/April 1937, No. 65, pp. 27-30.) A
revised treatment of the problem dealt with
in part of the author’s paper ‘' Oscillators
stabilised by Resonant Lines” (938 of
March)

ON THE SIMULTANEOUS USE OF POSITIVE AND
NEGATIVE FrepBack [Some Special Appli-
cations of the Principle : Frequency Stabil-
isation, with Quartz Oscillator or (for Ultra-
Short Waves) Resonant Lines].—P. Ponte:
corvo. (Alta Frequenza, Julv 1937, Vol. 6,
No. 7, pp- 443-452.)

A letter prompted by Vecchiacchi’s paper (2923
of August) : the writer and his colieagues have
been working independently on the same principle.
A modification of Vecchiacchi’s method of obtaining
negative current-controlled feedback is to replace
the ohmic resistance r (Vecchiacchi Fig. 4) by a
series-resonant LCR circuit, giving a negative
feedback which is a function of frequency : the
next stepistosubstitute a quartz plate in place of the
resistance, giving a very stable oscillator, particu-
larly for frequencies such as 50-100 ke/s.  Fig. 4
of the present paper shows the appllication of the
principle to ultra-short-wave frequency stabilisa-
tion with the help of resonant lines, making use of
the fact that an A/2 line with one open end presents
at the other end an impedance resembling that of
an anti-resonant circuit, whereas a similar line with
an end short-circuited presents one rescmbling
that of a series-resonant circuit. Experimental
confirmation of the scheme is pending.

3261

3262. DISTORTION IN NEGATIVE FEEDBACK AM-
pLIFIERS | Effect of Difference between Tavlor
and Fourier Series].—]. Frommer : Sloane.
(Wireless Engineer, July 1937, Vol. 14, No.
166, p. 309.)

Criticism of Sloane’s analysis (2486 of July). A
pending paper tfrom the Tungsram laboratories, on
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the exact treatment of the diminution of the terms
of the Fourier series of an amplitier, by negative
fecdback, is quoted {rom.

3263. INvERSE FrEPBACK @ A NEW ‘“ SERIES
Cirzcuit [Feedback Voltage tapped off Vol-
tage Divider across Output Load and fed
in Series with Qutput of Preceding Valve, to
Grid of Output Valve].—Amalgamated Wire-
less Valve Company. (Rad. Review of
Australia, March 1937, Vol. 5, No. 3, p. 64.)

3264. ‘* Kipr GENERATORS ~* [Relaxation Oscillation
Circuits! wITH HIGH-VACUUM VALVES.
G. Faust. (Funktech. Monatshefte, June
1937, No. 6, pp. 183-192.)

Author’s summary (—Taking as an example a
glow-discharge-tube “* kipp "’ circuit, the theoretical
foundations of ‘‘ kipp generators ”’ are considered
Since the glow-discharge tube behavesinan unstable
manner, the results of these formulae, and the
influence of the various component values, are
investigated experimentally as applied to a circuit
imitating a glow-discharge-tube circuit but em-
ploying high-vacuum valves. Discrepancies 1in
the measured percentage fly-back times show that
the theoretical formulae require extension by a time
which corresponds to the time constant of the
components, and which renders the circuit un-
suitable for high frequencies. In order to make
this time constant ineffective, two ' kipp ”' circuits
with inductances were devcloped which gave high
frequencies with sufficiently short percentage fly-
back times [liig. 18, where the cathode-drop
resistance R, of Fig. 3 is replaced by a capacity
shunted inductance L (this circuit fails above
about 200 kefs because the retroactive coupling
through the resistance R,; becomes too weak),
and Fig. 25, where R, also is replaced by an in
ductance Lz, which is coupled to the oscillatory

circuit LC,. This arrangement works up to 4 Mc/s]
TRANSMISSION

3265. THE POSTHUMUS OSCILLATIONS IN THE

MAGNETRON.—F. Fischer & . Lidi.  (Bull.

issoc. suisse des Elec., No. 13, Vol. 28,
1937, pp. 277283 ' In German.)

The writers first describe the three chief types
of magnetron oscillation—electronic, involving a
““ sorting-out ”’ process such as that taking place in
the retarding-field valve (see for example Dick,
2120 of 1936) and occurring in both split- and
unsplit-anode magnetrons; the Posthumus type
(" rotating field ' : see 1370 of 1935); and the
Habann (‘ negative-resistance 'y type—see for
example Herriger & Hilster, 1319 of April. For the
rest of the paper they concentrate on the Posthumus
type.
yE\uthors’ summary :— ' By examination of the
cycloidal motion between two flat plates, the upper
of which is provided with slits, the writers show that
on the assumption of a steady electric field between
the upper and lower plates and a rotating field
superposed at the upper plate, the electrons giving
up energy return to the anode and the electrons
absorbing energy return to the cathode. All the
electrons returning to the anode give up to the latter
the sante amount of energy. In the limiting caseofa
cycloidal height small compared with the distance
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between the plates, the efficiency is consequently
100% [this occurs chiefly at long waves, where strong
magnetic field are employed]. For cycloidal heights
comparable with the distance between plates, the
efficiency falls; it can, however, always remain
greater to that of the first type of oscillation because,
with Posthumus oscillations, there exists a char-
acteristic difference in the second ° sorting-out’
mechanism as compared with that of the first type
of oscillation. ‘ Ziehen '’ effects [back-lash : much
more pronounced with the Posthumus type than with
the electronic type—'* oscillation broke off from
high oscillatory current values suddenly at goo v
and set in again, with almost the same high value,
equally suddenly at g50v ) are explained by the
ratio of the cycloidal height to the cathode/anode
gap " [greater back-lash, the smaller the cvcloidal
height compared with the gap/.

Implications of the writers’ views, as regards the
failure of certain methods of modulation, are set
out, and in the final paragraph Fritz’s result (1736
of 1936) on the ineffectiveness of modulation by end
plates is explained. Examples are given (pp.
282-283) of the calculation of the voltages and
magnetic fields necessary to give efficiencies over
50% on the shorter wavelengths ; large discrepan-
cies between the calculated results for 50cm and
the experiemental values obtained with a Philips
4-slit magnetron - are explained. For 1ocm the
calculated field and voltage are both enormous.

3266. ON TIE MECHANISM OF MAGNETKON OSCIL.
LATIONS OF TyrE B [in Split-Anode and
Electron-Beam Magnetrons :  based upon
" Reversed Action of a Cyclotron or Re-
versed Phase Relation between H.F. Voltage
and H.T. Current ”]—K. Okabe. (Llec-
trotech. Journal, Tokyo, July 1937, Vol. 1,
No. 2, p. 69.) For the ‘‘electron-beam *’
magnetron see 2966 of August.

3267. ON THE ACTION oF 4 HOMOGENKEOUS Mag-
NETIC I'IELD ON THE MOTION OF ELECTRONS
BETWEEN CoaX1aL CYLINDRICAL KLEc-
TRODES.—Griinberg & Wolkenstein. (See
3308.)

3268. A Pusn-PuLL CIRCUIT FOR ULTRA-SHORT
WavEs, usiNG WATER-COOLED PENTODES.
Posthumus. (See 3321.)

3269. FREQUENCY STABILISATION OF ULTRA-SHORT-
WavE TRANSMITTERS BY SIMULTANEOUS
Positive aND NEGATIVE FEEDBACK.—IP’onte-
corvo. (See 3261.)

3270. TUNED LINES AS REACTANCES. — Bell. (See
3260.)

3271. HIGH-I'REQUENCY MODULATION OF ULTia-
SHORT WavEs.—Banerjee & Singh.  (See
3395.)

3272. AN EFFECTIVE LINEaR FILTER FOR Hax-

MONICS | SUPPRESSION OF EVEN axD OpD
HarMoONICS WITH AN INEXPENSIVE AND
EasiLy-CoNsTRUCTED TRANSMISSION LiNE
{for Short and Ultra-Short Waves :
" Quarter-Wave Stubs '] - —J. N. A. Hawk-
ns. (QST, July 1037, Vol. 21, No. 7, Pp- 19
and 62.)
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3273. A I'UNDAMENTAL-REINFORCED
GENERATING CIrRcuUIT : EFFICIENT FRE-
QUENCY MULTIPLICATION FOR FOUR-BAND
OurPuT FROM A 3.5 Mc/s CrysTaL.J. L.
Reinartz. (QST, July 1037, Vol. 21, No. 7,
pPp- 15 and 82, 84.)

3274. AN OSCILLATOR WITH
LELECTRO-PARAMETRIC
FREQUENCY FOR USE IN SHorT-WAVE
TRANSMITTERS. —V. A. Smirnov. (Izvestiva
Elektroprom. Slab. Toka, No. 4, 1937, pPp-
14-17.)

Description of an oscillator with a thermal
control and compensation of various constants,
using a modified Dow circuit with electron coupling,
and covering a frequency range of 4000-8500 kc/s.
The frequency stability is within o.019%.

HarMvoxiIC-

A THERMAL AND
STABILISATION  OF

3275. THE ENERGY RELATIONS IN RapIO-TELE-
PRONY.—S. L. Tetelbaum. (/ourn. of Tech.
Phys. [in Russian|, No. 8, Vol. 1937,
pp- 82:-835.) )

In calculating the energy relations in a radio
transmitter operating on telephony, it is usual to
assume that the modulating voltage is a sinusoidal
function. In certain cases, however, this assump-
tion may lead to incorrect conclusions, and it is
suggested that the calculations should be based on
a statistical study of equivalent modulation
curves,” i.e. energy summation curves each corre-
sponding to a modulating voltage taken over a
considerable time interval (1 min.). The theory of
the equivalent curves is discussed and a graphical
method is suggested for plotting them. Since,
however, this method is rather laborious, a special
circuit was developed to which electrical oscillations
corresponding to a gramophone record were applied,
and the output fed to a hydrogen voltammeter
consisting of a calibrated test tube containing a
solution of sulphuric acid. By measuring the
volume of hydrogen liberated in the test tube when
a record is played, the equivalent curve can easily
be plotted both for ordinary amplitude modulation
and for the writer’s ** constant-depth '’ modulation
(2507 of July)

A number of such curves, corresponding to
records of various types of music and speech, are
given and a comparison is made between the two
systems of modulation. It is shown that for equal
effects at the receiving point the power consump-
tion, anode dissipation, and energy radiation of a
transmitter with *' constant-depth " modulation are
60%, 659% and 50°, of the corresponding values of a
transmitter using ordinary amplitude modulation
(on the grid).

3276. THE OCCURRENCE AND MEASUREMENT OF

SIDEBAND ASYMMETRY (PuaskE MoDULA-
TioN).—R. Hofer.  (Telefunken [formerly
Telefunhen-Zeitung|, July 1937, Vol. 18,

No. 76, pp. 71-83.)

Author’s summaryv :—* The conditions for a
distortionless h.f. transmission are set forth and the
various causes of disturbance of sideband symmetry
liable to be present in valve transmitters are de-
scribed. After a short review of existing methods, a
very exact method of measuring phase modulation,
particularly suitable for the measurement of the
sideband displacement produced by asymmetry in
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the h.{. circuit, is discussed in detail [see below] and
the practical design of the apparatus described. In
an Appendix a general expression for the ideal
rectification action is derived, with the help of
which the distortions are calculated which occur
in the linear rectification of a modulated oscillation
whose symnietry has been upset. The dependence
of these wave-form distortions on the magnitude
of the amplitude and phase asymmetries 1s shown
in a diagram [‘ klirr ’ {factor curves of Fig. 105,
for various values of g, the amplitude ratio: the
g = 1 curve is thus the curve of pure phase
asymmetry, the amplitude asymmetry increasing
as g decreases]. Finally, the writer determines the
value of the heterodvning amplitude necessary for
obtaining an adequate accuracy of measurement ”’
[with the method described : so that interterence
by the unwanted notes due to the first rectification
see below—may be avoided].

The measuring method described falls into two
parts : first the measurement of amplitude with the
help of a h.f exploring frequency (as used by
Griittzmacher and Runge—see for example 1931
Abstracts, p. 149, Runge: also ¢f. 3366 & 3367,
below) and then the determination of the sideband
phase position. The latter process is fundamentally
as follows :the heterodyne frequency being kept
constant, the beat frequency 8 irom the first detect-
ion is separated by a selective circuit from the
two sideband heterodyned frequencies £ + & and
doubled to 28 (by a pair of valves with grids in
push-pull and anodes in parallel), while the side-
band heterodyned frequencies are again rectified :
the result being that two oscillations of the doubled
frequency 28 are obtained, whose phbase-difference
angle 2y is proportional to the required angle x
and is measured by the thermo-junction bridge
circuit By (Fig. 103) which forms a phase indicator
independent of frequency.

3277. MODULATION ON THE ANODE IN THE OVER-
Excitep REcime.—S. 1. Evtyanov. (Izves-
tiya Ilektroprom. Slab. Toka, No. 6, 1936,
pp. 1-13)

‘“ The impossibility of obtaining high modulation
with valves having ‘right’ characteristics [opera-
ting within region of positive grid bias, with grid
current flowing most of the time], when the plate
oscillating voltage is low, is shown in the article.
High and linear modulation is possible when the
whole modulation curve is located in a state of
high plate oscillating voltage. The principles of
modulation in this state differ from those in the
state of low plate oscillating voltage ; a modulation
occurs because of the deformation of the plate
current impulse as a consequence of redistribution
of emission betwecn plate and grid circuits . . .
The treatment is based on the supposition that the
dynamic characteristic of the plate current in a
state of high oscillating voltage has the form of a
triangle (see also 58 of January and 2594 of July).

3278. MODULATION ON THE ANODE [inciuding the
Selective Properties of the Load Impedance :
Combined Anode and Grid Modulation!.
L. Rubin. (/’Onde Elec., June 1937,
Vol. 16, No. 186, pp. 374-386 : to be contd.)

“ Modulation on the anode, primitively employed
in the form of ‘ constant-current modulation,” has
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for some little time returned {o favour . . . If
one has a sufficiently complete collection of static
characteristics, known graphical methods permit
the exact calculation of the working conditions of
the modulated amplifier ; this calculation can be
facilitated by the use of constant-current character-
istics (Mouromtseff & Kozanowski—3389 of 1935).
On the other hand, certain writers have proposed
analytical methods based on special forms of
dynamic characteristics (Evtyanov 58 of January,
2504 of July, and 3277, above). These different
graphical and analytical methods only apply,
however, to the examination of isolated cases. We,
on the contrary, propose to study, in this paper,
the problem of anode modulation in a more general
form. Without straining for numerically exact
results, we shall trv to show the nature and the
order of magnitude of the phenomena taking place
in the circuits of all the modulated amplifiers.”

The modulated amplifier should be adjusted so
that the relation between its output voltage and
the voltage applied to the anode is practically
linear ; at the same time, this linearity must be
obtained in good conditions of power and efficiency.
Such a result is obtained in practice by making the
amplifier work in Class C (for the carrier wave)
and using positive grid voltages. The writer
therefore deals with the Class C amplifier and its
modulation, using a diagram established specially
for this purpose. This is based on a family of
modulation characteristics valid only for under-
excited amplifiers (hypothesis of linear static
characteristics— see 10T of 1935 and 36 of 1936) on
which are superposed the straight lines 44, repre-
senting the d.c. anode voltage, and BB, representing
the boundary of the over-excited condition. ** The
modulation characteristics of Fig. 2 have bcen
calculated on the assumption that the load imped-
ance of the amplifier is real and constant for all the
frequencics composing the modulated oscillations.
This impedance generally consists of one or more
anti-resonant circuits tuned to the carrier f{re-
quency . . .,” and though for the lower frequencies
the characteristics are valid, for the higher fre-
quencies the de-phasing and amplitude modifications
of the sidebands introduced by the load impedance
must be allowed for (pp. 382—386). For example,
in a circuit whose resonance coefficient is 15,
de-phasing of the sidebands is evident even for a
ratio f/F of o.01. The construction of the corre-
sponding diagram for the case of simultaneous
anode and grid modulation 1s described on pp. 381
382. In the next instalment the question of
efficiency, power, and linearity will be considered.

3279. EXPERIMENTS ON SINGLE-SIDEBAND MODULA-
TION, WITH FREQUENCY DIVERGENCIES OF
THE REPLACED CARRIER. —Schalifstein. (See
3282.)

3280. A STEP TOWARD VoLUME COMPRESSION, and
AutomaTic Gain CoNTROL [adapted for
Programme Controll—Western Electric :
Jordan. (See 3543 & 3542.)

3281. A NEw METHOD FOR Drprex CW. TELE-
GrapuY.-—P. 1. Evdokimov. (Lzvestiya
Elektvoprom. Slab. Toka, No. 4, 1937, pp.
6-14))

Tor a previous paper on the general problem
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see 4019 of 1936. 1n this method the aerial currents
corresponding to the two messages are of the same
frequency but are displaced in phase by 120°.
The sum of the two currents is thus equal in
magnitude to each individual current but is dis-
placed by 60° from each. The aerial current is
consequently the same in amplitude whether either
or both signals are transmitted. At the same
time the radiated frequency band depends on the
speed of telegraphy only and is not extended when
two messages are transmitted. A suitable trans-
mitting circuit (Fig. 2) is suggested, and an analysis
is given of its operation showing that the above
conditions are satisfied. A phase-selector circuit
(Fig. 5) suitable for aural reception (and with
certain modifications for automatic reception as
well) is described and its operation discussed. The
maximum permissible frequency variation and phase
displacement of the oscillator in the receiving
circuit are determined, and methods are indicated
for meeting these requirements.

RECEPTION

3282. EXPERIMENTS ON SINGLE-SIDLBEAND MODULA-
TION, WITH IFREQUENCY DIVERGENCIES OF
THE REPLACED CARRIER AT THE RECEIVER.
-G.  Schaffstein. (Telefunken [formerly
Telefunken-Zeitung], July 1937, Vol. 18,

No. 76, pp. 62-66.)

The tests were on a 300 m wave, and an ordinary
broadcast receiver was used, with a separate
generator for the replaced carrier. As regards
periodic processes, the already known effects were
found-——namely that a frequency divergency of
the replaced carrier adds or deducts itsell to each
of the previously mutually harmonic frequencies
present after demodulation, and thus renders
them no longer harmonic to each other, with the
result that music sounds strongly distorted,
“rather like a de-tuned piano.” A frequency
error of about 1 c/s is noticeable in music, and of
about 10 ¢/s in speech.

The tests on aperiodic processes showed that,
with these, such a carrier-frequency divergency
produced further very objectionable phenomena :
thus clicks, produced by making and breaking a
d.c. current through the input transformer of the
modulation amplifier, are transformed by a carrier
de-tuning of 1000 c¢/s into prolonged notes like
those of a struck wine glass or violin string. This
phenomenon is explained with the help of the
oscillograms of Figs. 84 & 85 ; it is noticeable with
divergencies as small as 50-100 ¢/s, and must be
even more serious for the intelligibility of speech
than the harmonic phenomenon first mentioned,
since this chiefly affects the intelligibility of the
vowel signs, whereas the predominant action of the
second effect is on the consonants, particularly
the *‘ explosion *’ sounds d, P, &k, and ¢. The final
section deals with a phenomenon which occurs
when the receiver output is back-coupled to the
Lf. input of the single-sideband transmitter.
In such a case there is liable to be self-excitation if
the local carrier is exactly in tune with the original
carrier, and if the back-coupling is strong enough ;
but such sclf-excitation would not be expected
to occur if the local carrier were detuned by (say)
5 ¢/s, since the demodulated note from the receiver
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would also be 5c¢/s out of tune. It does occur,
however, and produces a vigorous caterwauling
if the replaced carrier-frequency is too low, and a
different noise if it is too high. = An explanation is
suggested, and it is mentioned that the phenomenon
can be of practical use for the comparison of two
frequencies, and in particular for the accurate
adjustment of the replaced carrier in single-side-
band telephony.

3283. Quarrz RisoNators [as distinct from
Quartz Oscillators]—R. Bechmann. (Tele-
Junken [formerly Telefunken-Zeitung], July
1937, Vol. 18, No. 76, pp. 5-15.)

The development of quartz resonators has been
somewhat neglected in favour of that of quartz
oscillators {¢f. 1741 of 1936), although the resonator
was the original form in which quartz plates were
used in radio technique. Lately, however, interest
in resonators has been revived in connection with
selective devices in transducer circuits, and par-
ticularly in the if. circuit of superheterodyne
receivers. The oscillator differs from the resonator
in that its interest is chiefly concentrated in the
properties of one very strongly marked resonance
point, whereas the important characteristic of a
resonator is the behaviour over a more or less
extensive zone around the resonance point. A
quartz resonator may be treated as a mechanical
resonator with a retroaction (due to its piezo-
electric effect) on an electrical field ; at a first
approximation the natural frequency can be
calculated without taking into account this electrical
retroaction, which actually affects the value slightly.
On the other hand, the resonator can be treated as
an electrical circuit component and represented
by an electrical equivalent. circuit. Since both
procedures must arrive at the same result electrically
the values in this equivalent circuit can be deduced
from the mechanical and electro-mechanical values
of the mechanical resonator. Once this equivalent
circuit is accurately known, together with its
limits of applicability, the theoretical problem
of the quartz resonator is solved. All combinations
in transducer circuits, filter circuits, etc., can be
treated by ordinary circuit theory by the use of
this equivalent circuit.

The complete equivalent circuit of a resonator
(only the case of fwo electrodes, parallel to the
surfaces of the quartz plate or rod, is considered)
is seenin Fig. 1 ; in the special case of the electrodes
touching the quartz, C, becomes infinitely large
and the simpler circuit of Fig. 2z is obtained. But
Watanabe has shown also that Fig. 1 can always
be transformed into the simpler circuit of Fig. 2,
the transformation equations being given in eqns.
1: '"this seems reasonable physically, since the
fundamental behaviour of a quartz resonator is
independent of the clectrode distance.”” The curve
of reactance of Fig. 1 is shown in Fig. 3: it has a
series resonance point (eqn. 2a) as well as a parallel
(eqn. 2b), the frequency interval between them
being given by eqn. 2¢; this simplifies to 2d if the
electrodes touch the quartz so that C, becomes
infinitely large. Using the transformed circuit
of Fig. 2, the corresponding equations are 3a, b,
& c¢. Por oscillators, either the series or parallel
resonance points may be used, according to the
circuit : but for resonators the series resonance is
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of predominant importance (last paragraph, p. 7).
The derivation of the component values of the
electrical circuit of Fig. 1 from the electro-mechanical
data is dealt with, for the ‘‘ thickness '’ vibrations
of variously oriented plates, on pp. 8-10, and the
writer then goes on to give an exact definition of the
‘“ single-resonance and multi-resonance ”’
properties of a quartz crystal ("' einwelligkeit " and
‘“ mehrwelligkeit *’) : the terms are used by various
workers with various meanings, leading to frequent
misunderstandings. “ By a ‘ multi-resonance ’
effect of a quartz plate we mean expressly the
special phenomenon that in place of a single
anticipated resonance point a multiple resonance
point appears.” Thus, referring to wedge-shaped
resonators, formerly claimed to present a con-
tinuous spectrum Dbetween the frequencies corres-
ponding to the greatest and least thicknesses, the
writer maintains that on the contrary such a
resonator has numerous discrete resonance points,
each of which may be multi-resonant.

Such multiple resonance is discussed with the aid
of resonance curves (Figs. 6—10) taken, with the
automatic recording apparatus shown in Fig. 4,
from various types of plate. * The formation of
multiple resonances is in general independent of
the orientation of the plate : for all orientations it
is possible to prepare pertect, single-resonant
resonators ”’; one important factor is to start
with a pure material, another is to avoid coupling
effects (between, for instance, the fundamental
of a thickness vibration and the harmonic of a
transverse vibration) by the choice of a suitable
shape and suitable proportions. A final section
deals with bridge-circuit, coupling, and parallel-
tuned-inductance methods of compensating for
the self-capacity of the quartz unit, in order to
increase the selectivity for use in superheterodyne

receivers. These arrangements can also be
employed to give a continuous band-breadth
variation. Adjustable electrode spacing, which in

oscillators is used to adjust exactly to the required
frequency, can be employed in resonalors to vary
the equivalent circuit so as to obtain optimum
matching with the rest of the associated circuit.

3284. QUaRTz FILTERS WIiTH CONTINUOUSLY
VARIABLE BaND BrREADTH [¢.¢. from 20-5000
c/s without Appreciable Change of Height
or Position of Resonance Peak : for Super-
heterodyne Receivers]. —W. Kautter.
(Telefunken [formerly Telefunken-Zeitung|,

July 1937, Vol. 18, No. 76, pp. 22—41.)
After an introductory section on the use of such
filters, the writer discusses the equivalent circuit ofa
quartz resonator, passes on to a short description of
the equipment (high-sensitivity valve voltmeter
reading from 100 v to 1 mvV with normal scale,
or to 140 mv with logarithmic scale ; motor-driven
‘““ fine tuner *’ for varying the generator frequency ;
etc.) used for the automatic recording of filter
curves and for other measurements, and discusses
the procedure and its theory. Although the finely-
tuned generator can be read to 40 c/s, the quartz
damping cannot be measured by the usual technique
of raising the generator voltage +/2 times, since
the corresponding small band width is not readable.
The generator voltage is therefcre increased
ten times and the band width measured: it is
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ten times the true width. The last section of
Part I deals at length with the three ways ot
neutralising the parallel capacity of the quartz,
already discussed more brietly by Bechmann (3283,
above).

In Part IT we come to the actual variation of band
breadth. Section 1 deals with a filter with ** single-
sided " regulation, accomplished by varying the tap-
ping-point, on the ohmic resistance 12, in the anode
circuit of one valve, to the quartz which acts as a
link to the grid of the next valve. The ' off-reson-
ance’’ selectivity Ymax ( Weitabselektivitat T
the greatest value of suppression which the filter
can exert at a certain distance from the resonance
peak) depends on the type of neutralising circuit (pp-
34-35) and falls sharply as the band width increases.
Section 2 deals with ** two-sided '’ regulation, the
quartz being connected between two oscillatory
circuits which are varied simultaneously. The
variation may be (a) by varying the couplings
(inductive, direct galvanic, or capacitive) to the
two circuits, or (b) by de-tuning the two circuits
either in the same sense with regard to the quartz
resonance frequency or in opposite senses. Both
(a) and (b) give the same results, but (b) is somewhat
easier to carry out in practice. Section 3 deals with
a filter in which the quartzis employed no longerasa
coupling link between two valve circuits but, without
any neutralisation, as an anode resistance (Figs. 64,
65) : use being made of the shape of the impedance
characteristic (quartz with parallel circuit of
various de-tunings) seen in Fig. 54b. This arrange-
ment gives a rather higher amplification than the
" two-sided " filter of Section 2 (which itself gives a
better amplification, at any rate at high inter-
mediate frequencies, than the ' single-sided ”
type——see bottom of p. 32). Its band-width regula-
tion is based on the impedance curve mentioned
above, and is accomplished by varying the de-
tuning, from the quartz resonance frequency, of the
parallel oscillatory circuit. In spite of the different
construction of this filter, the same formulae apply
for the dependence of amplification on band width.

3285. Using THE R.I*. CHARTS [for Design of Band-
Pass R.F. Circuits for Broadcast Receivers].
—Nachod. (Rad. Engineering, June 1937,
Vol. 17, No. 6, pp. 19-20 and 31.)

On the use of the nomograms dealt with in 1725
of May. Their importance is increased by the fact
that " the time must eventually come when the
standards of high-fidelity reception will demand
that serious attention be given to the use of band-
pass circuits not only in the i.f. amplifer but in
the pre-selector stages as well.”

3286. ELEcTRONIC MUTUAL COUPLING BETWEEN
RESONANT CIRCUITS AND [Its Application to]
AuToMaTIC  SELECTIVITY  CONTROL.—M.
Boella. (Alta Frequenza, July 1937, Vol. 6,
No. 7, pp. 425-434) i

Author’s summary :—'* The essential character-
istic which differentiates the electric from the
electronic type of coupling Dbetween resonant
circuits is explained, and it is shown how a mutual
electronic coupling can be obtained which is
equivalent to the electric tvpe as regards the shape
of the resonance curves given by the two systems.

This equivalence is shown analytically for the
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fundamental case of two coupled circuits, and the
extension to {wo pairs or groups of circuits is given.
The experimental results obtained with a system of
four circuits are described, and finally the applica-
tion of mutual electronic coupling devices to
automatic selectivity control in radio receivers is
considered.” The writer concludes: ‘ This prin-
ciple . . . which is susceptible of important
developments, provides a rational and promising
solution to the problem of automatic selectivity
control.” Fig. 11 gives a suitable circuit diagram,
the pentode 6A7 providing a unilateral inverse link
by mutual electronic coupling. Hand control of
grid bias furnishes an additional adjustment to suit
the particular conditions of reception and the
tastes of the user.

3287. RESISTANCE CoxTroL oF MUTUAL INDUCT-

ANCE CoOUPLING BETWEEN Two TUNED
Circurrs  [Theoretical and  Experimental

Investigation with View to Use for Variable
Selectivity Control :  Unsatisfactory for
Double-Sideband KReception, Possible {for
Single-Sideband and for Correction of
Asymmetry of Coupled-Circuit Selectivity
Curves].—K. R. Sturlev. (Marconi Review,
March/April 1937, No. 65, pp. 1-8))

3288. THE VALVE As VARIABLE CAPACITY, AND ITs
USE For AuToMATIC TUNING CORRECTION.
Engelhardt. (See 3258.)

3289. ARRANGEMENT FOR COMPENSATION OF THE
WEAKENING oF THE HiGH MobpuLaTIOoN
FREQUENCIES cAUSED BY Too XNarRrRow
Resonance Curves [in Apparatus with
Automatic Fading Compensation: Small
Time Constant of Amplifier Regulation
weakens Low Frequencies|.—E. Zepler :
Telefunken. (Hochf:lech. u. Elek :akus., June
1937, Vol. 49, No. 6, p. 215 : German Patent
042761 of 18.9.35.)

3290. THE EQUIVALENT HIGH-I"REQUENCY VOLTAGE
SOURCE OF AN APPARATUS CAUSING BROAD-
CAST  INTERFERENCE. — R.  Feldtkeller.
(Hochf:tech. u. Elek:akus., June 1937, Vol. 49,
No. 6, pp. 199-205.)

For previous work see Verdff. aus dem Gebiet der
Nachrichtentechnik (Siemens), Vol. 4, 1034, p. 107.
This is here continued with a calculation (§ 1) of
the errors arising when the voltages produced by a
source of broadcast interference are considered as
arising from a symmetrical and an asymmetrical
equivalent voltage source. The voltages on the
terminals of an interference source which is almost
symmetrical as regards resistance are worked out
in §11; the errors are tabulated in 111 and dis-
cussed. 1t is found that the division mentioned
above is unreliable even when the asymmetry of
the internal resistances is small. Simple methods
of measuring the terminal voltages are discussed in
§1v; the effect of deviations from the average
mode of representation of the mains is estimated
in §v. Itisfound, for example, that the sensitivity
to earth resistance is greatest when the source of
disturbance is earthed and matched to the mains ;
it 1s proportional to the original asvmmetrical
voltage and to the asymmetry of the resistance.
Calculations of the terminal voltages are given in an
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appendix. For other papers by the same writer

on broadcast interference see 1934 Abstracts,
pPp- 102~103, and 1764 of May.

3291. THE SEE-Saw Noise SILENCER [Reverse-
Diode ‘ Gate” in Automatic Circuit].
B. S. McCutchen & D. A. Grifin.  (QST,
July 1937, Vol. 21, No. 7, pp. 1314 and 56,
58, 60.)

3292. AMPLITUDFE LIMITING IN THE AURAL IRECEP-
TION OF TELEGRAPHIC S1GNALs [Investigation
on Limiting by Copper-Oxide Rectifiers
(Unbiased and Biased) and the Resulting
Reduction of Errors}.—Dannchl, Kotowski,
& Picker. (Telefunken [formerly Telefunken-
Zettung|, July 1037, Vol. 18, No. 76, pp. 50—
61.) Wrong letters can thus be reduced to
30 or 40°% of the normal number.

Low-DisTorTioN DionpE DETECTION : NEW
CIRCUIT ELIMINATES SHUNTING EFFECTS. —
Amalgamated Wireless Valve Company
(Rad. Review of Australia, March 1937,
Vol. 5, No. 3, pp. 70-71 and 84.

3293.

ADVANCED RrceEIVER  Dssioy Beard.
(Electronics, July 1937, Vol. 10, No. 7,
P- 44.) Summary of paper dealt with in
2927 of August.

3204.

I'ne DoUBLE SUPERHETERODYNE RECEIVER
[General Principles: Choice of 1st and 2nd
I.Fs: Necessity for Rough Pre-Selection :
Final Circuit: Special Components for
Frequency Stability: Reasons for No
Commercial Production].—R. I. Kinross.
(Wireless Engineer, July 1937, Vol. 14,
No. 166, pp. 351-358.) From the Electric &
Musical Industries laboratories.

3295.

THE SuPERHET: Is IT THE SET OF THE
Future ?—R. W. Hallows. (World-Radio,
18th June 1937, Vol. 24, pp. 10~11.)

3296.

Tue Case ForR Ciass “ B [for Battery
Driven Receivers] RESTATED : REFINE-
MENTS APPLICABLE TO THE NEGATIVELY
Biasep SvstEmM.—R. H. McCue. (Wireless
World, 9th July 1937, Vol. 41, pp. 28-29.)

" The later type of double-triode, operating with
a bias of several volts, undeservedly inherited this
slur [ Class B edge "’ given by zero-bias Class B
systems] and, in fact, hasnot attained the popularity
which it merits.”” It is capable of a high standard
of reproduction, provided the refinements here
described are observed.

3297.

3298. THE DBROADCAST RECEIVER AS A PROBLEM
OF MATERIALS : THE OPENING OF THE STATE
EXHIBITION ‘‘ SCHAFFENDES VoLk ™ [ A
Nation at Work "], DUSSELDORF, 1937. —
E. Schwandt. (Funitech. Monatshefte, June
1937, No. 6, pp. 193-197.)

Among the materials mentioned are Mipolam,
Plexiglas, Astralon, Stabol, and Buna. ‘ Four
Year Plan ” economy in the use of metals includes
the use of welded in place of soldered joints, metal-
lisation of insulating carriers (e.g. for condenser
plates) and the use of bi-metallic in place of solid
noble-metal contacts.
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3299. CATHODE CONDENSER AND THE Low I'RE-
QUENCIES [with Curves giving Relation
between Cathode (Automatic Grid IBias)
Resistance and By-Pass Condenser].—H.
Hertel. (Funktech. Monatshefte, June 1937,
No. 6, pp. 197-198.)

R.M.A. SPECIFICATION F¥FOR TESTING AND
LEXPRESSING THE OVER-ALL PERFORMANCE
or Raplo [Broadcast] RECEIVERS.—(Journ.
I.E.E., July 1937, Vol. 81, No. 487, pp. 104—
111.) Followed by Introductory Remarks
to the Discussion (S. Hill) and by the
Discussion itself (pp. 114-122).

3300.

DELAYED SwitcHING [for Gas-Filled Recti-
fiers: Defects of Thermal (Bimetallic)
Method : Use of Relay worked by Hard
Valve, with Indirectly Heated Cathode
giving the required Thermal Delay].—P. D.
Tyers. (Wiveless World, 2nd July 1937,
Vol. 41, pp. 7-8.)

330I.
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3302. THE ‘‘ MaG-NickeL ”’ Fuse [unaffected by
Momentary Surges but giving Satisfactory
Protection to Broadcast Receivers].—13elling
& Lee Ltd. (Wireless Engineer, July 1937,

Vol. 14, No. 166, p. 358.)

3303. AN IDEAL VALVE VOLTMETER [particularly
for Servicing: No Batteries, No Meter to
burn out (Cathode-Ray Tuning Indicator
and s50-Kilohm Calibrated WVariable Bias
Resistor)].—Hygrade Sylvania Corporation.
{Wirveless World, 16th July 1937, Vol. 41,

pp. 62-63.)

AERIALS AND AERIAL SYSTEMS

3304. THE ArrrLicaTioN oF Two TyPES oF SoLu-
TION OF MAXWELL'S LEQUATIONS TO THE
CALCULATION OF THE ELECTROMAGNETIC
FieLps or RADIATING CONDUCTORS.—]J.
Grosskopf. (Hochf:iech. w. Elek:akus., June
1937, Vol. 49, No. 6, pp. 205-211.)

The two types of solution referred to are (1) that
employing the retarded vector and scalar potentials
of the currents and charges in the conductors,
(2) that starting from Hertz’s solution for an in-
finitely small radiating dipole and regarding the
cgnductors as an aggregate of such elementary
dipoles. Calculations are here given which show
that “ both methods lead to the same result in
all cases, provided that the real physical phenomena
are sufficiently taken into consideration.” The
first method is found to be ‘‘ mathematically and
physically clearer, so that it is to be preferred in all
fundamental considerations and calculations.”
The second method proves to be ** deducible from
the first by certain differential operations and thus
has really no separate existence as a fundamentally
different method.”” 1llustrations given are a linear
conductor in free space (Iig. 4), a Beverage antenna
(Fig. 5), and a single-wire aerial of length twice the
wavelength, open and free from internal reflections
(Fig. 6). For papers on the same subject see 2962
of August (Ghiron: Alford).
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3305. THE IFORMULAE FOR THE INDUCTION Co-
EFFICIENTS OF EARTH Loops [Grounded
Wires on or above Surface of Earth].—
H. Buchholz. (E.N.T., May 1937, Vol. 14,
No. 5, pp. 180 195.)

For work already done on this subject see Yoster,
1933 Abstracts, p. 624. Author’s summary :—
The known formulae for the inductance of earth
loops, which is closely connected with the density
distribution of earth currents, is, without further
simplification, transformed [mathematically] in
various ways, corresponding to various ratios of the
parameters involved. Numerical evaluation thus
becomes possible for the lower and medium orders of
magnitude. In three limiting cases it is found that
the results can be represented by known analytical
formulae.

Bergtold. (At
Cat. No.

3306. ‘° ANTENNENBUCH.”—F.
Patent Office Library, London:

77 604 : 128 pp.)
3307. Tue ELEcTrROMAGNETIC FIELD IN THE
REGION OF VERY SHORT WaVEs; SPON-

ROTATING FieLps.—Krasny-

(See 3585.)

TANEOUS
Ergen.

VALVES AND THERMIONICS

3308. ON THE AcTION OF A HOMOGENEOUS MAG-
NETIC FIELD ox TH& MoOTION oF ELECTRONS
BETWEEN CoAXIAL CYLINDRICAL ELECTRODES

G. Griinberg & V. Wolkenstein. (Tech.
Phys. of USSR, No. 3, Vol. 4, 1937, PP- 179~
199 : in German.)

Both the methods previously employed (field
distribution assumed—Hull: mathematical ap-
proximations—Awender, Thoma, & Tombs :
Braude) allow the electron paths to be calculated
approximately, but the errors involved have to be
left undetermined until they can be found by
comparison with strict solutions. Moreover, if it
is desired to determine the characteristics of the
tube (e.g. the connection between anode current and
working conditions, particularly the value of the
magnetic field), the first method gives practically no
useful result, while to obtain sufficient accuracy by
the second method approximation must be carried
such a long way as to make the process of calculation
extremely complicated. Thus Braude’s approxi-
mation (1444 of 1936) converges by no mcans
rapidly, so that even his third approximation, in
spite of its complexity, gives a much worse picture
of the electron paths (see p. 199) than Hull’s solution.

The present writer sets out to obtain strict
solutions of the various problems, which can be used
for checking the accuracy of the various approxi-
mate methods and which give also a picture of the
general relations within satisfactorily wide limits.
He first shows that if the initial velocities of the
clectrons emerging from the cathode are neglected,
the problem can be brought into a single-parametric
form (eqn. 18) involving only the one parameter
u (= H? »43/[%3). 1f the solution of this differential
equation were known for all values of p, the problem
would be completely solved : but as no solution in
analytical form has been arrived at, the writer has
calculated a series of integral curves for various
values of p by the Adams-Stoérmer integration
method, so choosing the values of u that they apply
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to valves whose anode-radius/cathode-radius ratio
lies between the limits 1 and 56.9 (originally 39.69,
but see p. 196). From these curves the potential
and density distributions can be calculated in
relative units (sections 4 & s5) as well as the exact
form of the electron paths (section 8). Also the
transit time of the electrons through the condenser,
and the related wavelength of the °‘electronic *’
oscillations, can be readily determined, the latter
being seen to agree with Okabe'’s formula A P/H .
It is found, however, that P is a function of i,
and of p only, and varies from 17840 to 20200
according to the value of u. These figures are
much larger than those hitherto calculated (foot-
note to p. 194), though they agree with certain
experimental results (cf. the 20100 of Slutzkin &
Steinberg-—r1929 Abstracts, p. 326).

3309. " IsLaxD ”  I'ORMATION IN LLECTRONIC
Vawves.—H. Bode. (Zeitschr. f. tech. Phys.,
No. 7, Vol. 18, 1937, pp. 191-198.)

" The * durchgriff > of a valve is approximately
equal to the ratio of the anode/cathode capacity C,
to the control-electrode/cathode capacity C, for
cold electrodes. . . . This relation is baséd on the
assumption that the emission current depends on
the total displacement flux passing to the cathode
in an electron-free field, but that the flux dis-
tribution on the cathode is without influence. If
the emission density were proportional to the
static (electron-free field) field strength acting on
the cathode, the durchgriff would be constant
and equal to the statically calculated value so long
as the field strength at the cathode was every-
where negative-—i.e. so long as the potential from
the cathode outwards increased all over. But if
the field strength becomes at any point positive, no
emission current flows from there, if the initial
velocity of the electrons is neglected. Since over
the rest of the cathode the charge is greater than
the total charge, the total emission current will be
greater than that corresponding to the total charge ;
it follows, then, from eqn. 2 that an effective
durchgriff D, for the current must be reckoned
with which is larger than the statically calculated
value D,,. This is the recognised type of ‘island
formation.” In the following paper it will be shown,
however, that other causes of ‘island formation ’
exist. . . . An increase of durchgriff as a result of
‘island formation ' does not appear only as soon
as regions of positive field strength occur at the
cathode, but directly the static field distribution
at the cathode becomes non-uniform. A third
type of “island formation ' makes its appearance
when, with non-uniform emission density at the
cathode, saturation occurs at individual points
(points of maximum static field strength). The
emission-current density can nowhere on the cathode
increase beyond a certain value ; if this is reached
at any point, then the total current will remain
below the value corresponding to the cathode charge ;
from eqn. z it is seen that the durchgriff will there-
fore be decreased. . . A decrease of durchgrift
for high voltages on the anode and control electrode
is clearly shown in triodes with open grid mesh and
consequently large static durchgriff, such as the
type RE604. The conditions are shown schematic-
ally in Fig. 2. In general, three types of surface
F,, F,, and F3 are found on the cathode. The Fy
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surfaces are those which do not emit because of
positive field strength: they are the ‘islands.’
The Fj surfaces are those from which the saturation
current is taken—' saturation surfaces.’ The F,
surfaces gencrally surround the F, surfaces;
here a portion of the emitted electrons returns to
the cathode as a result of space-charge action
they are the ‘space-charge surfaces’.”

Such increase of durchgritf by “island forma-
tion "’ is the more marked, the more non-uniform
the static charge-distribution at the cathode : it
i1s particularly great in valves whose electrode
arrangement in itself gives a very inhomogeneous
field at the cathode. Such a valve is the so-called
“ plate valve ”’ with a filament stretched between
two parallel plane electrodes, one serving as anode
and the other as control electrode. The writer
therefore concentrates on the calculation and
experimental confirmation of the characteristics of
such a valve, taking into account the three types
of ““island formation.” Finally, in order to study
the effect of space charge, whose action in such a
valve difters considerably from its action in a
valve with a control electrode between the anode
and cathode, he takes steps to cut out ‘‘island
formation ”’ more or less completely, by using a
cathode which is very thin compared with the
space between the electrodes, and by mounting the
cathode very exactly parallel to the plates : devia-
tion from the parallel position leads to the same
phenomenon of *‘island formation "’ as that pro-
duced by a thick cathode. Care must also be taken
that the cathode is not longer than the other
electrodes, that it does not emit outside these, and
that there is no large potential drop along it.

3310. THE T/2-Law FOR 7THE VARIATIONS OF
UNSATURATED ELECTRON CURRENTS.—W.
Schottky & k. Spenke. (Naturwiss., 25th
June 1937, Vol. 25, No. 26/27, p. 447.)

The writers refer to the work of Williams (1793
of 1936 : for further development see 4069 of 1936)
and Llewellyn (1930 Abstracts, pp. 279-280), and
previous work of their own (1363 of April), on the
relation between corpuscular and thermal variations
in thermionic valves. They give new theoretical
results on systems in thermal equilibrium and reach
the general conclusion (shown in the figure) that
‘“ the shot effect, when weakened by space charge,
is very nearly equal to but rather greater than the
variation effect calculated on the basis of the
T(2-law [T = temperature : see Williams, loc. cit.],
taking into consideration the differential resistance
of the distance within which space charge is
effective.”” “ The T/:-law perhaps gives a limit
below which the true shot variations, weakened by
space charge, never fall.”” The writers find however
that their results confirm Llewellyn’s fundamental
idea (loc. cit.) that ‘“ thermal ‘ rustling ’ is somehow
effective as a limit for the space-charge weakening
of the shot effect.”

3311. THE CAUSES OF NOISE IN AMPLIFIERS [and
the Determination of ¢ and the Boltzmann
Constant].— M. Ziegler. (Philips  Tech.
Review, May 1937, Vol. 2, No. 5, pp. 136-
I41.)
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3312. SHor EFFECT OF SECONDARY ELECTRON
CURRENTS FROM NICKEL AND BERYLLIUM
measured at 110 ke/s 1 Data : Interpreta-

tion in Terms of Absorption and Scattering
of Primary and Secondary Electrons within
the Metal].—B. Kurrelmeyver & L. J. Hayner.
(Phys. Review, 1st June 1937, Series 2,
Vol. 51, No. 11, pp. 1007-1008 : abstract
only.) Extension of work referred to in
143 of 1936.

3313. OBSERVATIONS ON FIELD EMISSION AND
CATHODE SPRAYING OF THORIATED Tuncs-
TEN.—E. W. Miller. (Zeitschv. f. Physik,
No. 1/2, Vol. 106, 1937, pp. 132-140.)

“ Activation of wires containing ThO, and
vaporisation from an external Th source both gave
surfaces whose field emission depended largely on
the degrec of covering. The empirical ¢* law
already found [135 of January: ses also 542 of
February] for vaporised Ba cathodes was con-
firmed for the Th film. This could be uniformly
dissipated by bombardment with argon, hydrogen,
and nitrogen ions. Nitrogen ions were found to be
adsorbed by the Th film but not on the pure W
surface. Deactivation of the Th film by oxygen,
known in thermionics, was also observed in these
experiments. The work function of the impure
cathodes rosc o 6 ev. Observations on the roughen-
ing of W surfaces by cathode sputtering led to the
conclusion that, with the cathodes employed, the
‘ fine ' field strength [from points and ridges on the
surface] responsible for the field emission was not
much greater than the ‘coarse’ field strength
calculated from the geometrical shape ” [of the
whole surface].

3314. THIN-FiLm  Fretp EwmissioN  [Anomalous
Secondary Electron Emission from Barium
Borate Film].—E. R. Piore. (Phys. Review,
15th June 1937, Series 2, Vol. 51, No. 12,
pp. 1r11-1112.) For similar work with
electrolytic aluminium-oxide films see 3419
of 1936 (Malter).

3315. SECONDARY EMissioN FROM CLEAN TUNGSTEN
[Measurements of Ratio of Secondary to
Primary Current as Function of Primary
Voltage, with Cold Target: Secondary
IEmission increases when Thorium is evapo-
rated on to Clean Tungsten].—E. Coomes.
(Phys. Review, 1st June 1937, Series 2,
Vol. 51, No. 11, p. 1008 : abstract only.)

THE YI1ELD IN THE 1ONISATION OF POTASSIUM
ATOMS AT INCANDESCENT PLATINUM AND
TuUNGSTEN SURFACES {Measurements : Com-
parison with Results of Other Writers].

H. Mayer. (Zeitschr. f. Physik, No. 11/12,
Vol. 105, 1937, pp. 725-733.) For other
K/W results see E. Mever, 1030 Abstracts,

P 279

3316.

3317. ELECTRIC FIELD INFLUENCE OX SURFACE
JonisaTioN [of K and Na on Tungsten
Surfacel. — L. N. Dobrezov. (Physik
Zeitschr. der Sowjetumion, No. 6, Vol. 11
1937, pp. 647-659 : in English.)
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3319.

3320.

332T.

3324.

3325

3326.

3327
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Tur KINETICS OF ADSORPTION WITH INTER-
ACTION BETWEEN THE ADSORBED DP’ARTICLES
[Theoretical Study : Expressions for Rates
of Evaporation and Condensation : Proper-
ties of Hydrogen Film on Tungsten].—]. K.
Roberts. (Proc. Roy. Soc., Series A, 1st July
1937, Vol. 161, No. 904, pp. 141-153.)

ToERMIONIC [MissioN INTO DIELECTRIC
Liguips [Arguments against Reiss’s Belief
in the Potential Dissociation Theory: Im-
possibility of Measuring the True Photo-
electric Work Function in Presence of a
Liquid].—1. B. Baker & H. A. Boltz : Reiss.
(Phys. Review, 1st June 1937, Series 2,
Vol. 51, No. 11, p. 989.) See 2085 of August.

NoOTEs oN THE WETTING OF FILAMENTS BY
MorTEN METALS [Data on Filament Material
desirable for evaporating Metal directly
from Filament]. —M. A. Countryman.
(Journ. of Applied Phys. [formerly Physics],
June 1937, Vol. 8, No. 6, pp. 432-433.)

TaE  WATER-COOLED PENTODE TvyrEs
PA 12/15 AT ULTRA-SHORT WAVELENGTHS
[Theoretical Advantages of Pentode over
Triode : Difficulties and Their Elimination :
a Push-Pull Circuit for 6 m Waves] —K.
Posthumus. (Philips Transmitling News,
July 1037, Vol. 4, No. 3, pp. 1-12: in
English and German concurrently.)

. Higu-FreEQuENcY Powger Tuses [Water-

Cooled Transmitting Triodes for Ultra-High
I'requencies : Types 857 & 888, without
Internal Insulating Material : Max. Output
200-1000 Watts|.-—RCA. (Electronics, July
1937, Vol. 10, No. 7, p. 58.)

BeaM PowgER TRANSMITTING TUBES
[RK-47 and RK-48, Max. Anode Dis-
sipation 30 and 100 Watts respectively].—
(QST, July 1937, Vol. 21, No. 7, pp. 18
and 9o.)

DEVELOPMENT AND  MANUFACTURE  OF
MoDERN TRANSMITTING VaLvEs.—H. G.
Boumeester.  (Philips Transmitting News,
Julv 1937, Vol. 4, No. 3, pp. 15-24: In
English and German concurrently.)

RETARDING UNDESIRED [Secondary and
" Back "} EwmrissioNn 1N Vacuum TUBEs.
B. H. Porter. (Rad. Engineeving, June 1937,
Vol. 17, No. 6, pp. 7-8.)

RecENT TuBE
Engineering, June
pPp. 13-15.)

DEVELOPMENTS. — (Rad.
1937, Vol. 17, No. 6,

Tue Eppy CURRENT HEATING or COMPOSITE
CyLINDRICAL SvsTEMS [Theory of Adapta-
tion of Eddy Current Heating to Production
of Valves with Metal Invelopes: System
of Cylindrical Tube containing Coaxial
Cylinder : Application to Practical Systems:
toxperimental Confirmation].—D. A. Wright.
(Phil. Mag., July 1937, Series 7, Vol. 24,
No. 159, pp 1-26.)
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3328. Low-DRAIN RADIOTRONS SUITABLE FOR

“ A1r-CeELL " RECEIVERS. —(Rad. Review of
Australia, April 1937, Vol. 5, No. 4, P- 99.)

“ FUNDAMENTALS oF Vactvuys TUBES [Book
Reviews].—A. V. FEastman. (Wireless
Engineer, July 1937, Vol. 14, No. 166,
p- 371 : P.O. Elec. Eng. Journ., July 1937,
Vol. 30, Part 2, p. 156.)

3329.

ANOTHER TUBE NUMBERING SYSTEM.—G. H.
Gill. (Rad. Engineering, June 1937, Vol. 17,
No. 6, pp. 22-23))

3330.

GLASS FOR MODERN ELECTRIC 1.AMPS AND
Rapro  Varves.—Smelt.  (Philips Tech.
Review, March 1937, Vol. 2, No. 3, pp- 87-93.)

3331

Powgr TUBE CHARACTERISTICS [by use of
Cathode-Ray-Tube Trace : Thyratron/Grid-
Condenser Combination gives Short Pulses
of Plate and Grid Currents : No Overheating
of Valve Elements].— . [.. Chaffee. (Elec-
tronics, July 1937, Vol. 10, No. 7, p. 30.)

3332

3333. THE THEORY oF THE COSINUSOIDAL IMPULSE.
~A. 1. Berg. (lzvestiya Elektroprom. Slab.
Toka, No. 4, 1937, pp. 1-6.)

In designing a valve it is necessary to know the
maximum value of the anode-current impulse. The
existing methods are, however, insufficiently
accurate, especially in the case of a valve operating
with a peaked impulse. In the present paper a new
method is proposed which is based on an inve stiga-
tion of the processes taking place in the grid circuit
of the valve. An equation (7) of the family of the
anode-current characteristics 1s given and a similar
equation (6) is derived for the grid-current charac-
teristics. I'rom these two equations the relationship
between the various constants of the grid and
anode circuits are established and the main operating
conditions of the valve determined, including the
maximum value of a peaked impulse. The dis-
cussion is illustrated by a numerical example.

3334 A UniversaL TEesTiNG SET For Rapio
VaLves.—D. Eringa. (Philips Tech. Review,
Feb. 1937, Vol. 2, No. 2, pp. 57-63.)

3335- ERRATUM : A SimpLiFiED HARMONIC ANA-
1Ys1s.—Chaffee. (Review Scient. Instr.,
July 1937, Vol. 8, No. 7, p. 227.) See 123
of January,

DIRECTIONAL WIRELESS

3336. METHOD oF Rapro DirecrionN-FINDING IN
Space [Increased Accuracy obtained by
rotating  Whole Receiver DPolar Diagram
round Axis making Small Angle with Direc-
tion of Maximum: Reception Intensity
Constant and Independent of Rotation when
Emitter is exactly in Direction of Axis of
Rotation, with Circular Cross-Section of
Receiver Polar Diagram].—W. Runge :
Telefunken. (Hochf:tech. w. Elek:akus., June
1937, Vol. 49, No. 6, p. 215 : German Patent
641 096 of 28.1.34.)
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3337- S.F.R. RADIO-GUIDANCE SvSTEM FOoR ArIR-
CRAFT (PATENTED).—Y. Rocard. (Bull.dela
S.F.R., Nos. 3 & 4, 10th Year, 3rd & 1th
Quarters 1936, pp. 51-88 and 89-104: in
French and English concurrently )

Asinstalled at Angouléme, Bussac, and Bordeaux.

Among the many points discussed are the advan-
tages of the phase-reversal method of keying
(reversing the phase either in some stage of the
transmitter or in the aerials themselves) ;  the
complex action when both reflectors are keved
together (as at Angouléme); and the observed
phenomenon that sharp banking produces better
reception. “ One conceives that during this time
certain rather long metal wire stays, being inclined
towards the vertical, pick up a stronger radiation
and reinforce the aerial by diffraction or capacitive
coupling; so that horizontally polarised trans-
missions (where this effect would be utilised per-
manently) may very well be more advantageous, for
communication with aircraft, than vertically
polarised, in spite of the superiority of the latter as
regards the fields produced at low altitudes.”

3338. AIRCRAFT WIRELESS [on the Air-Liner
“ Caledonia ""].—(Wireless World, 16th July

1937, Vol. 41, p. 61.)

AuTomaTtic Rapio Navication [Criticism of
French Patent 786 890, Radio Naviga-
tional Instrument Corporation, USAL—
(Revue de I'Avinée de UAir, April 1937,
No. 93, pp. 473-480.)

3339

AERODROME AND AIR Route CONTROL
[Survey, with Section on Future Develop-
ment].—L. A. Sweny. (Marconi Review,
March/April 1937, No. 65, PpP- 9-19.)

3340.

BLIND  LANDING :  THE LoreNnz-IT&T
SYSTEM AT INDIANAPOLIS. (Electronics,
July 1937, Vol. 10, No. 7, pp. 26-27.) See
also Comin. & Broadcast Eng., June 1937,
Vol. 4, No. 6, pp. 12-13 and 37.

3341

ProPosEp BLIND LANDING SYSTEM [Micro-
Wave Receivers distributed over Landing
Field, Each starting Tts Own Relay-Con.
trolled Audio-Oscillator when excited by
Highly Directional Beam from Aeroplane].—
Sorensen. (dero Digest, May 1937, Vol. 30,
No. 5. p. 64.)

3342.

TUBE  ““REPEATS”  AIRCRAFT COMPASS
BrariNgs [Sense and Magnitude of D.C.
Output from Single-Valve Oscillator con-
trolled by Position of Condenser Plate
carried by Compass Needle : Output fed
to Central-Zero Meter on Instrument Panel].

‘F. West. (Electronics, July 1937, Vol. 10,
No. 7, p. 28.)

3343-

THE AcoOUSTIC ALTIMETER [ now ready to
leave Research Laboratory "’].—Delsasso.
(Science, 28th May 1937, Vol. 8s, Supp.
pp. o and 12))

3344
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ACOUSTICS AND AUDIO-FREQUENCIES

3345. EXPERIMENTS oN Rooa AcousTics [in
connection with Concert and Lecture Halls :
Necessity for Same Reverberation Duration
(not Sabine Reverberation Time) at All
T'requencies : Limitations .ot Fulfilment:
Guiding Rules for Architects: etc.].

H. Stumpp. (Zeitschr. V.D.I., 19th June
1937, Vol. 81, No. 25, pp. 720-721 : summary
only) See also Zeitschr. f. tech. Phys.,

No. 7, Vol. 18, 1937, p. 207.

3346. THE AcousTic EFFECT oF DISTANCE AND THE
PERCEPTION OF TIMBRE IN Rapio BRrRoaD-
casTING.—1. G. Dreisen. (Journ. of Tech.
Phvs. [in Russian], No. 8, Vol. 7, 1937, pp.
861-866.)

If during a radio broadcast from a studio the
microphone is moved, the listeners may become
aware of the change in the distance between the
microphone and the source of sound, and the
timbre of the received sound may also become
altered. These effects are attributed to the ability
of the ear to discriminate between the two com-
ponents of the sound energy in a studio, namely
the direct sound and the reverberation sound. When
the microphone is moved, the acoustic ratio (t.e.
the ratio of the two components) is altered, and this
may give rise to the effects menticned. Some
theoretical considerations supporting this view
are presented, and the experimental data given by
Rabinovich are discussed (1502 of 1935 : see also
1492 of 1936.)

3347.  PANOPHONIC’ SOUND DEMONSTRATED AT
I.R.E. [Australia] MEETING.— Raycophone
Companvy. (Rad. Review of Austvalia,
March 1937, Vol. 5, No. 3, p. 63.)

Embodying a vacuum-stabilised film drum giving

“ absolutely constant film speed ”; a “ cellular
horn ”’ unit (bank of logarithmic horns) for fre-
quencies above about 250c¢/s; etc. “ Previous
systems endeavoured to focus the light on to the
light slit ; the new idea is to focus an image of the
sound track on to the light slit, and much more
satisfactory reproduction resulted.”

3348. THE PLAYING SPEED OF GRAMOPHONE
Recorps [LExperiments on Listeners’ Re-
actions to Incorrect Speeds|.—]. de Boer.
(Philips Tech. Review, Feb. 1937, Vol. 2,
No. 2, p. 56.)

3349. VisuaL TuNING AND SPEED CONTROL OF A
PHONOGRAPH TURNTABLE [primarily for
Use of Gramophone as Partner rather than
Substitute for Actual Performing: Com-
pound Stroboscopic Disc.].—V. Karapetoft.
(Review Scient. Inmsty., June 1937, Vol. 8,
No. 6, pp. 213-214.)

3350. PuBLic ADDRESs AVC [allowing for Move-
ments of Head away from Microphone :
Other Refinements of Modern I’A Equip-
ment].—H. Paro. (Electronics, July 1937,
Vol. 10, No. 7, pp. 24-25.)

3351. MicroPHONES [Survey of Special Types for
Broadcasting, etc.].—A. Mainka. (Zeitschr.
V.D.I., 5th June 1937, Vol. 81, No. 23,
pp. 657-660.)
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Ox THE DEsIGN oF a MovinNg-Coir Typr
MicrorHoNE wiTH K.S. [Honda-Masumoto

Magnetic Steel] PERMANENT MAGNET.-
Nukiyama & Horikawa. (Jap. Journ. of
Physics, March 1937, Vol. 12, No. 1,
Abstracts p. 26.)

Tur DikLecTrRIC CONSTANT oOF MIXED
CRrysTaLsS OF AwMoNIUM AND COMMON
RoCHELLE SALT.—[vans. (See 3428.)

ENERGISED LOUDSPEAKER MAGNETS [Ex-
perimental Data on Three Designs].—
N. \W. McLachlan. (Wireless Engineer,
July 1937, Vol. 14, No. 166, pp. 359-362.)

GENERAL SOLUTION OF IRECTANGULAR PLATES
(PLaNE ProBLEMS) [Theory giving Stresses
corresponding to Given Boundary Condi-
tions].-—L. Beschkine. (Comples Rendus, 28th
June 1937, Vol. 204, No. 26, pp. 1918-1920.)

. THE INVENTION OF THE TELEPHONE [par-

ticularly Reis’s Share].—L. W. Taylor:
G. W. 0. H. (Wireless IEngineer, July 1937,
Vol. 14, No. 166, pp. 3690-370.)

LLIMITING IN THE AURAL RE-
CEPTION OF TELEGRAPHIC  SIGNALS.-
Dannehl & others. (See 3292.)

Part I.—A. Preisman.
(Commn. & Broadcasting Eng., June 1937,
Vol. 4, No. 6, pp. 9-11 and 22))

DistorTION IN Higu-FIDELITY  AUDIO
AvpLiriErs [Flat Characteristics do Not
ensure Distortionless Reproduction: Com-
mon Fallacies: Suggested Safeguards in
Design].—R. Lee. (Rad. Engineering, June
1937, Vol. 17, No. 6, pp. 16-18.)

NoTE ON REDUCTION OF DISTORTION AND
NoI1SE wITH INVERSE FEEDBACK [Disagree-
ment with Carter’'s Statements].—]. R.
Davey : Carter. (QST, July 1937, Vol 21,
No. 7, pp. 28-29.) See 2205 of June.

AMpLIFIER [and Audio-Frequency Trans-
former] MeasuriNG TrcHNIQUE. —E. I°
Kiernan. (Electronics, July 1937, Vol. 10,
No. 7, pp. 18-20.)

FORMULAE FOR THE CALCULATION OF THE
THEORETICAL CHARACTERISTICS AND DESIGN
oF CoaxIaL CABLEs. —]Jarvis & Fogg. (See
3396.)

Tue HammonDp ELecTrIC ORGAN [Descrip-
tion of Action, with Circuit Diagram].
(Nature, 19th June 1937, Vol. 139, pp. 1043~
1044.)

ON THE THEORY OF THE VIOLIN STRING.-

Witt. (Tech. Phvs. of USSR, No. 4, Vol. 4,
1937, pp. 261-288.) French version of the
Russian paper referred to in 185 of January.

Tue REesonoscorr [57 Cathode-Ray Tube
and Associated Circuits for tuning Musical
Instruments and analysing Musical Tones in
Instrument Manufacture]..—L. B. Holmes.
(Electronics, July 1937, Vol. 10, No. 7, pp. 17
and 66.)
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3366. THE CONSTRUCTION OF °* SEARcH-ToNE
[Exploring-Note] ANALYSERS.—G. Wey-
mann. (Hochf:tech. u. Elek:akus., June 1937,
Vol. 49, No. 6, pp. 181-183.)

The analyser here described dispenses with a
push-pull rectifier and beat oscillator and uses a
quartz resonator as a filter. The principles of search-
tone analysers are first discussed, with special
reference to the use of a push-pull modulator by
Griitzmacher (Fig. 1; 1930 Abstracts, p. 163) and
others. The circuit proposed by the writer is
shown in Fig. 2; it employs a longitudinally-
oscillating quartz crystal.

3367. CONTRIBUTION TO THE THEORY aND TEch-
NIQUE OF ** SEarcH-ToNE "’ [Exploring-Note
FREQUENCY ANaLysis.—K. Schoeps.
(Hochf:tech. u. Elek:akus., June 1937, Vol. 49,
No. 6, pp. 184-194.)

The construction of a search-tone generator is
described in Sec. A. The principles of frequency
analysis using a search-tone are first discussed
theoretically ; calculations of the rectification and
the ** klirr ”’ factor give the conditions for absence
of error in the analysis. Considerations of the
sensitivity for the fundamental low-frequency com
ponent show that the grid bias of the rectifier
should be chosen in the region of negative grid
voltage. The ‘' pulling-into-tune ”’ (Mitnahme)
phenomenon also gives rise to a “ klirr 7’ factor
(§ 1m1) ; the circuit of the audio-frequency generator
(Fig. 11) is designed so that the amplitude of the
third harmonic is very small and “ pulling-into-
tune ”’ is avoided. The underlying causes for the
variation of the output voltage of the audio-
frequency generator with frequency are theoretically
analysed in §1v (circuit equivalent to oscillatory
circuit, Fig. 13); it i8 found that the search-tone
voltage can be made practically constant (I'ig. 135)
by proper adjustment of the resonance curve of the
osctllatory circuit.

The method of analysis (Sec. C) in which this
generator is employed works without a push-pull
modulator. The resonator has hitherto been at the
beginning of the audio-frequency band (group 1 ;
Fig. 16) or above the highest frequency to be
analysed (group 2; [ig. 17). In both these
methods disturbance is caused, in a modulator
without a push-pull circuit, by combination tones.
In the new method here given, for analysis of
frequencics up to 15 000 c¢/s, the resonator is just
above 30 0oo c¢/s and the search tone ranges from
15 000 to 30 000 ¢/s, so that the desired frequencies
are recorded between 15000 and 30o000c/s, by
using the summation tones. No interfering fre-
quencies occur. The resolving power and rapidity
of the various methods are discussed in Sec. D.

3368. THE VALVE As VARIABLE CAPACITY, AND ITs
Use as a " HowLER " FOR [REQUENCY
AxaLvsis, ETc.—Engelhardt. (See 3258.)

3369. THE ANALYSIS OF NOISE IN ELECTRICAL
MacHINEsS [by Apparatus consisting of
Thermal Bridge Modulator and Low-Pass
Filter of Width 4 ¢/s: Errors due to Modu-
lator Characteristic and Thermal Inertia :
Examples of Noise Spectra].—W. Ernst-
hausen. (Awch. f. Elektrot., 18th May 1937,
Vol. 31, No. 5, pp. 299-311.)
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Tur PERFORMANCE OF NOISE METERS IN
TERMS OF THE DRIMARY STANDARD [of
‘" Equivalent Loudness ' (Unit the British
Standard Phon): Subjective (including a
Two-Telephone Type) and Objective Noise
Meters: Noises associated with Irregular
Sound Fields: etc.]—B. G. Churcher &
A. J. King. (Journ. I.E.E., July 1937,
Vol. 81, No. 487, pp. 57-81: Discussion
pp. 81—-90.)

Mopery No1sE MEeTeR [ Tannov ”’ Noise
Meter manufactured in collaboration with
N.P.L. for Tests on Motor Vehicles, etc.].
(Wireless World, 23rd July 1937, Vol. 41,
pp- 84-85)

THE EvoLuTioN oF THE Phon.—D. B.
Foster. (Waiveless World, oth July 1937,
Vol. 41, pp. 32-33.)

OcTaviEs aAND Decisers [Discussion, with

Practical Data, showing Advantage of
Logarithmic Units].—R. Vermeulen. (Philips
Tech. Review, Feb. 1937, Vol. 2, No. 2,
PP- 47-50.)

SoUND WAVES AND THE AUDITORY SENSATION
[including New Idea of the Mechanism of
Phonation].—R. Taguti. (Jap. Journ. of
Physics, March 1937, Vol. 12, No. 1,
Abstracts pp. 11-13.)

ON THE RELATION BETWEEN THE PERFORM-
ANCE AND THE LOUDNESS 0¥ SOUND OF AN
AIRSCREW.—Obata & others. (Jap. Journ.
of Physics, March 1937, Vol. 12, No. 1,
Abstracts p. 11.)

SUPERSONIC WAVES AND THEIR APPLICATION
IN SCIENCE AND ENGINEERING. —L. Berg-
mann. (Funkltech. Monatshefte, June & July
1937, Nos. 6 & 7, pp. 169-174 and 207-211.)

THE AcousTIC ALTIMETER [ now ready to
leave Research Laboratory ’].—Delsasso.
(Science, 28th May 1937, Vol. 85, Supp.
pp- Toand 12.)

A NEw METHOD OF MAKING VISIBLE THE
STANDING SUPERSONIC WAVES IN LIQUuIDs.
O. Nomoto. (Jap. Journ. of Physics, March
1937, Vol. 12, No. 1, Abstracts pp. 10-11:
in German.)

THE VELOCITIES OF SOUND IN SOLUTIONS
AND THEIR RELATIONS TO THE VELOCITY OF
SOUND OF THE SOLUTE [Measurements for
Organic Liquids by Supersonic Diffraction
Method at Low and High Temperatures].—
W. Schaaffs. (Zeitschy. f. Physik, No. 11/12,
Vol. 105, 1937, pp. 658-675.)

*“ ULTRASONS ET BioLocGiE "’ [Book Review].
—Dognon & Biancani. (A4lta Frequenza,

July 1937, Vol. 6, No. 7, p. 483.)

ON THE THEORY OF THE DIFFRACTION OF
LI1GHT BY SUPERSONIC WAVES.—van Cittert.

(See 3392.)
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PHOTOTELEGRAPHY AND TELEVISION

3382. Tue ProGress 1N TELEVISION [Recent Work
of the Compagnie des Compteurs: Im-
provements in Disc Scanning at Transmitter :
Interlaced Scanning (Ordinary and “‘Internal
De-Phasing ™) : etc.].—R.  Barthélémy.
(L’Onde Elec., June 1937, Vol. 16, No. 186,
PP- 341-359)

The introduction of electron multipliers has
made available a 100- or zo00-fold increase in gain:
the distribution of this over various points of the
system (e.g. a 4:1 reduction of the lighting, a
3 or 4 : 1 reduction of noise/modulation ratio, etc.)
is described. The maximum number of lines
successfully obtainable with a scanning disc is
discussed : recent work has dealt with the third
dimension of the holes, namely their depth (p. 345).
Blocking of the holes by dust has been avoided,
abroad, by enclosing disc and motor in a vacuun,
but this is regarded as too elaborate : the writer’s
method is to clean the holes thoroughly and then
to cover them with very thin and transparent
cellophane, causing a 5% loss of light only. The
success of a combination of mirror drum and fixed
reflectors, giving a 400-line image, is mentioned in
passing.

The problem of flicker leads to an examination
of methods developed abroad of interlaced scanning.
The ‘“ most practical ”’ of these involves an odd
number of lines {o the image and demands an
absolute constancy of phase and of fly-back time.
‘ This condition  hardly suits the very simple
thyratron-controlled receivers which we use in
France, and as a matter of fact even with other
circuits the stability of interlacing is not assured "
[though later the writer remarks that the control
used in the LLondon E.M.I. transmitter ** gives more
constant results *']. This difficulty has led to the
development of the writer’s *“ internal de-phasing ”
method of interlacing (pp. 355-356) using an even
number of lines to the frame—which incidentally is
an advantage for mechanical analysers—requiring
hardly any change to the receivers, and giving
interlaced-scanning images at the receiver with the
stability usually associated with sequential scan-
ning. However, ‘ the theorctical superiority of
interlacing needs to be proved in practice,”” and the
writer mentions the difiiculty of ‘stroboscopic
effects * (¢f. Bedford, 3042 of August). As regards
film transmission, the writer’s preference is for the
method developed by himself and Monnot for
s0-frame scanning of 25-images/sec. film, where each
picture is transmitted twice (p. 349).

3383. TELEVISION SYSTEM WITH Nirxkow Disc
fand Electron Multiplier : High-Pressure
Mercury Lamp: 4035 Lines, 25 Frames].
H. Rinia & C. Dorsman. (Philips Tech.
Review, March 1937, Vol. 2, No. 3, pp. 72-76.)

3384. THE QUESTION OF THE GERMAN TELEVISION
BROADCASTING STANDARDISATION [Compari-
son between g41-Line Interlaced Scanning
and s0-Frame Sequential Scanning].—G.
Weiss. (Funktech. Monatshefte, June 1937,
No. 0, Supp. pp. 45-47-) i

“ To sum up, it may be said that in the present
state of television technique in Germany the intro-
duction of interlaced scanning with 441 lines is
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desirable. It is however pointed out that it seems
not impossible that further developments may
malke the position once more favourable to ordinary
scanning with 50 frame-changes. This [opinion] is
based, above all, on the comparatively small
difference in quality of the images transmitted by
the two systems.”

3385. STanDaRDS IN TELEvVIsion [Comparison o
RMA Proposed Standards with British
Standards: Question of Transmitting the
D.C. Component: Positive or Negative
Modulation : etc.]——H. M. Lewis. ([lec-
tronics, July 1937, Vol. 10, No. 7, pp. 10-13
and 50, 5I.)

338%6. THE ProGRress or TELEVISION IN THE YEAR
1936 [in Lurope and Americal. —(Rev. Gén.
de I’Flec., 19th June 1937, Vol. 41, No. 25,
pp. 198-190D : summary only.)

3387. ForEIGN TELEVISION ACTIVITIES [including
Russian].—(Electronics, July 1937, Vol. To,
No. 7, p. 36.)

3388. THE DEVELOPMENT OF TELEVISION [1931—
1935].—Begrich. (Funhtech. Monatshefte,
June 1937, No. 6, Supp. pp. 47- -50.)  See
3050 of August: concluded in July issue.

3389. ScopHoNY TELEVISION SYSTEM ! Hich-
DEFINITION PICTURES PROJECTED ON [LARGE
ScrEENS [Special Demonstration|.—(Wireless
World, 23rd July 1937, Vol. 41, p. 78.)

3390. TELEVISION EXHIBITION AT THE SCIENCE
Muskum [General Notes: IPrinciple of
Scophony ‘* Supersonic Light Control Cell 1.

(Nature, 19th June 1o37. Vol. 139, p. 1077.)
See also 3048/3049 of August.

3391. THE MODULATION OF LIGHT BY SUPERSONIC
Waves.—V. K. Kharizomenov. (Journ. of
Tech. Phys. [in Russian}, No. 8, Vol. 7,
1937, PP. 844--860.)

Yor previous work see 2302 of 1936. In the
present paper the diffraction of light by a super-
sonic travelling wave is discussed theoretically, and
this is followed by an account of experiments
carried out to determine the relationship between
the intensity of the diffraction spectra of various
orders and the amplitude of the voltage applied to
the crystal. A theoretical as well as an experi-
mental investigation is also presented of the
oscillations of a crystal in a liquid, and of their
attenuation factor.” The main conclusion reached
is that this system has several advantages over a
IKerr cell, of which the most important is that more
light can be passed through the new modulator.

3392. ON THE THEORY OF THE DIFFRACTION OF
LicuT BY SUPERSONIC WavEs [System of
Simultaneous Differential Equations derived,
leading directly to Raman-Nath and Lxter-
mann-Wannier Solutions]—P. H. van Cit-
tert. (Physica, July 1937, Vol. 4, No. 7,
Pp. 590594 in German.)

E



512 THE WIRELESS ENGINEER

3393. A CaTioDE-Ray TranNsMITTING TUBE [Icono-
scope].—Krusser & Romanova. (lzvestiya
Elektroprom. Slab. Toka, No. 4, 1937, pp.
20-23.)

Continuing the work referred to in 1863 of May,
it is pointed out that no adequate description of
the complex processes taking place in an iconoscope
is available in the literature. In the present paper
an attempt is made to give such a description,
based on experience with iconoscopes over a period
of 2 years.

3304. COMMERCIAL  BACKGROUND  aAND  LuGaL
AsSPECTS oF TELEvIsioN.—]. N. Oppenheim.
(Electromics, July 1937, Vol. 10, No. 7,

p- 36: summary only.)

HicH-FREQUENCY MobpuLatioN oF ULTRA-
SHorT Waves [Pure Amplitude Modulation
(1.5-3 Mc/s) for Television by Use of
Parallel-Wire Transmission Lines of Length
A/4 or Integral Multiple].—Banerjee & Singh.
(Indian Jouvn. of Phvs., May 1937, Vol. 11,
Part 2, pp. 91—98.) For a preliminary
report see 483 of February.

3395-

ForRMULAE FOR THE CALCULATION OF THE
THEORETICAL CHARACTERISTICS AND DESIGN
oF CoaxiaL CaBLEs [including Cases when
Phase Delay is to be taken into account as
well as Attenuation : Advantages of Thin-
Wall Conductors].—R. F. J. Jarvis & G. H.
Togg. (P.O. Elec. Eng. Journ., July 1937,
Vol. 30, Part 2, pp. 138-151.)

3396.

MoODERN DEVELOPMENTS IN TELEVISION :
Part II—RECEPTION SysTEMS.—S. T,
Stevens. (P.O. Elec. Eng. Journ., July 1937,
Vol. 30, Part 2, pp. 129-137.) For Part |
see 2262 of June.

3397

A TELevisioN RECEIVER [for 240-Line
Sequential and 405-Line Interlaced Trans-
missions].—C. L. Richards. (Philips Tech.
Review, Feb. 1937, Vol. 2, No. 2, pp. 33-38.)

3398.

3399. THE WIRELESS WoRLD TELEVISION RECEIVER,
—W. T. Cocking. (Waireless World, 2nd,
gth, 16th & 23rd July, 1037, Vol. 41, pp.
2-6, 24-27, 4649, & 68-72))

INVESTIGATIONS ON SELENIUM PHOTOCELLS
[Systematic Examination of Mass-Produced
SAF Cells Types C and D : Ageing by Con-
tinuous Illumination : Variation of Photo-
effect with Temperature: Change of
Photocurrent when Total Illumination is
kept Constant but Density is Varied].

L. Bergmann & R. Pelz. (Zeitschr. f. tech.
Phys., No. 7, Vol. 15, 1937, pp. 177-191.)

3400.

SECONDARY-EMISsioN  PHOTOCELL  [Osram
C.W.S.24]. General Ilectric Company.
(Journ. Scient. Instr., July 1937, Vol. 14,
No. 7, pp. 250-251.) The cell referred to
in 3069 of August.

3401.

. ABSORPTION OF GAMMA RAYS MEASURED BY
THEIR PHoOro-E¥FECT IN BERYLLIUM.-
J. Rotblat. (Nature, sth June 1937, Vol.
139, pp. 963-961.)
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3403. ON THE PRELIMINARY DISCHARGE AND THE
Srark VOLTAGE [Relation between Photo-
electric Iiffect and Spark Voltage: etc.].-
R. Kobayashi. (Electrotech. Journal, Tokyo,
July 1937, Vol. 1, No. 2, pp. 68-69.) The
experimental results give a relation which,
“from the standpoint of the theory of

photoelectric effect concerning sparking
mechanism, 1s quite contrary to its expecta-
tion.”’

3404. INVESTIGATIONS ON THE LoNG-WAVE “TaiL”
OF THE NATURAL ULTRA-VIOLET ABSORPTION
oF ALkaLl HarLipe CrysTaLs [Long-Wave
“Tail” is a Single Absorption Band :
Effect increased by Various Treatments of
Crystal : Long-Wave Absorption due to
Natural Constituents of Crystal in Disturbed
Position] : and THERMAL TREATMENT AND
DrrrusioNn 1IN Sarr CrysTaLs [Effect of
Diffusion of Foreign Materials in Crystal].—
E. Rexer. (Zeitschr. f. Phvsik, No. 1z,
Vol. 106, 1937, pp. 70 92: pp. g3-101.)

THE I’RODUCTION AND MoBILITY oF COLOUR
CENTRES IN ALKALI HaLipkE CRysTaLs, and
OTHER DPAPERS ON THESE CRYSTALS.
Rogener, Mollwo, Hilsch, Honrath, Hohls.
(Ann. der Physik, No. 5, Vol. 29, 1937,
Series 5, pp. 386—448.)

3405.

THE PREPARATION OF JMONOCRYSTALLINE
LavErs orF SILVER HaLoibs.—Levitskaya
& Korolev.  (Jowrn. of Tech. Phys. [in
Russian], No. 7, Vol. 7, 1937, pp. 760—761.)

3406.

COLORATION OF ZIRCONIUM SILICATE BY
IrRrADIATION [with Ultra-Violet Light :
Iffect similar to that with Alkali Halides :
Effect of Increasing Temperature : Absorp-
tion Bands].—]. Lietz. (Nafurwiss., 11th
June 1937, Vol. 25, No. 24/25, pp. 415-416.)

3407.

3408. THr [LuMINOUS EFFICIENCY OF THE POSITIVE
CoLuMN OF A DISCRARGE IN Sobpium
Vaprour.—Klarfeld & Taraskov.  (Journ.

of Tech. Phys. [in Russian], No. 8, Vol. 7,
1937, pp. 836-843.) For a previous paper
see 623 of l'ebruary.

PROGRESS IN LIGHT AND ILLUMINATION
TECHNIQUE 1N 1936'—(Elekirot. u. Masch:
bau, 27th June 1937, Vol. 55, No. 26, Supp.
Pp- 1-7.)

MEASUREMENTS AND STANDARDS

INVESTIGATIONS ON TRANSVERSELY-VIBRA
TING QUARTZ PLATES.—R. O. Schumacher
(Telefunken [formerly Telefunken-Zeitung],
July 1937, Vol. 18, No. 76, pp. 16-21.

For the wave-range 30 1000 m, ‘ thickness
oscillations (frequency dependent on the dimension
between the electrodes) may be used, but even
between Soo and 1000 m it becomes difficult to
preserve the ratio of diameter to thickness (which
should never fall short of 10: 1 for round plates)
because of the large diameters to which this leads.
Above 1000 m, therefore, transverse oscillations are
used, for which the '* wave-coefficient *’ ranges from
80 to 120, thus leading to reasonable diameters.

3409.

3410.

»
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The present investigation deals with such transverse
oscillations in round and square “ Y-cut” plates,
using two ways of determining the vibration
patterns : the optical interfercnce method and the
lycopodium-powder method. The former shows
only the motion centres on the surface, while the
latter also gives the nodes and antinodes at the
edges of the plate. Since low temperature co-
efficients are of practical importance, only the
oscillations having the smaller of the two fre-
quencies given by such plates are dealt with, since
these oscillations have been shown by Bechmann
to have two orientation points yielding a zero
coefficient.

The investigations show the dependence of the
oscillation patterns on the shape of the edges of
the plate (such as the angle at which they are
bevelled), since on this depends the reflection of
the fundamental vibration at the limiting surfaces.
This leads to a discussion of the special Telefunken
low-damping mounting, in which ‘‘stalks” are
provided at opposite nodal points on the round
plate, cut out of the same piece as the plate in
directions perpendicular to the electrical axis.
These ‘‘ stalks "’ take no part in the mechanical
vibration and can thus be used for fixing the plate.
If cut parallel to the electrical axis (Fig. 30) they
are no longer free from taking part in the vibration,
and are less effective. A final section deals with the
bad effects of unsuitable methods of mounting:
the pressure should always be along a nodal line
(Fig. 35): if it is slightly slanting the pattern is
distorted (Fig. 36) and the damping increases. If
the pressure is applied at right angles to the nodal
lines the pattern is completely changed (Fig. 37)
and the damping becomes very severe

3411. QUARTZ RESONATORS :
Bechmann : Kautter.

QUARTZ FILTERS.
(See 3283 & 3234.)

3412. A ' SCHLIEREN ' LEXPERIMENT ON THE
ViBraTioN Form oF A THIN QuarTz Disc
[with Photographs of Vibration Forms].
W. Schaafts. (Zeitschr. f. Physik, No. g/10,
Vol. 105, 1937, pp. 576-578.)

TRANSFORMATION FROM a- TO B-QUARTZ
[studied by Variation of Double Refraction
and Temperature with Time].—H. E. von
Steinwehr.  (Naturwiss., 28th May 1037,
Vol. 25, No. 22, p. 348.)

3413.

A NEw METHOD OF MEASUREMENT OF THE
PIEZOELECTRIC [SFFECT FOR CRYSTALLINE
Powpers.—]. Engl & I. P. Leventer.
(Ann. der Physik, Series 5, No. 5, Vol. 29,
1937, pp. 369-335.)

The principle of the method is that a mixture of
the crystalline powder and benzol is nsed as the
dielectric in a measuring condenser designed as a
calorimeter (I'ig. 2). The power absorbed at high
frequencies is measured as a function of the wave-
length (I¥igs. 4, 6) ; the piezoelectric part has the
character of a resonance curve (dielectric losses are
shown in Iigs. 5, 7). The theory of the method is
given ; Fig. 1 shows the circuit used. The method
is shown to be applicable to the quantitative com-
parison of various types of crystal.

3414
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THE P1EzODIELECTRIC EFFECT AND LELECTRO-
STRICTION IN ANISOTROPIC OR ISOTROPIC
Mepra Phenomenological Theory].—H
Osterberg & J. W. Cookson. (Phys. Review,
15th June 1937, Series 2, Vol. 51, No. 12,
pp. 1096-1101.)

3415.

THE VARIATION OF THE MODULUS OF ELas-
TICITY AND THE ATTENUATION or TRANSs-
VERSELY OSCILLATING METaLLic  Rops
WITH THE AMPLITUDE [LExperimental Curves
for Ferromagnetic Materials : Connection
awith Magnetostriction].—F. Lorster & W.
Koster. (Naturwiss., 25th  June 1937,
Vol. 25, No. 26/27, pp. 436-439.)

ON THE LINEAR INTERPOLATION OF IRE-
gueNcy CORRECTIONS IN THE RE-CALIBRA-
TIoN oF WaveEMETERS.—I. B. Selyutin.
(Izvestiya Elektroprom. Slab. Toka, No. 4,
1937, Pp. 17-19) i

In re-calibrating wavemeters it is usual to check
a few points and find the intermediate points by
calculation. In the present paper a method is
proposed for the linear interpolation of the correct-
ing factor, thus avoiding the necessity of calculating
the calibration table.

3410.

3417.

3418. TiME DETERMINATION AND TIME BROADCAST
[Historical Survey: Description of Auto-
matic Time Broadcaster].—J. F. Hellweg.
(Journ. Franklin Inst.,, May 1937, Vol. 223,
No. 5, pp. 549-503)

3419. ON DMEASUREMENTS OF THE
Two-WIRE LINE BY THE METHOD OF
RooseNsTEIN-TaTarINOv AT ULTrRA-HicH
FreQUENCIES [Wavelengths round 3-4 m].
—N. N. Malov. (Physik. Zeitschv. der
Sowjetunion, No. 3, Vol. 11, 1937, pPP- 539~
544 : in German.)

In their electro-medical researches the writers
require to measure the load introduced by the
insertion of an object into the condenser of the r.f.
circuit. The air gaps between the object and the
condenser plates render the equivalent resistance
of the former only small ; this resistance cannot be
measured by Drude’s method because those parts
of the object which are not actually inside the
condenser affect the Lecher system and spoil the
results. The writers therefore employ the method
developed by Roosenstein and by Tatarinov (1931
Abstracts, pp. 36 & 269 respectively), in which the
condenser, with the object inside it, is connected
across the end of the two-wire line, the other end
of which is loosely coupled to a r.f. generator.
The potential distribution is determined with an
indicator (Fig. 3) very loosely coupled to the line
(preferably to both branches, since Tatarinov has
shown that small accidental asymmetries in the
excitation of the line are then unimportant), and
the required resistance is given, by eqns. 2 and 3,
from the distance y, (between the potential node
and the end of the line which is closed by the
condenser) and the ratio k2 of the potentials at the
nodes and antinodes. The influence of the indicator
is analysed : this is small in the neighbourhood of
a potential node, and it is therefore disadvantageous
to make measurements near an antinode (the
writer states that Belyakova—276 of January—

E®
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neglected this point and probably falsified his
results accordingly). The ratio % is therefore found
indirectly from the values of potential measured
at the potential node and at a spot quite close to
it (bottom of p. 541) ; or, in cases where the value
at the node is too small to measure accurately,
from the values measured at two points at small
distances z;, z; from the node (top of p. 542).
The coupling of the indicator to the two branches
of the line is through the capacity between the
lower ends of the line hooks zz (Fig. 3) and the
ends of the tine wires from the detector circuit,
passing up the capillary glass tubes KA.

3420. STATICAL MEASUREMENT OF MAX1MUM \'OLT-
AGES OF Arr I'REQUENcIES.—IH. Doéring :

O. Lintner. (Hochf:tech. u. Elek:akus., June
1937, Vol. 49, No. 6, p. 214.) Doring
remarks that Lintner’'s method (656 of

February) is not valid at ultra-high fre-
quencies.

342I. A Mains-DRIvVEN DyxaTroNy R.F. DanpinGg
METER aAS a PracTicar INsTrRUMENT [for
Wavelengths down to 30m].—A. TPeetz.
(Hochf:tech. . Ilek :akus., June 1937, Vol. 49,
No. 0, pp. 212-214.)

The resonance resistance of the circuit to be
measured 1s balanced against a negative resistance
(dvnatron circuit Iig. 1). The measurement of the
negative resistance is discussed in §1; a compen-
sation method is used, for which a compensation
voltage is derived as shown in Fig. 3. The whole
circuit of the meter is given in Fig. 4, which shows
the devices for keeping filament and screen-grid
voltage constant (§11). The resonance resistance
can be read directly oft a curve, while the decrement,
self-induction, and capacity of the circuit can also
be determined with a little calculation.

3422. THE OCCURRENCE AND MEASUREMENT OF
SIDEBAND ASYMMETkY (PHase Mobpura-

T10N).—Hofer. (See 3270.)

A METHOD OF MEASUREMENT OF THE CoMm-
PLEX TRrRANSMISSION CONSTANTS OF AMPLI-
FIERS.—A. Agricola. (E.N.T., May 1937,
Vol. 14, No. 5, pp. 162-167.)

This method is a devclopment of a known
principle of phase-distortion measurement (Nyquist
& Brand, 1931 Abstracts, p. 44). I7ig. 2 shows the
circuit ; it is fundamentally the same as the three-
voltmeter method of Wright & Graham (2715 of
1936) and can be used up to arbitrarily high fre-
quencies. The method of working is described ;
Figs. 4, 5 illustrate the derivation of phase- and
transit-time-curves of wide-band amplitiers for
high-frequency cables. The possible sources of
error are investigated (Fig. 0); the accuracy can
be increased by using only small differences between
input and output voltages. *“* If the ratio of the
difference to the input voltage rises to the value
4/2 when the measuring frequency is changed, an
additional phase displacement of 180° must be
introduced.”’

3423.

3424. ON THE MEASUREMENT OF FIELD STRENGTHS
AT Higcn TFrEQUENCIES.—S. Ya. Braude.
(Journ. of Tech. Phvs. [in Russian|, No. 7,
Vol. 7, 1937, p. 763.) ,

Replving to Malov’s letter dealt with in 1080 of
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March, the writer states that the error due to heat
losses in the glass bulb was taken into account in
his experiments. Further, he does not agree with
Malov’s suggestion that the heating of the bulb could
be used for the direct measurement of electric field
strengths.

3425. GRAPHICAL DETERMINATION OF THE ELECTRI-
caL Conpirions [Voltages : Field Strengths)
IN CoaxiAL CYLINDERS WITH STRATIFIED
DicLecTrIc.—H. Ziegler. (Arch. f. Elekirot.,
18th May 1937, Vol. 31, No. 5, pp. 333-337.)

3426. SCHERING BRIDGE EQUIPMENT FOR
Dierecrric Loss MEASUKEMENTS ON IN-
STALLED APPARATUS.— Dannatt & lidwards.
(Met.-Vickers Gazette, July 1937, Vol. 17,
No. 291, pp. 11-13.)

3427. I'REE INTRA-MOLECULAR ROTATORY POWER
AND Dirrecrric Losses 1N A High-T'RE-
QUENCY FIELD [shown by Measurements on
Organic Liquids with \Wavelength 7.2m,
where Reciprocal of Frequency is Inter-
mediate between Relaxation Times of Whole
Molecule and of Ireely Rotatable Polar
Group within It].—L. D’Or & J. Henrion.
(Phvstk. Zeitschr., 1st June 1937, Vol. 38,
No. 11, p. 426)

3428. Tur DicrecTrIC CONSTANT OF MIXED
CRYSTALS OF SODIUM  AMMONIUM AND
SopiuM PoTassius TARTRATES [Ammonium
and Common Rochelle Salt: Measurements
over Frequency Range 50 2000 kc/s : Rapid
FFall of Dielectric Constant with Increased
Proportion of Ammonium Salt].—R. C.
LEvans. (Phil. Mag., July 1937, Series 7,
Vol. 24, No. 159, pp.- 70-79.)

. AN ABSOLUTE METHOD FOR MEASURING THE
DierLecrric CoNsSTANTS OF FrLuibs anNDp
Sorips AT Urrtra-HigH FREQUENCIES
[Modified Drude (Lecher-Wire) Method using
Only Thin Slab of Material : Mathematical
Formulae: Experimental Technique].—R.
King. (Review Scient. Instr., June 1937,
Vol. 8 No. 6, pp. 201-209.) Another
application of the technique described in an
carlier paper (3593 of 1935).

DieLEcTRIC CONSTANTS OF SOLUTIONS OF
SOME ALCOHOLS IN BENnzoL [at Wavelength
of 57.75 cm].—Romanov & Eltzin. (Physik.
Zettschy. der Sowjetunion, No. 5, Vol. 11
1937, pPp- 526-538: in German.

3430.

A 00 To 100 MEGACYCLE OsciLLaTor [with
Fixed Condenser and Tuning by ** Split-
Rivet ” Conncection to Bare-Wire Coils|.
A. Binnewey, Jr. (Llectronics, July 1937,
Vol. 10, No. 7, p. 29.) For the writer's
20—-60 Mc/s oscillator see 1489 of April.

3431

A ROCHELLE SALT JLECTROMETER [for
High-Impedance Circuits: using a Brush
" Bimorph ” Crystal].—M. ]. E. Golay.
(Review Sciemt. Tustr., July 1937, Vol. 3,
No. 7, pp. 228-230.)

3432.

3433. AX IDEaL Varve VOLTMETER.—(See 3303.)
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3434. A NEw Loap-Mrtur [for
loads: Circuits applicable to Voltage and
Current Transformers|.—W. Hohle. (Phvsik.
Zeitschr., 1st June 1937, Vol. 38, No. 11
PP 389-394)

MutuaL INDUcTANCE CALCULATIONS [Simpli-
fied Method for Coaxial Single-Layer Coils].

D. Pollack. (Flectronics, July 1037,
Vol. 10, No. 7, pp. 31-32.)

3435

CALCULATIONS

)

34-5

SLIDE-RULE  IMPEDANCE
avoiding Addition, by Use ol
Triangle Method].—Gunsolley. (Electronics,
Mav 1937, Vol. 10, No. 5, pp. 45-46.) For
correspondence and alternative methods
see ibid., July 1937, No. 7, pp. 34 and 40, 64.

3436.

‘ELekTRISCHE MESSTECHNIK * [I-—Direct-
Current  Measuring  Technique : Book
Review]|.—Schwerdtieger. (Zeitschr. f. tech.
Phys., No. 7, Vol. 15, 1937, P 204.)

3437

SUBSIDIARY APPARATUS AND MATERIALS

3438. PrRODUCTION OF ELECTRON-OPTICAL STRUC-
TURE IMAGES WITH [PPHOTOELECTRONS.
Gross & Seitz. (Zeitschy. f. Physik, No. 11/12,
Vol. 105, 1037, Pp- 734-737)

The images referred to are electron pictures of
the crystalline structure of metals. Images of
gas-charged nickel surfaces are shown in Fig. 2.
The method here proposed of obtaining reproducible
pictures easily is to cover the crystalline surfaces
with very thin, photoelectrically active films of
ditierent thickness. Iig. 3 shows emission pictures
of a nickel surface covered with a vaporised
barium film (see also Briiche, 1021 of 1936). The
procedure finally adopted was to vaporise barium
on to the metal surface after degassing it, heat it to
a high temperature and cool it again; a photo-
electric structure image was then obtained (Figs.
4, 5) which showed the good contrast obtained
with thermionic images at high temperatures.
The pictures in Figs. 4, 5 are also unaffected by
scattered light retlected from the cathode.

3439. AN licoxoMIcaL CATHODE-RAY OscCILLO-
GRAPH DESIGN USING THE TYPE 913 ' MIDG-
Er”’ Tusk.——(Rad. Review of Australia,
April 1937, Vol. 5, No. 4, pp. 89-92)

3440. AUTOMATIC PLOTTING OF ELecTroN TRrRa-
jEcTORIES [Description of Apparatus:
Circuit Diagram : Methods of accounting
for Initial Velocity, Transverse Magnetic
Fields, Relativistic Change of Mass: Data
illustrating Precision].—Langmuir. (Nafirre,
19th June 1937, Vol. 139, pp. 1066- 1067).
The basic principle of the system is the
same as that referred to in 1958 of May
(Gabor).

3441. CALCULATION OF THE INFLUENCE OF SPACE

Cuarce 1Ny ELEcTRON Oprics [General
Theory with Indication of Method for
Trajectory Calculation].—Cotte. (Comptes

Rendus, 28th June 1937, Vol. 204, No. 20.
PP- 1933-1935.)
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3442 ON THE AcTION OoF A HOMOGENEOUS MAGNETIC

3443

3444

3445

3440.

3447-

3448.

3449

3450.

3451

3452

FiELD oON THE MoTION OF IILECTRONS

BETWEEN Coaxrial.  Cvyrinprical  ELkc
TRODES.—Griinberg & Wolkenstein.  (See
3308))

THr FocUSING OF [ILECTRONS IN aN X-Ray
Tuse [from a Helical Filament within a
Focal Cup|.—Bcese. (Review Scient. Instr.
July 1937, Vol. 8, No. 7, pp. 2535-262)
With the theorv of the variations of focal-
spot patterns caused by changes in the
geometry of the cathode structure.

FLECTRICAL AND LUMINESCENCE PROPERTIES
oF WILLEMITE ScREEN MATERIAL [Measure-
ments of Surface Potential, Resistivity, and
Luminous Qutput ot Fluorescent Screen].
Nottingham. (Phys. Review, 1st June 1937,
Series 2, Vol. 51, No. 11, p. 1008 : abstract
only.)

THE RECORDING OF RaPIDLY OCCURRING
ELECTRIC PHENOMENA WITH THE AID OF
THE CatHODE-RAY TUBE AND THE CAMERA.
__Custers. (Philips Tech. Review, May 1937,
Vol. 2, No. 5, pp- 148-155.)

“ K1pp GENERrRaTOks ' wiTH HIGH-VacuuMm

Varves.—TFaust.  (See 3264.)

“ DIE PRAKTISCHE VERWENDUNG DES LLEK-
TRONENSTRAHLOSZILLOGRAPHEN [Book
Review].——Klein. (Flektrot. u. Masch:bau,

20th June 1937, Vol. 55, No. 25, p. 307)
Based on leybold-von Ardenne apparatus.

STRUCTURAL INVESTIGATIONS OF ROUGHNESS
AND GraNULE Sizi [of Silver Films of
Various Thickness on Various Substrata,
and of Organic Materials| BY MEANS OF
EELECTRON  INTERFERENCE  PATTERNS.—
Papsdorf. (Ann. der Physik, Series 5, No. 6,
Vol. 28, 1937, pp. 555-508.)

THE STRUCTURE OF THIN METaLLIC FILMS
CONDENSED AT Low TEMPERATURES [Electron
Diffraction I’hotographs show Growth of
Crystals with Increasing Temperature of
Ag & Sb Films].-—Hass. (Naturwiss,, oth
April 1937, Vol. 25, No. 15, pp. 232-233.)

THE CONSTRUCTION AND OPERATION OF A
CyCLOTRON TO PRODUCE ONE MILLION VOLT
DrurTErRONs.—Kruger &  Green.  (Phys.
Review, 1st May 1937, Series 2, Vol 5I,
No. 9, pp. 699—705.) Details of apparatus
referred to in 1549 of April.

Gaseous-CURRENT Hicn TrNsioN GENERA
Tors [Spherical Glass Particles carried by
Air Current in LEndless Path passing through
loniser].——Pauthenier &  Moreau-Hanot.
(Journ. de Phys. et le Radium, May 1937,
Series 7, Vol. 8, No. 3, pp. 193-190.)

HiGH-VOLTAGE GENERATOR IN THE GREIN-
ACHER CONNEcTION [using Mulder’s Special
Oxide-Cathode Mercury-Vapour  Rectifier
Tube with Multi-Sectional Tube, Condenser-
Linked, along Discharge Path].- —Gradstein :
Mulder. (£.7.Z., 24th June 1937, Vol. 58,
No. 25, p. 694 : summary only.)
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3453. TuE CoroNa  ATTENUATION OF SURGES  3460. THE MoBIiLITY OF ELECTRONS IN NEOX.
{Formula giving, for Known \Wave Form, Druyvesteyn. (Physica, June 1937, Vol. 4,
the Length of Run of the Over-Voltage No. 6, pp. 464466 : in [nglish))
Wave after It has dropped to the Initial 3 . .
Corona Voltage].—Strigel. (4rch. f. Elek- 3401. STATISTICS OF SpaCk CHARGES IN BRUSH
X DiscnarGes [Gleitfunken Part 1-—IN-

frot., 18th Mayv 1937, Vol. 31, No. 5, pp.
338-342.)

THE DISCHARGE MECHANISM IN THE
SIEMENS 7 OzoNE TuBE [Current consists
of Sinusoidal Dark Current with Strong
Pulses caused by Spark Discharge'.
Klemenc, Hintenberger, & Hoéfer. (Natur-
wiss., 16th April 1937, Vol. 25, No. 16,

P 249)

3454.

CONTRIBUTION TO THE QUESTION OF THE
INFLUENCE OF ARRANGEMENT AND POLARITY
ON THE BREAKDOWN VOLTAGE WITH SPARK-
GAPS BETWEEN SPHERES WITH ONE PoLE
EARTHED.—Dattan. (Arch. f. Elektvot.,
18th May 1937, Vol. 31, No. 5, pp. 342
347)

SraCE-CHARGE- OR ION- BREAKDOWN ?
[Breakdown Onset due to Ionising Action
of Positive Ions : Theory and Properties of
Space-Charge Breakdown : Field Distortion :
etc.|—Rogowski & Wallraff.  (Zeitschr. f.
Physik, No. 3/4, Vol. 106, 1937, pp. 212~
229.) Sec also Naturwiss., 25th June 1937,
Vol. 25, No. 26/27, p. 448 (Rogowski).

3455-

3456.

THE QUESTION OF THE VARIATION OF SPARK-
ING Drray wite Vorrtace [Calculations,
based on Townsend’s Theory, of Probability
that One Electron emitted from Cathode
causes Striking of Gas Discharge].—Hertz.
(Zeitschr. f. Physik, No. 1/2, Vol. 106, 1937,
Pp. 102-107.)

3457

THe CHARACTERISTIC OF THE TOWNSEND
CURRENT AND THE EFFECT OF IRRADIATION
ON THE STRIKING VOLTAGE OF A GLOwW
DiscHARGE.—Schade.  (Zeitschr. f. Physik,
No. 9/10, Vol. 105, 1937, pp. 595-619.)

 Theoretical and experimental investigation of
the effect of the space charges occurring in a dis-
charge with very small current density between
parallel plane electrodes. Results :—The initial
characteristic (Townsend current characteristic)
descends linearly. On irradiation of the cathode,
the glow discharge strikes at a voltage below that of
normal striking and at a definite current density.
Both the diminution of striking voltage and the
striking current density are proportional to the
square root of the current density of the photo-
current due to irradiation. Rogowski’s view [346
of January] is confirmed for low pressures.”’

3458.

3459. DETERMINATION OF THE TOWNSEND IONISA-
TION COEFFICIENT a FOR MIXTURES OF NEON
AND ARGON, and THE TownNseEND JoNnIsa-
TiON COEFFICIENT a AND SOME ELEMENTARY
Processis IN NEON WITH SMALL ADMIX-
TURES OF ARGON.—XKruithof & Penning :
Kruithof & Druyvesteyn. (Piysica, June
1937, Vol. 4, No. 6, pp. 430-449 : pp. 450
463 : both in English.)

VESTIGATIONS OF THE LILEMENTARY PRO-
CESSES LEADING TO0 KNOWLEDGE OF THE
Most ProBaBLE DistrizuTIiON [Theory on
Hypothesis of Superficial' Plasma : Potential
Distribution on  Dielectric  Surface].—
Miuller-Strobel. (Arch. f. Elektrot., 22nd
April 1937, Vol. 31, No. 4, pp. 233-253.)

3462. DECKREASE OF BREAKDOWN VOLTAGE [of
Spark Gap] AT HigH FREQUENCIES [between
10 and 10°c/s is due to Collection of
Positive Tons and Consequent Space Charge
and Field Distortion : Calculations including
Iiftect of Diffusion : Equations for Voltage
Decrease in Terms of I'requency.—Bocker.
(Aveh. f. Elektrot., 22nd March 1937, Vol. 31,
No. 3, pp. 166-179.)

3463. THE CONNECTION BETWEEN DISTRIBUTION OF
Ewmrission axp CoNDUCTION or HEAT [from
Cathode Region] 1N THE LuMINOUS AR,
WITH SOME OBSERVATIONS ON THE EMISSION
IN THE SPARK DISCHARGE [with Remarks
on Mechanism of Electron Iimission from
Cathode, and Related Questions].—Schmidt.
(Zeitschy. f. Physik, No. 1/2, Vol. 106, 1937,
PP 35-48)

3464. THE APPLICATION OF PascHEN’s Law To
THE REIGNITION OF AN Arc [of “ Ther-
mionic ' and ' Field Emission” Types:
Relation between Reignition Potential and
Product of Pressure and Spacing, analogous
to Paschen’s Law for Initial Sparking
Potential| —Power & Cobine. (Journ. of
Applied Phys. [formerly Physics], April
1937, Vol. 8, No. 4, pp. 287-290.

3465. POTENTIALS IN THE INTERMITTENT GLOW
DiscHarRGE [General Experimental Proper
ties].—Bockstahler & Ritow. (Phys. Review,
1st June 1937, Series 2, Vol. 51, No. 11,
p- 1009 : abstract only.)

A NEW EFFECT WITH THE GLOW DISCHARGE
IN ARGON [with Cylindrical Anode surround-
ing Two Circular Disc Cathodes: Larger
Part of Glow Discharge Current comes from
Cathode with Smaller Voltage relative to
Anode : Explanation by Differential Ionisa-
tion of Electrons in Argon].—Geiger.
(Zeitschr. f. Physik, No. 1/2, Vol. 106, 1937,
Pp- 17-34)

34607. DiscussioN ON '‘ APPLICATIONS OF THE Hot-
CaTnopt GrID-CONTROLLED RECTIFIER, OR
THYRATRON.”—Whiteley. (Journ. I.E.L.,
Julv 1937, Vol. 81, No. 487, pp. 137-138.)
See 2795 of 1936.

3460.

3468. PHysicaL PrINcIPLES OoF Gas-FILLED Hor-
CATHODE REcCTIFIERS.—Druyvesteyn & Mul-
der.  (Philips Tech. Review, April 1937
Vol. 2, No. 4, pp. T22-12%.)
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3469.

3470.

3471

3472,

3473-

3474

3475-

KREMARKS ON A PAPER BY ENGEL & STEEN-
BECK [on the Mean Free Path of the
¥lectrons in a Mercury-Vapour Plasmal.
Klarfeld : Engel & Steenbeck. (Phvsik.
Zeitschr. der Sowjetunion, No. 6, Vol 11,
1937, pp. 669-671: in German.) Attri-
buting the results (which depart from
previously established ideas on gaseous
discharges) to causes arising from the
experimental technique.

RECOMBINATION IN THE AFTERGLOW OF A
DiscHARGE [Measured Value of Recombina-
tion Coefficient with Thermionic Discharge
in Cs Vapour and with Mercury .Arc].
Mohler. (Phys. Review, 15t June 1937,
Series 2, Vol. 51, No. II, pp. 1008-1009:
abstract only.)

TaE PosIiTIVE CoLuMmN aAND ITs RELATION
To DesiGN CALCULATIONS IN MERCURY:
ARc RecTIFIERS. —White. (Tech. Phys. of
USSR, No. 2, Vol. 4, 1937, pp. 138-154:
in English.)

THE EFFECT OF THE ADDITION OF POTASSIUM
ON THE GRADIENT OF THE PosiTIVE COLUMN
oF THE MERCURY ARc.—Purcaru. (Bull. de
Math. et de Phys. de UEc. Polytech. Roi
Carol II, Bucarest, Fasc. 19, 20, 21, 1937,
PP- 4551 : in French.)

IMPROVING THE PowER-FacTor [and Ripple]
oF GRID-CONTROLLED PoLyrHASE RECTI-
FIERS.—Uhlmann. (Elektrot. u. Masch:bau,
27th June and 4th July 1937, Vol. 55,
Nos. 26 & 27, pp. 309-313 and 323-326.)

SYMMETRY OF THE TransmissioN COEF¥I-
CIENTS FOR THE PASSAGE OF DPARTICLES
THROUGH POTENTIAL BarrIErS [as in Con-
tact Rectification].—Muskat & Hutchisson.
(Proc. Nat. Acad. Sci., April 1937, Vol. 23,
No. 4, pp. 197-201.)

THE THERMOMAGNETIC NERNST [¥FECT
I Cuprous OxIDE.—Noskow.  (Physik.
Zeitschy. der Sowjetunion, No. 3, Vol. 11,
1937, Pp. 307-319: in German.)

3476. SOME LEXPERIMENTS ON THE UNIPOLAR
IiLECTRICAL CoNDUCTIVITY OF CARBOR-
unpum [Dependence of Potential Distribu-
tion on Current Direction].-—Chakravarty &
Khastgir.  (Zeitschr. f. Physik, No. 1/2,
Vol. 105, 1937, pp. 88-91)

3477. THE EFFECT OF HEAT ON THE UNIPOLAR
EvecTtrical Conpuctivity OF CARBOR-

3478.

UNDUM [Measured Behaviour of Conductivity
interpreted on Wilson-Fowler Electron
Theory of Semiconductors}.—Chakravarty &
Khastgir. (Phil. Mag., July 1937, Series 7,
Vol. 24, No. 159, pp. 127-141.)

COUNTING TUBES CONTAINING ADDITIONAL
Varour [Theoretical and IExperimental
Study, including Cathode-Ray Oscillograms
of Discharges].—Trost. (Zeitschy. f. Physik,
No. 7/8, Vol. 105, 1937, PP- 399-444-)

3479-

3480.

3481.

3482.

3483.

3484.

3485.

3486.

3487.

3488.

3489.

3490.

3401
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A SmipLe Counting Circurr [Triode and
Neon Lampl|.—Fertel. (Journ. Scient.
Insty., April 1937, Vol. 14, No. 4, pp. 142—
143.)

THE APPLICATION OF THE Gasrous Dis-
ctARGE TUBE ToO PROBLEMS OF VOLTAGE
ReGULATION [Method using Inexpensive
Ncon Tubes, combined with Barretters].
Morton. (Journ. Scient. Instr., May 1937,
Vol. 14, No. 5, pp- 161-164.)

VOLTAGE REGULATORS USING MAGNETIC
SATURATION [Surveyl.-—Way. (Ilectronics,
July 1937, Vol. 10, No. 7, pp. 14-16.)

“ Tur LEap SToraGE BATTERY ™ [Book
Review].— Brown. (Wireless Engineey, July
1937, Vol. 14, No. 166, p. 371.)

PrIMARY BATTERIES [Dry and Wet] ACCORD-
ING TO RECENT PATENTS.—Jumau. (Rev.
Gén. de I'Elec., 22nd May 1937, Vol. 41,
No. 21, pp. 657-665.)

AMERICAN STANDARD SPECIFICATION FOR
Dry CELLS AND BATTERIES.—(Civcular
C 414 of National Bureauw of Standards,
1st March 1937: 11 pp.)

L LECTRICAL AND MECHANICAL AGEING OF
CoppER CONDUCTORS UNDER THE PRo-
LONGED ACTION oOF LLECTRIC CURRENT
[Slight Lowering of Mechanical Resistance
and Increase of Electrical Conductivity].-
Yadoff. (Comptes Rendus, 7th June 1937,
Vol. 204, No. 23, pp. I1715-1717.)

RaTioNaL WIRE TapLES [Resistances and
Number of Turns in Given Space, for
Covered Wires].—Cosens.  (Journ. Scient.
Tustr., April 1037, Vol. 14, No. 4, pp. 122—
126.)

TrE JoINTING AND TERMINATING oF HIGH-
VorLTageE  CaBLEs.-—Holttum. (Journ.
[.E.E., May 1937, Vol 8o, No. 485, pp-
517-542 1 Discussion pp. 543- -548.)

A METHOD FOR THE ELIMINATION OF THE
ENErGY Loss IN THE LEAD SHEATH OF
UnipoLarR CABLE [using Transformer whose
Primary is formed by the Cable and whose
Secondary is closed by a Suitable Capacity].
__Basile.” (L’Elettrotec., 1oth April 1937,
\ol. 24, No. 7, pp. 196-203.)

A Npw TuermocoUurLE [Component Wires
suitable for Sealing through Glass: Not
Attacked by Mercury : a Kovar-Tungsten
Couple].—Mason. (Review Scient. Instr.,
July 1937, Vol. 8, No. 7, p. 265.)

A SULPHUR BOILING-POINT APPARATUS [suit-
able for calibrating Thermocouples] WITH
InTERNAL  ELECTRIC HEATING.-—Barber.
(Journ. Scient. Instr., July 1037, Vol. 14,
No. 7, pp. 227-229.)

USE OF AN ALTERNATING-CURRENT BRIDGE
IN I.aBORATORY TEMPERATUKRE CONTROL.—
Benedict. (Review Scient. Insty., July 1937,
Vol. 8§, No. 7, pp- 252-254.)



3493-

3494.

3495-

3490.

3497.

3498.

3499.

THE

- Tux Micro-Gap Swrrcn.—Thornton. (Journ.

I.LE.E., May 1937, Vol. 80, No. 485, pp
457-459 : Discussions pp. 468-489.)

RECENT LITERATURE ON ELEcTrIcAaL CoN-
TacTs.—Windred. (World Power, May 1937,
Vol. 27, pp. 145-147.)

INVESTIGATION ON THE MELTING OF Fusts
BY THE ELECTROGRAPHIC OSCILLOGRAPH

and THE ' MAG-NICKEL ~ Fusk.— Keresztes
& Selényi: Belling & Lee. (Flektrol. u.
Masch:bau, 14th March 1937, Vol. 33,

No. 11, Pp. 122-125)
see 3302, above.

Tor the second paper

ARC-EXTINCTION IN GRANULATED MATERIAL
IN HIGH-VoLTaGE Fuses.—Lapple. (L.T.Z.,
8th & 22nd April 1937, Nos. 14 & 16, pp.
369-373 and 426-428))

CoiLs aND CONDENSERS OF NEGLIGIBLE
TEMPERATURE CoEFFICIENT. — Thomas
(Journ. Scient. Instr., July 1937, Vol. 14,
No. 7, pp. 221-227) For previous papers
see 4013 of 1936.

ELEcTROLYTIC CONDENSERS [including the
“ Etched " Electrode].—van Geel & Claassen
(Philips Tech. Review, March 1937, Vol. 2,
No. 3, pp. 65-71)

NoON-FREEZING WET ELEcrrorvrtic CON-
DENsEr.—Solar Company. (Electronics,
July 1937, Vol. 10, No. 7, p. 59)

Ox THE HIGH-VOLTAGE POLARISATION
OF CERTAIN  ELECTROLYTES.—Tvertsyn.
(Journ. of Tech. Phys. [in Russian], No. 7.
Vol. 7, 1937, pp. 712-726.)

In the course of an investigation of electrolytic
condensers the author has come to the conclusion
that the resistance to breakdown of the oxide
layer on the electrodes is determined by the polari-
sation of the working clectrolyte, which mayv give
rise to potentials up to several hundreds of volts.
This is disputed by Sakheim in his letter on p. 762.

3500.

3501.

3502.

ELECTROLYTIC POLARISATION WITH ALTEK-
NATING CURRENT [investigated by Measure-
ment of Resistance and Capacitance of
Electrodes : Explanation based on Diffusion
of Ions from the Electrodes].— Christian.
(Phvs. Review, 15th April 1937, Series 2,
Vol. 51, No. 8, p. 685 : abstract only.}

THE EXPERIMENTAL STUDY OF DIELECTRIC
LossES AND POLARISATION IN GLASSES
[Three Components— Structural, Relaxa-
tional, and Conductive : Second often masks
the Others at High Irequencies : Effect of
Metallic Ions, of Crystallisation : etc.].—
Skanavi. (Tech. Phys. of USSR, No. 4,
Vol. 4, 1937, pp. 289—-307 : in English.)

GRrAPHICAL DETERMINATION OF THE ELic-
TRICAL CONDITIONS IN CoaxiaL CYLINDERS
WITH  STRATIFIED  DiELkcTRIC.—Zicgler.
(Arch. f. Elekirot., 18th May 1937, Vol. 31,
No. 5, pp. 333-337.)
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THEORY OF IiLECTRICAL BREAKDOWN IN
Iontc Crystals [Calculations of Time of
Relaxation of Electron in Ionic Lattice and
Critical Field for Electrical Breakdown -
Conditions under which Field increases .
Frohlich.  (Proc. Roy. Soc., Series A, 18th
May 1937, Vol. 100, No. g9o1, pp. 230-241.)
Tests [on Insulators and Dielectrics] wiTh
STEEP-I'RONTED POTENTIAL WavES.—(Rev.
Gén. de U'Elec., 3rd April 1937, Vol. 41,
No. 14, p. 446.)

5. CoNnDUCTING IILECTRIC CHARGE AND POTEN

TIAL DISTRIBUTION IN TRANSFORMER OIL.
Okitsu.  (Electrotech. Journal, Tokyo, July
1937, Vol. 1, No. 2, pp. 65-66.)

. RESISTANCE TO BREAKDOWN OF LIQUID AND

with A.C.
Impurities decrease
Resistance :  Breakdown determined by
Voltage Maximum).—ahre. (Aveh. f
Elertrot., z2nd March 1937, Vol. 31, No. 3,
Pp. 141-165.)

SorLip BenNzoL [Measurements

Voltage of s0c¢/s:

. INVESTIGATIONS ON THE EFFECT OF ARTI-

FIcIaAL CURRENTS oF INSULATING OIL ON
BREAKDOWN VOLTAGE [Increase of Voltage
due to Presence of Current] AND ON THE
Ra1sing oF BrREAKkDOWN FI:LD STRENGTH
By ELEcTrIC FiLTirs.—Conradi. (Arch. f.
Elektrot., 22nd March 1937, Vol. 31, No. 3,
pp- 179-186.)

Tue DIELECTRIC STRENGTH OF NON-IN-
FLAMMABLE SYNTHETIC INSULATING OQILS.—
Clark. (Flec. Engineering, June 1937,
Vol. 56, No. 6, pp. 671-676.)

TuE STRUCTURE OF DirOLE L1QUIDS [Theory].

Malsch. (Anu. der Physik, Series 5, No. 1,
Vol. 29, 1937, pp. 48-60.) Extension of
earlier work to explain recent experimental
results : discussion of relation to Debye’s
theory (1089 of March).

. CONTRIBUTION TO THE THEORY AND CoON-

STRUCTION OF THL ‘‘ ROLLING ARMATURE "’
MagNET  [particularly for Step-by-Step
Action].—Frankhauser. (E.T.Z., $th April
1937, Vol. 58, No. 14, pp. 380-381.)

. SINGLE CrvsTaLs [of Iron/Nickel Alloy] with

ExcrrTioNaLLy HicH MaGNETIC PERMEa-
BILITIES [Combination of Factors favouring

High Permeability].—Cioffi, Williams, &
Bozorth. (Phys. Review, 1st June 1937,

Series 2, Vol. 51, No. 11, p. 1009 : abstract
only.)

e

AFTER-EFFECT '’ Loss oF NICKEL/
IroN Arrovs [Jordan’s ** Nachwirkungsver-
luste,” present in addition to *“ Hysteresis **
and ““ Eddy-Current’’ Loss in the Total L.osses
in  Ferromagnetic Materials : Dependence
on Composition, Heat Treatment, and
Temperature :  Confirmation  of Gold-
schmidt’s “ Mixed Constitution ~’ Theory].
Seyftert. (Zeitschr. f. tech. Phys., No. 7,
Vol. 18, 1937, pp. 200-203.) For Gold-
schmidt’s worl see 2417 of 1936, and 1933
Abstracts, p. 112, r-h column.
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X-Ray INVESTIGATION oF PURE IRON/
NIcKEL ALLOYS: PPART 2—THERMAL Ex-
pansion OF SouME FURTHEXR ALLOYS.
Owen & Yates. (Proc. Phvs. Soc., 1st
March 1937, Vol. 49, Part 2, INo. 271, pp.
178-183)

JEXPERIMENTAL DETERMINATION OF THE
ELEMENTARY MAGNETIC REGICNS OF NICKEL
AxD IrRox. DirecTED COAGULATION OF
Aprosors II  (1).—Reischer & Winkel
(Naturwiss., 25th June 1937, Vol. 25, No.
26/27, Pp. 420-423.)

. THE FERROMAGNETIC CURIE PGINTS AND THE
ABSOLUTE SATURATION OF SOME NICKEL
ArLovs.—Marian. (Ann. de Physique,
April 1937, Series 11, Vol. 7, pp- 459-527.)

3513

3514.

5. MagNETIC HYSTERESIS IN 35 PERMALLOY
SHEET AT Low FrLux Dexsities [Search tor
Explanation of *“ Residual _oss”: New
Ballistic Method of determining Hysteresis
Loop at Low Flux Densities gave No
‘“ Residual Toss "'].—Ellwoad. (Phys.
Review, 1st June 1937, Series 2, Vol. 51,
No. 11, p. 1009 : abstract on.y)

‘o

Sexpust ' [Fe, Si, Al
axD Its MaGnETic anD E_gcTrRIC PRO-
PERTIES.—Masumoto. (Jap  Journ. of
Physics, March 1937, Vol. 12, No. I, Abstracts
P 30)

_ MacyETIC CorES #oRr [.oADING CoILs [Sub-
division by Gaps in Direction of Field
reduces Iiddy Currents: Hysteresis and
Instability reduced by Gaps DPerpendicular
to Ficld, or by Mechanical and Thermal
Pre-Treatment :  etc.].—Snozk. (Philips
Tech. Review, March 1937, Vol. 2, No. 3,
pp- 77-83.)

. MaGNETIC PROPERTIES OF SINGLE CRYSTALS
oF SiLicox Iron [Values of Magnetic Iso-
tropy Constants].—Williars. (Phys.
Review, 1st June 1937, Series 2, Vol. 51,
No. 11, pp. 1009 : abstract orly.)

THE EFFECT OF ANNEALING IV A MAGNETIC
FIELD ON THE MAGNET!C I’ROPERTIES OF
SiLicoNn  STeEeL.—DMilner &  Klucharev
(Journ. of Tech. Phys. [in Russian], No. 4
Vol. 7, 1937, pp- 371-376.)

MAGNETIC ANISOTROPY IN SILICON STEHEL
{with New Method of Study.ng], and THE
RELATION OF FERROMAGNETIZC ANISOTROPY
To ATtomic StrucTURE [Theory].—Ingerson
& Beck: McKeehan. (Phys. Review, 1st
June 1937, Series 2, Vol. 51, No. 11, DPP-
1009-1010 : p. lo10: abstracts only.)

7. Ox A NEW ALLOY

3520.

3521.

. THE MaGNETIC ANISOTROPY OF Cs,(CoCly)
[Explanation of van Vleck’s Theory].—
Krishnan & Mookherji. (FPhy.. Review, 15th
March 1937, Series 2, Vol. 51, No. 6, p. 528.)

. Tur ExTERNAL FIELD OF PEEMANENT MaG-
NETIC ErvLipsolps. Part II.—Neumann &
Warmuth. (E.N.T., May 1937, \Vol. 14,
No. 5, pp. 168—130.)

For 1 see 376 of January. Here calculations are
continued to give the external field for the first
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principal position and for intermediate positions,
and also the magnitude of the field at the surface.
The results are given in the form of curves for
various ellipsoid dimensions and positions of the
external point. An experimental method of testing
the results is described (apparatus Iig. 3), in which
both the ellipsoid and the coil measuring the field can
be rotated and separated to anv desired degree.
Figs. 4. 12 show the good agreement between
calculations and measurement. An approximation
is also given (§vir) to the case of permanent bar
magnets of rectangular cross-section. It is found
that when the radius vector from the centre of the
ellipsoid to a distant external point makes an angle
45 with the major axis, the component of the
external field parallel to the major axis vanishes.

MAGNET STEELS
Lacoste-Tayan.
12th July

3524. THE REecor. CvyCLES or
[Data for Various Steels .
(Comptes Rendus, 24th NMay &
1937, Pp. 1556-1558 & 122-124.)

. DiscussioN ON THE ALGEBRAIC REPRE-
SENTATION OF MAGNETIC CHARACTERISTICS.”

Rougé. (Bull. Soc. frang. des Elec., March
1937, Vol. 7, No. 75, pp. 265-275.) See 1217
of March.

 Thi CALCULATION OF THE TEMPERATURE
COEFFICIENT OF A MAGNET [by writing the
Ferromagnetic kiquation like van der Waals’
Equation of State for a Fluid].—Ashworth.
(Phil. Mag., March 1937, Scries 7, Vol. 23,
No. 154, Pp- 355-360)

. CONTRIBUTIONS TO THE ANALYSIS OF THE
1’HENOMENA OF TECHNICAL MAGNETISATION :
PaRrT II—IMPORTANCE OF THE INTERACTION
OoF THE ELEMENTARY IREGIONS FOR THE
TrcuNicAL MAGNETISATION CURVES, PAR-
TICULARLY FOR THOSE WI1TH MACROSCOPIC
DisCONTINUITIES.—Weber. (Zeitschr. f. Phy-
sik, No. 11/12, Vol. 105, 1937, pp. 676-697.)

_ PROPERTIES OF THE SURFACE MAGNETISATION
1x TFERROMAGNETIC CRysTaLs [Magnetic
Powder Patterns on Polished lron Crystals
studied with Macroscopic Model : Effect of
Polishing Operation].—Elmore. (Phys. Re-
view, 1st June 1937, Series 2, Vol. 51, No. 11,
pp. 982-988.)

Tug FErrect OF MECHANICAL TENSIONS ON
THE FERROMAGN ETIC PROPERTIES OF CUBICAL
SINGLE CrystaLs [Calculations].—Schlect-
weg. (Anmn. der Physik, Series 5, No. 8,
Vol. 28, 1937, pp. 701-720.)

. THE MAGNETIC PROPERTIES OF MANGANESE
AMaLGaMs [Temperature Hysteresis].—Bates
& Tai. (Proc. Phys. Soc., 1st May 1937, Vol.
49, Part 3, No. 272, pp. 230-236.)

O~ THE NatURe OF COERCIVE FORCE AND
IRREVERSIBLE CHANGES IN MAGNETISATION.
__Kondorski. (Physik. Zeitschr. dev Sowjet-
union, No. 6, Vol. 11, 1937, pp. 597-620:
in English.)

MAGNETIC INHIBITION OF SUSCEPTIBILITIES
[of Paramagnetic Bodies] aT Kapio FRE-
guENciss. —Gorter & Brons. (Ph_vs%a, July
1937, Vol. 4, No. 7, pp. 579-554 : in English.)

3529.

3531

3532.
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PARAMAGNETISM AT RaDlo I'REQUENCIES
[detected by Heterodyne Beat Method :
Paramagnetic Specimen inserted into Coil :
Behaviour of Alums: Some show Con-
siderable Decrease in Susceptibility when
Strong Constant Magnetic Field applied in
Direction of Alternating Field .— Gorter.
(Phys. Review, 1st May 1937, Series 2, Vol.
51, No.g, p. 778))

THE DIAMAGNETIC

3533-

SUSCEPTIBILITIES OF
SALTS FORMING IONS WITH INERT Gas
CONFIGURATIONS : III—THE ALKALINE
EArRTH HALIDES AND GENERAL DiscUssION.

Hoare & Brindley. (Proc. Rov. Soc.,
Series A, 1st April 1937, Vol. 159, No. 898,
PP. 395-409.)

THE RANKINE MAGNETIC BALANCE AND THE
MAGNETIC SUSCEPTIBILITY OF H,O0, HDO
AND  D,O.—Iskenderian. (Phvs. Review,
15th June 1937, Series 2, Vol. 51, No. 12, PP
1092-1096.) The instrument here described
realises the full theoretical sensitivity of the
Rankine balance.

3534-

3535-

A MEASURING APPARATUS FOR MAGNETIC
Fierps [from o.1 Gauss upwards, with
Accuracy better than 19%: with Motor-
Driven Coil, 1 cm in Diameter and Length] —
Kohaut. (Zeitschr. f. tech. Phys., No. 7, Vol.

15, 1937, pp. 198-199.)

AN ASTATIC MAGNETOMETER FOR MEASURING
SUSCEPTIBILITY — Johnson & Steiner. (Re-
view Scient. Insty., July 1037, Vol. 8, No. 75
PpP- 236-238.)

AN APPARATUS FOR HYSTERESIS MEASURE-
MENTS ON SOFT MAGNETIC MATERIALS.
Went. (Philips Tech. Review, March 1937,
Vol. 2, No. 3, pp. 84-86.)

3536.

3337

3538.

WELDING STAINLESS STEEL. MacKinney.
(Rad. Engineering, April 1937, Vol. 17, No.
4, Pp. T0-12.

THE RoToroib MULTIPLE ScALE [for Elec-
trical Measuring Instruments: Scale rota-
table round an Axis, giving Divisions suitable
for Several Ranges|.—(Hochf:tech. u. Elek:
akus., April 1937, Vol. 49, No. 4, pp. 141-142
Industry Review).

3539

3540.

THE BROADCAST RECEIVER AS A PROBLEM OF
MarERIALS. —Schwandt. (See 3208.)

3541

STATIONS, DESIGN AND OPERATION

3542. AutoMaTIC GaIlN ConTrROL [AVC Circuit
adapted for Semi-Automatic Broadcast-
Programme  Controll—E. C.  Jordan.
(Canadian Journ. of Res., June 1937, Vol.
15, No. 6, Sec. A, pp. 79-84.)

" The circuit adjustments for optimum control
action were determined experimentally, and then
this control action was analysed by means ot oscillo-
grams. The effects of different time constants
and degrees of control were noted, and methods
for varying the latter indicated. The circuit is
shown to be distortionless, except in so far as
manual control of amplifier gain may be said to
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introduce ‘distortion.” The control action, while
not fully automatic [volume contractions occur
only on the upper 30 db of the complete 60 or 70 db
range : a completely automatic centrol is not
desirable], is complete enough to be of real assistance
to the operator.”

3543- A STEP 710wWARD VoOLUME COMPRESSION
[Western  Electric  110-A  Drogramme
Amplifier with Automatic Volume Limiter].

(Rad. Engineering, June 1937, Vol. 17,
No. 6, p. 22))

3544. SHORT-WavE ~ BROADCASTING. —Ashbridge.
(Rad. Review of Australia, March 1937, Vol.
5. No. 3, pp. 74-75.) Last of a series of
six Impire Broadcast talks: see previous
numbers of the same journal.

. NEw BROADCASTING STATIONS ¥oR TURKEY
—(Marconi Review, March/April 1937, No
65, pp. 31-32.)

. PRESENT-DAY REQUIREMENTS oF COMMER
CIAL  SHORT-\WAVE PrLaNT: Part 3
EQuirMENT AT CENTRAL Rapio EXCHANGES
For  TELEGRAPHY.—Mogel. (Telefunken
[formerly Telefunken-Zeitung|, July 1937,
Vol. 18, No. 76, pp. 41-50.) For Darts 1
& 2 see 1034 Abstracts, p. 337.

. A New MEeTHoD For DipLEx C.W. TELE-
GRAPHY.—LEvdokimov. (See 3281.)

. AIRCRAFT WIRELESS [on the Air-Liner
‘" Caledonia ""].—(Wiveless World, 16th July
1937, Vol. 41, p. 61.)

3549. “ ONE-MaN " SHORT-WAVE  EQUIFMENT
[Knapsack Station for Range of 5km
Telephony, 10 km Telegraphy with Sectional
Aluminium-Tube Aerial complete with Load-
ing-Coil Section and Top-Capacity Ribs].—
Hofmann. (Telefimken formerly Telefunken-
Zeitung], July 1937, Vol. 18, No. 76, pp.
66-71.)

GENERAL PHYSICAL ARTICLES

. THEORY Or RECOMBINATION OF IONS OVER AN
JiXTENDED PrESSURE RaNGE [with Equation
for  Recombination  Coethcient].—Loeb.
(Phys. Review, 15th June 1937, Series 2,
Vol. 51, No. 12, pp. 1110-1T1T.)

THi DIAMAGNETISM OF THE ELECTRON Gas
[Calculations showing that Complete Dia-
magnetism is to be expected for Weak
Uields].—Papapetrou. (Zeitschv. f. Physik,
No. 1/2, Vol. 106, 1937, pp. 9-16.)

3551.

LAws oF ELECTROMAGNETISM IN BODIES IN
MotioN.—]Jochmans & Descans. (Rev. Gén.
de I Llec., 12th & 19th June 1937, Vol. 41,
Nos. 24 & 25, pp. 747-760 and 787-793.)
Table IT shows how the electromagnetic
equations derived by the writers differ
from those of Hertz and also from those
proposed by Il.orentz.

3552
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3553-

3554-

3555-

3556.

3557

3558.

3559-

3560.

3561,

3562.

3563.

ThHeE GENERAL AoTion OF A  SPINNING
UNIFORMLY AND RiIGIDLY ELECTRIFIED
SpuEere : 11T [Theoretical Determination of
Total Mechanical Reaction due to Flectro-
magnetic Field generated by the Motion] :
and THE UnIForM CIRCULAR MOTION WITH
INVARIABLE NORMAL SPIN OF A RIGIDLY AND
UNIFORMLY JLECTRIFIED SPHERE ! IV.

Schott. (Proc. Roy. Soc., Series A, 15th
April 1937, Vol. 159, No. 899, pp. 548-570 :
570-591.) For T & 11 see 411 of January.

A NOTE ON A PROBLEM IN POTENTIAL THEORY.
— Muskat. (Journ. of Applied Phys. [former-
ly Physics], June 1937, Vol. 8, No. 6, pp- 434

440.) A summary was referred to in 1629 of
1936.
MATRIX REPRESENTATION OF MAXWELL'S

Eguations.—Petiau. (Comptes Rendus, 7th
June 1937, Vol. 204, No. 23, pp- 1710-1713.)

NEw ForM oOF BORXN’s LELECTRODYNAMICS
WITHOUT SINGULARITIES [with Uigure of
Hypersurface  representing Electron].—

Darrieus. (Comptes Rendus, 28th June 1937,
Vol. 204, No. 26, pp. 1923-1925.)

GENERALISATION OF AFRODYNAMIC AND
LELECTRODYNAMIC  FUNDAMENTAL  EQUa-
TIoNs.—Kasterin. (At Patent Office Library,
London : Cat. No. 77 568 : 66 pp.)

A METHOD OF SOLVING THE DIFFERENTIAL
EQUATIONS OF WAVE MEecHANICS. —Schucho-
witzky & Olevsky. (Physik. Zeitschy. dev
Sowjelunion, No. 5, Vol. 11, 1937, Pp- 498—
512 : in English.)

Tue DispeErsioN OF LIGHT 1IN ELECTRIC
FIELDS ACCORDING TO THE THEORY OF THE
PosiTRON : II.—Kemmer & Ludwig. (Hel-
vel. Phys. Acta, Fasc. 3, Vol. 10, 1937,
pp. 182-184.) For T see 2793 of July.

DIFFRACTION WITH A LARGE SOURCE (CLASSIC
Tueory) [Complete  Solution].—Wolfers.
(Journ. de Phys. et le Radiwm, May 1937,
Series 7, Vol. 8, No. 5, pp- 135-192.)

ON THE VALUES OF FUNDAMENTAL ATOMIC
ConsTaNTs [Critical Survey of Experimental
Values :© Results for Values of Constants
with Reasonable Limits of ILrror].—von
Friesen. (FProc. Roy. Soc., Series A, 1st June
1937, Vol. 160, No. 902, Pp. 424-440.)

INFLUENCE OF LLECTRON NUMBER ON THE
I’OLARISATION OF THE LIGHT EMITTED BY
CaNAL Ravs.—Stark & Verleger. (Physik.
Zeitschy., 15th May 1937, Vol. 38, No. 10,
pPp- 357-358.)

THE BEHAVIOUR OF ELECTRONS IN BROMINE
[with Experimental Curves showing Mean
Free Path of Electron Drift Velocity,
Probability of Attachment, etc.].—Bailey,
Makinson, & Somerville. (Phil. Mag., July
1937, Series 7, Vol. 24, No. 159, pp- 177-190.)
For similar work on chlorine see 1739 of
1935.
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3564

3565

35()#;.

3567.

3568.

3569.

3570-.

3571

3572

3573-
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PROPERTIES OF ADSORHED FILMsS WITH
REPULSIVE INTERACTION BETWEEN THE
ApsorBED Aroms [Theoretical Study].—
Wang. (Proc. Roy. Soc., Series A, 15t July
1937, Vol. 161, No. 904, pp. 127-140-

A THEORETICAL FORMULA FOR THE SoLu-
BIL1TY OF HYDROGEN IN MeTaLs.—Fowler &
Smithells. (Proc. Roy. Soc., Series A, 1st
May 1937, Vol. 160, No. 900, pp- 37-47-)

CoHESIVE FORCES IN METALS, and THE
EXCHANGE OF ENERGY BETWEEN A GAS AND
A SoLID OR LIQUID SURFACE [Surveys of
Recent Work].—Mott : Alty. (Science Pro-

gress, Jan. 1937, Vol. 31, No. 123, PP
414-424: Pp- 436-448.)

THE INTERACTION OF ATOMS AND MoOLE-
CULES WITH SOLID SURFACES: VI—THE

BEHAVIOUR OF ADSORBED HELIUM AT Low
TEMPERATURES : VII—THE DIFFRACTION
OF ATOMS BY A SURFACE: VIII—THe
INTERCHANGE OF ENERGY BETWEEN A Gas
AND A SoLiD: IX—THE EMISSION AND
ABSORPTION OF LENERGY BY A SoLID.—
Lennard- Jones & Devonshire : Devonshire :
Strachan. (FProc. Roy. Soc., Series A,
15th Jan. 1937, Vol 158, No. 894, Pp-
242-252: 253-208: 26g-279 . 3rd Feb.
1937, No. 895, pp. 591-605.)

ON THE CHOICE OF THE ACTION FUNCTION IN
THe NeEw FELD Treorv.—Hoffman &
Infeld. (Phys. Review, 1st March 1937,
Series 2, Vol. 31, No. 5, Pp- 383-384:
abstract only.)

PHOTOELECTRIC CROSS-SECTION OF THE
DeuteErON [Calculations for lixchange and
Ordinary Forces].—Way. (Phys. Review,
st April 1937, Series 2, Vol. 51, No. 7,
PP 552-556.)

MISCELLANEOUS

Criticism oF Hoover's PAPER [ELECTRO-
sTATIC F1ELDS AND SPACE CHARGES ABOUT
A Conpucror.”—Zebrovsky & Popkoft:
Hoover. (Physik. Zeitschr. dev Sowjetunion,
No. 6, Vol. 11, 1937, PP- 667-068 : in
English.) See 2886 of 1936.

THE POTENTIAL OF A SCREEN OF CIRCULAR
\WIRES BETWEEN Two CONDUCTING PLANES
[Calculations].—Knight & McMullen. (Phal.
Mag., July 1937, Series 7, Vol. 24, No. 159,
PP- 35747-)

MaTriX THEORY OF MULTICONDUCTOR TraNS-
sIssioN LiNes [illustrating Power of Matrix
Method in Solution of Mathematically
Unwieldy Problems].—Pipes. (Phil. Mag.,
July 1937, Series 7, Vol. 24, No. 159, Pp.
97-113.)

THE PHOTOELECTRIC FOURIER ANALYSIS OF A
GnEN CURVE.—G. von Békésy. (E.N.T.,
May 1937, Vol. 14, No. 5, pp. 157-161.)

This photoelectric method is designed to give a

completely
Fourier coefficients (eqns. 2) of a curve;

of the separate

it 18

automatic record

specially suitable for qualitative investigations. A
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similar arrangement for integrals of more general
form has been devised by T. S. Gray (1931 Abstracts,
P 572). The function is represented by the
density of darkening of a white surface, while the
harmonic component whose amplitude is required
1s superposed on the surface by a stop of the shape

appropriate to the function (1 €S Y (Fig. 3).
\ g

sin

Light is passed through the surface on to a photo-
cell in series with a galvanometer (Fig. 4), whose
deflection gives the Fourier coefficients together
with the constant term for n — o (eqns. 3—-5). In
order to read off the coefficients directly from the
galvanometer deflection, the intensity of illumina-
tion or the galvanometer shunt is adjusted so that
with the rectangular stop (corresponding to
n = o) the pointer is in the middle of the scale.
Detlection to left or right thus gives also the sign
of the coefficient. Constructional details are given,
with the method of representing the function by
the degree of blackening of the surface by using a
cvlindrical lens (Fig. 4). The stops of harmonic
shape are drawn on a normal pertorated cinema
film (Fig. 5), so that the coefficients can be quickly
determined in succession. An example of the
records obtained is shown in Tig. 7

" INTRODUCTION TO THE THEORY oF LINEAR
D1rFERENTIAL EQUaTIONS ' : also ' DIFFER-
ENTIAL AND INTEGRAL CaLcurts, VoL. [I":
and ' ELEMENTS OF I’ROBABILITY "’ [Book
Reviews].—Doole : Courant : Levy. (Science
Progress, July 1937, Vol. 32, No. 125, PP-
156-158.)

3574-

INvEsTIGATION OF LIMITING Cycris fin
Poincaré’s Theory of Non-Lincar Differ-
ential Equations : General Results on Nature
of Regions in Argand Diagram exterior and
interior to Limiting Cycles, etc.].—Dulac.
(Comptes Rendus, 7th June 1937, Vol. 204,
No. 23, pp. 1703-1706.)

3575-

A METHOD For REPRESENTING FOUR Vaki-
ABLES IN THREE DIMENSIONS.—Scott. (Re-
view Scient. Instr., July 1937, Vol. §, No. 7,
PP- 248-250.) For example, the dielectric
constant of rubber-sulphur compounds as a
function of sulphur percentage, temperature,
and frequency.

3576

ENGINEERING PROGRESS aAND  Economic
PROGRESs [Steinmetz Memorial Lecture].—
Moulton. (Gen. Elec. Review, May 1937,
Vol. 40, No. 5, pp. 220-227.)

3577-

U.S. DEPARTMENT oF COMMERCE, BUREAU OF
FoREIGN AND DomEstic COMMERCE : RaDIo
REererExces [List of Books and Pamphlets,
U.S.A. and Foreign].-— Batson. (At Patent
Office Library, London: Cat. No. 77 524 :

33 Pp)

THE WRoNGFUL USE or TRANSMITTED
ENERGY [Lamps lit in Immediate Neigh-
bourhood of Hamburg Transmitter].—(/ unk-
tech. Monatshefte, Junc 1937, No. 6, pp.
192-193.)

3578

3579-
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3580. " THE NATIONAL PHYSICAL LABORATORY
REPORT FOR THE YEAR 1936 ' [Book Review .
—(Journ. Scient. Instr., July 1937, Vol. 14
No. 7, pp. 253-255.)

STYLISTIC INFELICITIES AND THE [ XCESS
Wokp.—Croneis :  Urbach. (Science, 11th
June, 1937, Vol. 85, pp. 562-563.) Criticising
Urbach’s letter (429 of January) and de-
‘fending scientific writers.

355I1.

I.RE. Convextiox HiGH-LIGHTS [Some
Summaries of the May 1937 Convention
(Rad. Engineering, June 1937, Vol. 17, No.
o, pp- 9 and 12.)

3582.

URSI-ILRE. MEETING, WASHINGTON,
30TH APRIL 1937 [Some Summaries|.—
(Electronics, July 1937, Vol. 10, No. 7, pp.
38, 40, 42)

3583.

. THr CorovaTioN : TELECOMMUNICATION
ARRANGEMENTS.—(P.O. Elec. Eng. Journ.,
July 1937, Vol. 30, Part 2, pp. 115-120.

Tve ELECTROMAGNETIC FIELD IN  THE
REGION oF VERY SHORT Waves: Spon-
TANEOUS ROTATING FIELDS [with Bearing on
Action on Colloids, etc.].—Krasny-Ergen.
(Hochf:tech. u. I:lek .akus., June 1937, Vol. 49,
No. 6, pp. 195-199.)

Previous theoretical work of the writer (787 of
I'ebruary) is here illustrated by the example of
" the introduction of a homogeneous, infinitely long
cylinder into a homogencous medium originally
containing a homogencous alternating field per-
pendicular to the cvlinder axis. It is found that,
in a certain frequency range, the ficld external to the
cylinder is quite different in different phases,” so
that the lines of force cannot be represented by one
diagram only. The occurrence of spontaneous
rotating fields is discussed, with the bearing of the
results on the action of electromagnetic fields on
colloids, etc.

3585.

3586. “ ULTrasons ET BioLocis * [Book Review].
-Dognon & Biancani. (Alta Frequenza,
July 1937, Vol. 6, No. 7, p. 483.)

3587. DISTURBANCE-FREE TRIPLE CARDIOGRAPHY
[Star Conncction, with Three Cathode-Ray
or Loop Oscillographs}, and NEw ELECTRO-
CARDIOGRAPHIC RECORDING METHODS [and
the ‘‘ Three-Phase Vector Field of the
Llectrical Heart Axis” : the Use of the
“ Triograph” Cathode-Ray Oscillograph with
Three Deflecting Plates arranged in form
of Triangle] —H. 2. Hollmann: H. E. & W.
Hollmann. (Zeitschr. f- Instrumentenkunde,
Nos. 3 & 4, Vol 57, 1937, pp. 117-124:
Pp. 147-107.)

In the second paper the author writes: “ Com-
parison of the ‘triograms’ obtained by the new
method with the previous two-phase Lissajous’
figures shows important difterences, which are
explained by means of a model test in the electrolytic
trough.”
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Some Recent Patents

The following abstracts ave prepaved wilh the pevmission of the Controller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1/- each.
A selection of abstracts from patents issued in the U.S.A. is also included, and these beav a seven-figure

sevial nuniher.

AERIALS AND AERIAL SYSTEMS

464 789.-—\Wireless aerial for motor vehicles with
a flexible mounting designed to ‘‘ give’ without
breaking on coming into contact with a tree or
similar obstacle.

Marconi’s W.T. Co. and E. H. Tvump. Applica-
tion date 24th October, 1935.

TRANSMISSION CIRCUITS AND APPARATUS

463 236.—Magnetron oscillator in which the divided
anode forms part of a resonant concentric circuit.

Telefunken Co. Convention date (Germany)
15th August, 1935.

463 238.—Means for modulating a high-frequency
wave as it is propagated along a “ dielectric-guide-
line.”

Standard Telephones and Cables (assignees of
G. C. Southworth and A. P. King), Convenlion
date (U.S.A.) 12th October, 1935.

465 482.—Electron-oscillator valve for generating

very-short waves at a high level of power.
Varconi’s W.T. Co. (assignees of C. W. Hansell).

Convention date (U.S.A.) 28th November, 1934.

RECEPTION CIRCUITS AND APPARATUS

462 832.—Automatically controlling the selectivity
of a Teceiver in accordance with the strength of
unwanted signals.

Murphy Radio and L. A. Moxon.
date 18th September, 1935.

Application

463 006.—Method of coupling circuits so as to
ensure a constant response over a wide band of
frequencies.

The General Electric Co. and J. J. E.
Application date 20th [anuary, 1936.

Aspin.

463 070.—Method of suppressing image frequencies
in a superhet receiver.

Marconi's W.T. Co.and A. T. Wills.
date 21st Septemnber, 1935.

Application

463 233.—Method of automatic selectivity control
based upon regenerative feed-back from one of the
amplifiers to an input circuit of the band-pass type.
Marconi’s W.T. Co. (assignees of J. Plebanski).
Convention date (Poland) 7th October, 1935.

463 393.—Combination of air-cored and iron-cored
coils and condenser forming a compact tuning unit
for a wireless receiver.

The Gemeval [Flectric Co. and R. W. Speirs.
Application date 26th November, 1935.

463 748.—Circuit arrangement for ‘' muting 7a
wireless receiver of the superhet type.
E. K. Cole. Application date 12th December

1935-

464 609.—Compensating for frequency-variations
in the local-oscillator valve of a superhet receiver.

Radio-Aki. D. S. Loewe. Convention date (Ger-
many) 19th July, 1035.

465 176.— Receiver in which the selectivity is tem-
porarily increased in order to facilitate accurate
tuning.

E. K. Cole and G. Bradfield.
5th Noveinber, 1935.

Application date

465 282.—Method of cutting-out interference from
a superhet receiver by periodically ‘* quenching v
the intermediate-frequency stage.

The Plessy Co.; C. IZ. G. Bailey and G. Baillie.
1pplication date 19th November, 1935.

465 515. —Receiver with automatic fine-tuning
operated through a variable-mu valve controlled
by the incoming signal.

J. Robinson. Application date 7th October, 1935.

VALVES AND THERMIONICS

463 241.—Rigid electrode structure suitable for the
mass production of multi-electrode valves.

Rogers Radio Tubes. Convention date (U.S.A)
20th May, 1936.

464 430.—Construction and assembly of the elec-
trode system of a cathode-ray tube.

Standard Telephones and Cables.
date 18th October, 1935.

Application

465 334.—Llectrode assembly for a valve including
an anode of graphite or carbon for dissipating
heat.

Standard Telephones and Cables (assignees of
D. A. S. Hale and V. L. Ronci). Convention date
(U.S.4) oth January, 1930.

465 483 —Horse-shoe cathode construction for a
valve of the electron *“ beam ”’ type.

Marconi’s W. T. Co.; N. M. Rust,; and G. F.
Brett. Application date 7th Noveber, 1935.

DIRECTIONAL WIRELESS

462 843.—Short-wave aerial system for trans-
mitting overlapping beams of radiation to mark out
a navigational course.

Soc. Industrielle ; W. 1. Loth.
(France) 315t October, 1934.

Convention date

463 052.—Directional aerial system arranged to
give maximum reception along a selected vertical
angle of incidence.

R. 4. W. Watt. Application date 19th September,
1935-
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TELEVISION AND PHOTOTELEGRAPHY

462 683.—Magnetic shield for the focusing coil of a
cathode-rav tube.

A. H. Gilbert; L. R. Merdler ; G. R. Tingley ,
and Baird Television. Application dates 12th and
23rd Seplember, 1935.

462 877.—Television system in which a number of
picture points are transmitted and received simul-
tanecously.

Standavd Telephones and Cables
Le Materiel Telephonique Soc. dnon).
date (France) 8th June, 1935.

462 929.—Television transmitter designed to main-
tain the correct ‘' mean ”’ value of picture illum-
ination.

Radio Akt., D. S. [ILoewe.
(Gerinan) 28th February, 1935.

(assignees of
Convention

Convention date

463 210.—Method of varying the intensity of the
electron stream in a cathode-ray tube of the cold
cathode type.

W. Rogowski.
1935.

463 255.—Multi-vibrator circuit for generating the
synchronising and scanning impulses used in
television.

Marconi’s W.T. Co. (assignees of J. P. Smith).
Convention date (U.S.A.) 18th October, 1934.

463 297.—Cathode-ray tube suitable for the trans-
mission of pictures in which the photo-sensitive
screen is coated with zinc selenide.

H. Miller. Application dale 241h
1935.
463 318 —Television system in which an additional
band of modulation frequencies is utilised to repre-
sent slow changes in the background illumination
of the picture.

Hazeltine Corp. (assignees of H. M. Lewis).
Convention date (U.S.A.) 5th October, 1034.

463 642.—DMethod of mounting the fluorescent
screen on the bulb of a cathode-ray tube.

Fevvanti and M. K. Taylor. Application date
3rd October, 1935.

463 829.—Controlling the output from a cathode-
ray tube of the so-called * image-dissector " type
as used in television.
Farnsworth Television Iuc.
(U.S.4.) 13th March, 1935.

464 483.—Television system in which both picture
signals and synchronising impulses are derived
from the same photo-electric cell, and in which the
synchronizing impulses reduce the carrier output
to zero.

Radio-Akt., D. S. Loewe.

465 055.—Television circuit for generating two
different scanning frequencies from a single dis-
charge valve.

Baird Television and E. E. Wright.
date 29th October, 1935.

Application date 6th December,

September,

Convention date

Application

405 134.—DMechanical scanning system designed
for the interlaced scanning of a film.

Radio-Akt.,, D. S. Loewe. Convention
(Gevmiany) 4th September, 1034.

date
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465 405.—Television receiver in which the coupling
to the detector is so arranged (¢) that a negative
picture can be converted to a positive one, and
(b) it has no appreciable damping effect on the
detector input.

Fevvanti and M. K. Tavlor.
2nd October, 1935.

464 610.—Preventing interference effects in tele-
vision due to the prolongation of the ‘‘ flyback "
period in scanning.

C. Lovenz Akt
23rd August, 1935.

Ipplication date

Convention date (Germany)

465 642.—Optical focusing system for a rotating-
disc scanner as used in television.
E. Traub. Application date 26th February, 1936.

SUBSIDIARY APPARATUS AND MATERIALS
403 676.-—Construction of screening device for
H.T". coils with means for minimising the production

of eddy-currents.
G. Fodor; J. Toutain; and M. Bloch.
vention date (France) 17th Oclober, 1035.

Con-

463 724.—Iron-cored high-frequency coils tuned by
their inherent capacity.

S. G. Brown. Application date 3oth
1935.
463 734.—Loud speaker with independent means
for controlling the air pressure in the vicinity of
the vibrating diaphragm.

R. R. Glen. Application date 4th October, 1935.

464 268.—Electrode system with unsymmetrical
conductivity suitable for a dry-contact rectifier,
or a light-sensitive cell.
N. V. Philips Co.
22nd November, 1935.

405 266.—Cathode ray tube in which the electron
stream is produced by bombardment of the cathode.

Ferrantv and J. C. Wilson. Application date
3rd October, 1935.

MISCELLANEOUS
463 061.—Light-sensitive devices of the ‘‘ electron-
multiplier ”’ type.
Baivd Television and J. R. H. Forman. Appli-
cation date 20th September, 1933.

463 253.—Deriving D.C. potentials from an A.C.

source for the electrodes of a cathode-ray tube.
Marconi’s W.T. Co. (assignees of 1. W. Vance).

Convention date (U.S.A.) 20th September, 1934.

August,

Convention date (Germany)

463 666.—Microphone-amplifier for a portable deaf-
aid appliance.

Sonotone Corp. (assignees of H. A. Pearson and
L. C. Nicholides). Convention date (U.S.A.) 4th
October, 1934.

404 278.—Suppressor resistances for preventing H.F.
radiation from the ignition system of a motor-car
fitted with a wireless set.

K. R.F. Ramsuay. Application date 10th October,
1935.

405 129.—Wireless-controlled tratfic signal or indi-
cator for motor cars and other moving vehicles

L.G.F. Winklev and H. de Csavada. Application
date 1st November, 1935



