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Editorial

The Invention of the Telephone

HE suggestion that a mural tablet
should be placed on the house in
Edinburgh where Alexander Graham

Bell first saw the light has revived the old
question as to who invented the telephone.
The name ‘‘telephone’’ had been applied
in 1831 by Wheatstone to an acoustic
arrangement for transmitting sounds through
wooden rods in a purely mechanical manner,
but leaving this, and several other mechani-
cal contrivances to which the name had been
applied, out of count and limiting ourselves
to clectrical cevices for the transmission of
speech and music, the question of priority
of invention has been the cause of a great
amount of controversy. No one devoted
more time and cnergy to the elucidation of
the question than Professor Silvanus P.
Thompson, who after patient research in
every possible direction, including a visit to
Germany in order to obtain first-hand in-
formation, published in 1883 a hook of 182
pages entitled ““ Philipp Reis, Inventor of the
Telephone.”” Thompson’s biographers ad-
mit, however, that ‘‘many thought that
Thompson had estimated too highly the work
of Reis as a pioneer of Telephony.”” This
view was apparently shared by the Ameri-
can and British Courts which decided in
favour of Bell against those who maintained
that his invention was anticipated by the
work of Reis. In 1914, in a letter to The

Times, Thompson said: ‘‘Surely the work
accomplished by Dr. Alexander Graham
Bell is sufhiciently well recognised that there
is no excuse for his admirers to advance, on
his behalf, an untenable claim.”” The un-
tenable claim being that no one before Bell
had ““succeeded in sending spoken words
along an electrified wire.””  Was this claim
untenable ?

Who was Philipp Reis ?

Philipp Reis was born in 1834 and died in
1874. He lived and died at Friedrichsdorf,
near Frankfort, where he taught in a school
known as Garnier’s Institute. In 1860 he
invented an apparatus which he named a
telephone, and in 1861 he read a paper *“On
Telephony by the Galvanic Current,”” before
the Physical Society of Frankfort, to be fol-
lowed three weeks later by another entitled
““Ixplanation of a new theory concerning
the perception of chords and of timbre as a
continuation and supplement of the report
on the telephone.” At this time Alexander
Graham Bell was a bov of fourteen living
in Edinburgh.  No one has ever doubted
that Reis demonstrated on this occasion the
transmission of musical sounds, but grave
doubts have been expressed as to whether his
apparatus was capable of transmitting intel-
ligible speech.  Two things are beyond doubt,
the first, that the transmission of speech
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was one ot his objects and was attempted ;
the second, that any success obtained was
very impertect. In describing the theoretical
considerations which had guided him in his
experiments he says: “ How could a single
instrument reproduce, at once, the total
actions of all the organs operated in human
speech 7 This was ever the cardinal ques-
tion.”” In 1863 Reis drew up a prospectus
of instructions to be sent out with the tele-
phones which were made and sold by Albert
of Frankfort. Both the transmitter and the
receiver had a signalling key attached,
whereby the former could call the latter and
the latter send back instructions to the trans-
mitter according to a code, “‘ for example,”

““ 1 beat
2 beats =

sing
speak.”’

This disposes ot anv doubts as to the in-
ventor’s intentious, but not as to his attain-
ments. Perhaps the most reliable document
in this respect is a report drawn up by In-
spector von Legat, of the Prussian Telegraph
Service, and published in the Journal of the
Austro-German Telegraph Society in 1862.
He says: “In the practical investigations
heretofore carried on, chords, melodies, etc.,
were transmitted with marvellous hdelity ;
while single words uttered as in reading,
speaking, and the like, were perceptible
more indistinctly.  Nevertheless, here also
the inflexions of the voice, the modulations
of interrogation, exclamation, wonder, com-
mand, etc., attained distinct expression.”’

In 1864 Reis demonstrated and explained
his invention to the Annual Assembly of
German Scientists at Giessen ; he does not
appear to have made any further improve-
ments after this, but from the fact that he
intended to exhibit a new type of Atwood
machine, at Wiesbaden, in 1872, but was
prevented by failing bealth, it would seem
that he had turned his inventive cnergies n
other directions. He died in 1874, the vear
before Bell’s invention.

The Reliability of the Evidence

Prof. Thompson obtained the testimony
of « number of people who had known Reis
and who had taken part in his experiments
and demonstrations, but it must be remem-
bered that these testimonies were memories
of experiments macde twenty vears before.
As an example, Professor Quincke, of
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Heidelberg, who was present at Giessen in
1804 wrote in 1883: ‘' [ distinctly remember
having heard the words of the German
poem, ‘Ach! du lieber Augustin, Alles ist
hin!””" It is probably not irrelevant to
remark that these are the words of a very
well-known song and would immediately
conie automatically to the mind of any Ger-
man on hearing the tune mercly hummed.
Dr. C. Bohn was rather more guarded ; he
wrote: ** Words sung, especially well accen-
tuated and peculiarly intoned, were some-
what better (or rather less incompletely)
understood than those spoken in the ordinary
manner.””  Another person wrote: ‘I dis
tinctly heard the words ‘Guten Morgen,
IIerr Fischer,””” whilst another who helped
Reis in his experiments said: ‘“ We never
(in my time) got the length of transmitting
complete sentences successfully, but certain
words, such as ‘Wer da? gewiss, warm,
kalt,” were undoubtedly transmitted wiliiou.
previous arrangement.”  In their attempts
to prove that Reis anticipated Bell, some
American telephone experts obtained some
Reis telephones from Germanv and tried to
make them work, but in the controlled tests
the listeners only recognised fifteen words
out of a thousand and of these eight were
wrong!  As Edison said in a similar case,
““When yvou knew what it was the man was
saying it sounded awful like.”” Tt is inter-
esting to note that a translation of Legat’s
Report referred to above came into Edison’s
hands in 1875 or 1876 and formed the start-
ing point of his telephonic researches; it is
also referred to by Graham Bell in a paper
read in 1876, but there is no reason to sup-
pose that the latter’s invention was inspired
in the remotest degree by the earlier work
of Reis.

What did Reis Invent ?

Having seen what the Telephone of Reis
did, and did not, accomplish, let us see what
it was and how it worked. The transmitter
consisted of a wooden cone or box, or a carv-
ing representing the ear, closed at the narrow
end with a diaphragm of stretched sausage
skin or something similar, to the centre of
which was attached a small piece of plati-
num which made contact swith another
spring-supported piece of platinum. He
made many different models with various
contact arrangements, but they all had this
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in common that on speaking into the mouth-
picce, and thus causing the diaphragm to
vibrate, the degree of contact between two
pieces of platinum was varied.  Although
Prof. Thompson did his best to support the
opposite view, it is very doubtful whether
Reis contemplated a contact of variable re-
sistance and not merely a make and break.
His language generally supports the latter
view, especially when describing the action
of the receiver, which consisted of a hori-
zontal knitting needle supported at each end
by a small pillar on a sounding board and
surrounded by a solenoid through which the
received current was passed. This was not
a new device but had been described by Page
in 1837; when the circuit is made the wire
is magnetised and increases in length, when
the circuit is broken the wire goes back to its
original length with a tick ““which can be
heard at two or three feet distance.”” If the
circuit is rapidly made and broken the wire
emits a tone of corresponding pitch.

A Make-and-break Device

That Reis did not contemplate changes of
resistance of varying amplitude depending
on the amplitude of the sound wave is proved
conclusively by his Frankfort paper in which
he says: ““Morcover, the strength of this
tone is proportional to the original tone, for
the stronger this is the greater will be the
movement of the drum-skin, the greater
therefore the movement of the little hammer,
the greater finally the length of time during
which the circuit remains open, and conse-
quently the greater, up to a certain limit, the
movement of the atoms in the reproducing
wire, which we perceive as a stronger vibra-
tion.”” He pictured the movement of the
atoms taking place relatively slowly, so that
to get a large effect on remaking the circuit
it was necessary to keep the circuit open for
a longer time. Although Reis made no claim
to have invented the receiver, Lis explana-
tion of its action leaves one in no doubt as
to his conception of the action of his trans-
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mitter ; it was a make-and-break apparatus.
In Legat’s report an ordinary electromagnet
and spring-controlled armature constitute
the rcceiver, but he also says that the con-
densation and rarefaction of the air at the
transmilter opens and closes the galvanic
circuit ; there is no suggestion of variable
contact resistance.

It is noteworthy that although a number
of Reis telephones were made and sold about
1863, neither he nor anyone elsec appears to
have made any further improvement in
them ; in fact the subject seems to have lain
dormant from 1864 till 1875 when Bell made
his discovery of the electromagnetic tele-
phone.

A Telephone but not the Telephone

On the monument erected over his grave
in 1878 by the Physical Society of Frank-
fort, Rels is described as the inventor of the
telephone.  One cannot help wondering,
however, whether the instrument which in-
spired the Socicty to erect the monument
was the telephone invented by Reis or that
invented by Bell.  Reis certainly invented
an clectric telephone by means of which the
human voice was transmitted, but there is
no indisputable evidence that it was capable
of the intelligible transmission of a sentence
of plain, straightforward speech. Nor did
it form the nucleus from which the telephone
was developed. It may perhaps be regarded
as the forerunner of the microphone in that,
after the discovery of the electromagnetic
telephone transmitter by Bell, anyone seek-
ing an alternative method of causing the
current to vary in accordance with the sound
waves of the voice, and coming across von
Legat’s report on the Reis transmitter, as
Edison did, might see that the secret lay in
replacing the make and break of Reis by a
continuously variable resistance, but this is
a long way from suggesting that Reis in-
vented the microphone transmitter.

G. W. 0. H.
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Reproduction of Transients by a
Horn Loud Speaker*

By N. W. McLachlan

1. Introduction

HE performance to be expected from
T various types of horn loud speaker
when reproducing sinusoidal wave

forms is well known. The reproduction of
transients by such speakers has not been
discussed hitherto, so in the present article
we shall deal with this problem. The type
of loud speaker to be considered is illustrated
diagrammatically in I'ig. 1. The aluminiuin
alloy diaphragm is coupled to the horn
by a throat chamber which acts as an
acoustical transformer, whereby the me-
chanical impedance of the diaphragm is
matched to that of the horn. The obstruc-
tion H 1s to prevent interference at fre-
quencies where the wavelength of sound is
comparable with the radius of the dia-
phragmt. The clearance between /{ and the
diaphragm increases from the centre out-
wards. Thus the air particle velocity de-
creases {rom the centre outwards, and in
this way the contributions {rom all parts
of the diaphragm arrive at the horn throat
in substantially the same phase, provided
the frequency is not too high. The dia-
phragm 1s driven in the well-known manner
by a circular coil situated in an intense radial
magunetic field. Ilectrical power is supplied
to the coil from a thermionic valve associated
with a step-down transformer of appropriate
turns ratio. To effect simplification, we
shall consider a circuit which is equivalent
to that of the valve and transformer referred
to its secondary winding, in which the loud
speaker coil is connected. This circuit is
illustrated 1 Iig. 2. The resistance R
includes that of the loud speaker coil plus
the effect of the valve and the resistances of
the transformer windings, whose self and
mutual capacities are assumed to be neg-
ligible. This latter condition can be fultilled
by the well-known method of winding the

* MS. accepted by the Editor, May, 1936.
+ McLachlan, ‘“ Loud Speakers,” Iig. 82.

primary and secondary in sections and
interleaving them.

2. The Electrical Analogue of the Horn
Speaker

In dealing with the mechanical part of
the loud speaker system, it is convenient to
use the electrical analogue of Fig. 1, this
being shown in Ifig. 3. The inductance L,

DIAPHRAGM

OF MASS m
/

EXPONENTIAL HORN
A=A, ePX, THROAT
RESISTANCE =Pg ¢ Ag .

THROAT CHAMBER
OF STIFFNESS s

ANNULAR SURROUND
OF STIFFNESS s

FIELD WINDING
(a)

coiL AREA A=Ap eP*
\ THROAT GHAMBER

N /
| ¥ THROAT AREA Ag HORN |
ANNULAR SURROUND
DIAPHRAGM
(b)
Fig. 1.—(a) Diagram showing longitudinal

section of horn loud speaker. (b) Schematic

arvangement of (a).

1s equivalent to m the mass of the moving
coil and diaphragm, which is assumed to
move as a rigid structure. €, is equivalent
to 1/s the compliance of the annular sup-
porting ring on which the coil and diaphragm
arc mounted, i.c., s is the stiffness. R, 1s
equivalent to 7, the mechanical resistance
opposing motion of the diaphragm, this being
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due to the load imposed by the horn. At
frequencies above the cut-off point of the
horn, where the throat impedance is chiefly
resistive, the value of r; is very nearly*
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3. Form of Applied Transient : Numerical
Data

It was shown in a previous article* that

the wave form of any transient applied to

E.M.F. INDUGED IN i
SECONDARY WINDING
OF TRANSFORMER

/

(a)

pocdo(dg/d)? In this formula 4, is the
effective area of the diaphragm, A, the
area of the horn throat, ¢ the velocity of

sound waves of infinitesimal amplitude,
and p, the density of air. Tle velocity ratio
of the acoustical transformer introduced

by the throat chamber is .1;/4, and the
above formula is obtained on multiplying
the horn impedance py.d, by the square
ol the ratio of transformation. This is the
ratio of the air particle velocity in the throat
to that "in the throat chamber. C, is
equivalent to 1I/s,, the compliance of the
throat chamber when the throat of the horn
is closed by a plug, so that the air within
the chamber acts like a massless helical
spring when the diaphragm is displaced
from 1its central position. [, is equivalent
to d¢/dt! the axial velocity of the diaphragin,
and I, is equivalent to Ay/4, times the
velocity of the air particles at the throat

o|-+

Eo = f (DRIVING
FORGE

mechanical

analogie of
system in Fig. 1.

Fig. Electrical

of the horn. E; is equivalent to f the
mechanical driving force on the moving colil,
due to the current supplied from the valve
via the transformer.

». "Izld Speakers,’”’ pp. 349, 3_5‘0.

P
N\

I'ig. 2.—(a) Showing coupling

between power valve and loud

speaker. (b) Equivalent civcuit
of (a).

QL

IMPEDANCE DUE
[z]T0 ‘moTion “oF
DIAPHRAGM

(b)

the grid of the power valve differed from
that of the current in the loud speaker colil,
this being due mainly to the influence of
inductance. To simplify the mathematical
analysis, we assume that the voltage applied
in the secondary winding of the output
transformer takes the formx I = E,e~ =
sin wf. We desire to know the ensuing
sound pressure at the throat of the horn.
The analysis has been worked out using
Heaviside’s operators and contour integra-
tion, but is omitted owing to its complexity.
In order to obtain an answer all quantities
mvolved were assumed to be independent
ol frequency. The following numerical values
were taken :

b inductance of speaker coil when
stationary, plus leakage inductance
of transformer referred to second-
ary winding = 8.4 X 10% cm. ;

R cffective resistance in secondary
circuit of transformer (coil station-
arv), including the influence of
the valve = 7 X 10! cm. sec. !
electromechanical conversion or
force factor ;

c 2mrnl3, where » —= mean radius
of coil of # turns, and B, = mean
flux density in air gap of magnet ;
I.52 X 107 cm.t gm.d sec.m!;

m mass ol diaphragm and coil =
Igm.;

e resistive load on diaphragm due
to horn = 1.45 X 10* dyne sec.
cm=hE

>

* Wiveless En_gineer, 13, 630, 1936.
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s axial stiffness of annular dia-
phragm  surround = 6.4 X 108
dyne cm. 1 ;

Sy axial stiffness of throat chamber

6.4 X 10® dyne cm.7};

Ay = effective area of diaphragm
28.3 cm .2

A, area of horn throat = 2.27 c¢cm.?;

E applied transient — F,¢~1800¢ sin

1.582 X 10%.

4, Sound Pressure Waveform at Throat of
Horn

Using the numerical values given In
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tribute nothing of importance to the sound
output. The highly damped oscillation repre-
sented by the third term is due mainly to in-
teraction of the throat chamber compliance
and the diaphragm mass, these constituting a
mechanical oscillating svstem. As explained
in section 5, this oscillation is modified by
the remainder of the electromechanical
system. Owing to the high damping, the
amplitude at the first maximum is negligible
compared with that of the reproduced
version of the impressed transient, which is
represented by the fourth term in (1)
Strictly, of course, the sum of the four terms
in (1) gives the reproduced version, but the
first three are *“ additions ” due to the effect
of the ““impulsive blow ” on the system.
The wave form represented by formula
(1) is plotted in Fig. 1, together with that of
the impressed transient. Apart from the
slow start and the relative displacement of
the two wave forms, they bear a close
resemblance to each other, so that one would
not expect the difference in a *“ dead " room
to be detectable by ear. In practice, where
the loud speaker is used in a reverberant
enclosure, the wave form of the sound which
arrives at the ear will differ from that in a
“dead ”” room or in {ree air. Consequently
in an ordinary room, distortion due to the

(Above) Fig. 4.~ Curve 1 is the

form of the sound pressure wave

of the impressed transient.

Curve 2 is the form of the sound

pressive wave at the throat of
the horn.

(Right) Fig. 5.—(a) Sound wave
form  when transient  like
Heaviside’s wunit function 1s
applied to grid of power valve
which is transformer coupled to
type of speaker discussed hevein
(without horn). (b) As at (a) but

f=z250~

AVAVAVAVAN

f=eso~

with horn 4ft. 6in. long in place.

section 3, the sound pressure at the horn
throat is found to be

p o= Ef{— 14673500 1 28 5 ¢ 7952104
+ 8726 236310 gin (1.582 X 104/ + 41°)
+ 6506 18%0¢gin (1.582 X 10% — 65°30)}
(1)

2

dyne cm.—2, where £ is in volts.

The purely exponential terms in (1) con-

(a) (b)

loud speaker may be unimportant, but this
can be verified by experiment only,

The wvalue of w/2n for the impressed
transient was chosen equal to the natural
frequencv of the oscillatory system, since
this would probably give the greatest degree
of distortion. In rveproducing speech or
music, where transients follow each other
in rapid succession, there may at times be
an almost continuous oscillation at a fre-
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1.582 X 10?
27

its effect (if any) on the car can be deter-

mined by experiment only.

Although the diaphragm mounted on its
annular surround constitutes an oscillatory
system in vacuo (1 = joo ¢fs) the damping
due mainly to the horn renders the motion
aperiodic. In obtaining this result we
assumed the resistive load due to the horn
to be independent of frequency, whereas it
is zero below the cut-off frequency as ex-
plained in section 6. In an experiment
performed some years ago with a loud speaker
of the type discussed herein, there was a
damped oscillation with and without the
horn in place. Oscillograms of sound pressure
are given in Iig. 5, the damping effect of
the horn being clearly shown.* The horn,
however, was only 4it. 6in. long and full
resistive loading at the natural frequency
of the diaphragin was not obtained.

quency w/2m c's. Here again

5. The Equivalent Electrical Circuit of the
Loud Speaker

In studying an clectro-acoustical device,
it is very uselul to know the cquivalent
electrical circuit. It is impertant to em-
phasise that this circuit is nof an electrical
analogue. 1f the equivalent electrical circuit
were substituted for the loud speaker in the
secondary of the transformer, the current,
its phase and the power absorbed would be
identical in both cases. This circuit can be
obtained by making an addition to the
equivalent circuit of the hornless moving
coil loud speaker illustrated in Iig. 61.

The differential equation of the horn loud
speaker differs from that of the hornless loud
speaker due to the compliance of the throat
chamber, which is absent in the latter case.
This compliance is represented in l'ig. 3
by a condenser in parallel with the load
resistance R,. By the principle of recipro-
city, this is represented in the equivalent
electrical circuit by a resistance in series
with an inductance, as shown in Fig. 7a. In
this diagram E is the e.m.f. induced in the

* « Loud Speakers,’’ p. 335.

+ <« Loud Speakers.” Iig. sic. In Iig. 51c the
valve and coil resistances are shown separat:ly,
and they are referred to the anode circuit of the
valve, whereas in [ig. 6 they are represented by
R and referred to the secondary circuit of the
transformer.
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secondary winding of the transiormer: R
is the resistance of the driving coil when it
is stationary, plus the resistance due to the
influence of the valve and the transformer

windings : L is the inductance of the coil
when it is stationary plus the lcakage
R
L
02 l 02
Lm= 5 Tcm=cm2 Rm—?;
) ’
(E)

E.M.F. INDUGED IN
SECONDARY WINDING
OF TRANSFORMER

Fig. 6.—Equivalent electvical circitit of hoynless

loud speaker.

inductance of the transformer referred to
the secondary winding: L, — C?*/s is the
motional inductance equivalent to the com-
pliance of the annular surround of the
diaphragm :  C,, = m/C? is the motional
capacity equivalent to the mass of the coil
and diaphragm : L, C?/s, is the motional
inductance cquivalent to the throat chamber
compliance ; whilst K, C?/r, is the
motional resistance equivalent to the load
imposed by the horn. Since the value of
r, decreases as the cut-oft {requency of the
horn is approached, R, steadily increases,
so the damping steadily decreases. The
equivalent circuit can be used to study the
action of the speaker at any {requency,
provided the corresponding circuital values

are used. Since these values vary with
frequency the equivalent circuit is not
rigorously applicable to transients. Tor

wave forms of the tvpe e sin wf, Fig. 7
can be regarded as a useful approximation,
provided w is well above the cut-oft frequency
of the horn and the damping factor a is not
too large.

Without the horn 7, is very small, i, is
correspondingly large, and the circuit can
be represented closely by Fig. 6. The
natural frequency of the coil and diaphragm
on the annular surround (in the absence of
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damping) namely

w I /( m) 3 I
- — I (s/
2m 2m N 2w k]‘MCM‘

is altered by the presence of R, L and R,,.
Apart from the influence of R, L and L,,
the natural frequency due to interaction of
the mass of the diaphragm and the throat
chamber compliance is (Fig. 7b)

w; I I R\ 1 SR
2—7T 277\/ [‘mlcm 4Lm12 / 277\ n 4”12’
i= 1.24 X 10%/2m ~ (34)
The frequency obtained fromn the preceding
mathematical analysis is 1.582 X 10%/27 /s,
and the difference between the two values

is due to R, L and L, being in parallel with
the oscillatory circuit.

6. Horn Theory

In the theory of loud speaker horns, two
of the assumptions made are as follows:
(a) the wave front remains plane as it travels
down the horn, (b)) the horn is infinite in
length to avoid reflection at the mouth,
which precludes sound being radiated into
space and the steady state cver being
attained throughout the entire horn. Hypo-
thesis () is usually accepted to avoid

difthculties. Tt is untenable when a linear
r
R
L
L c‘Z
. Rm= T,
N _m
Mi—i=g Cm= c? { 0_2
my S

E.M.F. INDUCED IN
SECONDARY WINDING
OF TRANSFORMER

(a)
Fig. 7.
loud speaker.

a) Lquivalent electvical civcwit of horn loud speaker.
q
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pedance probably holds. Above 1,000 ¢/s
the radiation from the mouth of a large
horn is concentrated near the axis. These
difficulties can be surmounted if the air
column is divided up into a large number of

MOUTH OF HORN

X—
iy
&

THROAT

AREA=A,

Yig. 8. —Tdllustrating a loud speaker horn with

conduits.

conduits by thin rigid frictionless partitions,
as indicated in Ilig. 8. The section of each
conduit expands exponentially from the
throat outwards. The major linear dimen-
sion of a conduit at the mouth should be
small compared with the wavelength. The
section distant x from the throat is that
intercepteil by the curved surface orthogonal
to the centre lines of the conduits.* This
condition can be realised fairly well in
practice provided the upper irequency range

b= T s o
! :
; i
R ; _G
| Rm " :
i !
L. m !

! =Cm=—
L =07 i c? i
2 1
I _C°
: Lm1 = Sq :
| i
: )
|
| |
] I
= — ]

(b)

(®) Iquivalent electrical civcuit of hovn

The portion within the dotted line is equivalent to the oscillating system comprising diaphragm

nmass and throat chamber compliance.

dimension of the cross-section is comparable
with the wavelength. 1{ the throat is small
enough, this condition occurs some distance
therefrom, so the formula for throat im-

is given by a unit having a small horn.
When one speaker is nsed for the range 4o to

T McLachlan, ¢ B(:sel Tunctions for Engineers,”’
p- XI.
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10,000 ¢/s, the conduits are too numerous for
practical construction, whilst the frictional
loss might be serious.

Hypothesis (b) can be modified by taking
a finite length of horn, making the radius
at the mouth large enough to avoid appre-
ciable reflection at low frequencies, and
assuming that the speaker operates in a
“dead ”” room or in free-air.

With the old hypotheses there is a certain
frequency (cut-off) below which no power is
transmitted in an exponential horn. The
resistive component of the throat impedance
is pycdoy/ (I — B%/4k%), where k = w/c, and
B is the flaring index in the formula
A4 = Ayefr (see Fig. 1). This component
vanishes at the cut-off point where & = 18
or w,— 4Bc. Below this point the im-
pedance 1s reactive. We have, however,
modified the hypothesis by taking a finite
length, so reflection at the mouth must be
considered. The acoustical impedance of
a conduit of section .1 is z, = pec/A, pro-
vided there is absence of reflection through-
out. Thus the acoustical impedance of a
horn decreascs with increase in distance
from the throat. In free space z,-—>0,
since 14— oo. To avoid a pronounced
change in acoustical impedance, the value
at the mouth of the horn should be very
small. Provided the mouth radius is not
less than from } to 1 the wavelength of the
lowest frequency to be reproduced, the
reflection is not serious, so this rule is adopted
in practice. In a room where sound is
reflected from the walls, the impedance at
the mouth will be moditied appreciably, so
also may the performance of the horn at
low frequencies.

7. Behaviour of Horn to Transients

The horn influences transients in two
ways, (a) it introduces a transient oscilla-
tion of its own, (b) it assists in damping the
driving mechanism. We shall consider (a)
when there is no reflection at the mouth of
the horn, and the speaker operates in a
“dead ”” room. If at time {=o0 a sine
wave motion is given to the air particles at
the throat, the sound pressure can be
divided into two parts: (1) a sinusoidal
pressure, (2) a transient due to tlie horn.*
The form of the transient is illustrated in

* McLachlan & McKay, Proc. Camb. Phil. Soc.,
32, 265, 1936.
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Fig. 9. A time ¢, = x/c elapses before the
sound arrives at a section distant x from the
throat. The form of damped oscillation is
a combination of Bessel functions. The fre-
quency is variable at first, but ultimately

-l
<
Zuw
o%
=
cd
o FIRST
&5 MINIMUM
o
an
z
e
£3
<
Zo
£
g TIME IN SECONDS AFTER SINE WAVE

OSCILLATION I& IMPRESSED AT THROAT OF HORN

I

Fig. 9.—Illustrating wave form of * imhevent *
transient of loud speaker hovn 427 cm. from the
throat : cut-off frequency 31.8 c[s. at time t = ©
a sine wave mootion is given to the air particles

at the throat.

settles down to that at the cut-off point of the
horn. Whenever a change in particle velocity
occurs at the throat, the horn transient
ensues. If w? 3 1B%? and the frequency
is sufficiently high, the transient is un-
important, for the ratio of the maximum
steady pressure to the first minimum of
the transient is approximately 130 #/n.%
n, — Bc/ym being the cut-oft {frequency.
The relative importance of the transient
increases as 7 decreases. Apart from this
inherent transient, the horn has little in-
{luence on either the amplitude or the phase
of a transient of the form e~e'sin wi, pro-
vided @ is in the range where the horn
impedance is mainly resistive. 1f the homn
cuts-off at 31.8 c/s, say, whilst the mouth
radius is such that waves whose frequencies
are below 100 c/s, suffer serious reflection
thereat, the transicnt will doubtless be
modified. There may be resonance below
100 c/s due to reflection, i.c., an organ pipe
offect. Whatever the diameter of the mouth,
during operation in an ordinary room, the
conditions are too complex for analytical
treatment, and the problem must be studied
experimentally.

The second way in which the horn affects
transients is its damping of the diaphragm.
Referring to the equivalent circuit of Fig.
7a, C%R, — 7, is the resistive load im-
posed by the horn. It is zero below the
cut-off point and rises steadily above it to
avalue pycd o(Ad/4y)® Using the numerical
data herein, we have seen that the motion
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ol the diaphragm on its annular surround
is aperiodic, but in obtaining this result we
tacitly assumed 7, to be independent of
frequency, i.e., no cut-off.

Let us consider the system comprising
merely the diaphragm on its annular sur-
round, loaded resistively by the horn. The
electrical analogue is the LCR circuit of Fig.
1ob, where ¢ steadily decreases in conformity
with the reduction in loading of the diaphragm
as the cut-off point of the horn is approached,
and the inertia of the air is neglected. If
R were constant, the natural {requency
would be w/27 -227-7 \/“‘LIC — 4RL? , and the
condition for aperiodicity R%*/4L* > 1/LC.
When R is not independent of w the system
is non-linear, and it is difficult to treat the
circuit analvtically.

ANNULAR
SURROUND

Py = RESISTIVE LOAD IMPOSED
BY HORN (VARIABLE)

m
(NO E.M. DAMPING)

o 1

0]~

riy=R
{VARIABLE)

(b)
Fig. 10.—(a) Mechanical avvangement of diaphragin,
annular surround and hovn. (b) Electrical analogue

of (a).

Judging from the influence of a short
horn, as shown in TFig. 5, if (1) the cut-oft
frequency is well below that of the dia-

. . I
phragm on its surround % vacwo — \/(s/m),
2

i

(2), the mouth diameter of the horn is large
enough to maintain the resistive loading
in the neighbourhood of the cut-off, the
motion may be almost—if not actually-
aperiodic.*  Frictional loss in the annular
" * This applies to a loud speaker having the
numerical constants used herein. Each speaker
design has to be considered individually.
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surround and electromagnetic damping due
to the coil in the magnetic field, will assist
in this direction.

In view of the limitations of the mathe-
matical treatment when the complete con-
ditions of practical working are so compli-
cated, there appears to be an interesting
field of rescarch for anyone who has the
requisite experimental equipment.

It may be remarked that the analysis
leading to formula (1) was published in
Electrische Nachrichten Technik., Aug., 1936,
Vol. 13, pp. 251-259, by McLachlan & McKay.

Television Exhibition

HE first public exlibition devoted solely to
the development and modern attainments of
television is to be opened at the Science

AMuseum, South Kensington, early in June. All the
principal British manufacturers interested in the
development of television are co-operating with the
Radio Manufacturers’ Association and the B.B.C.
to make the exhibition truly representative.

The history of television may be said to date trom
the vear 1873 when a telegraph operator named May
discovered that the clectrical resistance of the metal
Selenium was altered by light, and ever since 1850
experimenters have attempted to send pictures and
scenes, first by wire, and then by wireless

Demonstrations will be given of the B.B.C.
transmissions on 1modern receivers, and a local

transmitter will be shown in operation so that the
receivers can operate when no 3.B.C. transmission is
available.

Radio Beacons.

By V. 1. Bashenoff and N. A. Mvasoedoft, pp.
670 with 507 Iligs. Moscow.

This book is in Russian. It is evidently a most
thorough investigation of the whole theorv and
practice of the subject of radio beacons. Several
chapters have already been published in English,
Chapter IIT in this journal (Mav, 1928) and other
chapters in the Proc. of the Institute of Radio
lingineers.  Bashenoff is well known for his work
on this subject to which he has devoted himself
for many vears. He is a Professor at the Moscow
Aviation Institute and Chief of the Radio Section
of the Central Aero-Hvdrodvnamical 1lnstitute.
In the preface it is stated that all but g of the 21
chapters have been previously published, but to a
radio engineer who can read Russian the book will
prove invaluable in the completeness of the treat-
ment of a subject of ever-growing importance,
cspecially in aviation. A whole chapter is devoted
to radio beacons for blind landing, with sections on
various German and American svstems.

The book concludes with a very extensive
bibliography of the subject, but also in Russian.
G. W. O. H.
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Quartz and Tourmaline
By Peter Modrak, M.Sc., B.E., AMIE.E.

(Concluded from page 134 of last isste.)

HE chemical formula for tourmaline is
very complicated, being of the form

H, N, Alyy By Sip, Ogy,

The simplest form of tourmaline crystal
is shown in Fig. 9. In this case Z is the
optic axis, X and Y are the crystallographic
axes.

Tourmaline used for piezoelectric pur-
poses should be of uniform structure free
from mechanical
injuries. The
colour of tourma-
line is green, blue
or brown. I thin
plates tourmaline
is practically
transparent.

Hardness of
tourmaline is 7.
Density 3.1.

Tourmaline
crystals have a
double index of
refraction.  The
indices are 1.6397;
1.628. The index Tig. 9.
varies to  some
extent depending upon chemical COMpOSI-
tion of crystal.

Tourmaline crystals exhibit piezoelectric
and pyroelectric properties.

Tourmaline is polarised in the direction
of the optic axis and for that reason tour-
maline plates are cut at right angles to the
optic axis.

The diclectric constant of tourmaline is
5.7 Young’'s modulus £ = 1.0 X 10° kg/cm?
in the plane at right angles to the Z-axis
and changes very little in other directions.

The temperature coefficient of irequency
of tourmaline is about —46.6 X 107°% per
1° C.

Frequency variation with change of tem-
perature is very uniform ; no jumps of {re-
quency have been noticed

Tourmaline is excited very easily. It is
usually accepted that T mm of thickness of

tourmaline plate corresponds to an 8o-
meter wave.

Parasitic frequencics in tourmaline crystals
are less prominent than in quartz.

If parasitic vibrations occur their intensity
is less than that of quartz. These vibrations
are as a rule farther removed from the
fundamental frequency.

Tourmaline is more convenient for cutting,
¢rinding and polishing than quartz.

The methods of cutting, grinding and
polishing of tourmaline are the same as for
quartz.

Tourmaline plates may be prepared for
waves down to 1.2 m or {requencies as high
as 25 X 107 cycles.

Tourmaline plates are generally cut round.

The electrodes of a tourmaline holder
form a condenser of a certain capacity.
\When making tourmaline for higher fre-
quencies it is necessary to keep this capacity
as low as possible by decreasing the diameter
of the tourmaline plate. Thus for 5-meter
waves the diameter of the plates shounld be
about 8 mm.

For waves between 5 and 7 meters the
diameter of the plates should be about
12 mm and for waves above 7 meters
20 mm.

As the wavelength is decreased the effi-
ciency of the oscillator decreases and at
about 2 meters the oscillations disappear.
The decrease of efficiency of the oscillator
is due to the large capacity of the tourmaline
holder.

Tourmaline sustains oscillations —under
pressure better than quartz.

With plates of 12 mm diameter the pres-
sure may reach 500 gr/cm?®.

Silvering of tourmaline plates is not
recommended as it changes the frequency of
the plate and at higher frequencies it may
peel off.

When the crystal has been tested for
{wins and the optic axis has been determined,
one may proceed to cut plates of suitable
orientation.

It is not proposed to describe the methods
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of cutting, grinding and polishing, as these
have already been described in The Wireless
Engineer.

It should be noted that the design formulae
given above serve only as a guide for cutting
plates for certain frequencies.

—
CJ

(b)
Tig. 10.

When the plate has been cut it is necessary
to test it for oscillation. TFor this purpose
the following circuit mav be used (see
Fig. 10a).

In this case the quartz Q is connected
between the grid and the filament. Ior
carrying away positive electric charge from
the grid, a grid leak R, or coil 1) is provided.

In both cases the resistance should be large
In comparison with the equivalent resistance
of the quartz crystal. In the selection of a
suitable valve it is necessarv to take care
that grid current should be as small as
possible,

The intensity of vibrations will be a
maximuni if the tuning circuit is tuned to a
frequency slightly less than the natural
frequency of the quartz.

Piezoclectric  crystal may be repre-
sented as a combination of inductance I
resistance & and capacitance C connected
in series and capacitance C’ connected in
parallel (see I'ig. 10h).
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In this case:

L i1s the eclectrical equivalent ol
vibrating mass of the crvstal.

(' is the electrical equivalent of the stiff-
ness of the crystal.

C’ is the clectrostatic capacitance between
the crystal electrodes when crystal is
not vibrating.

the

The values of L, C, R and C’' may be
calculated from the following formulae :
Da3
Se? A
8e? A
mtla
T.‘ZD() a

Ke? |

L

R

, eA
( where
a

4m

D — density of quartz

l thickness of crystal
A arca of electrode
L Young's modulus
€ dielectric constant

© viscositv of quartz.
Generally €' is about 100 times C.

I'his circuit has its resonant and antireso-
nant frequency very close together on account

of the high value of (é .

Mechanical resonance is taking place at
the same frequency at which L and C are
in resonance.

The magnitude of the resonant effect

depends upon the ratio of L;QL

of the equi-
valent circuit.

The resonant frequency of the ecrystal
vibrator varies inversely with the dimension
of the crystal in the direction of the principal
vibration. For maintenance of oscillations
the ratio of L/C known as the stifiness of the
equivalent circuit should have a certain
value.

For that reason for ultra short waves the
dimensions of the quartz plate should be
kept small, thus reducing the static capaci-
tance of this plate.
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The coupling between the crystal and the
anode circuit is due to the internal anode-
grid capacitance of the valve.

In normal valves the capacitance C; is
about 3 to 4 cm. To secure vibrations the
coefficient of coupling must be about 10
per cent.

It is generally accepted that by increasing
the area of the quartz plate it is possible to
increase the load sustained by the crystal.
This is not so.

When the arca of the plate is increased
the ratio of L/C is decreased and with a given
coupling the alternating voltage acting
between the clectrodes of the quartz will
be decreased also.

When larger valves are used it is necessary
to use crystal plates of larger area on
account of the larger internal anode-grid
capacity of the valve.

When a grid leak is used the anode current
decreases when the crystal begins to vibrate.
When a coil is used instcad of a grid leak it
should have the least number of turns.
When the number of turns is large the gene-
rator oscillates without the quartz. The
number of turns should be determined
experimentally.

When a coil is used the anode current
increases when the crystal is excited.

To test a crystal it is necessary to place
it in a suitable holder, tune the anode
circuit and observe the current in D.C.
milliammeter.

The current drops whenever the condenser
is moved in the tuning circuit, but rapidly
returns to its original value. This behaviour
is the best indication of oscillation of the
quartz plate.

If the plate is not oscillating this may be
due to several causes, e.g., lack of cleanliness
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or the fact that the dimensions of the plate
arc unsuitable.

In the first case it is nccessary to clean
the plate by washing with soap and water
and " drying with a perfectly clean linen
cloth. Also it is recommended to rub the
quartz with a cloth moistened with alcohol
or carbon tetrachloride and rinse with dis-
tilled water and dry with a piece of clean and
grease-frec chamois leather.

1f the oscillations do not take place it
is necessary to grind one of the edges of
the plate.

When quartz oscillates it is necessary to
test it for parasitic frequencies.

The following circuit is generally used for
detection of parasitic frequencies (sec Fig.
II).

In this case L, = L,. Cgis the capacitance
between the grid and anode which must
be neutralised. Cy is a variable condenser
of small capacitance.

To nentralise Cy it is necessary to dis-
connect the quartz from the system and
make Cy — C5.  When this is the case the
generator will not oscillate.

When the quartz is connected between
cathode and grid the vibrations appear as
in the generator stabilised by quartz. By
varying the condenser C, it is possible to
change the back-coupling at will, whereas
formerly the back-coupling due to anode-
grid capacitance had a fixed value.

By increasing the coupling one can easily
excite the frequencies which normally would
not appear.

When dealing with short waves it 1s
necessary to use this scheme with care
because with strong coupling the quartz
plate may be damaged.

It may also occur that with inaccurate
tuning there may appear self-excited vibra-
tions near plate-frequency.

When the plate has been tested for para-
sitic frequencies, it is necessary to grind it
for the assigned frequency.

The quartz plate should be connected
to the same valve and placed in the same
holder in which it will operate normally.

When the quartz plate has been tested
for parasitic frequencies it is necessary to
test it for jumps of frequency. These jumnps
are due to mechanical coupling between
vibrations in one direction and harmonic
vibration in the other direction. They are
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very undesirable and any plate exhibiting  frequent with Y-cut plates. They are absent

such jumps should be rejected. These
jumps may appear when the temperature of
the crystal is varied.

For the purpose of testing the plate 1s
placed in a suitable thermostat and a refer-
ence crystal whose fre-
quency is about 1

o b1 kilocycle or so apart
© is placed in an elec-
2 trically controlled ther-

GES . .
" 3 mostat in  which a
constant temperature is

P o maintained. The dia-
3cuLaTon grammatic arrangement
Fig. 12. is shown in Fig. 12.

The difference of fre-
quencies of the two generators is deter-
mined by varving the frequency of a beat
frequency oscillator until zero beat is
secured and reading the condenser dial
marked in cycles. [f there are any jumps
of frequency they are casily detected when
the temperature of the crystal drops.

From variations of temperature and fre-
quency it is possible to calculate the tem-
perature coefficient of frequency.

af

This temperature coetficient is - .

where df  is change of frequency
dt = change of temperature
f = frequency of crystal.

Jumps of frequency may occur in X-, Y-
and R- or .17-cut plates.
As a rule jumps of frequency are more

3,000,

in tourmaline plates.

Figs. 13a and b represent variations of

FREQUENCY CHANGE IN KILOCYCLES

-40 -20 0 20 40 60 80 100°C
TOURMALINE DIA. 13 x 0'65mm.

Fig. 13 (b).

frequencies with change of temperature for
X-cut quartz plate and also for tourmaline

plate.
In 1929 it was pointed out by F. R. Lack!
that considerable difficulties arise in pre-
paration of Y-cut plates

2.000}-

1.0004—

FREQUENCY CHANGE IN CYCLES

T _

T on account of jumps
| of frequencies appear-
ing with very small
changes of thickness of
plates.

] It has been pointed
out that these jumps
of frequency appear at
111 frequencies which co-
1] incide with harmonic
frequencies which the

R =66 =30 =26 o 26
X-CUT QUARTZ 25x025x4-775 mm.

Fig. 13 (a).

o { ! Observations on Modes
40 ® 200 of Vibration and Tempera-
ture Coethicient of Quartz
Crystals, F. R. Lack, Proc.
Inst. Rad. Eng., July, 1929.

I
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crystal would have if

direction at right angles to the electric

fielct.
FFurther experiments

these jumps of frequency depended upon the
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it vibrated in the In

1931,

H. Suaubel!
formula taking into consideration the co-
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introduced a

efficient of linear expansion of the crystal in

proved also that

different directions.
point out that the resuits differ considerably

Straubel’s experiments

width of the crystal. This proved that a from the formula proposed by him. His
system of coupled mechanical vibrations experiments prove that interference  of
various vibrations has
- 0 e e e ] considerable influence
. — EEEE T ¢ " upon change of tem-
: - RN 1 — T 1 : i
g 6000 —+———— -K‘\Mf I . BN 1 perature coefticient of
5 DT i o ] . i frequency. It has been
z I * ‘Q‘K = - shown that the tem-
w 1 LY | | 1] | z .
2 ‘ ‘ BEEEEN B perature coefficient ol
Z 4000 — i Lt \J,-..f_ T ; | - I .
z | =L | EEEEEE | . Y-cut plates approaches
. O EEEEEEE | 1 | sero values before
S L anm | j e ‘ﬁ,:4 . 1 jumps occur.
% 2000 - A e S T . = I 29, W. A. Marri-
3 SEEEN T T == | n 1929, W. A. Mar
& | T ’I AEEEENE i T ‘-_—N\j son? carried out ex-
NN NN }_H T.‘ 7T periments with  ring-
° = — =T o %0 l_410 0 50-C S‘}llaped quartz of Y-cut
X-CUT QUARTZ 25 x 25 x 2:67 mm. Rates.
Fig. 14 (a), and right Tig. 14 (b). 2000

is produced which are
analogous to the elec-
trical vibrations in
coupled circuits.

That these jumps may
occur in Y-cut as well
as X-cut plates is shown
in Iigs. 14aand b. These
jumps are very undesir-
able in radio practice.
For that reason each
plate should be tested
for these jumps of fre-

3.000]

2.000]

FREQUENCY CHANGE IN CYCLES

1,000

quency. For this pur- -
pose the same apparatus

1s used as for deter-
mination of temperature coefficent of ire-
quency.

Generally before a jumping irequency is
attained, the temperature ceefficient ol
frequency rapidly decreases and frequently
reaches zero value.

When jumps of frequency occur, it is
necessary to grind one of the edges of the
plate in order to change the mechanical
coupling between vibrations in the direction
of the electric field and those at right angle
to it.

Y-CUT QUARTZ 25x25%X403mm.

F=5051 kc/s

According to Marrison’s experiments the
temperature coefficient of frequency for
ring-shaped plates having an internal dia-
meter — 1 of the outer diameter is positive
and decreases with increase of the inner
diameter of the ring.

In the author’s experiments, Y-cut quartz

1 Schwingungsform  und Temperaturkoeffizient
von Quartzoszilatoren Jahrbuch der drahtlosen Tele-
graphie und Telephonie, Band 38, H. 1 July, 1931.

2+ A High Precision Standard of Irequsncy,”
Proc. Inst. Rad. Eng., July, 1929.
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has been used having an outside diam. of
43-435 mm and 9.075 mm thick.

The temperature coefficient for circular
plate was — 28 X 10-6. The temperature
coefficient with ring-shaped quartz having
an inner diameter of 10.5 mm was — 16.8
X 10-5.

When the inner diameter was increased
to 28 mm the temperature coefficient was
+ 94 X 10-8

It is necessary to state that the frequency
of the ring-shaped quartz did not change
appreciably when the inner diameter of
the ring was increased.

300
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On account of considerable discrepaicy
between the author’s experiments and those
of Marrison it was decided to test two other
ring plates, carc being taken to select the
best possible material free from twins.

To sccure the most uniform material a
cylindrical block of quartz was prepared
and tested for oscillations. This cvlinder
has been cut into two parts, cach being
carefully finished.

The results obtained for these rings are
tabulated on the next page, and are repre-
sented in Fig. 15

These results indicate that the preparation
of ring-shaped quartz plates of

7 (9216-28-61410™°
4

| small temperature coefticient is a

T 17
280

260

120

100

FREQUENCY CHANGE IN KILOGYGCLES

107
: -
| <0 -2a03x1076

I _
B19-20 46210

|
1
|

I

rather difficult matter.

They show that the frequency
may be changed not only by re-
duction of thickness of plate but
also by the change of inner diameter
of ring.

The least temperature coefficient
with the same thickness of plate
depends to a certain extent upon
the ratio of inner to outer diameter
of ring and this ratio is not constant,

being 3:1, 2:1, and 3:2 ap-
proximately for ditferent plates.
At the end ol 1934, Prof. T.

Koga in Japanl, Dr. Bechmann,
Germany ?, and T. R. Lack, G. \V.
Willard and I.. E. Fair, in America3
described their - or .1 T-cut, giving
zero temperature coefficient of fre-

quency.
If the angle of rotation of plate

about the X-axis is changed as
indicated in TFig. 16a, it mav be
shown from theoretical considera-

tions that for thin plates the relation

between temperature coefficient of
frequency and angle of rotation is

as shown in Fig. 16b. It is recom-

! Thermal Characteristics of Piezo-
electric Oscillating Quartz Plates Report

TEMPERATURE
Fig. 15.

The frequency of the circular plate was
230 330 cycles at 23° C., whilst the frequency
of the ring of inner diameter 28mm, was
229 070 cycles at 20.4° C.

of Radio Research in Japan, Vol 1V,
No. 2.

* R. Bechmann : Uber die Temperatur-
Koefhzicnten der Iigenschwingungen,
piezo-elektrischer Quarzplatten und Stibe,
Jahvrbuch dev Drahtlosen Telegraphie und Telephonie,
November, 1934.

# Some Improvements in Quartz Crystal Circuit
Elements, The Bell System:  Technical Journal,

July, 1934.
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mended to use plates cut at 35°; the other
cut at — 489 giving zero temperature co-
efficient is not to be used on account of the
increase and subsequent decrease of {re-
quency with temperature.

NT

TEMPERATURE COEFFICIE
|
s
=)

2% 60 —30 0

ROTATION OF PLATE
ABOUT X —AXIS

(b)

Fig. 16.

(a)

The above-mentioned investigators point
out that experimental results are in close
agreement with theory.

QUARTZ No. 1.

Inner | !
diam. | Temperature Fre- |
of ring | coefficient quency Remarks
in mm |
o 24.03 X 10-" | 243 650 | *By grinding
8 10.53 X, | 243650 | and  changing
12 14.77 , 254 150 | thickness {rom
14 —10.54 257 153 | 7.48 to 7.26 fre-
16 28.61 .| 231 400* | quency was
18 | —20.46 245 450 | changed to
20 } — 7.66 | 251 320 | 236 420 cycles.
21 11.06 260850 | Frequency
22 —18.08 .. 261 300 | 245 450 was se-
cured by in-
creasing  diam.
' of ring to 13
mm.
Inner ’
diam. | Temperature ‘ Fre-
of ring | coefficient ‘ quency Remarks
in mm | |
o |-19.94%x10% | 259 180
12 |—13.56 ,, | 267 550 | Thickness of
14 —16.19 VY 268 460 | quartz was
16 303 800 | the same.
18 246 goo
20 + 2.42 5 249 800
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Frequency jumps do not occur in these
plates so often as with Y-cut plates.

These plates oscillate under pressure and
in that respect resemble Y-cut plates.

The author carried out a series of experi-
ments with plates cut very close to 357 with
respect to the Z-axis.

The conclusions that may be drawn from
the author’s experiments are as follows :

(1) It is possible to secure temperature
coefficients approaching zero value for thick
and thin plates if suitable relations between
length along the X-axis and length along
Z' are chosen (I'ig. 16a).

(2) Jumps of frequency are less trouble-
some with R- or A7-cut plates than with
Y-cut plates; by slight changes of the
dimensions of the plate it is possible to get
rid of these jumps.

(3) Spurious frequencies occur very seldom
in these plates.

It was pointed out in 1925 by Giebe and
Scheibe that if a quartz plate is placed
between two electrodes as shown in Fig. 17,
a luminous effect may be produced.

In this case electrodes E, and I, are
fixed on ebonite or glass. The quartz rests

QUARTZ

2 — —— |

!

Iig. 17.

freely upon the lower electrode. Between
the electrodes an air gap of about 0.5 mm
is provided for observation of the luminous
effect.

1f the frequency of the potential difference
applied to these electrodes corresponds to
the natural frequency of the quartz plate, a
luminous effect appears as a result of the
considerable mechanical stresses produced
in it.

If a quartz plate be placed in a vacuum
corresponding to about 10 or 15 mm of
mercury the luminous effect appears at a
potential difference considerably less than
that at atmospheric pressure. The reson-
ance point may be determined with an
accuracy of I in 10 ooo.

Luminous resonators are used for stabilis-
ing the wavelength of transmitters, for
calibration of wavemeters or checking their

C
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accuracy and for international comparison
purposes.

Giebe and Scheibe experimented with
vibrations along the length of the bars
having rectangular cross-section.

In the casc represented in Iig. 18, the

ELECTROOES
_cLamPs
ovARTZ
X

X
+£ +E
[—] ==

—— e ovnere
(=] 3
=& =&
e
Fig. 18.

direction of length is perpendicular to the
X-axis. In Lig. 19 the length is parallel
to the .X-axis.

In both cases the
field is as shown.

In the case represented in Fig. 18, the
quartz rests freely upon the surface of the
electrode and is being kept in position by
means of clamps as shown, being thus free
to move slightly along the electrode.

The other electrode consists of a sharp
point or of a wire placed parallel to the

?"[Lf&'rﬁdﬂ&i

QUARTZ I

direction of electric

QUARTZ

quartz bar in the case of long bars. An air
gap of about 0.5 mm is generally provided.

In the case shown in Fig. 19, quartz bars
are supported by electrodes suitably pressed.

This type of electrode is used for bars for
lower frequencies.

It is obvious that for the same voltage
applied to the eclectrodes the intensity of
electric field is considerably less in the

WIRELESS ENGINEER
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second case than in the first. This intensity
is sufficient, however, for production of
luminious effect in bars up to 50 mm in

length.
In both cases loose and fixed electrodes
are  used. Quartz bars are generally

mounted inside glass bulbs partially ex-
hausted and filled with a mixture of neon
and helium at a pressure corresponding to
a few millimeters of mercury.

For elimination of parasitic frequencies
and also lor securing low temperature
coefficient of frequency, the dimensions of
a bar for 250 ke/s were y = 11 mumn, ¥ — 1.5
mm, z =2 mm.

For frequency ol 1000 ke/s dimensions
of bar will be

Yy =3mm,xand z = 1.5 mm.

It is obvious that preparation of quartz
bars of these dimensions is a difficult matter.

Quartz resonators of this tvpe have small
temperature cocfficient and are suitable for
determination of frequency with an accuracy

of 10 — 20 X 107® with loose electrodes
and 5  107® with fixed electrodes. It was
pointed out that the preparation of bars ol
the above type is difficult for irequencies
below and above 1 000 ke.

For frequencies corresponding to wave-
lengths below 100 meters it is possible to
use .Y-cut plates, using vibrations along the
thickness o! the plate. 1 mm thickness of
these plates corresponds to wavelength of
100 meters.

For this reason it is possible to prepar
luminions quartzes for frequencies of 7.3
megacycles.

T'ig. 20 represents a luminous resonator
for a wavelength of 50 meters prepared in
the laboratory for experimental purposes.

In this case thickness vibrations have been
used and no spurious frequencies have been
detected.
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Quartz resonators are being applied in
radio transmitters and receivers.

TFor tuning radio transmitters to a fixed
wavelength the scheme represented in
Fig. 21 is recommended. IFor coupling
purposes a coil of suitable number of turns
1s used.

The natural frequency of this coil should
be as near as possible to the [requency of
the resonator.

For fine tuning a precision condenser
should be provided in the tuning circuit of
the generator in order to tune it to the
resonator whose resonance is very sharp.

The coupling between generator and
resonator should be as loose as possible in
order to avoid luminosity of the gas. A
(uartz resonator may be connected In
parallel with the circuit coupled to the

=

Fig. 21.

BENERATOR

tuning circuit of the radio transmitter, as
shown in Fig. 22. In this case a neon valve
1s connected in parallel with the quartz
resonator.

The neon valve extinguishes when reson-
ance is reached, i.e., when the resonator
appears bright. A galvanometer may also
be used to indicate resonance.

106

Iig. 22.

GENERATOR

Q0000

In order to tune a radio receiver by means
of a quartz resonator, it is necessary to
connect one electrode of the resonator to
the grid circuit or couple it inductively to
the tuning circuit as shown in Fig. 23.

When the tuning condenser is turned
round one hears characteristic clicks at
various harmonics.

As the audion is generating harmonics
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it is possible to determine a wavelength
three or four times longer than that of the
resonator.

Fig. 23.

To secure the maximum resonance effect
an amplifier should be employed.

In the first part of this article published
last month the following errors should be
noted :

p. 127, line 5, col. 1, should read : ** Cry-

stals of quartz form hexagonal prisins
terminated ”’, etc.
p. 131, line 2, col. 1, for “ positive "’

read ““ position.”

p. 131, line 36, col. 2, for “hold "’ read
“ hole.”

p. 132, line 14, col. 1, for “O" " read “O,.

p. 133, line 13, col. 2, read 20 to 35 X 107"
line 16, col. 2, read 4o to 70 X I07%.

"

Physik und Technik der ultrakurzen Wellen. Vol. II.

Bv H. L. Hollmann, pp. viii + 306, with 283 Figs.
Julius Springer, Linkstrasse 22-24, Berlin, \W.g.
33 Marks.

The first volume, published in 1936 dealt with
the production of ultra short waves ; this second
volume carries the subtitle “ Die ultrakurzen
Wellen in der Technik,” and deals with their
practical applications and the phenomena which
are met with in ultra short-wave work. The six
chapters are entitled (1) The reception of (uasi
optical waves; (2) Radiation and directional beams ;
(3) Transmission of ultra short waves; (4) Practical
applications ; (5) Demonstrations and model experi-
ments: (6) Measurements. One receives an ex-
cellent impression on picking up and opening the
book, for the binding, printing, illustrations, etc.
are all of the high standard which one associates
with the name of Springer. The contents of the
book are also of a high standard ; the author is
well known as a worker in this field and writes from
tirst-hand knowledge of the subject. The descrip-
tions are clear and eminently readable, and, it
the detailed theory is not alwavs so exhaustive
as some readers might wish, references are always
given to original papers which such readers can
consult. It is a book which can be recommended
to all who are interested in ultra short-wave work,
but the price will probably act as a powertul
deterrent. G.\W. 0. H.

c2
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Frequency Changers in All-Wave Receivers*

The Performance of Some Types

By M. J. O. Strutt

(Natuurkundig Laboratorium der N. V. Philips’ Gloeilampenfabricken, Eindhoven-Holland)

SUMMARY.—The various conditions, to be imposed on frequency changers generally

and especially in the short-wave range, are set forth in eleven points.

Sections IT and III

explain and discuss some of the more important effects inherent to octodes on short waves :

interlocking by electron coupling and frequency drift.
In the next section the general features and specially their performance

them are given.

Some means for partially curing

in the short-wave range is dealt with, discussing the different effects, related with their use

in those ranges.

Section V deals with triode hexodes.

Section VI briefly sets forth the

latest developments in octode construction, giving figures for the performance of the new
types in the short-wave range, which compare favourably with those for the octodes now

in use in this country.

I. Conditions to be Imposed on Frequency
Changers

HEN considering the use of frequency
changers (mixer tube combined with
oscillator) in all-wave receivers, it

might make discussion easier if we enumerate
the different conditions, which should, if
possible, be satisfied by such first detectors.

High amplification is a term often met in
bulletins. However, gain alone is not the
point ; what we desire is high gain and a
small noise-level. As noise is closely related
to output d.c. milliamps, we get three
conditions out of this: (1) high conversion
slope ; (2) small d.c. anode current ; (3) high
internal resistance. Besides the shot noise
level there is also noise from (4) whistling
notes which should be small, compared with
the music level, assuming a normal per-
centage of modulation.

Total current consumption (5) may be an
important factor, e.g. in battery and car
receivers. Disturbances like cross modula-
tion and distortion of the modulation (6)
should be reasonably small. Requirements
are widely different in this respect. It should
be pointed out that better cross modulation
characteristics lead invariably to higher
anode current and hence to increased shot
noise.  Microphonic action (7) should, of
course, be absent. Whereas the points (1)
to (7) apply to any waveband, there are
some effects, more specially related to short

* MS. accepted by the Editor, June, 1936.

waves. Interlocking of oscillator and input
circuits (8) should be avoided. Variation of
input capacitv (g9) should be small to prevent
detuning of the input circuit during volume
control. I'inally, frequency drift of the
oscillator (10), caused either by variation of
positive tensions or by volume control, should
not exceed a reasonable value. No radiation
(11) from the oscillation should come on the
input grid circuit. There are still some
effects, not expressed in the points (1) to (11),
but these will turn up in the discussion
below. Thus we have the following chief
requirements for frequency changers :

(1) high conversion conductance ;

(2) small cl.c. anode current ;

(3) high internal resistance ;

(4) reasonably small whistling note level ;
(5) low total current consumption ;

(6) reasonably small cross modulation and
distortion ;

(7) no microphonic action ;

(8) no interlocking of input and oscillator
circuits ;

(9) small variation of input capacity ;

(10) small frequency drift of oscillator :

(r1) no radiation.

It will not need much comment if we sav
that an ideal frequency changer, fulfilling all
these requirements in an optimum way, does
not exist. Two modern types, octodes and
triode-hexodes will here be discussed, taking
these 11 points as a base.
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II. Coupling Effects in Octode Frequency
Changers

Perhaps one ol the most interesting effects
is interlocking and coupling of oscillator and
input circuits in octode frequency changers.
The actual static capacity between input
grid (grid 4) and oscillator grids (see I'ig. 1)
(grids 1 and 2) is of the order of one-tenth of
a micromicrofarad and would seem to
warrant complete independence of input

Fig. 1.—Lower part :
grid constellation of
octode. Upper part :
rough sketch of poten-
tial distribution in an
octode ;  full line for
positive swing of grid
one ; broken line for
negative swing of grid

one. l
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and oscillator circuits. But already at the
short-wave end of the medium waveband
(200-600 metres) a voltage of oscillator
frequency appears on the input circuit,
often amounting to something lixe one volt
with the IFC4, depending, of course, on the
data of the input circuit.* This voltage, if
the oscillator frequency is above input
frequency, as usual in this band, is opposite
in phase, compared with oscillator voltage
swing on grid 1 and hence tends to lower
conversion slope. This voltage cannot be
explained numerically by the above-
mentioned static capacities. It is due to
‘““ electron coupling.” Consider the potential
distribution in the tube under working con-
ditions, which is approximately pictured in
I'ig. 1. The full line represents the state of
affairs, while grid 1 is zero or thereabout ;
the broken line corresponds with grid one
being far negative. We are specially in-
terested in the portions between 4, B and C,
as these surround the input grid. The slope
of BC in the point /3 is practically unaltered

* This phenomenon was detected, within the
Philips-Mullard organisation, in the beginning of
1934 by Mr. R. Clark (Mullard) and Messrs. Tellegen
and van Loon (Ihilips, Eindhoven). This effect
was investigated numerically and put to practical use
by Messrs. Bakker and de Vries (see bibliography,
No. 3 and No. 18).
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during one oscillator swing period. But the
slope of BA in the point B is greater for
negative voltage on grid one than for positive
swing voltage on this grid one due to space
charge between grids three and four in the
latter case. As the oscillator frequency is
above input frequency, the input circuit,
connected to grid four, is a capacity for the
oscillator frequency.  This capacity 1is
charged alternatively by the oscillator
swing ; its momentary charge is proportional
to the difference of the slopes of BC and BA
at B (gradients of potential distribution).
The slope of /3.1 at BB is greater in the negative
position of grid one. Hence the charge
induced on the grid four circuit and the
corresponding voltage are opposite in phase
to grid one voltage swing. This electron
coupling between grid one and grid four may
be represented by a negative capacity from
grid one to grid four, but not back from
grid four to grid one. The value of this
capacity is about two micromicrofarads in
the IFC4. 1If, with such a wvalve, under
operating conditions, we connect a small
condenser of about two micromicrofarads
between grid one and grid four, the induced
oscillator voltage on the grid four circuit
practically disappears. Of course, this means
of neutralising leaves a one-sided positive
capacity from grid four to grid one. Not
much harm is known at present, due to this
latter capacity.

We now consider some practical aspects of
the electron coupling between grid one and
grid four. By considering the impedance of
the grid four circuit for the oscillator fre-
quency (being above the input frequency) it
is found that in one waveband, coming from
the short-wave end, electron coupling
diminishes inversely as the third power of
the frequency. In different wavebands, at
equal tuning positions of the variable con-
denser in the lead to grid four, it increases
proportional to the frequency. Itisinversely
proportional to the intermediate frequency
in any band. Thus it is only scrious at the
lower wavelength ends of the bands and
causes most nuisance in the short-wave
ranges. For instance, on I metres, with an
input variable condenser of about 30 pul"
at its minimum position, induced oscillator
voltage on the grid four input circuit may
be of the order of 10 volts under normal
conditions with the I'C4 without neutralisa-
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Yig. 2.—Photograph of measuving avvangement
for determining the charvacteristic properties of
frequencv changers in the short wave range.

(1) Box containing signal generator of frequency
range 230 —4 m wavelength.

(2) Filter civcuit between a.c. 220 volts mains
and vecetver 3.

(3) All-wave veceiver, Philips 335 .1 in box,

coupled lo input circuif of frequency changer bv

a condenser of o.1 ppF. and used to neasuve

tnput signal wvoltage on this civcuit (av.c. of
veceiver shorted).

(4) Box containing several screened compart-

tion at 100 ke/s intermediate frequency.
Condition (11) (no radiation) is heavily
violated under these circumstances.

Owing to the induced oscillator volts on
the input circuit conversion conductance is,
for instance, in the 200-600 metre band
lower on 200 metres than on 300 metres and

ments, for diode voltmeter measuring total voltage
on Input cirvcuit of frequency changer (including
induced wvolts of oscillator frequency), for fre-
quency changer wvalve, for input civcuit, for
oscillator circuits and for output civcuits (100,
500 and 1,000 kc/s intevinediate frequency).
(5) Box containing batleries for positive and
bias tensions of frequency changer.
(6) Box containing heater battery.
(7) All-wave receiver (with audion) for control of
oscillator of frequency changer, for frequency
drift measurements, etc. All boxes are earthed
and titerconnected by soldered copper tubes,
containing the necessavy condiictors.

longer waves. As circuit impedances in-
crease towards the short-wave end of the
band, this tends to neutralise the decrease
of conversion conductance.

Using an elaborate arrangement (Iig. 2
several series of measurements were taken
on short waves. In these measurements it
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was possible to determine the voltage of
input signal frequency and the volts ol
oscillator frequency across the input circuit
separately. Some figures of input impedance
(considered as a resistance and a capacity
in parallel), conversion conductance, noise
level and direct currents are given here for
the valve FC4 at a wavelength of 13 metres,
i.f. of 300kc/s, input circuit capacity of
about 30 ppl’.
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nected to the second grid. [t diminishes to
about one-third of its original value by this
simple easure. The frequency drift due to
variations of the positive set potentials may
practically be altogether overcome by the
use of a small neon tube for stabilising these
potentials. This was tried in sets with
much success.

A second cause of drift of oscillator fre-
quency is volume control by biasing grid

Casc ‘ Inp. par. res. Inp. cap. Conv. cond. Anode mA. | Total mA. Noise.
A ‘ 200 000 ohms 10.6 pul’ 0.27 mA/volt 0.76 | 6.5 311
B ‘ 200 000, 10.0 0.33 ' [ 0.8¢ 6.7 I 351
The input circuit is connected to grid four four. By increasing this bias tension,

via a Dby-passed series resistance of one
megohm ;

Case -1 = oscillator frequency higher than
input signal frequency ;

Case B — oscillator frequency lower than
input signal frequency.

A small ncutralising condenser of about
2.3 pul. is placed between the grids one
and four. The noise figure is equal to con-
version conductance in microamp/volts over
square root of anode milliamps (see Nos. 46
and 47 of the bibliography). This figure is
about 500 for the I'C4 in the long waveband.
Measurements were taken at normal opera-
ting potentials, with a bias of 1.5 volt
between cathode and earth.

II1. Frequency Drift in Octode Frequency
Changers.

Different cases of frequency drift occur
and may cause nuisance in the short-wave
region.

In the first place, considering the octode,
we have variations of the positive (and hence
implicitly of the negative) potentials of the
octode. These variations may be due to
variations of mains a.c. supply of the set.
They may amount to several per cents., e.g.
6 per cent. being a not uncommon figure.
Obviously, the oscillator irequency will drift
if this occurs; ten kc/s is not even a high
figure for this drift at e.g. I3 metres wave-
length. This frequency drilt is much less,
if the oscillator tuned circuit, instead of
being connected to the first grid is con-

oscillator conditions are altered and a drift
of some 20 ke/s at 13 metres is not infre-
quent. This drift also may be reduced to
about one-third of its value by connecting
the oscillator tuned circuit to grid two
instead of to grid one. It is possible, by
using a neon-tube in combination with
properly chosen series resistances connected
to the positive grids, to reduce this frequency
drift still further. Individual set construc-
tions should be considered separately with
regard to this point.

A third effect may also be considered as a
cause of oscillator frequency drift. It is
essentially interlocking between input and
oscillator circuits. We measured this as
follows. An input circuit of some 10,000
ohms resonant impedance and 30 micro-
microfarads capacity, tuned at 13.7 metres
was connected to grid four. The FC4 was
operated at 500 kc/s intermediate frequency.
Now, with fixed potentials, the input circuit
was detuned about 0.7 upF. The oscillator
frequency shifted some 20 ke/s. [t may be
mentioned in passing, that no trimming
difficulties should result from this inter-
locking. TFor in trimming the circuits at this
wavelength, mistakes of about 0.2 pplt. are
a common figure, which results m some
5 or 6 ke/s oscillator shift. The h.f. circuits
lave a flat tuning curve in this region, and
so this shift is immaterial. During volume
control the input grid capacity varies and
hence the input circuit is automatically
detuned. But, fortunately, this variation of
input capacity is very small with octodes,
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being about o.15 puul’. at most. This will
not cause a frequency shift of the oscillator
by which the i{. is blown out of the band,
passed by the i.{. tilter circuit.

IV. Additional Features of Octodes

Referring to the list of conditions, given
in Section I, some general features of octodes
will be discussed here. This will lead to a
better comparison with the corresponding
properties of triode-hexodes, dealt with in
Section V.

The noise level of a converter is chielly
determined by the conversion slope and the
anode d.c. millamps. In fact, a certain
voltage [, may be imagined on the input
grid, giving the noise. This voltage is

£, f-\/i_"'\/‘B;

S, 10,000

Here ¢, is the anode current in milliamps.
S, the conversion conductance in millianips,
volts, B the total equivalent band width of
the i.f. filter circuit in cycles/sec. and f a
factor, varying between 0.6 and 1.3, depend-
ing on the type of tube, cathode, and so on.

microvolts.
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Fig. 3.—Vertical : effective input volts on grid
four, which cause 6 per cent. cvoss modulation
(or 3 per cent. vaviation of modulation depth or
2.25m  per cent. distortion of modulation).
Horizontal . conversion conductance in micvo-
amperesfvolts. For tube FC4 (Mullard).

Thus the expression S,/v/1, is a measure for
the good quality of a converter with respect
to amplification over noise. This is about
700/4/1.6 or 550 for the octode, if S, is in
microamps/volts. As was pointed out pre-
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viously, whistling notes generally diminish
by lowering the oscillator volts on grid one.
But by doing so, the anode current and hence
the noise is increased. However, if nuisance
is caused by some whistling notes originating
in the mixer stage, the oscillator volts may
be decreased to 4 volts instead of the usual
8.5, whereby the noise level increases not
more than some 20 per cent., whereas whist-
ling note strength falls down to a fraction
of its value on 8.5 volts (see No. 47 of the
bibliography).

The internal resistance is high (more than
one megohm), thus allowing for the use of
high quality if. circuits and resulting high
amplification. This high value is due to a
“suppressor grid’’ between screen and
anode. It holds good for low anode volts
also (e.g. battery valves), where tetrode
constructions often fall off.

Low total current consumption is especially
useful in the battery sets. Ior the battery
octode I'Cz, for instance, total current is
about §mA, whereas at 200 m wavelength
S, = 0.27 mA/volt.

It input voltage, leading to a fixed percent
age (being here 6 per cent.) of cross modula-
tion is measured as a function of conversion
slope (by volume control), the curve of
Fig. 3 results for the octode FCy. This
curve is closely related to the slope versus
grid bias curve (Fig. ). In fact, it may be
proved that the input voltage for 6 per cent.
is equal to 0.246/a in the straight portions
of the logarithmical slope (mA/Volts) versus
bias curve, if a is the slope of the logarithmic
conductance curve at any one point. On the
other hand, the volume control curve of
Fig. 4 is chiefly determined by the construc-
tion and the dimensions of the input grid
and these features also determine the anod
direct current. 1f the slope of the logarithmic
volume control of Fig. 4 at small bias values
(right side) is small, input volts for 6 per cent.
cross are high and at the same time anode
current is high and noise to signal ratio is
high. Hence, a compromise between toler-
able noise level and tolerable cross modula-
tion must be fixed and the octode FCy
represents a fair solution.

In measuring the microphonic action of
frequency changers, the following procedure
was laid out (first applied by Mr. Heins van
der Ven, of this laboratory) : an unmodulated
signal is put on the input grid circuit of the
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frequency converter via a dummy antenna.
Behind this converter, i.f. amplification,
detection and Lf. amplification take place.
The output of the set is connected to a
loud speaker, which can be brought in the
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I'ig.  4.—Vertical - conversion  conductance
(micvoampsivolts). Horvizontal : grid bias ten-
sion on grid four. Tube FCy.

vicinity of the frequency changer, in order
to produce microphonic action of this tube.
The low frequency voltage on the loud
speaker terminals is measured with a triode
voltmeter. The loud speaker is brought into
such a position that with the lowest possible
volume control setting (a.v.c. shorted), some
volts are indicated on the loud-speaker
terminals. In other words, the relative posi-
tion of the loud speaker and the frequency
changer is so chosen, that the highest possible
microphonic action results. Then the loud
speaker is put into a sound box, such that it
hardly produces any sound at all in: the room.
Hereupon, with the volume control remaining
unaltered, the input signal of the frequency
changer is modulated to such a degree, as to
cause the same low frequency voltage on the
loud-speaker terminals.  This degree of
modulation is a measure of the microphonic
action of the tube, low values being favour-
able. With the FCy and the THy this
degree of modulation is between one and
five per cent. on about 200 metres wave-
length, at all negative bias values of the
input grid.
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V. Triode-Hexodes

The triode-hexode was at one time re-
garded as a cure for almost all the points
encountered with octodes. However, as
time went on, several disagreeable effects of
triode-hexodes turned up. It will be tried
to give a comprehensive view of these
problems here, following again the list of
requirements, announced in Section I.

A curve, giving input volts for 6 per cent.
cross modulation versus conversion comn-
ductance is presented in I'ig. 5 for the TH,.
This curve tends to be somewhat higher than
for the I'Cy (see Fig. 3). Naturally, this
better result is obtained at the cost of more
anode current and a higher noise to signal
ratio. The number S,/ /%, being 530 for
the FCy is about 450 for the TH4. Thus,
increase of noise is not very much and set-
makers, interested in a low cross level will
probably prefer the THy4  The whistling
note level is comparable with that of the
FCy. Total current consumption is higher
with the THy, being about 14 milliamps.
It is doubtful at present, if the current con-
sumption can be lowered as much as was
done for octodes in the case of battery valves.
Microphonics could be kept as low as for the
octode.

Interlocking of input signal and oscillator
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Yig. 5.—ds Fig. 3, but for tube THg. Inpaut
volts arve on grid number one of hexode poriion.

circuits is definitely better for the THa4.
The coupling effect described in Section II
for octodes, exists only in a very slight
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measure in triode hexodes. At 14 metres
and 100 ke/s if., with a total input circuit
capacity of about 30 uulF. induced oscillator
volts on the input circuit do not exceed
one volt. No nuisance is caused by this
small residual electron coupling.

An interesting effect was observed in this
type of tube on short waves. A picture of
the potential distribution in the hexode
portion is given in Fig. 6. Obviously, the
speed of electrons, drawn through grid two
is slowed down in the space between grids
two and three and a certain fraction of the
electron stream will be returned in the

Fig. 6 —Vertical : potential distvibu-
tion 1 wvolts on a velative scale.
Horvizontal : position of electrodes
being the cathode k, four grids and
the anode a of the hexode portion of
the triode hexode THy4. Values ave
approxvinale only.

opposite direction by the positive potential
of grid two. These electrons will again
come in the vicinity of grid one. During the
rather long time-interval necessary for this
way, the alternating tension on grid three
will have altered its phase and hereby given
an additional acceleration to some of the
electrons. These electrons will have acquirecl
so much energv, that they can land on grid
one (being at — 2) and cause a current to
that grid. It may amount to some 20 micro-
amperes at 12 metres wavelength, but it
can be diminished by putting additional bias
tension on grid one and by lowering the
oscillator volts on grid three. By the first
measure the conversion conductance is
lowered and by the latter one noise is
increased.

Frequency drift by positive potential
variations (variation of mains tension) is
about the same as with octodes. Tt mayv be
lowered to a quite tolerable amount, to even
less than with octodes, by increasing the
triode anode potential and connecting the
oscillator tuned circuit to this anode instead
ol to the triode grid. Of course, if use is
made of a neon tube for stabilising the
positive potentials, this tvpe of frequency
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drift may be eflectively overcome. Fre
quency drift due to volume control of the
hexode portion (additional bias on grid one
of the hexode) is not so bad as with the
octode and may also be lowered bv connecting
the oscillator tuned circuit to the triode
anode.

An apparently disagreeable point, especi-
ally on short waves, is the large variation of
imput capacity with  volume control.
Whereas this value is between o.1 and
0.2 uul". with the I'Cy, it is between 1.2 and
1.5 ppl. for the THy4. It might be useful to
dwell a little Jonger on this point. The
circuit quality on short waves is limited by

(a) losses in coil, leads and condensers :
{b) tolerance values of valve capacities :

(c) variation of valve capacities depending
on potential variations of the valves and on
volume control.

It appears that the limitation («) is much
less stringent than (b) and (c) ; the point (3)
is important if it is desired that valves in a
set are interchangeable without necessitating
fresh trimming due to excessive detuning of
the circuits. The present tolerance values
lead to a very simple rule for the circuit
tuned impedances between 4 and 50 metres.
Make this impedance not higher than as
many times 1 ooo ohmns as the wavelength
is in metres. Hence, such a circuit of
recommended quality would have 12 000
ohms at 12 metres, and so on. Let this be
the lower end of a short waveband and let
the total capacity here be 30 uuF. Then, a
variation of input capacity of 1 pul’. will
correspond to a detuning of about 400 kc/s.
But half the resonance breadth of a circuit
having the specified impedance of 12000
ohms is about 250 kc/s.  Hence, nuisance can
be caused by this capacity variation.

A second disagreeable point of the TH;
and apparently of any hexode construction
on short waves is its small equivalent input
parallel resistance. This is something like
9 000 ohms at — 2 volts on grid one and
14 metres wavelength under normal opera-
ting conditions. Obviously, this interferes
seriously with the input circuit quality. The
low input resistance occurs also with hexodes
used as h.f. amplifiers and is due to long
electron paths, causing extra losses. Care
should be taken, when using hexodes, that
no very short-wave oscillations occur, by
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inserting small unbypassed series resistances
in the electrode leads (especially to grid one)
when necessary. With the TH4, screen grid
volts should not exceed 7o, in order to
securely prevent parasitic oscillations.

VI. Latest Type Octodes

The chief points with octodes are electron
coupling and frequency drift. In order to
overcome thesc, many experimental valve
types were constructed, leading up to a type,
now here known in the laboratory as EKz.
In this type, the grid dimensions were
chosen such, that the positive potential on
grids three and five could be lowered to
50 volts. Hereby electron coupling was
materially reduced, as compared with the
FC4. Whereas with the latter type, electron
coupling was equivalent to a one-sided
negative capacity from grid one to grid four,
amounting to about 2 puF., it amounts to
less than I uul. with the grid construction
and potentials of the EKz. The clectron
coupling was successfully further lowered by
inserting a small condenser of about 0.8 upF.
between the grids one and four. It is built
into the valve in the form of a small mica
condenser. By the use of this improved
valve type the following figures could be
secured on 13 metres wavelength and 500 ke/s
if, with an input tuning condenser sctting

Inp. par. Inp. | Conv. | Anode |
resist. | cap. cond. mA. Sc/\/fa
mA /volts.

; |
|
67 ooo ohms 9.9 1 0.510 ‘ 1.40 ‘ 431
\

Here, oscillator frequency was lower than
input frequency, which condition is ver:
essential for obtaining these figures. As is
seen by comparison with the FCy, the noise
figure is also better.

Frequency drift of the oscillator was largely
overcome in this valve, by putting 200 volts
on the second grid, in combination with con-
necting the oscillator tuned circuit to grid
number two, as was already mentioned
(Section IIT).

Variation of input capacity, by volume
control, is slightly higher in this valve than
with the FCq, being about 0.5 uuk. How-
ever, this cannot be considered an objection-
able value.
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As regards the other figures, cross modula-
tion is slightly better than with the FCy,
being about intermediate between the curve
of the FCy4 and the THy. This better cross
modulation curve, however, hardly entails an
increase of noise level in this valve, as com-
pared with the 1'C4, the figure being about
550 for both valves on medium waves (see
Section 4).

By the use of this new construction,
avoiding some of the drawbacks of the FCy4
as well as of the TH4, a definite progress was
made in frequency changer design.
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Correspondence

Letters of technical interest ave always welcome.

In publishing such communications the

Editors do not necessarily endorse any technical or generval statements which they may contain

Electric and Magnetic Dimensions
To the Editor, The Wireless Lngineer.

SIR,—In your Editorial in the January issue
referring to the book of Dr. Lanchester *“ The Theory
of Dimensions and its Applications for Engineers,””
you are expressing the opinion (on page 3) that
Ampere’s theory should have nothing to do with
the question whether u, or kg is dimensionless or
not.

Regarding this question, which has been dis-
cussed so much in recent times, 1 should like to
draw your attention to J. Clerk Maxwell’'s: ““ A
Treatise on Electricity ~and Magnetism.” Vol.
IT, 3rd edition, page 254, where Maxwell discusses
the same question.

He says: . . if our mathematical methods
are supposed capable of taking account of what
goes on within the individual molecules, they will
discover nothing but electric circuits, and we shall
find the magnetic force and the magnetic induction
everywhere identical.”

This conclusion seems to me very logical if one
remembers that from the standpoint of electron
theory every electric and magnetic field is a ficld
in vacuum.

Then by the equation 3 = uH it follows that n
must be a dimensionless quantity.

As to the dielectric constant “x this must be a
dimensionless quantity in the electrostatic system

from its definition as the ratio of the capacity of
a condenser when its dielectric is the given sub-
stance, to its capacity when the dielectric is a
vacuum. (Ref. J. Clerk Maxwell, Vol I 3rd
edition, p. 55). But as the electric field can only
be a field in vacuum it also seems reasonable to
assume « always to be a dimensionless quantity.

In this way we arrive at the so-called ** System of
Gauss "’ in which both x and « are regarded as
dimensionless,

Is it not now a general opinion among physicists
as well as electricians that the choice of a dimen.
ston for u or « is only a matter of convenience ?
And that if we choose a dimension for w this has
no physical meaning ? For instance it does not
postulate that a magnetic field can be two ditferent
things.

Trondheim, R. S.

Norway.

[The quotation from Clerk Maxwell is included
in that given by Sir James Henderson and re-
printed by Dr. Lanchester in an Appendix to his
book. Other statements made by Maxwell leave
one in some doubt, however, whether by *“ identical '
he meant anything more than everywhere numeri-
cally equal in the e.m. system of units. If one
assumes, as I’rof. Skancke obviously does, that H
is merely a symbol for B in a vacuum, then of
course the relation between B and H must be re-
garded as a mere numeric, but if one regards H

SKANCKE.
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as a symbol for the magnetising force expressed
in ampere-turns per cm or other such units which
is related to the resulting magnetic induction B,
somewhat as stress is related to the resulting strain,
then, even in the absence of ferro-magnetism,
po is not necessarily dimensionless. We can
understand the point of view of one who, on the
ground of convenience, advocates that either g,
or x should be regarded as a numeric ; our quarrel
is with those who apparently think that they have
proved that pg is a numeric and that it is not a
matter of arbitrary choice. G. W. 0. H]

The Three Halves Power Law oi the Diode
To the Editor, The Wiveless Ingineer

Sir,—Lately 1 have realised a method new to
me for deriving the classic 3/2 power law of aspace-
charge limited diode. Clearly there can now be
nothing novel about this equation, l:ut the method
I speak of does not appear in any text book 1
know of. It seems to me more direct and ex-
plicitly to lay more stress on the basic physical
principle than does the usual process of derivation.
Accordingly, it is useful in teaching. I venture to
write this letter, in the hope that the following
note may be of passing interest to others who, like
myself, are occupied mainly in teaching elementary
principles.

Experience shows that the anode current of a
diode tube can be a function of the anode potential :
in such circumstances the anode current is less than
the rate of emission from the cathode, which de-
pends only on its temperature. Since electrons
are emitted with an appreciable velocity towards a
positive anode and yet do not all arrive there, it
follows that the field at the cathode must be
directed towards the cathode. Thus there must
be a definite boundary round the cathode at which
the field passes through zero: this boundary is
commonly called the barrier. Between the barrier
and the cathode the electric field is directed to the
cathode and between the barrier and the anode it
is directed to the anode. Some emitted electrons
perform a journey towards the anode and are
brought to rest short of the barrier ; they return
to the cathode and reach it with the same velocity
with which they departed. Other slectrons reach
the barrier, pass through it and proceed to the
anode. We shall presume that any electron which
crosses the barrier does so with zero velocity.

Now consider plane electrodes and take the origin
of co-ordinates in the barrier plane (see figure) :
admittedly the position of the barrier is unknown.

Now consider the electric .
force F at a distance ¥ from =4
the barrier. Since the force i d

I
|

POTENTIAL
BARRIGR

at the barrier is zero, then
bv Gauss’ theorem [7is equal
to 4w times the charge situ-
ated between unit area of
the x and barrier planes. The distribution of this
charge is immaterial and at present is unknown.
Let the anode current per unit arca of electrode
be I and let every electron take a time ¢ to pass
from the barrier to the plane x ; crossing the barrier
with zero velocity. During the time taken by
any specimen electron to reach the plane x, other

ANODE

CATHODE
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electrons having total charge, It will have crossed
the barrier. This then is the charge situated
somewhere behind the specimen eclectron and
consequently the force on it is proportional to
4nlt. Now writing the equation of motion we have

d®x
g eF

4melt
datx 4me
e BIlt{, where B n . . ()
dx _ ﬂlj since by hypothesis the initial
di 2 velocity is zero . . (2
= BIt

Tet I be the potential and u the velocity in the
plane ¥ ; then

1 mu = eV
2T

or V 5 u?
B I from (2)
o 123
- 4/5
, BB (6x)*5 from (3).
e I (26)’5 V?‘l
gm\m/ a?
1 /2e\t V 372
.91.1( ';7;) G

where 7, is the potential of the anode with respect
to the barrier and d is the distance from barrier
to anode.

In this derivation the integration is very direct
and straightforward : the whole process calls for
no effort of memory or technique to deflect the
student’s mind from the basic physical concept
expressed by [7 = 4mQ. Also the transit time

appears explicitly in equation (3) : thus
6d\ 13
A <BI /
m d
— a0 e (- 09)

No appreciable difficulty is added if all electrons
which cross the barrier are presumed to do so with
a velocity u;.

I trust this very very clementary piece of work
may be useful to some readers.

E. B. MouLLIN.
Engineering Laboratory, Oxford.
22nd February, 1937.

 Wireless Engineering ”’
To the Editor, The Wiveless Engineer.

Sir,—On principle I do not believe in replying
to reviewers of books and do not propose to initiate
any correspondence concerning a recent review
by “C.R.C.” of my book Wireless Iinginecring.
Consequently T shall not discuss my reasons for
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retaining certain facts of historical interest in a
gencral text book which is not intended to be
limited merely to matters of present-dayv practice.
The inclusion or exclusion of such topics 1s a matter
ot policy and the advisability of any policy is a
question of opinion. This however does not apply
to numerous serious mis-statements of fact which
indicate that the reviewer has not assimilated the
book as thoroughly as he should have done.

In particular, “ 40 additional pages” should
reacd " 63 additional pages,” because 23 pages of
the earlier work have been omitted from the present
book. Loud speakers are given two pages”
should read " approximately seven pages,” namely
pages 349 (part), 350, 351, 352, 353, 451 (part),
452, 453 and 454 (part). The statement ‘ all the
diagrams of H.F. amplifiers employ triodes ' is
incorrect. Figs. 233, 234 and 235 emplov tetrodes
to illustrate principles underlying the use of addi-
tional electrodes in one envelope.

I am, however, grateful to the reviewer for
pointing out an arithmetical error in a footnote on
page 405, where 0.1 should be 8.65 or, to quote the
reviewer when referring to this lootnote, * not only
does this astounding statement contain most re-
markable arithmetical errors (of course o.1 log,
should be 20 log,o) but this is the only place in the
book where the decibel is mentioned !’ Lvidently
the reviewer did not even read as far as the next
page

Concerning " end-eftect ”  with inductances :
had the reviewer worked in a wireless laboratory
with ultra-high frequency wireless waves, he would
have soon realised that such effects are even more
important to-day than thev were in 1928.

[he statement ' nowhere is there is any sign
of provision of negative grid bias’’ is a truly
" astounding statement '’ in view of the fact that
grid bias is shown in Figures 228, 229, 232, 235.1,
246 (where it is even marked ““ Grid bias "’ !) and
247. Also reference to the Index would have heen
an easy way of cliecking the matter before publish-
ing the above misleading criticism.

1 am prompted to write concerning this par-
ticular review because its content is as misleading
to the public as it is incorrect in fact.

University College. L. S. PaLMEk.

Hull

The Super-Regenerative Receiver
To the Editor, The Wireless Engineer.

MONSIEUR,—]’ai lu avec beaucoup d’intérét,
dans le numéro de Novembre 1936 de votre revue
The WWireless I'ngineer, l'article de Mr. Scroggie
sur “ The Super-regenerative Receiver.”

Je suis heureux de voir que 'auteur a utilisé, et,
dans son ensemble, approuvé, le travail déja ancien
que j'avais publié dans I’Onde Electrigite en 1928.

Mais je regrette qu’il n'ait pas eu connaissance
d’un autre travail antérieur, qui formait l'intro-
duction a celui-ci, et qui a été publié en mai 1925
sous la triple signature de MM. David, Dufour et
Mesny. Je me permets de joindre un exemplaire
de cette revue, en vous priant de bien vouloir le
lui communiquer.

Ii y trouvera, par exemple (Fig. 10 et 11) la
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forme trés précise des oscillogrammes montrant la
croissance et l'extinction des oscillations; je ne
crois pas que les relevés d’Ataka soient meilleurs.

Par ailleurs je voudrais répondre au reproche
que me fait Mr. Scroggie, p. 534 ©* Oscillogrammes
shown by David were taken under rather artificial
conditions, and do not show oscillations building
up in the absence of signal.”’

Tout d’abord quelles sont ces * rather artificial
conditions "’ ? Je ne comprends pas bien. Les
oscillogrammes ont été relevés en reliant simple-
ment aux plaques de l'oscillographe, les grilles ou
les plajues des lampes d'un récepteur absolument
de série, nullement modifié pour la circonstance.
La seule . . . condition un peu anormale était
que le signal appliqué était plus fort qu’un signal
de trafic, comme il ¢tait dit p. 251, et ceci afin
(’avoir des amplitudes suffisantes & l'oscillographe.

Mais je suis persuadé que cette condition anor-
male ne m’est pas personnelle. Les autres ex-
périmentateurs ont certainement trouvé la méme
dificulté : leurs oscillographes n’étaient pas, en
ondes courtes, sensibles au centiéme de volt. Ils
ont donc, comme moi, exagéré la force du signal
[La seule différence est qu’ils ne l'ont pas dit ;
tandis que j’ai cu la franchise de le dire. Je ne
pense pas que cela mérite un reproche particulier.

Enfin, les “ oscillations building up in the ab-
sence of signal” sont parfaitement mentionnées
dans larticle de 1928 : voir Fig. 21 et texte p.
259. Elles font Lobjet d'une attention par-
ticuliére dans l'article de 1925 : voir Fig. 1 et 2
repéres bbb, et texte p. 183-154.

Je serais heurcux s’il vous était possible de
porter ces remarques a la connaissance de Mr
Scroggie d’abord, et de vos lecteurs ensuite.

Veuillez agréer, Monsieur, mes salutations dis
tingudes.

Laboratoire National

and Radioélectricité,
Paris.

PIERRE Davip,
Ingénieur en Chef.

To the Lditor, The Wireless Engineer.

SIrR,—I have noted with interest the comments
made by M. David on my article * The Super-
regenerative Receiver,” and am indebted to him
for drawing my attention to the article published
by himi in conjunction with MM. Dufour and Mesny
in L’'Onde ELlectrique of Mav, 1925. 1 confess that
this work had escaped my notice, and I must con-
gratulate M. David and his colleagues on achieving
such informative experimental results at so early
a date.

T also wish to apologise to M. David for the part
of a sentence in my article which stated that his
oscillograms do not show oscillations building up
in the absence of a signal. I now see that some of
them do.

With regard, however, to M. David’'s enquiry
“"what are these ‘rather artiticial conditions’ ?’
this is most emphatically answered by M. David
himself. I quote from p. 251 of the 1928 paper :
“la principale difficult¢ rencontrée provient du
manque de sensibilité de l'oscillographe. Seules
sont visibles, les amplitudes de l'ordre de quelques
volts. Par suite, les oscillations forcées, dues a
un signal novmal, ne sont jamais visibles; scules,
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les oscillations libres consécutives, le sont. Pour
arriver a rendre perceptibles les oscillations
farcées, il a fallu employer des signaux anormiale
ment  forts, c'est-d-dire des F.E.M. d’excitation
vidiculement plus grandes que celles recontrées
dans la pratique. Nous pensons qae les résultats
sont cependant instructifs, puisque le phénomeéne
étudié demeure de ménie nature : il est simplement
grossi; mais nous devions mentionner (ue ce
n'est pas tout a fait le cas réel.

The italics are M. David’s, and, together with the
wording used, makes my reference to ' rather
artificial conditions * seem relatively tame

Although 1 did not explicitly endorse M. David’s
belief that his results are instructive, if I had not
agreed on that point I would not have troubled to
quote with approval so many of his findings.

1 am sorry if my reference—I will not call it

reproach-—to the artificial conditions under
which oscillograms were taken should appear to
attach exclusively to M. David’s work; as he
rightly points out, the same applies to oscillograms
taken by other workers. At the same time, 1t
must be admitted that if it were practicable to
take oscillograms of operation under wealk signal
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conditions they wiight show results appreciably
different in nature from those taken with signal
voltages ‘ ridiculement plus grandes.”

Bromley, Kent M. G. SCROGGIE.

Conditions in the Anode Screen Space of
Thermionic Valves

To the Editor, The Wireless Engineer

Sik,—The problem dealt with by Mr. H. C.
Calpine in the above-named work (7The Wireless
Fugineer, Sept., 1930, see also Abstract 4062 of
1936) has already frequently excited the interest
of your journal, without, however, a general
solution being arrived at. We would like to call
your attention to the fact that an exact mathemat-
ical treatment of this problem, and a thorough
discussion of the processes, are given in the paper
‘ Space-Charge Equation for LElectrons 1’ossessing
Initial Velocity,” by G. Plato, W. Kleen, and
H. Rothe (Zeitschrift fur Physik, No. 7/8, Vol. 101
1936, pp. 509-520) (Abstract 3772 of 1936), and in
the continuation in the March, 1937, issue of the

same journal.
] Dr. Horst ROTHE.

Dr. WERNER KLEEN.

Broad-band Television Cables

I.ast month’'s Fditorial veferved to the use of Stvroflex as the insulating matevial in high-frequency cables

for television work.

These photographs show . top, a Stvroflex-insulated concentric cable made bv Felten

and Guilleaiine, centre, a spiral of Stvrojlex and below, a copper condictor suvrounded by such a sprral
the whole being covered with a band of the same material.
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Dependence of Thyratron Characteristics on

Electrode Spacing and Design*
By J. A. V. Fairbrother, Ph.D., F.Inst.P.

(Research Laboratory of the British Thomson-Houston Co., Ltd., Rugby)

HIE Thyratron has become bv now a

well-known *“ vacuum ” device and

is finding increasing uses in research
and engineering for handling and controlling
large and small amounts of power. In the
field of electrical engineering robust power
tubes are finding increasing applications,
one of the most spectacular of which is in
clectric welding equipment in which some
350 kVa can be controlled by two tubes
each about 15in. long.

Perhaps one of its most novel applications
in the field of physical research has been in
counter circuits used for the measurement
of a-particle emission. Another well-known
application is in time bases for cathode ray
oscillograph equipment and television sweep
circuits.

The Thyratron consists essentially of a
hot cathode coated with alkaline ecarth
oxides, a grid, an anode and a filling of gas
or vapour at low pressure.

If the grid of such a tube is maintained
at a fixed negative voltage with respect to
the cathode there is a critical positive anode
voltage below which only a few microamps
of current flow to the anode. Above this
critical voltage the small electron current
causes sufficient ionisation of the gaseous
or vapour filling to annihilate the space
charge and an arc is established between
anode and cathode, the current through
which is limited only by external resistance
in series with the tube and by the total
emission current which can safely be drawn
from the cathode. The ratio of the critical
anode voltage to the grid voltage is called
“the grid control ratio "’ and in most cases
for anode voltages greater than a few
multiples of the ionisation potential of the
gaseous filling this ratio is constant and the
curve of grid voltage against critical anode
voltage 1s a straight line passing through

* MS. accepted by the Edito: June, 1936.
P 3 ] 3

a point close to the origin. The value of the
grid control ratio for a fixed value of the gas
or vapour pressure is determined by the
relative positions of anode, grid and cathode.
Using a tube in which the anode and cathode
are mounted on the axis of a cvlindrical grid
the author has determined the dependence
of the grid control ratio on anode to cathode
distance.

6 Mil Nickel Spring

—Carbon  Anode

N Grid Lead

Scale 2" —p

Fig. 1.—Thyratron with movable anode.

Fig. 1 is a scale drawing of the experi
mental tube used. The grid is a nickel
cylinder 2}in. high and 1lin. diameter. A
carbon anode, electrical connection to which
is made by means of a spiral nickel spring,
1s mounted on telescoping glass tubing which
permits the anode to cathode distance to be
varied. The cathode is a nickel strip coated
with barium and strontium oxides suitably
activated during exhaust. The tube was
filed with mercurv vapour maintained at
a pressure throughout the experiments
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corresponding to a room temperature of
20 deg. C.

The grid control ratio characteristics for
different anode to cathode distances are shown
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logarithm of the distance a series of straight
lines is obtained shown in IFig. 4, showing that
the relationship of the anode voltage and
anode to cathode distance for a given grid

in Fig. 2. Distances are measured between voltage is of the form
log (£ — 20
200 ] g ( )

h -+ mlog x,
where m and /. are con-
stants and E — 20 1s the

400
; anode voltage less the
istance :
starting age.
e starting voltage.
3164 T'his may be written
2-842
300 1 = g — m
AT E — 20— kx
Anod . e )
noce £j568 I'he slope of each of
Volt s 1-976 . ! o R
i-686 the lines in I'ig. 4 gives
200 i-444 the value of m and the
0. 288 | anti-log of the intercept
0546 | on the y axis at the
2'3230 point of log x == o gives
100 1 120 the value of #.
The values of % and
m for the range ol grid
arid Volts 13 voltages covered are given
o “z0 30 40 -50 60 in Table 1.
. .. £o0
Fig. 2—Grid control -10 } -5
vatio cuvves for a range / |
of anode o cathode / !
distances. |
400 !
(Reght) Fig. 3. —Curves
of critical anode wvoliage
versus cathode to anode Anode
distance for grid voltuges 30 [, 0 i
between o and —60.
the anode face and -
the tip of the cathode.
It is seen that at
anode voltages above 0
about 100 the char- 50—
acteristics are straight
lines passing close to
the origin. No arc

current passes at
anode voltages below
20, which is termed the starting voltage. By
erecting ordinates at grid voltages of —60,

55, ctc. down to —5, a set of curves is
obtained showing the variation of anode volt-
age with anode to cathode distance at fixed
grid voltages. These curvesare shownin Iig. 3.

On plotting the logarithm of the anode
voltage less the starting voltage against the

2 3

From this it may be seen that at low values
of ¢, % is equal to ¢, and at high values of
e, k=2 e, At low values ol ¢, the value
of m approaches 4 and at high values it is
2.72 or § approximately.

Hence at values of e, less than about 10
volts negative

E — 20 = e, x*
D



198 THE
and at values of ¢, greater than 50 volts
negative

E —20=2¢, %%

For values of I which are large compared
with the starting voltage £ may be sub-
stituted for L — 20 and the grid control
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activated so that the total emission of this
part is smaller than the space charge current
which could be drawn from it by the anode
field the anode current is reduced. Alter-
natively in order to draw the same electron
current necessary for starting the arc the
anode voltage must be raised.

|

TABLE 1 |

—2 k m 3

5 5 3.92

10 10 3.80

i5 17.4 3.62

20 28.2 3.44 3
25 37.1 3.32

30 47.8 3.28

35 63.1 2.96

40 759 2.80

15 87.1 2.84 )
50 100 2.72

55 109.0 2.74

60 120.2 2.72

DA 0
ratio is 1 the one

e,
case proportional to x?
and in the other to a%.

It is thus seen that a variation of anode
to cathode distance of 1 per cent. can, for a
fixed anode voltage, cause a variation of
from 4 per cent. to 2% per cent. in the critical
grid voltage and great care must be taken
in assembly if it 1s desired to manufacture
a large quantity of tubes with identical
characteristics.

To ensure constancy of characteristics
throughout the life of a Thyratron it is
necessary so to design, position and operate
the cathode that the arc current drawn from
it is distributed uniformly over its surface,
thus avoiding as far asis practicably possible
the production of inactive regions.

If Thyratrons are not constructed in
accordance with these features of design
the grid control ratio changes throughout
the life. Sometimes an initial decrease
takes place, followed by slow increase which
becomes more rapid towards the end of life.
This can be accounted for by a change in
the effective distance of the cathode to
anode distance. The small anode current
which must flow prior to the establishment
of the arc is a space charge limited one and
as such it is proportional to the area of the
cathode exposed to the field from the anode.
If any part of the cathode becomes de-

Tig. 4.

0-2 0-3 04 o5

Log of anode voltage less the starting volluge versis the log of

anode to cathode disiance.

The author makes grateful acknowledg-
ment to the B.T.-H. Company for per-
mission to make this contribution and to
Mr. R. W. Conway for making the movable
anode tube.

University College, London
(Founded 1884)

HI. Society has in preparation the first issue
of a year book, which will be sent free to
former students.

Wiil Old Members kindly send in their names,
addresses, years at College, academic and pro-
fessional qualifications, present appointment, and
news of their coutemporaries to P. H. Walker,
Engincering Department, University College, Gower
Street, W.C.1.

Engineering Society

The Industry

HL Westinghouse Brake and Signal Co., Ltd
have been awarded the contract for battery-
charging equipment including metal rectifiers,

for the new L.C.C. Fire Brigade headquarters.

Sets of interference-suppressing devices are to be
let out on hire by Belling and Lee, I.td., for the
benefit of those who wish to recetve the Coronation
broadcasts as perfectly as possible
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Abstracts and References

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

For the information of new readers it is pointed out that the length of an abstracl is generally
no indication of the importance of the work conceymed. An important paper in I'nglish, in a
journal likely fo be veadily accessible, may be deall with by a square-bracketed addition o the
title, while a paper of similar importance in German or Russian may be given a long abstract.
In addition to these factors of difficulty of language and accessibility, the nature of the work has,
of course, a great influence on the useful length of ils abstvact.
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PROPAGATION OF WAVES

REFLECTION oF Rabpio WAaAVES FROM THE
MIDDLE ATMOSPHERE.—Watson Watt, Wil
kins, & Bowen. (Nature, 13th Feb. 1037,
Vol. 139, pp- 277, 299 : short notes on recent
Roy. Soc. paper.) See also 2509 of 1930.

1270.

. SomeE Notes ox Urtra-HIGH-FREQUENCY
ProvacarioNn [the Four Mechanisms in-
volved, and Present State of Knowledge of
Each: Curve of Attenuation beyond
Horizon : etc.].—H. H. Beverage. (#CA
Review, Jan. 1937, Vol. 1, No. 3, pp. 76-87.)

1272. ON THE FOUNDATIONS OF THE THEORY oOF
LirpMaNN CoLoUR PHOTOGRAPHY [Deduc-
tions from Experiments on the Phase
Changes of the Electric Vector, etc., in the
Reflection of 26 cm Micro-Waves at Various
Types of Discrete Reflecting Surfaces].—
K. ¥. Lindman. (Zeitschr. f. tech. Phys.,
No. 1, Vol. 18, 1937, pp- 25-29.)

The surfaces dealt with included little squares
(0.3 cm sides) of tin spaced o.3cm apart on a
non-reflecting base, and a 3.2cm layer of sand
with and without the addition of 4.5 mm diameter
shot to a density of about 2.5 shot per cm?. The
refractive index of the plain sand was found to be
1.21, of the sand-and-shot mixture 1.18 only; but
the reflecting power and absorbing power were both
considerably increased by the additior of the shot.

1273. PROPAGATION OF RaADIO SIGNALS BETWEEN
Two Distant Points [Certain Conditions
give Two Theoretically Possible Trajec-
tories : Calculated ILquivalent I’aths: Pos-
sible Effects of Absorption].—Iréne & C.
Mihul. (Comptes Rendus, 1st Feb. 1937,
Vol. 204, No. 5, pp. 340-343.)

Starting from a theory of short-wave propa-
gation already given by Jonescu & Mihul (868 of
1936), the writers have made calculations, of which
only the results arc here summarised, of the time
taken by radio pulses on a wavelength of 75 m to
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Stations, Design and Operation .. 222
Miscellaneous < o 2 222

travel {rom LBerlin to Munich on the assumption
that there is a single ionised region in the upper
atmosphere. Assuming given variations of col-
lision (requency and ionisation density with
height, they have calculated the diclectric con-
stant, conductivity, and refractive index of the
medium for a wavelength of 75 m, and also the
trajectories between two points 3560 km apart.
They have found that, for certain ionisation
distributions, there are two possible trajectories ;
calculated curves of equivalent path are illustrated
and found to show a striking resemblance to the
experimental curves of Crone, Kriiger, Goubau &
Zenneck (3974 of 1936) and also to agree with the
results of Farmer & Ratclifte (437 of February).
The relatively large intensity of the ray of high
trajectory is considered to be due to the fact that
the coetficient of absorption is small along its iono-
spheric path in comparison with that holding for
the lower ray. Similar phenomena are expected to
hold for other ionisation conditions and wavelengths:
the absorption conditions may however be such
that the upper ray is so strongly absorbed that it is
not observed.

1274. HElGHTS oFf REFLECTION OF RADIO Wavis
IN THE loNosPHERE.—F. H. Murray & J. B.
Hoag. (Phys. Review, 1st Jan. 1937, Series
2, Vol. 51, No. 1, p. 6o : abstract only.}

A general method [not here described] has been
developed whereby, from the virtual-height
{requency curves, it is possible to calculate an upper
limit to the height of reflection of a radio wave of a
particular frequency in the ionosphere. . . . A
discontinuity in a virtual-height/frequency curve
is a necessary but not a sufficient condition for the
existence of two distinct layers. . . . At certain
times and for certain frequencies, the highest
altitudes to which the waves can travel are very
much lower than the virtual heights . . . . during
the morning hours and for the range of frequencies
studied [2.5 to 4.4 Mc/s], the upper limits of the
true heights in the I, region decreased whereas
the virtual heights increased.”’

D2
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1275. CONTROL OF WIRELESS SIGNAL VARIATIONS,
and CONTROL OF PHASE IFADING IN [LONG-
D1sTANCE Rapio COMMUNICATION.-—Green
& Duilder: Green & Pulley. (Llectrician,
8th Jan. 1937, Vol. 118, p. 34.) Short sum-
maries of 1.E.1L. papers. See also 428 of
1936.

1276. ABNORMAL IONISATION OF THE lONOSPHERE
AT NI1GHT [ Sporadic I Layer : 1ts Nature,
Spread, and litffect on Propagation]. —K.
Maeda & Y. Isagawa. (Nippon Elec. Comm.
Iing., Dec. 1936, pp. 485-488.)

1277. A CONTINUOUS RECORDER FOR [ONOSPHERE
HEI1GHTS, AND 1Ts RECENT RESULTS [and a
Comparison between the ‘‘ Positive” and
" Negative " Mecthods of Photographic Pulse-
Recording : Meteor Effects: D Region:
Sporadic I layer: Dispersion Layer at
350-500 Kilometres or Re-RRadiation from
Secondary Electronic Discharges ?].—Mino-
hara, Ito, Shinkawa, & Yamamoto. (Nippon
Elec. Comm. Eng., Dec. 1936, pp. 505-5T1.)

1278, MEASUREMENT OF THE INCIDENT ANGLE OF
DowNCcOMING WavEs.—Namba, Maeda, &
Yokovama. (Nippon Elec. Comin. Eng.,
Dec. 1936, pp. 480 485.)

Disadvantages of the A.T. & T. methods, and of
the N.P.L. method with two horizontal aerials
several wavelengths apart, are discussed. The
authors’ method, using three horizontal aerials
in a vertical plane, is claimed to have several advan-
tages, including that of giving results independent
of the direction of the arriving waves and of the
electrical properties of the ground. Some results are
given. See also 25106 of 1930.

1279. JONOSPHERE AND SoLar Ecrirse [Tonosphere
totally or partially At Rest with respect
to Earth’s Rotation : Highest Layers due to
Electrons direct from Sun].—Leithiauser.
(Funktech. Monatshefte, Nov. 1936, No. 11,
PP. 401--403.) See ulso 2 & 3 of January.

Tt RELATIONSHIP BETWEEN MAGNETIC
STORMS AND SUNSPOTS AND THE RELATION
oF Rapio CoOMMUNICATION WITH IUROPE
10 THE EartH CURRENTS ACCOMPANYING
MaGNETIC STORMS.—H. Maveda & I. Ozeki.
(Nippon FElec. Comm. Ing., Dec. 1936, pp.

491-497.)

1281. MAGNETIC  LFFECTS  ASSOCIATED  WITH
Brigut Sorar ErurTioNs aND Rabpio
Fape-Outs.—A. G. McNish. (Nature, 6th
Feb. 1937, Vol. 139, p. 244.)

“ The magnetic effects may be ascribed to an
increase of ionisation, produced by radiation of
shorter wavelength than visible light,” accompany-
ing the intensity increase of the hydrogen eruption;
this increase of ionisation causes an increase in the
currents flowing in ‘ the lower, short {ree-path
region of the ionosphere. This hypothesis is
consistent with the obvious explanation of the
radio fade-outs,” that they are due to increased
ionisation, and therefore absorption, in this ** short
free-path region.’

1280.
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RECENT SOLAR AcCTiVITY AND RaDIO Fap
INGS [Sunspot Data : Bright Eruption and
Short-Wave l'ading on 27.1.37: Apparent
27-Day Sequence].—(Nature, 6th Feb. 1937,
Vol. 139, p. 228 : short note.)

1282,

Auroral DispLay oN 3.2.1937 [Data of
Aurora in N. England : Associated Mag-
netic Disturbance and Sunspots].—(Nafure
13th Feb. 1037, Vol. 139, p. 277: short
note.)

1283.

. SHORT-WAVE RECEPTION 1IN ROXBURGHSHIRE
SPOILT BY FADING AND ATMOSPHERICS
ACCOMPANYING AURORA BOREALIS.—(World-
Radio, 12th Feb. 1937, p. 14))

SoLar Rawiation At Carcurra [Photo-
graphic-I’hotometric Method of Measurement
of Intensity of Iixtreme Ultra-Violet Rays :
Daily and Monthly Variations].—Ghosh,
Ukil, & Sen. (Nature, 23rd Jan. 1937,
Vol. 139, pp. 159-160 : short note on paper
in Journ. Indian Med. Assoc., Nov. 1936.)

1285.

THE INTERACTION oOF RADIO WAVES.
V. A. Bailey. (Waureless World, 26th Feb.
1937, Vol. 40, pp. 204-205.)

1286.

MoTioNs orF ELECTRONS 1IN GASES IN FLEC-
TRIC AND MaGNETIC FiELDS [Correct Formu-
lae for Velocity of Drift, Lateral Deviation
of Electronic Stream by Transverse Magnetic
I'ield, etc.].-—L. G. H. Huxley. (Phil. Muag.
Feb. 1937, Series 7, Vol. 23, No. 153, pp
210-230.)

Corresponding to the correct formula for the
motion in an electric field given by Townsend
(3285 of 1936), who showed ‘ that an error had
been introduced into many previous derivations
by neglect of the intluence of the field on the time
spent between collisions. This error is inherent
also in analogous formulae which have been found
for the velocity of drift when the electric field is
accompanied by a magnetic field.”

1287.

1283. HERTzZIAN WAVES IN AN LLECTRONIC Gas
Lditorial Closure of Argument].—Todesco :
De Pace.  (dlta Ivequencu, Dec. 1930
Vol. 5, No. 12, p. 815) Pending further
experiments which alone can clear up the
disagreement between the results (see 862
of March).

1239. ARE THERE MRETASTABLE MOLECULES IN THE

Lewis-Ravieion Grow ? [Experiments say

No ”].——J. Kaplan. (Phys. Review, 15th

Jan. 1937, Series 2, Vol. 51, No. 2, pp.
143144 abstract only.)

1290. THE CoOEFFICIENT O RECOMBINATION ©
Pure OxvGrN as s FUNCTION OF PRESSURE
AND  TEMPERATURE [Measured Values].
M. E. Gardner. (Phys. Review, 15th Jan.
1937, Scries Vol. 51, No. 2, p. 144
abstract only.)

\TMOSPHERIC OXVYGEN.
(Phys. Review, 15th Jan.
Vol. 51, No. 2, p. 148

1291. A NEwW DBanD oF
H. D. Babcock.
1937, Scries 2,
abstract only.)
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1292. PHOTOELECTRIC STUpY 0F THE COLOUR OF
THE NiGHT SkY [Importance of Red and
Infra-Red Radiation}.—R. Grandmontagne.
(Comptes Rendus, 1st Feb. 1937, Vol. 204,
No. 5, pp- 337-340)

. ON THE THEORY OF SPHERICAL WAVES [and
Their Production from Plane and Cylindrical
Waves].—A. Erdélyi.  (Physica, I'eb. 1937,
Vol. 4, No. 2, pp. 107-120: in German.)
Leading tfrom van der Pol’s work (3650 of
1936). On the simplifying assumptions
that m = n = o, equation 4.6 yields equa-
tion 4.7, used by Sommerfeld & Weyl in
their investigation of the propagation of
wircless waves over the earth’s surface.

1204. THE EFFECT AT A DISTANCE OF THE ORDER
OF A WAVELENGTH OF A VERTICAL DIPOLE
EMITTER oN A PLANE KarvH.—Niessen

(See 1354.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

1295. ON THE NATURE OF ATMOSPHERICS. IV.—
E. V. Appleton & F. W. Chapman. (Proc.
Roy. Soc., Series A, 1st Jan. 1037, Vol. 158,
No. 893, pp. 1-22.)

From the authors’ summary :—A series of
observations on rapid changes of the earth’s
electric field associated with lightning flashes has
been made using a Wilson sphere as the exposed
conductor and a cathode-ray oscillograph with
photographic registration. The measurements have
included observations on the temporal changes of
both the electric field and the rate of change of the
electric field. . . . The discharge of the thunder-
cloud moment is, in the main, a periodic one, but
during the period of maximum current density
subsidiary oscillations or pulsations are super-
imposed on the main dischurge. The majority of
net changes of field are found to take place I1n a
scries of steps . . . the same relative frequencies
of grouping [as those of the numbers of steps] are
found in the incidence of atmospherics of distant
origin.

The decay of thundercloud moment during a
lightning flash occurs in two parts . . . these
correspond respectively to the leader-stroke and
return-stroke in the lightning discharge. Evidence
of a ‘‘ fine siructure ” radiation field on the first
portion has been observed. A new estimate is
made of the maximum current flowing in a light-
ning discharge channel. . . . The evolution of
the atmospheric wave-form has been studied. . . .
The most frequently observed wave-form of the
atmospheric ultimately developed is a brief [quasi-
oscillatory]  steep-fronted train . . . [of which
many are] followed by a slower disturbance. . . .
Such a slow disturbance may possibly be due to
an upward discharge from the top of the thunder-
cloud to the ionosphere. The quasi-oscillatory
disturbance is found to move ahead of the slower
disturbance during propagation, indicating a
difference of group velocities brought about by
ionospheric intluences.
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1206. CONNECTIONS BETWEEN THUNDERSTORMS AND
ATMOSPHERIC DISTURBANCES IN SOUTH
A¥rica.-——Schonland & Hodges. (Trans.
Roy. Soc. S. Africa, No. 2, Vol. 24, 1936,
p. 81: abstract only in E.N.T., Dec. 1936,
Vol. 13, No. 12, pp. 434—435.) The paper
veferred to in 450 of 1936.
1LLECTROCONVECTIVE [SDDIES IN A lLiQuip
SHEET [Experimental Description].—Avsec
& Luntz. (Compies Rendus, 8th Feb. 1937,
Vol. 204, No. 0, pp. 420-422.) See also 459
of February.

1297.

1298. LiGHTNING CURRENTS IN 132-kV LINES [as

High as 220000 A rarely  exceed
150 000 A : only 10% in Range above
70-100 000 Al.—Sporn &  Gross. (Elec.
Ingineeving, Feb. 1937, Vol. 56, No. 2

pp- 245-252 and 259 260.) C/. Bell, 885

of March.

LIGHTNING : F‘LasH MgecHaNisM, EFFECTS
oF Direcr STROKES TO OVERHEAD TRANS-
MissioN CIRCUITS, FPROTECTIVE DEVICES.—
B. L. Goodlet. (Electrician, 8th Jan. 1937,
Vol. 118, p. 35.) Summary of L.E.IS. paper.
For Discussion see ihid., 15th Jan. 1937,
p. 63.

AN ANOMALOUS LLIGHTNING DiscHARGE [Data
of Velocity in Space: Length and Spread
of Visible Portion of Stroke].—Ii. J. Work
man & R. E. Holzer. (Phys. Review, 15th
Jan. 1937, Series 2, Vol. 51, No. 2, p. 149 :
abstract only.)

ON 1HE REMARK oF . HoLm oN OURr PAPER

ELECTRICAL BREAKDOWN IN GASES FROM
CLoUD-CHAMBER INVESTIGATIONS ~ [Form
and Growth of Canals, etc.].—Ilegler &
Raether.  (Zeitschr. f. Phvsik, No. 3/4, Vol
104, 1937, pp. 219-220.) For the papers in
question see 3991 of 1936. See also 1544
below.

PosiTivi NEEDLLE PoiNT CoroNaA STUDIES
AT ATMmOSPHERIC PrrEssurk.-—L. B. T.oeb
& W. Leigh. (Phys. Review, 15th Jan. 1937,
Series 2, Vol. 51, No. 2, p. 149 : abstract
only.)

ELECTRON AND NEGATIVE [oN DMOBILITIES
IN OXYGEN, AIR, NIiTrROUs OXIDE AND
AvMonNIa [measured by lilectrical Shutter
Method : Inelastic Collisions|.—R. A. Niel-
sen & N. K. Bradbury. (Phys. Review, 15th
Jan. 1937, Series 2, Vol. 51, No. 2, pp. 69~
75 : abstract only p. 143.)

1299.

1300.

1301.

1302.

1303.

AN ExXPERIMENTAL TEST OF THE SUPER-
Nova Hvroruesis: Inrensity or CosMmiC
Ravs 1N tHE IARrTR’s Crust.—Clay &
others. (Physica, ¥Feb. 1937, Vol. 4, No. 2,
pp. 121-137.)

PROPERTIES OF CIRCUITS

1305. GENERAL ForM 0F A RESONANCE CURVE.
H. Ataka. (Phil. Mag., I'eb. 1937, Series 7,
Vol. 23, No. 153, pp. 306--310.)
The writer takes the expression found by Spangen-
berg (2545 of 1936) for the current in any branch of
a network of linear impedances, and plots in

1304.
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rectangular coordinates a curve of the absolute
value of the current against one self-impedance
which varies so that its locus is a straight line in
the complex plane. The ‘ general resonance
curves ”’ thus found are of the types observed in
coupled resonant circuits.

1306. BAND-Pass TYPE AMPLIFIER CIRCUIT BY
COMBINING DIFFERENTIALLY Two Rrsox-
ANCE CURVEsS.—Y. Watanabe & K. Kikuchi.
(Nippon Elec. Comm. Eng., Dec. 1936, pp.
396-398.)

By differcntial combination [of two anti-
resonant circuits with slightly differing resonant
{requencies, in series] the space between the two
resonant points becomes additive, while both
the outer sides become subtractive, producing a
new characteristic curve of band-pass filter.

1307. A DUrLEXYFEEDBACK AMPLIFIER-FILTER.
Y. Watanabe & S. Narumi. (Nippon Flec.
Comm. Eng., Dec. 1936, pp. 398-4035.)

Application of the duplex feedback principle

(1043 of 1936) to give an amplifier-filter of high

stability and suitable frequency characteristic,

free from matching ditficulties, and with its gain
adjustable by varying the feedback, without
afiecting the frequency characteristic.

1308. NEW CONSTANT-GAIN AMPLIFIER AND PHASE-
SurrrING CIRCUIT [with only 109% Variation
over T00C/s to 50 kcfs Range].—Y. Watan-
abe & T. Aoki. (Nippon Elec. Comm. Eng.
Dec. 1936, pp. 405-407.)

1309. FREQUENCY VARIATION o0OF REACTANCES
[Effect of Thermal Noise Voltage : Breadth
of Pass Bands of Filter Chain connccted
to  Amplifying Valvel.—R. Feldtkeller.
(E.N.T., Dec. 1936, Vol. 13, No. 12, PP
401-404.)

If a veactance is in paralle] with an ohmic
resistance and approximates at high frequencies
to the apparent impedance of a condenser C,,
the thermal noise voltage across the resistance is
independent of the value of the ohmic resistance and
of all circuit elements in the reaction except the
capacity C,.”” This theorem is demonstrated with
reference to the general circuit diagram of such
reactances (l'ig. 1), and tested ecxperimentally
(Fig. 6). A general reactance theorem is also
tormulated (eqn. g) ‘* which determines the total
breadth of the pass regions of a filter chain when it
is closed by the dynamic capacity of an amplifying
valve.”

1310. ° M-DERIVED ” BaxD-Pass FILTERS wWITH
Resistance CANCELLATION.—V. D. Landon :
Bode. (RCA Review, Oct. 1936, Vol. 1
No. 2, pp. 93-101.)

On Bode’s principle of cancellation of the eflect
of losses in rejector circuits (U.S. Pat. 2 002 216 :
for papers by Bode see 2211/3 of 1935). A\ crystal
filter may be designed to have a slightly narrower
pass band, but the network with dissipative reactors
and resistance cancellation “is expected to have
a wider field of usefulness because of its lower cost
and greater flexibility of design.”
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1311. EXPERIMENTAL INVESTIGATION OF THFE
Exercy Rrerarions IN Two INDUCTIVELY
CourLED  OsciLLATING  CIRCUITS. — A.
Zatopek. (E.N.T., Dec. 19306, Vol. 13, No.
12, pp. 404-414.)

An experimental confirmation of the theoretical
results due to Petriilka (Abstracts, 1930, p. 625 :
1931, p. 378) and an extension of the results to
cases where the mathematical discussion becomes
too complicated to be practicable. The arrange-
ment of the oscillating circuits is shown in Fig. 1 ;
care was taken that it should fulnl the theorectical
assumptions made by PetrZilka. Measured curves
of the total and partial energies in the circuits in
various cases are given and the existence of an
optimum transference of energy is demonstrated.
LEnergy curves are also given for frequency changes
which were not theoretically considered (Parts
11, 1v); attenuation measurements (Part v) con-
firm the theory.

1312. EFrFECT or Loss uroN ALL-Pass NETWORK
le.g. Retardation XNetwork: Analysis).—
K. Nagai & R. Kamiva. (Nippon FLlec.
Comnn. Iing., Lec. 1936, pp. 391-396.)

It is concluded that losses do not attect the
phase angle very much but do, in many cases,
atfect the attenuation. In networks having nume-
rous resonant and anti-resonant points the attenua-
tion does not vary uniformly, but changes about
a certain point.

1313. CALCULATION oF Passivi LINEAR IMPED-
ANCE NETWORKS BY MEANS OF IFREQUENCY
TranNsrorMaTIONS. —T. Laurent. (E.7./.,
7th Jan. 1937. Vol. 58, No. 1, pp. 19-20.)

Summary of a Swedish paper covering the
same ground as that dealt with in 471 of February.

1314. Cross-TaLK 1N NoN-LINEAR TRANSMISSION
SysTEmMs.-—H. Tischner. (EN.T., Dec.
1936, Vol. 13, No. 12, pp. 419 425.)

The writer uses the *growling buzzer
[ Schnarrsummer ” :  Siemens & Halske patent,
inventor Kiipfmiller], which produces trains of
damped waves with characteristics similar to those
of the human voice, to investigate the cross-talk
due to non-linearity in transmission systems. The
phenomena to be expected theoretically are pre-
dicted by analysing the ‘“growls’ into their
Fourier components (Figs. 4, 5, 0) and determining
the new value of each coetlicient after its non
linear distortion, for various forms of the non-
linear characteristic. The theory is tested experi
mentally on a two-channel carrier current system.
The sign of the curvature of the non-linear char-
acteristic gives rise to difterences between the cross-
talk due to the buzzer and that due to speech
(Figs. 8, 9)

’

1315. A DousLi-ActioN ELECTRON RELay [Hexode
with Resistance in Iourth Grid Circuit :
Opposite and Simultaneous Discontinuities
in Currents in Anode and Second-Grid
Circuits].—Ghiron & Viti. (Alta Frequenza,
Jan. 1937, Vol. 6, No. 1, pp. 3-15.)

The discontinuities may be of varigus tvpes, but
are always simultaneous and of opposite sense.

Theyv are controlled by voltages on the first and
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third grid, which are negative and absorb mno
carrent.

1316. ON THE QUESTION OF ELECTRO-MECHANICAL
ANALOGIES.—Charkewitsch : Warshavsky &

TFedorovich.  (fourn. of Teck. Phys. [in
Russian|, No. 11, Vol. 6, 1930, pp. 2031
2034.) Continnation of the discussion
referred to in 6o of January.

1317. Mutual.  INDUcTancE—].  Selz: Greig.

(Wireless Engineer, Nov.
No. 153. pp. 395-5390.) Vrompted by
Greig’s paper (3315 of 1936). Tor a letter
from Astbury, and an editorial criticism of
an N.P.I.. convention on the polarity of a
mutual inductance, see tbid., March, 1937,
p. 126.

1936, Vol. 13,

TRANSMISSION
1318 A STUDY OF THE SURPLUS HEATING OF A
CATHODE IN A MagNETRON.—Wigdorchik.
(Physik. Zeitschr. der Sowjetunion, No. s,
Vol. 10, 1936, pp. 634-648:) linglish version
of the paper dealt with in 923 of March.

1319. THE OSCILLATIONS OF MAGNETIC-VFIELD
VaLveEs axp THEIR ELucipaTion @ PartT 11
_Turory.—Herriger & Hilster.  (Tele-

funken-Rohre, Nov. 1936, No. 8, pp. 221 256.)

For Part 1 see 3721 of 1936. A {ootnote to the
present paper points out the omission of a line
from the authors’ summary of the previous paper :
accordingly, the second half of the second para-
graph (r-h column of p. 550) of the above-named
abstract, which quotes this authors’ summary,
should read : ‘“ The four-segment magnetron has
only one oscillation region, with a first, sharp
maximum at the second order and a second, flat one
between the roth and 2sth order.”

In the present paper the authors refer to the
many forms of oscillation phenomena occurring in
a magnetron, and to the various theories which
have been evolved more or less disconnectedly to
deal with them. Their own object is to obtain a
single complete picture of the behaviour of a mag-
netron, making use for this purpose of such parts
of the existing individual theories as are helpful.
““The motion of the electrons in a radial electric
field and a homogeneous magnetic teld per-
pendicular to this 1s made up of two components :
the *rolling-circle® motion and the guiding-
path ’ [in the purely hypothetical casc (considered
first for the sake of simplicity) of the electric field
being homogencous as well as the magnetic field,
this latter motion — Leitbahnbewegung ~’—is in a
straight line perpendicular to the two fields, with
a velocity 3 — [5/B (for system ol units employed
see footnote 11 on p. 222), and has superposed on
it the ‘ rolling-circle” motion of amplitude p
and angular velocity w,, which depends only on
the magnetic field and is referred to as the ‘' mag-
netic angular velocity.” For given values of E
and B the amplitude p is dependent on the magni-
tude and dircction of the initial velocity, and
according to the magnitude of p various path types
are obtained (Kig. 11, and the velocity diagram
1'ig. 12 derived from cqn. 6 and allowing the type
of path to be read off according to the particular
initial velocity). The corresponding types of path
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in the actual approximately homogencous clectric
field in the neighbourhood of the anode are shown
in Tig. 13].

“ The alternating electric field in the two- and
four-segment magnetrons most often employed can
be considered as analysed into two rotating fields
rotating in opposite directions with frequency
w/p [where p is the number of pairs of segmentsj.
The nature of the exchange of energy between the
electrons and the alternating field is seen to con-
stitute a suitable view-point from which the various
types of magnetron oscillations can be classified.
Thus if the frequency of the rotating field coincides
with the frequency of one of the two motion-
components, the electrons can give up their energy
continuously. The oscillations thus made possible
are called °transit-time’ oscillations. 1f the
electrons move in guasi-stationary fields [i.e. if
both ‘* rolling-circle ” and “ guiding-path ™ fre-
quencies are large compared with the alternating-
field frequency] Habann oscillations are excited by
reason of the static negative resistance.

1t the frequency of the rotating field coincides
with the ° rolling-circle ’ frequency, the °rolling-
circle * energy can be given up to the oscillatory
circuit. Oscillations of this type are possible with
the two-segment valve and have been designated
first-order oscillations ' (theory of K. Fritz—
3379 of 1935: see also 1730 of 1936). If the
rotating-ficld frequency coincides with the * guiding-
path’ frequency, ‘ higher-order ' oscillations occur.
The  guiding path’ is a spiral. Synchronism is
imposed by the radial component of the rotating
tield. Posthumus’s formula w/p — 2V, /Br,2 des-
cribes the relation between the optimum working
conditions : it is confirmed by our measurements,
which extended to the three-segment valve and
two-phase and three-phasc six-segment valves.
At the lower orders, departures occur from the
Posthumus theory, as regards efficiencics : this
discrepancy is explained [pp. 245-247] by the
neglect by Posthumus] of the * rolling-circle ’
motion.

“If the order numeral » is equal to the phase
numeral ¢, in a magnetron with pole-pair number p
equal to or greater than 2z the alternating field
may enter into energy-cxchange simultancously
with ‘ rolling-circle * and ‘ guiding-path’ motions.
This accounts for the high efficiency of the four-
segment magnetron on second-order oscillations.

“ The ncgative resistance, on account of which
the Habann oscillations are excited [see above],
also occurs with the cycloidal motion of the
electrons. The oscillation zone of the Habann
oscillations is limited, in comparison with higher-
order oscillations, by the necessary condition that
the working data for Habann oscillations must be
independent of frequency. The transitional region
between the two [transit-time and Habann oscilla-
tions] is vague, since before the entry of synchronism
a periodic migration of the electrons along the
* guiding-paths ’ is possible "’ [pp. 254 255].

1320. CORRECTION TO THE PAPER: THE STATIC
CHARACTERISTICS OF THE SPLIT-ANODE
MaGNETRON [Reasoning in Paper holds for
Presence ol Space-Charge].—H. Zuhrt.
(Hochf:tech. u. Elek:akus., Jan. 1937, Vol. 49,
No. 1, pp. 23 24.) See 65 of January.
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1321. REMARKS ON THE PaPER BY O. PFETSCHER
& W. PUHLMANN: ON HiGH-EFriciEncy
HABANN GENERATORS ¥FOR ULTRA-SHORT
Waves [Production of Dynatron and Class B
Oscillations by Split-Anode Magnetron :
Class BB Oscillations conditioned by Negative
Dynamic Resistance].— K. Okabe. (Hochf.
tech. w. Llek:akus., Jan. 1937, Vol. 49,
No. 1, pp. 24-25.) See 2950 of 1936

1322. ELECTRONIC OSCILLATIONS OF CONSTANT
WAVELENGTH [in Retarding-Field Circuit
but with slightly Positive Anode : Ampli-
tude Modulation, free from Frequency
Modulation, by Variation of Anode Voltage :
Meshwork Anode particularly Effective].
S. Nakamura & S. Ohshima. (Nippon
Elec. Commi. Eng., Dec. 1936, PP 474-178.)

A DETERMINATION OF Tik FUNDAMENTAL
Tyres or FELECTRON OSCILLATIONS IN A
TrIODE VaLvE.—R. Cockburn. (Proc. Phys.
Soc., 1st Jan. 1937, Vol. 49, Part 1, No. 270,
pp. 38-58: Discussion pp. 58-60.)

For previous work see 3894 of 1935. It is here
confirmed experimentally ' that in general the
retarding-field triode can maintain both Gill
Morell and Barkhausen-Kurz oscillations.” It is
found that there exist two distinct types ot Bark
hausen-Kurz oscillations ©  ** one [shorter type
due to the periodic to-and-fro motion of the elec
trons about the grid of the valve, and the other
{longer type] to a resonant circuit formed by the
grid/plate capacity in parallel with the cquivalent
inductance of the electron cloud between these
clectrodes.” Separate characteristics are obtained
lor these two types of oscillation. Data of the cffect
of valve dimensions and operating conditions are
given. The cause of maintenance of the oscil-
lations will be considered in a future paper. An
appendix deals with the calculation of the two
types of characteristic.

1323.

1324. ICLECTRON-BEAM OSCILLATOKS [Micro-Wave
Oscillations produced by Beam passing
through Several lectrodes with Relative Po-
tentials varied by Feed-Back from Other
Parts of Beam].—]J. B. Hoag & G. E. FFlodin
(Phys. Review, 1st Jan. 1937, Series 2, Vol.
51, No. 1, p. 60 abstract only.)

ULTRA-SHORT-WAVE SIMULTANEOUS RaDIO
TELEPHONY WITH SINGLE-TUBE CIRCUIT.
S. Ohtaka & T. Hasegawa. (Nippon Elec.
Comm. Eng., Dec. 1936, PP 470 472.)
Results of tests with the svstem dealt with
in 504 of 1930.

1325.

1326. METHOD OF DETERMINING THE DEGKEE OF

MobpULATION 0or A DoOUBLY-MODULATED

Oscitration.—Hollmann.  (See 1492.)
RECEPTION
1327. MEASURING TECHNIQUE 1IN  THE ManU

FACTURE OoF BROADCAST RECEIVERS [Com-
ponents and Finished Instruments].—F.
Mittelmann.  (Llektrot. u. Masch:bau, No.
45, Vol. 54, pp. 533-539.)
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1328, MEASURING THE ToTaL GAIN oF RECEIVERS
BY THERMAL AcITaTioN Noisk. H. Seki.
(Nippon Elec. Comm. Eng., Dec. 1936, PP
198-500.)

Based on the author’s formula for the relation
between noise, side-band width, and gain: A,
E,.le,/B, where 4, is the max. over-all gain, 8 the
“equivalent width’’ of side-band, E,, the noise
on the detector grid (obtained, by subtraction, from
measurements with a combination of valve ampli-
fier and thermo-couple meter), and e, the
thermal-agitation noise, on each frequency, at the
first grid (obtained from the resonance impedance
of the first grid resonant circuit, measured by a
dvnatron or a resonance curve method).

1329. THE RESPONSE OF RECTIFIERS To FLuc-
TUATION VOLTAGES, and PareErs onN FLuc-
TUATION VOLTAGEs.-Williams :  Schottky.
(See 1364 : 1361/3)

ANTI-NoIs  CIrcUITS Some Momentarily
“ Muting "’ Arrangements for Suppression
of Interference from Man-Made Static].

(Wireless World, 12th Feb. 1937, Vol. 40, PpP-

154-155.)

A Noise-REDUCING CIRCUIT [particularly for
Telephonic Reception: T'wo Limiting Con
verters in lush-Pull with Outputs 1n
Opposition : One biased to be Inoperative to
Signal less than 100% Modulated].—M. G.
Nicholson. (Electronics, Oct. 1936, Vol. g,
No. 10, pp. 14--16)

I1330.

I331.

METHOD rorR DISTURBANCE-FREE RECEPTION

Circuit setting Reproducing Apparatus in
Action only when Voltages obtained by
Separate Demodulation of Upper and Lower
Sidebands of Desired Signal are exactly
Equal].—Aubert, Berthon, Gabrilovitch &
Isnard.  (Hochf:tech. . Elek:akus., Jan.
1937, Vol. 49, No. 1, pp. 34 35: French
Pat. 797 803 of 4.2.1935)

1332

1333. METHOD FoR PRODUCING DISTURBANCE.
FrREr Recuprion [All Reccived Oscillations
uniformly I'requency-Multiplied before Filter
ing and Democlulating the Desired Signal].
I.. Gabrilovitch. (Hochf:tech. 1. Elek:akus.,
Jan. 1937, Vol. 49, No. 1, p. 34 French
Pat. 797840 of 7.2.1935.) Thus Increasing
the frequency intervals and improving the
filtering

Tui “ Cokp CoxpeNsEk ” [Flexible Lead
embodying Interference-Suppressing Con-
denser]. —Siemens & Halske. (Llekivol. .
Masch:bau, No. 50, Vol. 54, 1936, p. 6o2.)

1334.

THE ELECTRICAL BENAVIOUR OF INSULATOR
CHAINS AT VOLTAGES BETWEEN THE WORK-
ING AND I'LASH-OVER VALUES.—F. Obenaus.
(Elektrot. u. Masch.bau, No. 40, Vol. 54, 1930,
p. 481 summary only.)

I335.

\WPA [Works Progress Administration, New -
ark] PROJECT FOR SURVEY TO LOCATE CAUSES
oF INTERFERENCE.—(Electronics, Nov. 1936,
Vol. g, No. 11, p. 06.)

1336.



April, 1937 THI<

IEXTENSION OF THE LEGAL DPROVISIONS
AGAINST INTERFERENCE WITH BROADCAST
RECEPTION 1IN AUSTRIA.—Pfeufler.  (Llek
trot. u. Masch:bai, No. 52, Vol. 54, 1936, p.

625.)

1337

_ Tue INTERACTION OF Rap1o WaVES [[uxem-
bourg Lffect].—V. A. Bailey. (Wireless
World, 26th Feb. 1937, Vol. 40, pp. 204--205.)

SENSITIVITY OF RETARDING-FIELD AUDION
INCREASED BY CONDENSER ACROSS GRID
AND ANODE, 'ROVIDING CURRENT REGENE-
RATION. —(Funftech. Monatshefte. Nov. 1936,
No. 11, p. 438 : summary only.)

. A NEw 6Es [Fluorescent-Screen luning
Indicator; CirculiT USED IN NEW STROM-
pERG-CARLSON ReceIvErs —M. L. Levy
{(Electronics, Oct. 1936, Vol ¢, No. 10, DD.
28-29.) Unlike the usual methods of using
the OEg, the new circuit gives good sensi-
tivity for weak signals and *‘ effective and
accurate tuning ”’ for very strong.

1339

CORRECTION SYSTEMS.
igth T'eb. 1937, Vol

AuTtoMATIC TUNING
(Wireless World,
40, pp. 177-180)

I341.

. IMPROVEMENTS IN AUTOMATIC FREQUENCY
ControL [Automatic Tuning Correction]
Circulrs.—R. I.. Freeman. (Electronics,
Nov. 1936, Vol. 9, No. 11, pp. 20-23.)
From the Crosley Kadio laboratories :
including motor-boating and its prevention.

SUPERHETERODYNEs  wiTti  SINGLE-KNOB
Tuxixg.—R. C. Couppez. (L'Onde Elec.
Dec. 1936, Vol. 15, No. 180, pp. 80, 822.)

1. Preliminary considerations. II. Study of the
ordinary (* straight ") receiver. TIL. Study of the
ideal case of single-knob control of a supcrhetero-
dvne (and the ‘ regrettable disappearance’ of
condensers with plates of special profile—but see
ibid., April, 1936, p. 211). IV. Single-knob con-
trol by the method of the reducing condenscr (and
the technique of the ‘* padding * and ‘* trimmer "’
condensers : the choice of the intermediate fre-
quency). V. Single-knob control by the rejector-
circuit method.

1343

1344. A GERMAN “ ALL-Wave " Ipra [and Its
Advantages : Intermediate Frequency of
1750 ke/s].—(World-Radio, 2z2nd Jan. 1937,
Vol. 24, p- 14.) Cf. Cocking, 1934 Abstracts,
p. 322 (and many later abstracts such as
1840 of 1935) on ** single-span ”’ receivers.

THE Wireless World LEXPERIMENTER'S LF.
AMPLIFIER [5-Valve, for A.C. Mains: f{for
Investigation of Merits of Different Types
of Short-Wave Frequency Changer].
H. B. Dent. (Wirveless World, 29th Jan.
1937, Vol. 40, pp. 96-99.)

1345

1346. EXPERIMENTS ON POWER MATCHING [in
Broadcast Receivers : the Correct Tapping
Point, on the Tuned-Circuit Inductance,
for the Audion-Grid Connection]. —(Fun/i-
tech. Monaishefte, Nov. 1936, No. II, D.
436.)
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LELECTROMAGNETIC SCREENING
vention of Hum and Crosstalk : Relative
Effectiveness of Various Materials].—J. E. R.
Constable. (Wireless World, 26th Feb. 1937,
Vol. 40, pp. 198-199.)

WINDING THE UnivirsaL Coir [Details of
Calculation of Various liactors involved].
A. W. Simon. (Electronics, Oct. 1936, Vol.
9, No. 10, pp. 22-24 and 67.) For correc-
tions see i1btd., Nov. 1936, p. 52.

1347 [for Pre-

1348.

RADIO IEXPORTS REACH PEAK LEVEL [Data
for U.S.A., Holland, Germany, and Great
Britain].—A. J. G. Smith. (Electronics, Oct.
1936, Vol. 9, No. 10, pp. 54. 50, 58, 60.)

NBC Rapio 1Ny THE Crippek SHIPS [Pan

American Airways|—Sec. (RCA Review,
Oct. 1936, Vol. 1, No. 2, pp. 102-106.)

. Rapto RerLay Eguipment.—G. S. Lucas
& E. S. Hall. (BT-H Rescarch Laboratory,
’ublication RL.P 116, 9 pp.)

1349.

I1350.

ARRANGEMENT FOR TELEGRAPHY AND TELE-
pHONY RECEPTION [Switching out or in of
Beat Oscillator transfers Circuit from Grid
to Anode Kectification : Reception Strength
almost equal in the Two Cases].—Lorenz
Company. (Hochf:tech. u. Elek:akus., Jan.
1937, Vol. 49, No. 1, p. 35: German Pat.
636 083 of 8.2.1935.)

1352.

. AUTOMATIC ALARM [to receive Special Dis-
tress Signal preceding the SOS Signal :
Design Requirements : the AR-8600 Auto
Alarm]—1. F. Byrnes & H. B. Martin.
(RCA Review, Jan. 1937, Vol. 1. No. 3, pp.
49-04.)

AERIALS AND AERIAL SYSTEMS

54. Tnr EFFECT AT A DISTANCE OF THE ORDER
OF A WAVELENGTH OF A VERTICAL DIPOLE
EsmitTER ON A Prane Earth—K. F
Nicssen. (Anwn. dev Physik, Series 5, No. 3,
Vol. 28, 1937, Pp. 209-224.)

For previous work see Abstracts, 1933, P- 382 ;
1934, p- 259 and back references. The present
calculations discuss the case of a complex numerical
distance, 7.e. of an earth with an arbitrary ratio
of conduction to displacement current. Iixpres-
sions (egns. 21} are derived which give the
normalised product of field-strength and distance
in the cases when the horizontal component of
magnetic force, the vertical or horizontal electrical
components, are used to measure the field. The
evaluation of these cxpressions is discussed (§4)
in the casc when the modulus of the numerical
distance is small and the first-order correction
term to Sommerfeld’s formula is included ; the
resulting formulae (eqns.22) can be used for
practical calculations. Revised expressions (eqns.
25) are given for the case when the numerical
Jistance is real ; the mathematical analysis for
the precise evaluation of Sommerfeld’s formula in
the case of complex numerical distance is given
in an appendix. The writer points out that the
work has important bearing on the problem of
determining the intemsity of an emitter from
measurements of ficld-strengths in its vicinity.
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1355. EFFECTIVE GAIN OF THE SHORT-WAVE BEAM
ANTENNA [for Transmission and Reception :
by Comparison with Single Horizontal
Aerial of Length and Height A/2].— M. Naka-
gami & K. Miya. (Nippon Elec. Comm.
I'ng., Dec. 1936, pp. 478 479.)

Among the conclusions are the following :—the
effective gain and its variation with time show a
considerable difference even between two points
40 or 50 km apart and of a few degrees ditierence
in direction : the effective gain of a transmitting
beam aerial sometimes becomes negative, and it is
affected by the receiving acrial. See also 557 of
March.

1356. VDE SAFETY REGULATIONS ¥FOR \ERIAL
INSTALLATIONS, TRANSMITTING AND RE-
CEIVING. —(E.T.7., 28th Jan. 1937, Vol. 38,
No. 4, pp. 107-108)) Infroductory remarks
by Eppen, p. 89g.

VALVES AND THERMIONICS

1357. DISTORTION Li¥FECTS IN MIXING VALVES
[calculated assuming Characteristics to be
Sums of Exponential Functions]. - M. ]. 0.
Strutt.  (Hochf:tech. wu. Elek:akus., Jan.
1937, Vol. 49, No. 1, pp. 20 23.)

§1 gives a short account of the present-dav
mixing valves and their uses. In §11 calculations
are given for various distortion effects, based on
the representation of the static valve character-
istics as a sum of exponential functions. Effects
considered are the increase of modulation, modu-
lation distortion, cross-modulation, and formation
of combination tones of the modulation frequencies.
In § ur whistling tones and their measurement are
discussed with the same assumption as regards
the characteristics. Determination of the dis-
tortion by measuring the whistling tones is worked
out theoretically in § 1v.

1358. MODERN MuLTI-GRID VaLves [Lecture to
Zurich Physical Society].—M. J. O. Strutt.
(E.T.Z., 4th & 11th Feb. 1937, Vol. 53,
Nos. 5 & 6, pp. 113117 and 149-153.)
Survey, with 200 literature references. The
last sections deal with the effects due to
oscillating space charges in hexodes and
octodes, and with short-wave phenomena
such as the decrease of input and output
impedances and transit-time eflects in
hexodes used as mixing valves.

1359. NoN-LiNear DIsToRTION oF TRIODE wWiITH
InPEDANCE Loap [Analvsis]. V. Degawa.
(Nippon Elec. Comun. Eng., Dec. 1936,
Pp- 409—411.)

1360. THE LEFFECT OF SpaCE CHARGE ON THE
SECONDARY CURRENT 1N A TRIODE.
D. M. Myers, D. R. Hartree, & A. Porter.
(Proc. Rov. Soc., Series A, 1st Jan. 1937,
Vol. 155, No. 893, pp. 23-37.)

“* The potential distribution in the space between
the anode and grid of a triode with cylindrical
electrodes has been determined theoretically in the
condition where the grid collects current due to
secondary emission from the anode, and this
current is limited by electronic space charge.”
Various approximations were made and solutions
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were derived by means of the differential analyser.
Experimental results with a triode having a nickel
anode agreed with the theoretical predictions if
the initial energy of secondary electrons was assumed
to be about 4 volts.

1361. SHOT IEFFECT AND THE SPack CHARGE
THrREsHOLD —W.  Schottky.  (Telefunken
Rohre, Nov. 1936, No. 8, pp. 175 193.)

The writer’s 1926 interpretation of the decrease
of shot effect in the presence of a space charge,
according to which the current tluctuations are
diminished by the space charge in the same ratio
as the emission current itself is decreased, was
revived by Llewellyn in 1930 and is now accepted
by many experts. But the numerous subsequent
publications on the subject show that there are
many difficulties in the way of a clear under
standing of the problem, and the writer has been
induced to take it up again, prompted particularlv
by the paper by Rothe & Plato (3705 of 1936) and
by Rothe’s personal request that he should find an
explanation of the systematic occurrence, men-
tioned in that paper, of fluctuations far greater
than those predicted by the theory of space-
charge-limited fluctuations. The present paper
does not attempt to give a complete interpretation
of these results (which were obtained with com-
mercial valves and therefore do not involve the
simplest theoretical conditions) but to provide a
purely theoretical contribution replacing the old
theory by a new one which gives considerably
higher values of Huctuation.

By his new treatment the writer arrives at
formula 13 for the relation between the space-
charge-diminished shot etfect and the undiminished
shot eftect. The corresponding formula obtained
by Llewellyn (transformed to the same terminology)
s given in equation 16, and gives a diminished
shot-efiect current V'ijs times smaller than that
given by equation 13: 7 is that portion of the
saturation current s which reaches the anode. In
the region of strong space-charge limitation this
factor may well make a difference of a whole
order of magnitude. This discrepancy between
the two formulac is attributed to [.lewellyn’s
neglect of the relative increase of the fluctuations
of covpuscular particles accompanying the decrease
ol the absolute number of the particles (¢f. Williams,
4069 of 1930).

Further examination (pp. 188 -190) contfirms
that in all practically important cases, whatever
the electrode arrangement, the new formula is
valid. Compared with observed results, it still
gives too high a value for the reducing etfect of the
space charge: the experimental reduction is
smaller, the tuctuations themselves are larger.
This discrepancy may be attributed to positive ions
from the cathode and/or to inhomogeneity of
emission, the latter arising from highly emitting
portions ol the cathode being interspersed with
poorly emitting portions, so that the total emission
15 partly space-charge-saturated and partly temper-
ature-saturated. This effect would be particularly
noticeable with high grid voltages, and actually it
is found that the new formula gives almost exactlv
the shot-effect values obtained with small grid
voltages and that the discrepancy between theory
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and experiment increases (for a given cathode
temperature) as the grid voltage is increased.

1362. WEAKENING ACTION OF THE SPACE CHARGE
IN THE SHOT AND FrICKER EFFECTS.
W. Schottky. (Physica, Feb. 1937, Vol 4,
No. 2, pp. 175-1%0: in German.)

“ The fluctuations of the electron current passing
through a space-charge threshold can—as shown
more fully elsewhere {see 1361 & 1363]—be calcu-
lated by finding first the current-tluctuations for a
constant threshold potential, and then taking into
account, as a secondary intluence, the effect of the
fluctuation currents on the position and depth of
the potential threshold. The determination of the
corresponding sccondary current-fluctuations can
then follow according to continuum theory.

“1t is then found —a fact previously unknown
that the squared primary current-fluctuation
[*pmm varies ditferently, for shot effect and tlicker
effect, with the current ¢ passing [the threshold]
and the saturation current s originally emitted by
the cathode.” The ditference is seen in the equa-
tions 1 and 2, where the sutfixes I and S indicate
the unweakened flicker and shot effects respectively,
while the suffixes F’ and S’ indicate the corres-
ponding space-charge-weakened values; a com
bination of 1 and 2 gives eqn. 3, from which it is
seen that ‘‘the space-charge weakening effect,
given by the square of the ratio of the primarv
current-fluctuation to the fluctuation of the satura-
tion current flowing from the cathade, is ¢/s times
more effective in the flicker effect than in the shot
effect.” Considering then the actual observable
Huctuations, made up of the results of the primary
and secondary eficcts mentioned at the beginning
of this abstract, the writer obtains eqn. 9 ; rough
calculations of the B factor in this show that it is
less than unity, so that it may be concluded that
the ratio of the squares of the resultant current
luctuation per frequency unit and of the saturation-
current fluctuations in the same frequency interval
is, with sufficiently high space-charge potential,
less in the flicker effect than in the shot effect by
more than the ratio i/s. Since the saturation-
current fluctuation for the flicker effect increases
in proportion to s, whereas S, for the shot effect
increases in proportion to /s, it follows also from
eqn. 9 that for a constant 7 and sufficiently large s
the ratio of the final fluctuation-current squares
for tlicker effect and for shot effect is independent
of s.

The last page and a half deals with the estima-
tion of the absolute values of the space-charge
weakening of the two effects.

1363. THE CONNECTIONS BETWEFN CORPUSCULAR
AND THERMAL VaRIATIONs IN ELECTRON
Tusrs.—W. Schottky. (Zeitschr. f. Phvstk,
No. 3/4, Vol. 104, 1037, Pp- 248-274.)

Author's summary -—The chance variations of
the number of particles, which must be assumed to
occur in the electrons forming an electron current
passing through a vacuum, are known as the ** shot
effect.” This contains, with the differential re-
sistance of the discharge path, all the factors neces-
sary to give rise naturally, under certain conditions,
to variations of semi-thermal or completely thermal
character. The case when the starting path of the
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electrons is free from space charge is explained on
these lines and brought into connection with the
thermal variations in a quiescent ideal electron
gas. A new theory of the variations of space-
charge-limited discharges, already published by
the author (1361 & 1362, above] is discussed from
the thermal standpoint. It is found that, in a
space-charge path, the part of the discharge be-
tween the incandescent cathode and the space-
charge threshold acts like a semi-thermal resistance,
whose variations are however lessened by the part
of the discharge between the threshold and the
anode. In amplifying valves, the variations of a
space-charge path between cathode and control
grid are amplified in proportion not to the current
but to the power. This gives rise to a variation in
the anode circuit which, under normal conditions,
is not as large as the power, amplified in the anode
circuit, due to thermal noise from the external
grid circuit. In §35 the general methods are dis-
cussed for determining the variation efiects in
conductors where clectrical transport takes place
by corpuscles; a final paragraph deals shortly
with the important influence of a spatial displace-
ment of the potential threshold.

1364. THE RESPONSE OF IRECTIFIERS TO FLUCTUA-
Ttox VorTagrs [Derivation of [Formulae
jor Mean-Square Output Voltage from

Square-Law and Lincar Rectifiers, i pre-
sence of a Dominant Harmonic Voltage:
Experimental Verification : Behaviour of
Lincar Rectifier in Absence of Donunant

Harmonic Voltage : Signal/Noise Ratio:
Note Corrected ' Reception superior to
Uncorrected "'].——F. C. Williams.  (Journ.

J.E.E., Feb. 1937. Vol. 80, No. 432. pp.
218-226.) For previous work see 4009 of
1936.

1365. THE VALVES IN THE BROADCAST RECEIVER.
PART 4 : Di1oDE DETECTION.- K. Wilhelm
(Telefunken-Rohve, Nov. 19306, No. 3, pp.
196-220.)

For previous parts see 2579 of 1936. ‘““The
theme [of diode detection] will be dealt with in
two parts. The first [and present! part assumes
an ideal diode and [by means of an equivalent
circuit which reduces the rectification processes to
pure 1.f. and d.c. treatment shows the main efiects
of the circuit and the circuit elements as regards
linear and non-linear distortion [the cases chosen
are . capacitive load, additional ohmic load, and
the loading of a band filter by a second diode
the regulating diode in a delayed a.v.c. system
(Fig. 15a). In this last case, use is made of the
equivalent circuit (Fig. 15b) for a band flter,
derived in the appendix (pp. 214-220) and yielding
Tig. 15¢ as the equivalent circuit of Tig. 13a.
Fig. 15d is a simplified equivalent circuit which
applies when only small modulation frequencies
are considered, so that the ctiect of frequency-
dependent elements can be neglected]. A diode
driven by sufficiently large h{. voltages (10-20V)
represents an almost ideal rectifier, so that the
results obtained in the first part are applicable to
this case. The departures fromn the ideal case,
and their cffects, will be dealt with in the second
part.”’
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1366. THE IMPORTANCE oF ELECTROX OPTICS IN
THE TECHNIQUE OF AMPLIFYING VALVES

[for Calculation of Action of Orthodox
Multi-Grid Valves and for Development of

New Types with New Methods of Control].

H. Rothe & W. Kleen. (Zeiischr. f. tech.

Phys., No. 12, Vol. 17, 1936, pPp. 635-642.)

" The laws of the slit stop and of total reflection
form the bases for the [satisfactorily approximate]
calculation of the modulation characteristics of
space-charge-grid valves and double-modulation
[mixing] valves. Tor the pentode, anode-current/
anode-voltage characteristics, internal resistance,
and amplification factor are derived from the lens
action, governing the current-sharing process, of
the spaces between the wires of the screen grid
fef. 3774 of 1936 and 537 of ebruary].

" The possibilities of the production of electron
rays in systems of the size of ordinary receiving
valves are discussed. With the help of such rays
new types of control processes and electrode arrange-
ments for the production of negative resistance are
arrived at.”’

1367. I'ocvsing  CRITERIA FOR ELECTRONS IN
SUPERIMPOSED ELECTRIC AND MAGNETIC
FiELDps, and MoTioNs oOF ELECTRONS IN
GasEes IN ELECTRIC AND MAGNETIC FIELDS.
—Shaw : Huxley. (See 1512, 1287.)

1365, APPLICATIONS OF \ISUAL-INDICATOR TYyPE
Tunes [6Ii5 and g3 (Midget) Cathode-
Ray Indicator Tubes].--L." C. Waller.
(RCA Review, Jan. 1937, Vol. 1, No. 3,
Pp. 111-125.)

The Type 913, with its two sets of deflecting
plates, its 17 diameter viewing screen and its
metal-shell design (eliminating wall-charge diffi-
culties), forms a compact & economical c-r oscillo-
graph. Among the many easy applications of the
oEs, it can be used as a tuning indicator in re-
ceivers having neither ave nor a diode detector
(acting in the reverse wav to its usual pattern
movement), as a null indicator, and as a valve
voltmeter.

1369. PENTODES ¥OR HIGH-FrEQUENCY OPERA-
TIoN [Western Iilectric 240 H for Ultra-
High TIrequencies: Push-Pull Pentodes in
3” X 2” Bulb].—Samuel & Sowers. (Llec-
tronics, Nov. 1936, Vol. 9, No. 11, p. 60)
See 127 of January.

1370. PROGRESS IN VALVES IN 1936 [including the
Type HAl DMiniature Triode] —(G.E.C.

Journal, Feb. 1937, Vol. 8, No. 1, Pp- 46-47.)

MODERN ASPECTS OF THE TECHNOLOGY or
LARGE VALVEs [Medium and High Power,
including  Ultra-Short-Wave Types].— G.
Rutelli.  (4lta Frequenza, Jan. 1937, Vol. 6,
No. 1, pp. 16-49.)

XVOLUTION 0¥ THE DIRECT-CURRENT AMPLI-
FIKR  [and  Llectrometer \Valves).—(Flec-
tronics, Nov. 1936, Vol. 9, No. 11, pp. 62,
64.)

ELECTRONIC TUB: NOMENCLATURE BEING
STUDIED.—American  Standards  Associa-
tion. (Elec. Engineering, Feb. 1937, Vol.
56, No. 2, p. 284)

1371

1372.

1373
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1374. THE MODIFICATION OF APPARENT THERM-
10ONIC CONSTANTS ¥FOR OXYGENATED TUNG-
STEN BY THIE TEMPERATURE VARIATION OF
ADSORPTIVE EqQuiLiBrRiuM.—M. C. Johnson
& F. A. Vick. (Proc. Rov. Soc., Series A,
1st Jan. 1937, Vol. 158, No. 893, pp. 55-68.)
It is shown theoretically that '* the temperature
coefficients of chemical reaction, at any composite
surface whose state cannot be maintained steady,
will cause definite changes in the plot of thermionic
emission ; these lead to intercepts and slopes being
measured which neither coincide with nor are even
intermediate between the genuine thermionic
constants for bare or covered surface.” ‘A series
of experiments on the pressure and temperature
dependence of emission from a tungsten/oxygen
interface ”’ shows that *‘ the ‘ anomalous ’ constants
of oxygenated tungsten are examples of the above
principles.”  The apparent constants of platinum
and the alkalis may contain temperature coeffi-
cients of diffusion, etc.; for tungsten, the experi-
mental data ‘‘can, in principle, be made to yield
information concerning the progressive change of
6 [the covering ratio of the surface] with tem-
perature and pressure.”’

1375. FieLp CURRENT LMISsiON FROM METALS
INTo Gases aT Higu Pressures.—]. B.
Adams, J. C. Hubbard, & R. T. K. Murray.
(Phys. Ieview, 1st }an. 1937, Series 2,
Vol. 51, No. 1, p. 63 : abstract only.)

1376. CONTACT PPOTENTIAL BETWEEN FILAMENTS
IN Vacuum BY KELVIN METHOD [with
Mecasurement of Temperature lIncrease in
Work Function of Tungsten].—A. T. Water-
man & J. G. Potter. (Phvs. Review, ist
Jan. 1937, Series 2, Vol. 51, No. 1, p. 63 :
abstract only.)

DIRECTIONAL WIRELESS

Tue [Mathematical] RELATIONS FOR THE
QUASI-STATIONARY FIELD oF A CrLoskp
REcTaNnGuLar  CONDUCTING LOOP ABOVE
THE EARTH WITH SINGLE-WAVE ALTERNAT
ING CUkRENT.—H. Buchholz. (E.N.T,
Dec. 1936, Vol. 13, No. 12, pp. 425-434.)

For previous work see 581 & 1818 of 1936. The
present paper combines the results there obtained
and deduces the equations determining the field of
the complete conducting loop (§ 2). The equations
for the subsidiary cases of a loop extending to
infinity at one side (§ 32) and of a loop extending to
infinity at both sides, with one earthed point (§ 3b)
are also found. The eyuations are exact for point
electrodes but only approximately so for electrode
discs of finite radius.

1377

1378. APPLICATION OF ULTRA-SHORT WAVES To
RRap1o RANGE BEACONS[liqui-Signal Method
Japanese Experiments].—M. Okada & R.
Kimura. (Nsppon Elec. Comm. Eng,. Dec.

1936, pp. 465—467.)

AN INVESTIGATION OF MEDIUM-WAVE RaDIO
RanGk Beaco~s [with Adcock Transmitting
Aerials].—T. Amishima & M. Okada. (Nip-
pon Elec. Cowmwm. Eng., Dec. 1936, Pp-

467—470.)
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1380. METHOD ¥OR ELECTRICAL ROTATION OF
Beau [by Connection of mitter Signal to
Various Points of Connecting Leads and so
to Required Groups of Radiatorsj.—Tele-
funken: A.Gothe. (Hochf.lech. u. Elek :ahus.,
Jan. 1937, Vol. 49, No. 1, p. 35: German
I’at. 635 500 of 29.3.1935.)

1381. METHOD oF DETERMINING THE HEIGUT OF AN
AircraFT IN IFLIGHT [LEmitter, thrown from
Aircraft, gives Signals from the Time It is
ejected until It reaches Ground: Height
determined from Duration of Signals].—
Siemens App. & Machine Co: G. Klein.
(Hochf tech. w. FElek:.akus., Jan. 1937, Vol.
49, No. 1, p. 35: German Pat. 635033 of
22.6.1935.)

ACOUSTICS AND AUDIO-FREQUENCIES

1382. CONTRIBUTION TO THE QUESTION OF THE
TRANSMISSION OF SPEECH FROM Noisy
Rooms [Advantages of Directional Micro-
phone].—H. J. von Braunmiihl & W. Weber.
{(EE.N.T., Dec. 1936, Vol. 13, No. 12, pp.
414-419.)

‘The writers have found (see 1039 of 1936) that
the pick-up of sound in noisy rooms is improved by
using directional microphones. Here a pressure-
gradient pick-up microphone is compared theo-
rectically with a non-directional pressure micro-
phone ; the decreased amount of noise which it
picks up is demonstrated. Fig. 2 shows the fre-
quency/sensitivity curve of the pressure-gradient
pick-up at a distance of 2 cm from the source of
sound ; the sensitivity increases rapidly towards the
low-frequency end of the spectrum. This increase
does not however hold for the noise, which comes
from a greater distance. The distortion produced
by this sensitivity increase can also be compensated
by electrical devices, which will at the same time
decrease the low-frequency noise level. These
considerations are expressed numerically on the
assumption that the speech wave reaching the
microphone is spherical, while that from the noise
is plane. This assumption is tested experimentally
with an octave filter and found to hold for fre-
quencies up to 3200c/s; ILigs. 3-6 show the
variation of the microphone output voltage with
distance from the acoustic source. The intensity
of the speech at a distance of 2 cm from the mouth
was measured for normal, loud, and very loud
speech ; Fig. 7 shows the relation between the
intensity and the noise threshold above which it
was just audible. Iig. 8 gives curves of specch
comprehensibility as a function of intensity in the
presence of various degrees of noise. “ Lven at
noise levels which are above the pain threshold of
the ear, a comprehensibility ratio of 4o per cent. can
be attained for syllables.”

1383. A MeTioD OF CALIBRATING AN ELLCTRO-
sTATIC MICROPHONE, BASED ON ITs BE-
HAVIOUR WITH RESPECT TO AN ALTERNATING
Erkcrromorive  Forci.—O. M. Corbino.
(La Ricerca Scient., 15th/30th Nov. 1936,
Series 2, 7th Year, Vol. 2, No. g/10, pp.
491-497.) ,

Avoiding the comptications of the r.f. capacity-
change method by the use of "“a new character-
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istic in the functioning of a condenser microphone
under the action of an alternating current ”’—
namely the appearance of a third harmonic (easily
isolated by a suitable bridge) the value of whose
voltage bears a simple relation to the capacity
change due to the motion of the diaphragm (E;=%.
a/Cy. E,, where «a is the capacity change, Cy the
normal capacity of the microphone, & E the applied
alternating voltage). Thus a measurement of Ej,
together with a knowledge of £, gives the value of
a/Cy and thus the movement of the diaphragm.
This measurement may be made with a voltmeter
V, (Fig. 2) or with a cathode-ray oscillograph, the
latter giving more easily a true value of the third
harmonic, independent of background-noise vol-
tages.

1384. CONDENSER MICROPHONE USING SILK MEeM-
BRANE |sputtered with Gold : Tension very
Low compared with Duralumin Diaphragms :
Explanation of Unexpected Results].
S. Oshida & M. Okahara. (Nippon Elec.
Comm. Eng., Dec. 19306, pp. 375-377-)

‘I'he tension of the membrane does not have much
effect on the frequency characteristic.  This is
uniform, with low sensitivity, when the clearance
is very small : irregular, also with low sensitivity,
when the clearance is large: and uniform, with
high sensitivity, when the clearance has a certain
value (3-6 X 107* cm).

1385. A Niw Capacitive METHOD FOR THE CoON-
VERSION OF MECHANICAL INTO ELECTRICAL
OSCILLATIONS AND vice versa [using Solid
Dielectric instead of Air: including Con-
denser Microphone and Telephone].—H.
Sell. (Zeitschy. f. tech. Phys., No. 1, Vol. 18,
1937, pp. 3-10.) o

The full paper, a summary of which was referred
to in 1267 of March. Preliminary tests showed
that although a solid dielectric between rigid
electrodes gave consistent and reliable results and
the advantage of case in maintaining a small gap,
the sensitivity was low owing to the large restoring
force. In these tests mica and other highly in-
sulating materials were used in thin foils which were
metallised on both sides to avoid the inclusion of
air, and the electrodes were of highly polished steel.
In spite of the low sensitivity such arrangements are
practicable for the measurcment of high pressures
over wide ranges. Quite different results were
obtained when air inclusions were allowed to exist
between the dielectric and the electrodes, as
occurred even with carefully prepared electrode
surfaces if the metallising of the dielectric was
omitted : the sensitivity was very high but in-
constant, with hysteresis effects, owing to the
action of adhesion and {riction.

The true solution was found to be the replacement
of the carefully smoothed electrodes by carefully
roughened ones such as could be obtained by sand-
blasting or grinding the surfaces. Such surfaces
have a fine structure consisting of a number of
statistically distributed very small surfaces. Owing
to the smaliness of these surfaces the specific pres-
sure on the dielectric is very high, so that clastic
deformation occurs and gives a reliable bedding of
electrode on dielectric without the inclusion of air.
Hysteresis disappears (unless the fine structure
is made foo fine, as in the top curve of I'ig. 2
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steel surface obtained by grinding) and smooth
curves resembling hyperbolae are obtained. Various
practical designs of the device are dealt with, for
purposes ranging f{rom very high pressure measure-
ment (including high-temperature working : the
new ceramic dielectrics are useful here) to micro-
phones and telephones. Fig. 6 shows the various
frequency characteristic curves, for five bias vol-
tages from 50 to 195 volts, of such a microphone.
Compared with the ordinary air-gap microphone
it has the advantages of greater {requency range
for the same sensitivity, and 5 to 10 times higher
capacity, making easy the usc of long cables. For
special purposes very small as well as very large
microphones can be made, and since the diaphragms
can be of any shape (e.g. cvlindrical) non-directivity
is easily obtained. The new principle can also be
used for highly etficient sound generators.

1386. TnE CaxkBoN MicrorrHonNeks [and a Suitable
Measure of the Quality of Various Carbon
Powders : Equivalent Circuit].—K. Kobay-
asi. (Nippon Illec. Comm. Eng., Dec. 1936,
pp- 377-3%0.)

1387. INTELLIGIBILITY AND VOLUME RESULTING
FrOM FREQUENCY AND [particularly| AmPpLI-
TUDE LIMITING.—T. Strecker. (Zeitschr. 7.
tech. Phys., No. 12, Vol. 17, 1936, pp.
568-572.)

Section 2, dealing with the effects of limitation of
the frequency band, is a discussion of Harvey
Fletcher’s measurements (curves of Fig. 1). The
rest of the paper deals with limitation of amplitude
(see also 177 of January).

1388. ON THL [Distortion introduced by] Auro-
MATIC VoLUME CoMPRESSION.—B. S. Gal-
perin.  (Journ. of Tech. Phys. [in Russian],
No. 12, Vol. 6, 1936, Pp. 2162—2170.) A
theoretical investigation of the various kinds
of distortion in sound recording introduced by
automatic volume compressors using vari-
able-mu amplification stages.

Smeltzer.
No. 11,

Mixer Circuit DEesigns.—R. F.
(Electronics, Nov. 1936, Vol. o,
PP- 32-33 and 54, 56.)

IHE SUPERVISION OF SOUND-REPRODUCING
Svstems.—L. D. Rosenberg. (Journ. of
Teck. Phys. [in Russian], No. 12, Vol. 6,
1930, pp. 2180-2182.) Some considerations
on the organisation of technical control of
sound-film apparatus. An outline is given
of tests necessary to ensure satisfactorv
operation of the apparatus.

1389.

1390.

THE VoLUME RANGE IN SoUND RECORDING
oN FiLmMs.—A. V. Rabinovich. (Journ. of
Tech. Phys. [in Russian], No. 12, Vol. 6,
1936, pp. 2183-2187.) An account of
experiments carried out to determine the
difference between the noise level and the
highest sound level for distortionless re-
production from films, with a discussion
of the results obtained.

1391.

THE RCA SoUND RECORDING SYSTEM.—
M. C. Batsel & E. W. Kellogg. (I{CA
Review, Oct. 1936, Vol. 1, No. 2, pp. 3-34.)
With bibliography of 30 items.

1392.
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1393. SoUND FiLy EQUIPMENT FOR THE NARROW-
Fim  Avarevr  [using Home-Recording
Discs :  Complete Synchronisation in Re-
cording and Reproducing], and Tue Home

RECORDING oF GRrAMOPHONE RECORDS.
Zipfel : Steinbrenner. (Funktech. Monats
hefte, Nov. 10936, No. 11, pp. 419—424 :

PP 425-430.)

SouND-oN-Disc: PrESENT-DDAY RECORDING
TecunNiQue.—(Flecironics, Oct. 1936, Vol. o,
No. 10, pp. 610 and 48, 50.)

1394.

INVESTIGATIONS ON THE BuiLDING-UPr Pro-
CESSES IN ORGAN P’IPES [using Six Octave
Filters each connected to One Loop of
Oscillograph].—F. Trendelenburg. (Zeitschr.
f. tech. Phys., No. 52, Vol. 17, 1936, pp. 578
580.)

1395.

THr WeLTE “ LiguT TONE ~ ORGAN [with
Photoelectric Note Generator using Discs
with “ Amplitude Process " Recording].-
Welte. (Funktech. Monatshefte, Nov. 1930,
No. 11, pp. 437-438: L.T.Z., 28th Jan.
1937, Vol. 58, No. 4, p. 99.)

1390.

THE GLow-DiscHarGE-TUBE ELECTRIC
ORGAN OF THE DIETRICH-1LCKART OPEN-AIR
STAGE AND AT THE RaDpIO EXHIBITION -
O. Vierling. (E.T.Z., 28th Jan. 1937, Vol.
58, No. 4, pp. 90-91.)

1397.

ADJUSTABLE RESONATORS AND ORCHESTRA-
110N [Difficulty of changing P’itch of Instru-
ment without Change of Quality].—E. G.
Richardson : Osborne. (Nature, 23rd Jan.
1037, Vol. 139, p. 157) Prompted by
Osborne’s suggestion (1011 of March).

1308,

1399. ON THE IMPORTANCE OF THE INITIAL
MOMENT IN THE FFORMATION OF A NOTE IN
A MusicaL INSTRUMENT.—S. Skrebkov.
(Journ. of Tech. Phys. [in Russian], No. 12
Vol. 6, 1936, pp. 2190-2193.) A report on
experiments in comparing the ease of dis-
Crimination between two notes of the same
intensity and pitch but of different quality,
when the two notes are listened to (a) from
the moment of their commencement and
(b) when they have reached the steady state.

1400. ON THE RESONANCE PROVERTIES OF STRINGED
INsTRUMENTS [and Their Analogy to Inter-
mediate-Circuit Valve Transmitters].—H.
Backhaus. (Zeitschr. f. tech. Phys., No. 12,
Vol. 17, 1936, pp. 573-578.)

With several violin resonance curves taken with
the apparatus described. The much-discussed
“ wolf-tone,” occurring frequently with ‘cellos
but also sometimes with violins, is explained as a
beat effect between the two simultaneously re-
gencrated coupling-frequencies of an oscillatory
circuit with two degrees of freedom.

1401. ELECTRICAL TRANSMISSION AnND REPRODUC-
TION OF OSPEECH AND Music [including
Sound Amplification for Concert Halls, etc.].
—H. J. von Braunmihl. (Zettschr. f. tech.
Phys., No. 12, Vol. 17, 1936, pp. 539-549.)
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ADDRESSING THE AMERICAN PuBLic [Recent
Developments in Large-Scale Sound-Am-
plification].—(Wireless World, s5th Feb.
1937, Vol. 40, pp. 122-123))

1402.

61.6s IN A DEGENERATIVE AMPLIFIER [I2
Watt Output for P.A. Purposes].--E. F.
Kiernan. (Electronics. Nov. 1936, Vol. 9,
No. 11, p. 50.)

1403.

\ DurLEx FEEDBACK AMPLIFIER-FILTER,
and A Nrw CoNSTANT-GAIN AMPLIFIER
AND DHASE-SuIFTiNG CrrculT.—Watanabe
& Narumi: Watanabe & Aoki. (See
1307/8.)

I _‘04 .

A THREE-STAGE 10-\WATT AMPLIFIER WITH
Pusn-Purr Triope [ADr1] Ourtputr.—H.
Hertel.  (Jrunktech. Monatshefte, Nov. 1930,
No. 11, pp- 431—434.) Yor the merits of the
AD1 see 132 of January.

1405.

THE INFLUENCE OF THE SIZE AND SHAPE OF
BAFFLES ON THE SOUND KRADIATION OF
LouDsrEaKERS.—G. Buchmann. (Zeifschy.
/. tech. Piys., No. 12, Vol. 17. 1936, PP.
563-508.)

Author’s summary : By experimental tests
the effect of shape and size of bafles is shown.
With circular baffles, pronounced interference
occurs on the loudspeaker axis owing to secondary
radiation produced by diffraction at the edge of
the bafile. 1f the path ditference of the two com-
ponents is equal to A/2, a maximam occurs : if
it equals A, a minimum [Figs. 2 and 3, for baffles
of 45 and 65 cm radius respectively : the ordinates
represent the sound-pressure ratio for the actual
bafile and an infinite bafile. Both figures show
that the maxima considerably exceed the values
given by an infinite baffle. TIn Vig. 2 the distance
of the microphone is 104 cm for curve a and only
oo cm for curve b: the position of the minimum
shifts slightly towards the higher {frequencies as
the distance is increased]. This also holds good
for multiples of A, until the directivity of the loud-
speaker diaphragm no longer allows any sound to
reach the baffle edge. The path difierence is
taken as the shortest path from loudspeaker to
microphone, over the edge of the baffle, less the
loudspeaker/microphone distance.

" The rectangular baffle behaves very similarly,
but the effective path difference is rather larger
than half the length of the side of the baffle. This
is explained by the varying distances between
loudspeaker and various points along the edges
of the baflle, giving a larger mean value of path.
The use of markedly asymmetrical baffies smoothes
out the frequency characteristic ¢f. Ashworth,
162 of January]. Suppression of the radiation
from the back does not completely eliminate
interference, since the radiation from the front is
also diffracted at the baffle edges towards the
observation point.” The writer points out that
in practical use this baffle interference is usually
swamped by the effects, on the sound field, of the
neighbouring reflecting walls: “on the other
hand, in loudspeaker investigations in open air
and in damped rooms they must be takeninto
account.’

1406.
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1407. ON THE RELATIONSHIP BETWEEN THE Massks
or THE MovING Coll. AND OF THE RADIATING

SYSTEM 1IN AN ErLkcTrRODYNamIc HORN
LoUDSPEAKER.—V. V. Yurduev. (Journ. of
Tech. Phvs. [in Russian], No. 12, Vol. 6,

1936, pp. 2171-2174.)

It has been shown by various authors that in
the case of an electrodynamic loudspeaker of the
direct-acting diaphragm type the maximum efh-
ciency is obtained when the masses of the radiating
diaphragm and of the moving coil are equal. In
the present paper a similar investigation is carried
out for the horn-type loudspeaker, and an equation
(7) is derived showing that in this case the mass of
the radiating system should be somewhat less ihan
the mass of the moving coil. It is suggested that
in practice the two masses could be made equal,
but a more detailed analysis is also given enabling
the efciencies of the loudspeaker at various fre-
(quencies to be computed for a given ratio of the
masses.

1408. Ox t1HE COIL-CENTERING DEVICE {Spider’
or A LounsPEAKER. —L. Rosenberg. (Journ.
of Tech. Phys. [in Russian], No. 12, Vol. 6,
1936, Pp. 2175-2179.)

An efficient coil-centering device in an electro-
dynamic loudspeaker should satisfy the following
conditions : (a) It should have an clastic constant
of the right magnitude for the required natural
frequency of the system. (b) This constant
should be independent of the amplitude (Hooke’s
law). (c) This constant should not vary withtime
(absence of ageing). (d) Absence of internal friction.
An account is here given of tests carried out, with
respect to the above requirements, on a number
of centering devices. Some of the experimental
curves obtained are shown and the question of
internal losses {mechanical hysteresis) is discussed
in greater detail. The effect of these losses on
the operation of a loudspeaker is also investigated.

1409. POLYMORPHISM OF IROCHELLE SALT [Curie
Points regarded as Crystallographic In-
version Points : Dielectric Anomalies, Elec-
tro-Optical and Piezoelectric Effects, etc.,
discussed in Light of New Crystallographic
Classification : Comparison with Symmetry
Conditions in TFerromagnetic Crystals].
H. von R. Jaffe. (Phys. Review, 1st Jan.
1937, Series 2, Vol. 51, No. 1, pp. 43-47.)

I410. REPRODUCING LEQUIPMENT ror MOTION-
Prcruke Tueatres.—M. C. Batsel & C. N.
Reifsteck. (RCA Review, Jan. 1937, Vol. 1,
No. 3, pp- 6575

1411. O PusLic ADDRESS SYSTEMS FOR OPEN

Spaces.—L. Rosenberg & D. Weinstein.
(Journ. of Tech. Phys. [in Russian], No. 12,
Vol. 6, 1936, pp. 2156—2161.)

The propagation of sound from horn-type loud-
speakers is discussed, and theoretical considerations
are compared with experimental data. A number
of practical suggestions are given on the use of
loudspeakers in open spaces.

1412. COLLABORATING WITH THE ARCHITECT [Loud-
speaker System in Royal Empire Society’s
Building].—P. G. A. H. Voigt. (Wireless
World, 5th Feb. 1937, Vol. 40, pp. 118-121.)
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1413. THE EaxLy HISTORY OoF AcousTics, and
THE POSITION OF ACOUSTICS IN THE WHOLE
FIELD oF PHYsICs AND ENGINEERING.
Schimank : Meyer & Waetzmann. (Zeitschy.
f. tech. Phys., No. 12, Vol. 17, 1936, pp.
500-508 : pp. 508-512.)

1414. THE PHYSICAL TOUNDATIONS OF THE
Acousrics oF Roovs.—L. Cremer. (Zeitschy.
f- tech. Phys., No. 12, Vol. 17, 1936, pp.
528-539.)

1415. RooM AcousTics FROM A GEOMETRICAL
VIEWPOINT : THE Ust or SUPERSONIC-
WAVE PHOTOGRAPHY [on Models, with
350 kc/s Waves and Illumination by 10-®
sec. Sparks: IExamples of Valuable Infor-
mation obtained].—F. M. Osswald. (Zeitschr.
f. tech. Phyvs, No. 12, Vol. 17, 1936, pPp-
561-563.)

1416. AcousTics oF THEATRES [Optical Explora-
tion Technique and Its Application to
Construction of Theatre].—Philips Com-
pany. (Waureless World, 5th Feb. 1937, Vol
40, pp. 131-132.)

1417. SOUND-WAVE STROBOSCOPI: [Photography
of Sound or Seismic Waves, using Valve
Control of 1lluminating Spark : for Building
Acoustics Research, etc.]—B. F. McNamee.
(Electronics, Nov. 1936, Vol. g, No. 11, pp.
24-20 and 34.)

1418. Broapcast Stunio DEsiGN.-—R. M. Morris
& G. M. Nixon. (RCA Review, Oct. 1936,
Vol. 1, No. 2, pp. 64-79.)

1419. REVERBERATION CoxTROL [by Electrical
Mcthods :  as recently adopted at Poste
Parisien Headquarters].—E. Aisberg. (Wire-
less World, 12th Feb. 1937, Vol. 40, pp.
148-150.)

1420. THE Orrivus REVERBERATION [Period of a

Studio].—G. Bckésy. (Journ. of Tech.
Phys. [in Russian], No. 12, Vol. 6, 1936,
PP. 2094-2102.)

A report on investigations carried out over a
number of years in Budapest to determine the
optimum reverberation period of a studio. Use
was made of large portable screens having a layer
of cotton wool supported on a frame with wire
netting and covered by impregnated cloth. By
placing these screens at various angles to the source
of sound the frequency characteristic of absorption
could be altered. Experiments were made in a
number of studios. Some of the reverberation
curves so obtained are shown and the article ends
with a brief description of studios designed on the
basis of this investigation. Onec of the conclusions
reached is that in the case of large studios of
2000 m? and more the acoustic cffect is not deter-
mined by the reverberation period alone.

1421. ON SOUND ABSORPTION BY RESONATOKS
oF A SpeEciaL Type. -M. S. Antsylerov.
(Journ. of Tech. Phys. [in Russian], No. 12,
Vol. 6, 1936, pp. 2118-2126.)

An investigation into the possibility of using
special resonators for selective sound absorption.

The resonators under examination consist of two
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large parallel discs mounted on a short cylindrical
tube ; in practice one of the discs can be omitted
and the tube with the remaining disc mounted
directly on a wall so that the resonator takes the
shape of a mushroom. The theory of the resonator
is given and methods are indicated for calculating
its sound-absorption characteristic. Experiments
have shown a good agreement with the theorv,
and the general conclusion is that these or similar
resonators could be used for correcting the fre-
quency characteristics of rooms.

1422. ON THE DISTRIBUTION OF SOUND-ABSORBING
Matrriars 1N 4 Rabio Stupto.— I. G.
Dreisen. (Journ. of Tech. Phys. [in Russian
No. 12, Vol. 6, 1936, pp. 2131-2144.) A
theoretical investigation into the propaga-
tion of sound waves in a room, leading to
anumber of practical suggestions.

A SIMPLIFIED METHOD rorR DETERMINING
THE SOUND-INSULATION CONSTANTS OF
MateERrIaLs.—Kelberg, Myasnikov & Stat-
senko.  (Journ. of Tech. Phys. [in Russian

No. 12, Vol. 6, 1936, pp. 2145 2146.) Using
an apparatus similar to that used by Meyer
& Berger but of much smaller dimensions.

1423.

1424. ON THE MEASUREMENT OF SOUND-ARSORP-
TION CONSTANTS OF MATERIALS BY THE
REVERBERATION METHOD. — Yu. I. Schneider.
(Journ. of Tech. Phys. [in Russian}, No. 12
Vol. 6, 1936, pp. 2147-2150.) The sound-
absorption constant is derived by measuring
the reverberation period of a” room first
empty, and then containing a sample of the
material to be tested. An account is given
of such measurements and the results
obtained with various materials are dis-
cussed.

1425. ON THE MEASUREMENT OF SOUND ABSORP-
TION FOR VARIOUS ANGLES 0OF INCIDENCE
or Sounn.—L. G. Ipatov. (Journ. of Tech
Phys. [in Russian|, No. 12, Vol. 6, 1936, pp
2151-2155.) A\ description of the apparatus
developed in Moscow in which use is made of
parabolic reflectors. Methods are indicated
for calculating from these measurements
the reverberation characteristic of the
material.

1426. THE OPTIMUM FREQUENCY CHARACTERISTI
OF A SOUND-ABSORBING MATERIAL.— S. Ya
Lifschitz. (Journ.of Tech. Phys. [in Russian
No. 12, Vol. 6, 1936, pp. 2127-2130.) A
brief survey of the rescarch work carried
out by the author and other investigators
to determine the requiremnents to be met by
sound absorbing materials used in studios

SouNp BY Prates
CAPABLE  OF VisratioNn.—H. Lauffer
(Hochf:tech. u. Elek:akus., Jan. 1937. Vol.
49, No. 1, pp. 9-20)

In these experiments the plates were fixed some
centimetres from and paraliel to a wall or floor.
$11. An clectrodynamic tone pick-up was used to
measure the velocity-amplitude as a function of
frequency for various distances from the floor
(Iig. 1, a-d), when the (cardboard) plate was
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excited by air oscillations in the room. The curves
have the form of resonance curves with the reson-
ance points in the low and medium audio-frequency
range. The amplitude and resonance frequency
are calculated and compared (Fig. 2; Table 1)
with the experimental values: disagreements are
ascribed to neglect of the natural elasticity of the
plate in the calculations. The damping was
measured by the time in which the oscillations die
away (records in Fig. 3a; frequency variation in
Fig. 4). §1r. The acoustic absorption was deter-
mined by the reverberation method, in which the
reverberation time of a room is measured with and
without the absorbing material. The possibilities
and limitations of the method are discussed ;
measured values of absorption of various kinds of
plates under various conditions are shown in Figs.
6-10. The absorption curve is similar to the
amplitude curve for low and medium frequencies.
It rises again at high frequencies ; this is ascribed
to the porosity of the plate. ‘The absorption can
be much increased by filling the space between the
plate and the floor with porous material (Fig. 10).
Results of investigations of the velocity-amplitude
in the space between the plate and the floor are
shown in Figs. 11, a-¢; it has a horizortal com-
ponent (in addition to the vertical one} on which the
presence of absorbing material has most effect.
1f a number of holes are made in the plate, it can
no longer absorDh energy by oscillating but acts as
a porous sound absorber with absorption maxima
at distances of uneven multiples of a quarter-
wavelength from the fioor (I'ig. 14). The writer
suggests that a combination of porous material
with one which could oscillate would give a good
absorbing material, independent of frequency.

1428. AN AsywmproTic DBEHAVIOUR OF FORCED
PLaTE VIBRATIONS AT HiGH I'REQUENCIES
[with Application to Transmission of Sound
through \Walls].—A. Schoch. (Zeitschr. f.
tech. Phys., No. 12, Vol. 17, 1936, pp. 582—
584.)

1429. SOUND ABSORPTION IN GASES IN A KUNDT’s
TUBE, ESPECIALLY AT PRESSURLS BELOW
ATMOSPHERIC : THE MOLECULAR COMPONENT
OF THE ABSORPTION IN 7THE TuUBE.—H.
Oberst. (Zeitschy. f. tech. Phys., No. 12,
Vol. 17, 1936, pp. 580-582))

1430. ON THE DISTRIBUTION OF SPEECH VOLTAGES
IN THE TRANSMISSION OF A NUMBER OF
CARRIER-T'REQUENCY CONVERSATIONS.—D.
Thierbach & H. Jacoby. (Zeitschr. f. tech.
Phys., No. 12, Vol. 17, 1936, pp. 553-557.)
The measured distribution function of the
voltages of a single conversation is approxi-
mately represented by an exponential
function, which is employed (using Pro-
bability laws) to give the required summa-
tion curves for a number of simultaneous
conversations.

UNI1FORM LLOADING OF LINEs BY MAGNETIC
CoaTING [using Permalloy Dust or Sendust
Particles suspended in Shellac, ete.].—K.
Tsukamoto. (Nippon Llec. Comm. Eng.,
Dec. 1936, pp. 452-455.)

1431.
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CrossTALK IN OrPEN-WIRE TELErHONE CIR-
curts AT CARRIER FREQUENCY, and THE
RELATION BETWEEN THE MutuaL INpUCT-
ANCE AND QUAD PITCHES O NON-LoADED
CapLi Pairs.—Negoro: Simizu & others.
(Nippon Elec. Comm. Emg., Dec. 1036,
Pp. 416-426: pp. 426-431.)

CrossTALK IN NoN-LINEAR TRANSMISSION
SystEMs.— Tischner. (See 1314.)

1432.

1433

A New METHOD OF MEASURING THE [Overall
Transmission] Loss/I'REQUENCY CHARACTER-
1sTics oF A TELEPHONE Circuit.—T.
Yoshida & I. Inami. (Nippon Elec. Comm.
Ing., Dec. 1030, pp. 443—451.)

1435. A MirTHop oF  MEASURING  MINUTE
‘ KLirr "-Facrors [of Non-Linear Dis-
tortion] AND ITs ILLusTrRATIONS [Measure-
ments on Permalloy Sheet and Dust-Core
Coil}.—K. Kobayashi & G. Hakata. (Nippon
Elec. Comm. Eng., Dec. 1936, pp. 438—443.)

1434.

1436. Tue Haryonics [in A.F. Non-Linear Dis-
tortion].—L. 13o&. (L’Onde FElec., Dec. 1936,
Vol. 15, No. 180, pp. 785-803.)

““ This study is based on the series development
of the intensity ¢ by means of the formulae 1 and 3.
Its intercst lies in the fact that the various
coefticients dod,dsd; . . . can be determined by
means of the general formulae 5 and 0, and a
simple graphical interpretation can be given of the
results found. It is sufiicient to have at one’s
disposal the /,/V, characteristics of a valve, and
to know its charge impedance, in order to be able
to construct its dynamic characteristic and thus to
determine the essential factors of its functioning :
modulated power, mean current, sensitivity, effi-
ciency, and 2nd and 3rd harmonic distortion, etc.
The graphical method must be used with caution
and gives exact results only under certain con-
ditions which we have indicated in the appropriate
places. In gencral, distortion percentages of the
order of 5-6% can be determined with good pre-
cision, and since from a musical point of view
these values should not be exceeded, the range of
usefulness of the method is sufficient.”” An
exaggerated value should not be placed on the
absolute figures obtained, since specch and music
waves are not of simple sinusoidal form: the
importance is rather for purposes of comparison.

1437. A SIMPLE METHOD FOR THE MEASUREMENT
OF THE SELF-INDUCTANCE OF [Interstage or
Output] TRANSFORMERS CARRYING DIRECT
CUrRENT.—Nowotny & Soéchting. (See
1490.)

1438. AcoUSTIC MEASUREMENTS WITH THE ‘‘ TONE
METER ”’ [Peak Voltage Meter with Logarith-
mic Scale] IN CONJUNCTION WITH THE
‘“ ATTENUATION REcCOrRDER ” [M.C. Instru-
ment giving Curve traced by Spot of Light
on Screen with After-Glow or on Gas-Light
Paper].—H. G. Thilo. (Zeitschr. f. tech.
Phys., No. 12, Vol. 17, 1936, pp. 558-561.)

Primarily for contrast monitoring of broadcast
transmissions but useful also for many other
purposes (frequency characteristics, reverberation
tests, etc.). For the Siemens & Halske ‘‘ tone
meter *’ see 3457 of 1036 : the already very short

E
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time of the instrument is reduced from 100 to
50 msecs. by a choke coil connected in parallel.

RELATION OoF MopULATION PrRODUCTS
wITH MULTI-TONE SigNaL To HARMONIC
DISTORTION WITH MoNO-TONE SIGNAL IN
AUDIO-AMPLIFIER ANALYSIS.—Ken-Rad Cor-
poration. (Electronics, Oct. 1936, Vol. g,
No. 10, p. 52: notice of pamphlet.)

1440. THIE HARMFULNESS OF NoOISE IN THE LIGHT
orF New RESEARCHES, and THE MODERN
TECHNIQUE OF THE I'IGHT AGAINST NOISE.

1439. Tne

G. L. Navjagskij: V. S. Kasanskij.
(Journ. of Tech. Phys. {in Russian], No. 12,
Vol. 6, 1936, pp. 2195-2199: Ppp. 2200-—
2205.)

1441. TuE CHIEF CAUsSES oF THE NOISES OF
KLECTRICAL MACHINERY.—V. G. Springman.
(Journ. of Tech. Phys. [in Russian), No. 12,
Vol. 6, 1936, pp. 2206-2210: with biblio-
graphy.)

1442. ON THE SENSITISING LFFECT 0F SOUND
ExciTaTioON ON THE ORGAN OF HEARING :
also ON THE CHARACTERISTIC 0OF THE
FuncTioNAL CONDITION OF THE I'ATIGUED
EARr: and THE TIME DEPENDENCE BETWEEN
THE RESTORATION OF THE ORIGINAL [EXCITA-
TION CONDITION OF THE ORGAN oF HEARING
AND THE DPITCH OF THE INCIDENT NOTE. —
Bronstein : Bronstein &  Tschurilova.
(Journ. of Tech. Phys. [in Russian], No. 12,

Vol. 6, 1936, pp. 2079-2081: 2082-2084:
2085-2087.)
1443. AN ANALYSIS OF THE LEFFICIENCY OF THE

AUDITORY MECHANISM FOR ALTERNATING
CURRENTS OF SOUND IFREQUENCY.—G. V.
Gerschuni.  (Journ. of Tech. Phys. f{in
Russian], No. 12, Vol. 6, 1930, pp. 2088-
2090.)

1444. ON THE LAw FOR MINIMAL DISCRIMINATION
oF INTENSITIES, and ON THE PSYCHOPHYSICS
oF HEARING: MONAURAL AND BINAURAL
DIFFERENTIAL SENSITIVITY AND EXPOSURE-
Time.—Crozier & Holway: Upton & Hol-
way. (Proc. Nat. Acad. Sci., Jan. 1937,
Vol. 23, No. 1, pp. 2328 pp. 290-34.)

1445. ON SYMMETRY AND HEREDITY PROBLEMS
or THE HumaN Ear.—LE. Waetzmann.
(Zeitschy. f. tech. Phys., No. 12, Vol. 17,
1930, PP- 549-553.)

1446. ELECTRICAL STIMULATION OF THe Human
CocHLEA [Observations of ** Phase Change
Beat " confirm ‘ Movement” 'Theory of
Cochlea Excitation by A.F. Stimulation].-
Hallpike & Hartridge. (Nature, 30th Jan.
1937, Vol. 139, p. 192.)

1447. PROGRESS IN THE PHYSIOLOGY OF HEARING.
—G. von Békésy. (Zeitschy. f. tech. Phys.,
No. 12, Vol. 17, 1936, pp. 522-528.)

1448. ON THE USE Or ELECTRO-ACOUSTIC EXER-
cisEs IN CURING DEFECTIVE HEARING.—
B. S. Preobrazhenski. (Journ. of Tech.
Phys. [in Russian], No. 12, Vol. 6, 1930,
pPp- 2091-2093.)

A brief survey of the results obtained in various
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medical institutions in the USSR with the apparatus
developed by Prof. Skritski. In this apparatus
the beat frequency between two h.f. oscillators
is transmitted to the patient through headphones.
Several hypotheses are put forward to explain
the improvement in hearing obtained by this
method.

1449. ON SoUND-EXCLUDING DEVICES.—A. S.
Shapranova. (Journ. of Tech. Phys. [in
Russian], No. 12, Vol. 6, 1936, pp. 2188-
2189.) A Drief report on various devices
for excluding unwanted sound from the
car, such as soft and solid wads, devices
for covering the car cavity, etc.

1450. QUESTIONS ON THE BOUNDARY BETWEEN
PHYSICAL AND PHYSIOLOGICAL ACOUSTICS
[Report on Modern Electrical Analysis of
Sounds : Oscillograms of Onset of Sounds
from Various Organ Stops, Speech, etc:
Summary of Present Knowledge of Aural
Acoustics].——I'. Trendelenburg. (Naturwiss.,
22nd Jan. 1937, Vol. 25, No. 4, pp. 49-59.)

1451. CLINICAL Acousrics [Oscillograms of Auscul-
tation and [IPercussion Sounds, etc.].—A.
Pierach. (Naturwiss., 29th Jan. 1937, Vol.
25, No. 5, pp. 67-70.)

1452. NEW P’ROPERTIES OF THE THERMAL lLASTIC
Waves ofF LiQuips [lixperimental Deter-
mination of Existence of Radiation Pres-
sure].—R. Lucas. (Comptes Rendus, 8th
I'eb. 1937, Vol. 204, No. 6, pp. 418-4:0.)

1453. ON SUPERSONIC SURFACE WavES AND THEIR
OpTicaL  DEMONSTRATION.—H.  Ludloff.
(Zeitschr. f. tech. Phys., No. 12, Vol. 17
1936, pp. 518-522.)

‘ Supplementing the Schaefer-Bergmann re-
searches [see, for example, 586 of February], an
explanation and theoretical deduction will be given
of the interference phenomena in reflected light
found in those researches, on which a precision
method for determining the elastic constants of
opaque bodies can be built up.”

1454. OPTICAL INVESTIIGATIONS OF SUPERSONIC
Fierps 1IN Liguips aAND GrassEs.—E.
Hiedemann & K. H. Hoesch. (Zeitschr. f.
Physik, No. 3/4, Vol. 104, 1937, pp. 197—
206.)

The amplitude distribution in supersonic fields
is studied by an optical method similar to that used
by Bir (585 of I'ebruary) but using only one order
of diffraction spectrum. Photographs are given
showing the fine structure of various supersonic
fields, including those radiated from oscillating
piezo-quartz crystals. The method is compared
with other known methods of studying supersonic
fields. Favourable conditions for the excitation
of flexural waves in glass are deduced from photo-
graphs.

1455. A VERY SIMPLE METHOD OF DDEMONSTRATING
SuPERSONIC Wavies IN Liguips [Light passed
through Standing-Wave System in a Direc-
tion Parallel to Wave-Fronts : Photographs].
—L. Bergmann & H. J. Goehlich. (Physik.
Zeitschr., 1st Jan. 1937, Vol. 38, No. 1,
Pp- 9-13.)
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1450. NEw PROBLEMS IN THE IIELD OF SUPER-
soNIcs [including Use for determining
Elastic Constants, for testing Materials, in
Colloidal Chemistry, etc.].—L. Bergmann.
(Zeitschy. f. tech. Phys.,, No. 12, Vol. 17,
1936, pp. 512—518.)

CHEMICAL ACTION OF SUPERSONIC WAVES,
and THE INFLUENCE OF SUPERSONIC WAVES
oN THE DEVELOPMENT or Praxts.—L. R.
Solovjeva : O. Istomina & G. Ostrovsky.
(Journ. of Tech. Phys. [in Russian], No. 12,
Vol. 6, 1936, pp. 2059-2064 : pp. 2065-2070.)

1457

A SrecIAL MAGNETOSTRICTION RESONATOR
AND EXPERIMENTAL INVESTIGATION  OF
20 K¢/s UNDER-WATER SUPERSONIC CARRIER
TeLEpHONE.—K. Aoyagi & K. Mivakoshi.
(Nippon ELlec. Comm. Eng., Dec. 1930, pp.
384-391.)

DErTH-SOUNDING BY Rapro [with  Sono-
Radio ”” Buoys automatically transmitting
Reception of Explosion Wave].—(FElectronics,
Oct. 1936, Vol. g, No. 10, pp. 20-21.)

1458.

1459.

Tie ABSORPTION OF SUPERSCONIC WAVES
IN BenzinNkE  [Measurements at Various
Frequencies].—E. Baumgardt. (Comptes
Rendus, 8th Feb. 1937, Vol. 204, No. 6, pp.
416-418.)

1460.

1461. ON INFRASONIC MEASUREMENTS AND THE
TueorYy or THE RoOTARY TyrE OF INFRA-
soNIC RapiaTorR.—L. L. Myasnikov. (/ousn.
of Tech. Phys. lin Russian], No. 12, Vol. 6,
1930, pp- 2049-2055.)

A theoretical investigation of the infrasonic
tield produced by a rotary radiator. The latter
consisted of a rubber ball of 3ocm diameter
attached to the periphery of a horizontal disc
rotating with a speed of 15 to 20 r.p.s. Experi-
ments were also carried out with a pulsating ball.

PHOTOTELEGRAPHY AND TELEVISION

1462. PARTIAL SUPPRESSION OoF ONE SIDE-BAND
IN TeLEvVISION RECEPTION.—W. J. PPoch &
D. W, Lipstein. (Proc. Inst. Kad. Eng., Jan.
1937, Vol. 25, No. 1, Part 1, pp. 15-31.)

‘* No serious difticulties are encountered when a
television system is operated with the carrier at
one edge of the over-all selectivity curve. The
necessity for fewer stages of amplification in the
i.f. amplifier of the receiver makes it very desirable
to adopt this system. In addition to this, if one
side-band can be suppressed at the transmitter
there will be a considerable saving in channel
requirements.”’

1463. METHODS OF DECREASING FADING IN RaDIO-
’HOTO TRANSMISSION BY AMPLITUDE MODU-

LATION.—T. Amishima & 7T. Nagata.
(Nippon Llec. Comm. Iling., Dec. 1930,
Pp. 502-505.)

(A). Lxisting a.v.c. methods are quite ineffective
for selective fading. ' Bv applying a method of
fixing the average value of current level, regardless
of light and shadow of pictures, transmitted during
one revolution of the transmitter cylinder, the use
of the rectified voltage of the 1.f. output of the
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receiving set was made possible for volume con-
trol.” (B). By rectifying the separated waves of
the two side-bands and then combining the result-
ing currents. (C). Since dark lines on the received
picture, caused by fading, have very little effect
on the final result if they are only narrow, fading
can be greatly decreased by interlaced or by
multiple scanning.

1464. Higu-FrEQUENCcY UTILISATION oOF TELE-
pHONE CanLres [and the Construction of
Coaxial and Symmetrical Cables for Tele-
vision].—G. Wuckel. (E.T.Z.,, 4th Feb.
1937, Vol. 58, No. 5, pp. 130—131 : summary
only.)

EquipMeNT uskp IN THE CURRENT RCA
TeLevision F1eLp Tests [New York City
Area].—R. R. Beal. (RCA Review, Jan.
1937, Vol. 1, No. 3, pp. 36-48.)

TeLEvisioN Rapio REeLay [177 Mc/s Link
between RCA Building and Empire State
Building : Apparatus and Test Results].—
B. Trevor & O. E. Dow. (RCA Review,
Oct. 1936, Vol. 1, No. 2, pp. 35-46.) See
also 3666 of 1936.

1465.

1406.

FREQUENCY ASSIGNMENTS FOR TELEVISION
[Proposal of 42-go Mc/s satisfactory as
regards Propagation, Apparatus, and Distri-
bution of Channels at Reasonable Distances].
—E. W. Engstrom & C. M. Burrill. (RCA
Review, Jan. 1937, Vol. 1, No. 3, pp. 88-93.)
For Beverage’'s work, here referred to, see
1468.

1467.

1468. ULTRA-HIGH-IFREQUENCY

(See 1271.)

SoME NOTES ON
PROPAGATION.—DBeverage.

ImMaAGE TRANS-
(Zeitschr. f.
1936, PpP-

Tue ELECTRON-OPTICAL
FORMER.—W. Schaffernicht.
tech. Phys., No. 12, Vol. 17,
596-604.)

Comprehensive survey, with special photographs
of results obtained with the transformers due to
Holst & colleagues (1934 Abstracts, p. 331: for
later work—published since the present lecture was
delivered—see 1045 of March), Heimann (1951 of
1935), Zworykin & Morton (2354 and 3144 of 1936),
and the author himself (1949 of 1935). A paper
by the author & Katz will shortly appear which
will describe applications in the ALG laboratories :
Figs. 16-19 show examples (visible and infra-red
spectrum of Hg & Na lamps and carbon arc;
absorption spectrum of various organic and in-
organic materials in the range 0.8 to 1.2u; and
the comparison of an ordinary microphotograph
of a wasp’s leg and an infra-red version taken with
the transformer). The work of wvon Ardenne
(4123 bis of 1936) is also referred to.

1469.

1470. SECONDARY-LELECTRON MULTIPLIERS [Survey,

including the German P.O. * Netzver-
starker ”  (Wire-Gauze-Electrode Llectron
Multipliers) and Their Use, giving 10!°

Stable Amplification in Range o-5 Mc/s].
G. Weiss. (Zeitschr. f. tech. Phys., No. 12,
Vol. 17, 1936, pp. 623-629.) See also 3496
of 1936.
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1471,

1472.

1473

1474

1475.

1476.

1479.

1480.

. CALCULATION OF
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Tne Bamkp EregcrroN CAMERA  AND  1481. ON THE NON-ASSOCIATION OF PHOTO-
l:LEcTRON  MULTIPLIER.—V. A,  Jones. CONDUCTIVITY WITH OPTICAL ABSORPTION IN
(Television, Sept. & Oct. 1936, Vol. o9, Nox~-Coxpucting Crysrars [Theory].-—C
Nos. 103 & 104, pp. 487490 and 568, 605.) Zener. (Phvs. Review, 1st Jan. 1937, Series 2
KLectroN OpTics IN TELEVISION TECH- Vel 38, A0 8o I @) & lontirets Gully)
N1Qur  [Long Survey including Matter 1482, Correcrion To [Calculations and Graphs in]
appearing only in Patent Specifications]. ‘Tur PHOTOELECTRIC FEFFECT OF THE
M. Knoll. (Zeitschr. f. tech. Phys., No. 12, DEUTERON.”—B3reit, Stehn, & Condon.
Vol. 17, 1936, pp. 604-617.) (Phys. Review, 1st Jan. 1937, Series 2, Vol. 51,
SURVEY OF THE DEVELOPMENT AND PRESENT No. 1, p. 56.) See 3514 ol 1936.
PoSITION oF '[ELEVISION, and PHYSICAL .83 Mp1i0p oF INCREASING THE LIGHT VARIA-
FounpatioNs, IPOSSIBILITIES AND LIMITS TION OF A BRIGHT IMITTER TUBE, AND ITS
or TELEVISION TRANSMISsTON.—I7. Banneitz: NI TS PHO‘I‘OTELEGR.—\PH’Y TUse of
F. Schroter. ([‘unktech. Monatshefte, Nov. Short Filament and Hvdrogen as Cooling
Somnnties of the St two papers of the Gasl—S. Suzuki. (Nippon Elec. Coum.
series on the whole field (])[ Television, Eng., Dec. 1936, pp. 407-409)
recently given in Berlin under the auspices 1484. NrEox Liout TuBES wITH LUMINOPHORES
of the VDI:. [Recent Developments]. Rittenauer
TELEVISION : FUNDAMENTAL PRINCIPLES. I()Eggl Sflsr;l;]a{j;b('mll\?_?’ Vol 58, No. 7
G. C. Marris. (G.E.C. Journal, Feb. 1937, 4
Vol. 8, No. 1, pp. 78-91.) Future articles will ~ 1485. BROADENING OF THE GREEN Rav N HiGh-
elaborate theoretical and practical detail. PRESSURE Murcury-Varour Awrcs [with
Bearing on Its Use as a Source of Mono-
Tne OrTicar FLATTENING oF T CURVED chromatic Radiation].—L. Grillet. (Comptes
Screex orF THE CaTHODE-Ray Ture [by Rendus, Sth Leb. 1037, Vol. 204, No. 6,
the Attachment of Liquid Lens: lLarger PP. 426429
Pictures and Wider Viewing Angle obtained
with Slmp]e :\ICHI‘IS].~—H. Boucke. (1“1[}1/1.“ MEASUREMENTS AND STANDARDS
tech. Monatshefte, Nov. 1936, No. 11, pp. ; )
135-436.) 1486. A New Prezo-OsCILLATOR with Specially
Good Yrequency-Stability : comprising a
O~ THE THEORY OF COLOURED CRYSTALS Voltage - Controlled Negative - Resistance
[and the Difference between the Thermal and (Pentode) Circuit and a Parallel Resonant
Optical Work Lunction for the [reeing of Circuit specially coupled to a Quartz Reso-
Electrons from F-Centres].—D. Blochinzew. nator].—C. Borsarelli. (dlta Frequenza,
(Physik. Zeitschy. dev Sowjetunion, No. 4, Dec. 1930, Vol. 5, No. 12, pp. 763-772.)
Vol. 10, 1936, pp. 431—441 : in German.) By such a combination the current-resonance of

ULTRA-VIOLET AB-
SORPTION I'REQUENCIES OF THE ALKALI
HavipEs.—T. Neugebauer.  (Zeitschy. f.
Physik, No. 3/4, Vol. 104, 1937, pp- 207-218.)

THE

. THE LFFECT oF HYDROGEN ON THE TIME-

Lac oF ARGON-FILLED PHOTOELECTRIC
CeLLs [Determination of Amount of Hydro-
gen required for Time-Lag Reduction: Use
of Pirani Gauge for determining Small Pro-
portion of Hydrogen in Argon].—N. R.
Campbell & R. S. Rivlin. (Proc. Phys. Soc.,
Ist Jjan. 1937, Vol. 49, Part 1, No. 270,
pp. 12-13.) Addition to work referred to
in 4150 of 1936.

THr ABSOLUTE PHOTOELECTRIC YIELDS OF
Mg, Be aND Na [Mecasurements for Distilled
Surfaces : Values of Work Function and
Proportionalitv Constant : Fraction of Light
absorbed by Klectrons in Surface Potential
Barrier].—M. M. Mann & L. A. DuBridge.
(Phys. Review, 15th Jan. 1937, Series 2,
Vol. 51, No. 2, pp. 120-124.)

EXACT AND APPROXIMATE IEEXPRESSIONS FOR
THE PERMEABILITY OF POTENTIAL BARRIERS
1o LiguT ParticLEs [Theoretical Discussion
of Solutions of Schrodinger Iquation].—
R. P. Bell. (Proc. Roy. Soc., Series A,
1st Jan. 1937, Vol. 158, No. 893, pp. 128-136.)

the quartz resonator is converted into voltage
resonance without change in frequency. Thus the
resonant circuit, which includes the quartz-plate
electrodes in scries with L and C (Fig. 1), presents
a sharp voltage resonance at a frequency practically
coinciding with the serics-resonance frequency of
the quartz plate, giving extremely high stability.
Fig. 5 shows the experimentally found variation in
a 0.5 Mc/s frequency as the tuning capacity is
varied within the range of possible oscillation : for
a change of AC/Cy from — 0.4 through zero to
+ 0.4 the frequency variation ranges from about

+ 15 to — 10c/s, while if JC/C, passes from
— o.1 to + o.r the frequency variation ranges
from about + 2.75 to — 3.5 ¢/s.

1487. THE TrANSVERSE CIRCULAR VIBRATION OF A
Hoirow Quartz Cyuinner  [Theoretical
Determination of lrequency: Agreement
with  Lxperimental Value].—N. Tsi-Z¢.
(Comptes Rendus, 25th Jan. 1937, Vol. 204,
No. 4, pp. 226-228.) For the experimental
determination see 4171 of 1936.

1488. A NEW PIEZOELECTRIC QUARTZ CRYSTAL

HoLpeEr with THErRMAL COMPENSATOR [for
Use with  Low-Temperature-Coetticient
Crystals].—W. . Diehl. (RCA Review, Oct.
1936, Vol. 1, No. 2, pp. 86-92.) The whole
unit, with its heating coil and bimetallic
thermal control, weighs only 124 oz.
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1486. A 20 TO 60 Mc/s OsciLLaTor [with Former-
less Tnterchangeable Coils with New Method
of Plugging-1n suitable for Ultra-High
Frequencies|. —A. Binneweg, Jr. (Elec-
tronics, Oct. 1936, Vol. 9, No. 10, pp. 12-13
and 38.)

1490. A SIMPLE METHOD FOR THE MEASUREMENT
oF THE SELF-INDUCTANCE OF D.C.-POLAR-
1SED TRANSFORMERS [Interstage or Output].
—W. Nowotny & F. Séchting. (Elektrol. u.
Masch:bau, No. 40, Vol. 54, 1936, Pp- 473

474)

Usual bridge methods are elaborate and only
applicable with difficulty in the specially interesting
case of large inductance and heavy d.c. component.
The authors use 50 c/s current from the mains, and
the transformer itself separates the d.c. and a.c.
components, since the d.c. polarisation is effected
on the secondary and the a.c. and voltage measure-
ment on the primary, the polarising d.c. being
proportioned to take the transformation ratio
(measured or calculated) into account. An example
is given of a 4 : I output transformer.

‘““ TABELLEN UND KWURVEN ZUR BERECHNUNG
DES MAGNETFELDES VON KREISZYLINDRIS-
cHEN SpurLeEN ' [Air-Core Coils: DBook
Review].—K. Foelsch. (E.T.Z., 4th Feb.
1937, Vol. 58, No. 5, p. 144.)

I49T.

1492. METHOD OF DETERMINING THE DEGREE OF
MopULATION OF A 1OUBLY-MODULATED
OsciLratioN [from Dimensions of Trapezium
Figure produced on Screen of Cathcde-Ray
Tube with Oscillation on Ordinate Plates and
Modulating Low-I‘requency O:cillation on
Abscissa Plates].—Telefunken : H. I£. Holl-
mann. (Hoch/:tech. u. Elek:akus.,, Jan.
1937, Vol. 49, No. 1, p. 34: German Pat.
635 498 0of 12.10.1934.)

1493- MEASURING THE ToraL GAIN OF RECEIVERS

BY THERMAL AGITATION NOISE.-—Seki. (See
1328.)
1494. MEASURING TECHNIQUE 1IN THE MaNU-

FACTURE OF Broapcast RECEIVERs [Com-
ponents and I“inished Instruments].—FE.
Mittelmann. (Elekirot. u. Masch:bau, No. 45,

Vol. 54, pp- 533 539.)

1495. Hicu-FrEQuENcY AMMETEKRS [ard the Meas-

urement of Current in Aerials: the Use of
Shielded Current Transformers, etc.].—D.
Mohring & O. Zinke. ({lektro:. u. Masch:

bawu, No. 50, Vol. 54, 1936, p. 602 : summary
only.)

BRIDGE MEASUREMENTS WITH A VISUAL NULL
Inpicator [OE;5 ‘“ Cathode-Ray’ Tube].
(£lectronics, Nov. 1936, Vol. 9, No. 11, p.
52.)

14960

ELECTRICAL MEASURING INSTRUMENTS, IN-
DUSTRIAL AND SCIENTIFIC [Review of Pro-
gress].—Ockenden & Whipple. {Journ.
I.EE., Feb. 1937, Vol. 30, No. 482, pp.
190-202.)

1497

THE WIRELESS ENGINEER

217

1498. SELF-CALIBRATING VALVE VOLTMETER [in-
dependent of Changing Valve Values] oF
THE TrRIipLETT 1iLEc. INST. COMPANY.
(Electronics, Oct. 1936, Vol. 9, No. 10, p. 69.)

1499. DIELECTRIC CONSTANTS OF SOLIDS AT Hign
FREQUENCIES AND THE [NFLUENCE OF
WaTER OF CRYSTALLISATION ON DIELECTRIC
CoxsTANT [Measurements on Various Salts
Constancy of Change in Molecular Refrac-
tivity per Molecule of Water of Crystal-
lisation].—E. I'. Burton & L. G. Turnbull.
(Proc. Rov. Soc., Series A, 1st Jan. 1937,
Vol. 158, No. 893, pp. 182-198.)

ON THE HOMOGENEITY OF PHysicaL For-
MULAE AND THE FORMATION OF SYSTEMS
oF UniTs.—Genillon: Roy. (Rev. Gén. de
IElec., 23rd Jan. 1937, Vol. 41, No. 4, pp-
99-106.)

BRITISH STANDARD GRAPHICAL SYMBOLS FOR
TeLEPHONY, TELEGRAPHY, AND Rapio
COMMUNICATION.— (British ~ Standards  In-
stitution, Publication No. 530, Jan. 1937,
62 pp)

502. ALEF REPORT No. 32 oN TrrRMS IN OsCIL-
LATION THEORY.—(/:.7.7Z., 11th Feb. 1937,
Vol. 58, No. 6, pp. 164-166: to be con-
tinued.)

SUBSIDIARY APPARATUS AND MATERIALS

1503. A MaiNs-DRIVEN DirRECT-CURRENT AMPLI-
FIER FOR THE CATHODE-RAY OSCILLOGRAPH.
—von Ardenne. (E.T.Z.,21st Jan. 1937, Vol.
58, No. 3, pp. 66 68))

An earlier paper (1581 of 1036) dealt with
oscillograph amplifiers with a uniform voltage
amplification from o.2 ¢/s to 2 Mc/s, and d.c. ampli-
fiers were described in the author’s book on the c-r
oscillograph. The latter, however, were battery-
driven, and the bibliography in Holzer’s book on c-r
oscillography in biology and medicine (1936)
indicates the lack of designs of mains-driven d.c.
amplifiers ; it also shows that existing d.c. amplifiers
possess uniform amplification only up to about
500, or at most 2000,c¢/s. The author considers
that to make full use of the c-r oscillograph this
upper limit should be raised to 10000c¢/s. The
mains-driven d.c. amplifier here described, using
three stabilising gaseous-discharge tubes and two
screen-grid valves, has a practically uniform
amplification of 30 000 up to a frequency of 10 000
¢/s. Careful screening is provided : without
this, the amplification would begin to fall at about
1200c/s, and the low limits of carlier d.c. amplifiers
were probably due to lack of such screening.

1500.

1501.

1504. A DouBLE-Bram CaTHODE-RAY TUBE.
von Ardenne. (Electronics, Oct. 1936,
Vol. 9, No. 10, pp. 31-33.)

The two electron-gun systems are led out separ-
ately, so that the two curves can be adjusted to
differing brightness (for separation of overlapping
curves) or to the same brightness for difterent
recording specds; also convenient for introducing
time-scale markings. One diaphragm elcctrode of
each gun system is of magnetic material, so that a
slight final adjustment of the spot positions can be
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made by stroking a permanent magnet along the
outside of the tube near these electrodes.

1505. DiscussioN oN ‘‘ EXPERIMENTAL VERI-
FICATION OF THE THEORY OF THE CATHODE-
RAY OSCILLOGRAPH ; AND THE INFLUENCE
OF ScREEN PoTENTIAL ” [with Correction of
Equation]. —MacGregor-Morris & Hughes.
(Journ. I.EI:., Feb. 1937, Vol. 80, No. 482,
pp- 228-229.) See 319 of January.

THE OvrTicAlL FLATTENING OF THE CURVED
SCREEN OF THE CATHODE-RAay TUBE.-
Boucke. (See 1475.)

1506.

Tane CoursE oOF DEVELOPMENT OF THE
Catnone-Ray Tuse [Survey].—Heimann.
(Zeitschy. f. tech. Phys., No. 12, Vol. 17,
1936, pp- 630-635.)

1507.

FUNDAMENTALS AND DEVELOPMENT OF
ELECTRON OFPTICS, also SURVEY OF LEXPERI-
MENTAL ELECTRON OPTICS AND ITS APPLICA-
TION, and THE FUTURE TASKS OF THEORETI-
caL ErectroN Orrics.—Busch : Briiche :
Scherzer.  (Zeitschr. f. tech. Phys., No. 12,
Vol. 17, 1936, pp. 584588 588-503:
593-590.)

1508.

1509. ELECTrRON MoTION [in an Electromagnetic
Field] as AN OpricaAL ProBLEM.—Glaser.
(Zeitschr f. tech. Phys., No. 12, Vol. 17,
1936, pp. 617-622.)

Application of Hamiltonian methods to the
electron-optical case of rotation-symmetrical
arrangements. ‘‘ The appropriate refraction ex-
ponent is given, and with its help the Gaussian
dioptric and the third-order image errors are
developed. There are eight such errors.”” The
writer refers to his own previous paper on image
errors (303 of 1930) and also to papers by Scherzer
(4195 of 1936) and by Funk (Monatshefle {. Math.
u. Phys., Vol. 43, 1936, p. 305), the latter worker
employing Hamilton-Jakobi methods.

1510. THE LLECTRON-OPTICAL IIXHIBITION AT
THE SALZBRUNN ‘° DEUTSCHER PHYSIKER-
UND MATHEMATIKERTAG.”—Briiche. (Zeit-
schy. f. tech. Phys., No. 12, Vol. 17, 1936,
Pp- 622-623 and Plates.)

1511. THE IMPORTANCE OF ELECTRON OPTICS

IN THE TECHNIQUE OF AMPLIFYING VALVES.

—Rothe & Kleen. (See 1366.)

1512. FocusiNg CRITERIA FOR LELECTRONS 1IN
SUPERIMPOSED ELECTRIC AND MAGNETIC
F1eLps [with Measurement of e/m for

Electrons].—A. E. Shaw. (Phys. Review,
1st Jan. 1937, Series 2, Vol. 51, No. 1, p.
58 : abstract only.)

1513. ELECTRIC AND MAGNETIC [OCUSING IN
Mass SrrcTtroscory [Theory of Mass
Spectrograph with Counterbalanced Electric
and  Magnetic Velocity Dispersions].
Dempster.  (Phys. Keview, 15th Jan. 1937,
Series 2, Vol. 51, No. 2, pp. 67-69.)
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1514. A METHOD FOR THE SIMULTANEOUS REcorD-
ING oF Two PHENOMENA WITH A SINGLE
CaTHODE-Ray TuBE.—Holzer & Schwarz :
Garceau. (Llektrot. u. Masch:bau, No. 35,
Vol. 54, 1936, pp. 409—411.)

Using a current “ shunting points” device
consisting of two screen-grid valves, suggested by
Garceau (3203 of 1935) on account of their wide
limits of wvariation of voltage amplification by
changing the screen-grid potentials, but with in-
creased sharpening of the switching process by
the use of a square-topped control-voltage curve.
The whole equipment is mains-driven.

1515. ImPULSE CIRCUITS FOR OBTAINING A TIME
SEPARATION BETWEEN THE APPEARANCE
OF POTENTIAL AT DIFFERENT POINTS IN A
SvsTEM.—Snoddy, Trotter, Ham & Beams.
(Journ. Franklin Inst., Jan. 1937, Vol. 223,
No. 1, pp. 55-76.)

Circuits for acceleration of ions to high speeds,
giving time delavs between two successive points
of the system down to 2 or 3 X 1078 sec. and opera-
ting at voltages above 100 kv. Discussion of
possibilities and limitations of real and artificial
transmission lines, spark gap lines, and discharge
tube lines.

1516. CONSIDERATIONS ON THE RECORDING OF
Osc1.LoGRAPHIC CURVES AND SUGGESTIONS
For THEIR IMPROVEMENT [Inaccuracies in
Calculation due to Lack of Uniform Thick-
ness and Intensity of Light- or Cathode-
Ray Trace : the Use of Circuits giving Volt-
age or Current which is a First Derivative
of the Recording Speed].—Alberti. (E.T.Z.,
4th Feb. 1937, Vol. 58, No. 5, pp. 121-123.)

1517. APPLICATIONS oF VisuaL-INpIcATOR TvYPE
Tuses [as Cathode-Ray Oscillograph, etc.]
Waller. (See 1368.)

1518. THE PHOTOGRAPHIC RECORDING OF SHORT-
Time Process [Controlled or Uncontrolled]
wWITH Loor OSCILLOGRAPHS, BY THE USE
or A Licut-Ray LocCKING DEVICE.
Schnettker. (E.T.Z., :8th Jan. 1937, Vol
58, No. 4, pp. 95-96.) The light ray is kept
away from the slit in {ront of thesensitised
material by the action of a biasing current
through the oscillograph loop; it is *‘ un-

locked,” by the action of a triode, for a

time regulated by a thyratron circuit.

1519. THE Vacuum CELL LUMINESCENCE MICRO-
sCOPE AND ITs Usg IN THE STUDY OF
LumiNescENT MAaTERIALS [for Iluorescent
Screens : Magnifications of 100 (Photo-
graphy) and soo (Visual Observation) using
Self-IHuminated Field : Some Results].—
Gallup. (RCA Review, Oct. 1936, Vol. 1,
No. 2, pp. 80-85.) One result is the proof
of the need for wet grinding-together of the
raw materials before firing.

1520. INFLUENCE 0OF TEMPERATURE oF URANIN
SOLUTION ON THE FLUORESCENCE DEcAY
Time.—Cram. (Phys. Review, 1st Jan. 1937,
Series 2, Vol. 51, No. 1, p. 62: abstract
only.)
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1521,

1522.

1523.

1524.

1525.

1526.

1527.

1528.

1529,

1530.

1531.

PHOSPHORESCENT GLASSES. INFLUENCE OF
CrystaLLisaTiox [of Zinc Borate with
Various Luminescent Materials, on Duration
and Character of Luminescence] —Curie.
(Comptes Rendus, 1st Feb. 1937, Vol. 204,
No. 5, pp. 352-353.)

A  REMARKABLE FLUORESCENCE PHENO-
MENON IN AQUEOUS DIACETYL SOLUTION
[Appearance of Fluorescence a Shart Time
after Beginning of Irradiation by Ultra-
Violet Light: Reversible Appearance and
Disappearance of Phenomenon].—Kalle.
(Naturwiss., 22nd Jan. 1937, Vol. 25, No.
4, p. 61.)

ANALYSIS OF THE LINEAR AMPLIFIER [Signal/
Noise Ratio : Reduction of Natural Alpha-
Tarticle 13ackground in Ionisation Cham-
ber]-—Tatel. (Phyvs. Review, 15th Jan.
1937, Series 2, Vol. 51, No. 2, p. 146 : ab-
stract only.)

A NEw DisiGN oF MANOMETER FOR VERY
SMALL PRESSURE DIFFERENCES.—RObbelen.
(Zeitschr. f. tech. Piys., No. 1, Vol. 18, 1937,
pp. 11-14) Further development of the
special “ flat capillary ”* construction dealt
with in 2369 of 1036.

A NEw MANOMETER FoR low Gas Prus-

SURES, PARTICULARLY BETWEEN 107% AND
10-mm [Glow Discharge in Magnetic
T'ield].—Penning. (Physica, Feb. 1937,

Vol. 4, No. 2, pp. 71-75: in German.)

ELECTRONIC TuBe NOMENCLATURE BEING
STUDIED. —American  Standards  Associa-
tion. (Elec. Engineering, I'eb. 1637, Vol.
56, No. 2, p. 284.)

TABULATION OF VacuuMm, Gas-FILLED, AND
Grip-CONTROLLED RECTIFIERS FOR  IN-
DUSTRIAL AND TRANSMITTING I*URPOSES
{Data from LLight American Manufacturers].
—(Flectronics, Oct. 1936, Vol. g, No. 10, pp.
35-36.)

A New WELDER [use [Tvpe KU-670
Grid-Glow Tube passing 50-75 A for Average
(over 30 Seconds) of 6.4 A].—Knowles,
Lowry & Gessford. (Electronics, Nov. 1936,
Vol. 9, No. 11, pp. 27-29.) Using the self-
protecting cathode referred to in 1186 of
1936.

SwMALL GLAss MERCURY-VAPOUR RECTIFIERS
wiTH ‘‘ ConNTrAcTION ~~ IGNITION.-—Micza.
(Flektrot. 1. Masch:bai, No. 6, Vol. 355,
1937, Pp. 65707

MERCURY-1’00r. CATHODE ARC SINGLE-TUBE
INVERTER. —Watanabe & Aoyama. ([ourn.
I.E.I.. Japan, Sept. 1936, pp. 983—990:
English summary pp. 77-78.)

Tue Usk oF VALVES AND GAS- OR VAPOUR-
FiLLED DiscHARGE TUBES FOR THE CONTROL
or LLECTRICAL  MaCHINES  [Survey].—
Sequenz.  (Ilektrot. w. Masch.bait, No. 40,
Vol. 54, 1930, pp- 475—481.)
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AN IMProVED HIGH-FREQUENCY STROBO-
scorE AND ITs AppLicaTioN To Gas Dis-
CHARGES WITH RAPIDLY ALTERNATING
FieLps.—Kern. (Ann. dev Physik, Series
, No. 2, Vol. 28, 1937, Pp- 169—184.)

A phase-shifter is introduced into the circuit of
the Kerr-cell stroboscope (FFig. 1); any section of
the period of the high-frequency phenomena can

then be observed.

The afterglow of high-frequency

discharges with very short afterglow duration can
be studied by combining the stroboscope with a

photometer (Figs. 2, 3).

Curves of the variation of

the light intensity and measurements of the time-
constants of the afterglow of various discharges
are given.

1533.

1535-

1536.

1537-

1538.

1540.

1541.

TuE AR ULTRA-VIOLET SPECTRUM EMITTED

BY LELECTRICAL DISCHARGES IN AIrR AT
REDUCED PRESSURE.——Déchéne. (Comptes

Rendus, 25th Jan. 1937, Vol. zo4, No. 4,
PpP- 249-251.)

. ON THE RELATION BETWEEN LLLECTRIC CON-

DUCTION AND Sprace CHARGE IN STEADY
DISCHARGE THrROUGH Gasgs.—Miyamoto.
(Journ. I.E.E. Japan, Aug. 1936, Pp- 905—
gog : English summary pp. 63-04.)

A Prosi TEST ¥For PosITIVE SPACE CHARGE
[in Discharge Tubes : Particular Anomalous
lform of Current/Voltage Characteristic
associated with Tresence of Positive Space
Charge].—LEmeléus & Brown. (Phil. Mag.,
Nov. 1936, Series 7, Vol. 22, Supp. No. 150,
pp. 898-904.)

REMARKS oN HraT PRODUCTION IN THE
Positivi COLUMN OF DISCHARGES IN MoNA-
tomic Gases [Heat due to Iilectron Collisions
with Neutral Gas Atoms].—Sommermeyer.
(Ann. der Physik, Series 5, No. 3, Vol. 28,
1937, PP. 240-244.)

ProBE MEASUREMENTS ON HIGH PRESSURE
Arcs.  Mason. (Phys. Review, 1st Jan.
1937, Series 2, Vol. 51, No. 1, pp. 28-42.)
IFoUR [FORMS OF THE COPPER ARC IN AIr [with
Probe Measurements of Space Potentials :
Changes in Anode and Cathode Falls].— Fry.
(Phys. Review, 1st Jan. 1937, Series 2, Vol. 51,
No.1, pp. 0364 : abstract only.)

A GrLow DiscHARGE |produced with Carbon-

Arc or Iron-Arc Electrodes).—Newman.
(Phil. Mag., Feb. 1937, Series 7, Vol. 23,
No. 153, pp- 239-241.) Seealso Druyvesteyn,
2384 of 1930.
InvESTIGATIONS oN THE lon Tuse [Glow
Discharge : Probe Measurements for Dis-
charge in HCl: Formulae confirmed by
Oscillograms of Probe Characteristics, etc.]
_Zimmermann. (Zeitschr. f. Physik, No.
3/4, Vol. 104, 1937, PP- 309-334.)
T INIiTIAL PoTENTIAL OF A CORONA AT
Hici FREQUENCIES.—Butschel.  (fourn. of
Tech. Phys. [in Russian], No. 11, Vol. 6, 1936,
pp. 1928-1936.) Lxperiments to determine
the initial potential of a corona formed in a
thin layerof air between the surfacesofa metal
and a dielectric (internal corona) and in
a system comprising dielectric-electrode-air
(external corona).



1543.

1544.

1545

1546.

1547.

1548.

1549.

1550.

155I.

T

INVESTIGATIONS OF VacUUM Srarks [between
Electrodes of Various Metals before and
after Outgassing] By Muans or A Hicn-
Sreep RoTATING MIRrROR [Anode becomes
Luminous before Cathode : Discharge initi-
ated by Field Electron Iimission from
Cathode]. - Chiles. (Phys. Review, 1st June,
1936, Series 2, Vol. 49, No. 11, p. 860:
abstract only.)

SOME INVESTIGATIONS ON THE I)ISCHARGE
IN Terrurium  Varour [Llectrical Pro-
perties : Spectrum].—Rompe. (Zeitschy. f.
Physik, No. 3/4, Vol. 101, 1936, pp. 214-233.)

ToNisaTION PHENOMENA IN GASES UNDER
IMPULSIVE  VOLTAGES, DEDUCED FROM
Croun-CuaMBER INVESTIGATIONS [Effect of
Radiation, Kind of Gas and of Ilectrodes
on Predischarge in Homogeneous Tield :
Development of Predischarge into Break
down].—Tlegler & Racther. (Zeilschr. f.
Physik, No. 5/6, Vol. 103, 1936, pp. 315-336.)
See also 1301.

CoLUMNAR IONISATION [[ixperimentsconfirm-
ing Jafié¢’s Theory for Iraction of Ions

collected from Strongly Tonised Gaseous
Column by Electric Field].— Kanne &
Bearden. (Phys. Review, 15th Nov. 1036,

Series 2, Vol. 50, No. 10, pp. 935-938)
For Jaffé’s theory see 1930 Abstracts, p. 201.

FiramENT Sources or Positive  Ions
[produced with Alkali Metals by heating
Synthetic Alkali Aluminium Silicates : with
Other Metals by heating Oxide on Tungsten
Filament]—DBlewett & Jones. (Phys. Re-
view, 1st Sept. 1936, Series 2, Vol. 50, No. 5,
PP. 104—468.)

A NEew Process or NEGATIVE IoN For-
MATION : Il [Lixtension of Work to Various
Gases] : III—Tur ENERGY DISTRIBUTION
OF THE NEGATIVE [ONS AND ACCOMMODA-
TiON COEFFICIENTS OF THI 1’0SITIVE lONS.
—Arnot.  (Proc. Roy. Soc., Series A, 1st
Jan. 1937, Vol. 158, No. 893, PP- 137-156:
157-166.) l'or Part I see 689 of February.

A STERN-GERLACH MAGNETIC FIELD AS A
VELOCITY ANALYSER FOR ATOMIC BEAMS.
Ellett & Cohen. (Phvs. Review, 1st Jan.
1937, Series 2, Vol. 51, No. 1, pp. 64- 05 :
abstract only.)

A Mriirion VoLt CycroTron.—Kruger &
Green. (Phys. Review, 1st Jan. 1437, Series 2,
Vol. 51, No. 1, p. 57: abstract only.)

A RADIO-FREQUENCY SOURCE AND TRANS-
MISSION LINE FOR THE CyYCLOTRON.—Green
& Kruger. (Phys. Review, 1st Jan. 1937,
Series 2, Vol. 51, No. 1, Pi- 57—-58 : abstract
only.)

THE REMOVAL oF THE 10N BEaM orF THE
CYCLOTRON FrROM THE MAGNET I'reLo
(Partial Refocusing by Additional In-
homogeneous Field].-—Alvarez, McMillan, &
Snell.  (Phys. Review, 15th Jan. 1937,
Series 2, Vol. 51, No. 2, pp. 148-149 : abstract
only.)
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1552.

1553

1554

1555.-

1556.

1558.

1559.

1562.

1563.

1504.
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CONSTRUCTION OF A VOLTAGE MULTIPLYING
CircuiTr To VYIELD 700 kV [Features in
Design of Valve Kectifiers].— Allison, Hatch,
& Skaggs. (Phys. Review, 1st Jan. 1937,
Series 2, Vol. 51, No. 1, . 38 : abstract only.)

AN ARRANGEMENT FOR Propuction or HigH
VoLTAGE FrROM A D.C. SourcE [Circuit with
Triode producing Audio-Frequency Oscil
lations of large Amplitude which charge
Condenser through Rectifying Valve.)

Piekara & Kryczkowski. (Phyvsik. Zeitschr.,
15th Jan. 1937, Vol. 38, No. 2, pp. 67-68.)

THE DEVELOPMENT AND PERFORMANCE OF
AN LLECTROSTATIC GENERATOR OPERATING
UNDER Hice A1k PREsSURE.— Herb, Dark-
inson, & Kerst. (Phys. Review, 15th Jan.
1937, Series 2, Vol. 51, No. 2, pp. 75-83.)

SMALL SELTF-STARTING SYNCHRONOUS

Motors.—I'ranck. (E.T.Z., 4th Feb. 1937,
Vol. 58, No. 5, pp. 117-120.)

THE BEHAVIOUR OF THE SYNCHRONOUS
IMPULSE-IFIELD MOTOR TOWARDS I'LUCTUA-
TIONS OF MaINs VoOLTAGE.—Wégerbauer.
(Elehtrot. w. Masch:bait, No. 49, Vol. 54,
1936, pp. 581-585.)

. THE VoLTAGE CONSTANCY OF STABILOVOLT

Turrs UNDER LoNG-PERIOD Loaps [Experi-
mental Investigation of Optimum Working
Conditions for Stabilisation of Direct Vol-
tages : liffect of Surrounding Temperature,
Normal Mains Variations, and Ageing of
Tubes].—Gockel. (Physth. Zeitschr., 15th
Jan. 1937, Vol. 38, No. 2, pp. 65-67.)

Tue COUNTING OF ELECTRONS BY MEANS OF
A DiscuarGE TUBE [e.g. Small Philips Neon-
Filled Telephone-Signal Tube, with a Plane
and an Annular Iilectrode —Gisolf.  (Phy-
sica, Feb. 1937, Vol. 4, No. 2, pp. 6g-70: in
English.)

D.C. RECORDING AMPLIFIER WITH REGU
LATING DEvVICE CONTROLLED BY HIGH
IF'REQUENCY.—DBrandenburger. (E.7.Z., 11th
Feb. 1937, Vol. 58, No. 6, p. 156.) See also
1167 of 1936.

. A DousLE-AcTION IiLECTRON [Hexode] Ri-

Lay.—Ghiron & Viti. (See 1315.)

. Tue M1cro-GaprSwiTCH [Separation 5/1000ths

(Lngineer,
Summary

Inch for 250 Volts].—Thornton.
18th Dec. 1936, Vol. 162, 1. 666.)
of I.E.E. paper.

HIGHLY EFrICIENT MATERIALS FOR ISLEC-
TrRiCAL CoNTacTs [Illmet Metal and Its
Varicties].—RRollfinke.  (Flektvot. 1. Masch:
bau, No. 3, Vol. 55, 1937, pp. 34 35.)

Dry CerL Resistancus [with Chart].
Gray. (Electronics, Nov. 1936, Vol. g
No. 11, pp. 35 & 30.)

A Nrw VECTOR-DIAGRAM SLIDE RULE.

Sayers. (Distvibution of IElec., Dec. 1936
Vol. g, No. 103, pp. 2110-2111 and 2113.)



April, 1937

1505. A MACHINE FOR TESTING I>’NAMELLED WIRE.
Staebner.  (Bell Lab. Record, Nov. 1936,
Vol. 15, No. 3, pp. 76-%0.

1566. MANUFACTURE OF Aciric CELLULOSE IN-
SULATED WiIkE.— Tukamoto & others. (Nip-
pon Elec. Comin. Engineering, Sept. 1936,
No. 4, pp. 366-368: summary only, in
English.)
1567. SoME PROPERTIES OF INSULATING MATERIALS
UNDER HiGH FREQUENCIES [up to 10 Mc/s/.
Ogawa. (Nippon Llec. Comm. FEng.
Dec. 1936, pp. 500 502.)

“* Comparing the rupture voltage at 10° cycles with
the rupture voltage at 50 cycles, the ratio was about
1/5 for organic insulating materials and about 1/3
for inorganic insulations. The cause for such a drop
in diclectric strength at high frequency was the
production of corona. . . . The rupture of in-
sulation by the generation of heat irom dielectric
loss alone cannot be obtained unless the production
of h.f. corona around the insulation is completely
suppressed. These experiments are still  being
continued.”

1568. '“ HERSTELLUNG UND VERARBEITUNG VON
KUNSTHARZPRESSMASSEN '~ [Book Review:
the Manufacture and \Working of Artificial
Resin Plastics].—Brandenburger. (Flek-
trot. u. Masch:bau, No. 7, Vol. 55,1937, p- 84.)

“ PLasTics For Usk IN
LLECTRICAL ENGINEERING.—Dunton &
Caress. (Journ. I.E L., Teb. 1937 Vol. 8o,
No. 482, pp. 229-230.) See 703 of February.

1569. DIscUSSION OF

_ NEwW INSULATING MATERIALS IN THE CABLE
InpustrY [Polyacrylate, Polyvinylchloride
(Vinofol), Geaphane, lgelite, etc.]—Nowak
& Hofmeier. (E.T.Z., 4th Feb. 1937, Vol.
58, No. 5, pp- 131-132 : summary only.)

TueE MATERIALS oF ELECTRICAL ENGINEER
NG [Conducting, Insulating, and lixing:
Survey, particularly {rom National View
point].—Thum. (F.T.Z., 4th Feb. 1937,
Vol. 58, No. 5, pp. 133-136.)

Tue THERMAL CONDUCTIVITY OF MICA.
Kelberg. (Journ.of Tech. Phys.[in Russian
No. 11, Vol. 6, 1936, pp. 2013-2018.)

Huwmipity [Simple Method of measuring Tts
ILffect on Materials and Parts].-—5Snow.
(Electronics, Oct. 1936, Vol. 9, No. 10, PP
25-27.)

ErLecTroLyTIc CONDENSERS AND
MANUFACTURE.— Biicking.  (F.T.2.
Jan. 1937, Vol. 58, No. 4, pp. 9T- 95.)

1571.

1572.

1573-

THEIR

1574
28th

Tue DeFINITION OF THE '~ CURIE PoIiNt”
[Experimental Discussion!. Kussmann &
Schultze. (Phvsik. Zeitschr., 15th Jan. 1937,
Vol. 38, No. 2, pp- 42—47-)

Authors’ summary : —Lixhaustive experiments on
the magnetisation/temperature curves at very low
field-strengths and comparison with resist ance/
temperature curves show that (1) the derivation of
the magnetic Curie point from the maximum ot the
temperature cocfticient of electrical resistance,
much employed in recent literature, is untenable;

1575-
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(2) in the ideal case of absolute homogeneity, the
Curie temperature is a sharply defined point and not
a “ Curie region,”” as it has recently been repeatedly
described : (3) observations which seem to contradict
these results are caused by variations of the con-

centration within very small regions of the sample
under test (for example, crystal segregations).

1576. STANDARDISATION IN INCREMENTAL MAGNET-
1sM.—Sims.  ([Engineeving, 1st Jan. 1037,
Vol. 143, pp.- 24-26.

THe MANUFACTURE or ComprEssED Pow
bERED Cokis [and a Comparison between
“Sendust ”’  and ‘““Stanelec '] —Sadakiyo
& Alzawa. (Nippon Elec. Comin. Eng.,
Dec. 1936, pPp. 455457/

.~ MOLYBDENUM PERMALLOY IMPROVES 1.OADING
CorLs.—(Bell Lab. Record, Aug. 1936, Vol.
14, No. 12, p. 386.)

_ Discussion oN * THE VARIATION OF THE
MAGNETIC }’ROPERTIES OF FERROMAGNETIC
T.AMINAE WITH FREQUENCY " fand the
Alternative Explanation based on Existence
of Surface Layer of Low Termeability].—
Dannatt. (Journ. I.I2.[E., ¥Feb. 1937, Vol. 8o,
No. 482, p. 231.) See 719 of February. For
the explanation given by Peterson & Wrathall
and quoted here by Reed see 1970 of 1936.

SoyME CHARACTERISTICS OF TIHE MAGNETO-
liLasTic [Magnetostriction and Wiedemann|
l-rFECTS oF IRON-NICKEL ALLOYS.— ‘Mihara.
(Nippon ELlec. Conmm Ing., Dec. 19306, Pp-
457-465.)

_ THE \ELOCITY OF J’ROPAGATION OF MAG-
NETIC REVERsaL [in Stretched and Twisted
Nickel-Iron  Alloys]. Miroschnitschenko.
(Phvsik. Zeitschr. der Sowjetunion, No. 4,
Vol. 10, 1936, pp. 5405021 in German.)

FERROMAGNETIC ANISOTROPY IN Ni/Co/Fe
CrystaLs ar  Various TEMPERATURES
Measurements]|.-— McKeehan.  (Phvs. Re-
view, 15th Jan. 1937, Series 2, Vol. 51, No.
2, pp. 136-139)
THE ParaMAGNETISM OF THE Cu/Ni ALLOYS
Measurements at Various Temperatures).
Gustafsson. (A#un. der Physik, Series 5, No.
2, Vol. 28, 1037, pp. 12I-131) tor ex-
perimental arrangement see 2822 of 1936.

1580.

1582.

1583.

AUTOMATIC RECORDING OF MAGNETISATION
CURVEs [Apparatus: Various Ilysteresis
Curves].—Steinhaus & Schoen.  (Physik.
Zeitschr., 1st Jan. 1937, Vol. 35, No. 1, pp-
1-5.)

CHE ConstructioN orF [Large] ELECTRO-
MacNETS.— Cotton :  Dreyvius.  (Rev. Gén.
de I’Elec., 2nd Jan. 1937, Vol. 41, No. 1,
PP 3°9)

TEMPERATURE VARIATION OF THE AB-
NORMAL UNIDIRECTIONAL DIAMAGNETISM OF
Grarnite CRysTaLs.— Krishnan & Ganguli.
(Nature, 23rd Jan. 1937, Vol. 139, pPp-
155-156.)

1584.

1585.

1530,
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1587.
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ON THE FOUNDATIONS OF THE THEORY oOF
LirpManN CoLoUR PuoToGRrAPHY : Ex-
PERIMENTS WITH ELECTRIC [Micro-] Waves.
—Lindman. (See 1272.)

STATIONS, DESIGN AND OPERATION

1588.

ULTRA-SHORT-WavE RADI0-TELEPHONE CIR-
curts.—Thorn & Mitchell.  (Inst. of P.O.
Llec. Eng., Printed Paper No. 158, 26 pp.)

Including the Cardiff/\Weston-super-Mare circuit,
the Shetlands phonogram equipment, and the
Shaftesbury/Guernsey circuit. One appendix deals
with the design of array systems of horizontal

elements ;

others with the theory of a voltage

rectifier used for floating a battery on a variable

load.

A table of data of u.s.w. telephony circuits

operated by other administrations is added.

1589.

1590.

1501.

1592.

1593.

1504.

1595.

I1596.

1597.

1598.

ULTRA-SHORT-\WWAVE SIMULTANEOUS Rabpio-
TELEPHONY WITH A SINGLE-TUBE CIRCUIT.
—Ohtaka & Hasegawa. (See 1325.)

ULTKA-SHORT BAND, NOW BEING Con-
SIDERED ¥OR ADDITION TO PRACTICAL
SPECTRUM, IS ALREADY CROWDED.—Craven.
(Scr. News Letter, 19th Dec. 1936, Vol. 30,
P 397.)

PARTIAL SUrprESsioN orF ONE SIDE-I3AND
IN  TELEvISION RECEPTION.— Poch &
Epstein.  (See 1462.)

SHOULD BROADCASTING OCCUR IN THE
500-550 KC/s BAND ?—Aiken. (Electronics,
Oct. 1936, Vol. 9, No. 10, PP- 17-19 and 60.)
Suggested utilisation of channels now used
as guard bands protecting ' antiquated
marine transmitting and receiving equip-
ment.”’

THE Cast  rorR HIGH Power
Arguments:  Shall Clear Channels
500 kW ?  etc.).—(Electronics, Nov.

Vol. 9, No. 11, pp. I13-I5.)

Commox TFREQUENCY BroaDpcasTiNg
vestigations to determine Feasibility in
Japan].—Kayano. (Nippon Elec. Comm.
Eng., Dec. 1936, pp. 489-490.)
ENGINEERING AT NBC [National Broadcast-
ing Company : Organisation and Personnel].

F.C.C.
have
1936,

In-

(Electronics, Nov. 1936, Vol. 9, No. 11,
PP- 41-48.)
BuHIND THL Scenes AT Two NoraBLE

BroavcasTs [8th & 11th Nov. 1930, NBC’s
Tenth Anniversary Celebration Week].

McElrath : Milne. (RCA Review, Jan. 1937,
Vol. 1, No. 3, pp. 94—-I10.)  Streamline
trains *“ Comet ”’ (Boston/Providence) and
" Flying Hamburger * (Germany), sub-
marine, etc. : aeroplanes (Buffalo/\Washing-
ton) to RCA Building and ** I:lettra '’ oft

Genoa.
HAkBOUR RaDIO-TLLEPHONE SERVICE.
Byrnes. (RCA Review, Oct. 1936, Vol 1

No. 2, pp. 47-52.)

ACOUSTIC MEASUREMENTS WITH THE ' ToNE
METER ”  IN CONJUNCTION WITH THE
' ATTENUATION RECORDER "’ [primarily for
Contrast Monitoring].— Thilo. (See 1438.)

1599.

1600.

1601.

1602,

1603.

1604.

1605.

1000.

1607.

1608,

1609.

1610.

April, 1937

AUTOMATIC  PHOTOELECTRIC TELEGRAPH
TRANSMITTER AND RECEIVER [Experimental
Speeds of 12000 Letters/Minute].
Matsumae & Sano. (Nippon Flec. Conm.
Eng.. Dec. 1936, pp. 412—4135.)

GENERAL PHYSICAL ARTICLES

* EXPERINENTELLE GRUNDLAGEN DER
WELLENMECHANIK 7’ [Book Review].
[Fligge & Krebs. (E.T.7., 4th Feb. 1937,
Vol. 58, No. 5, pp. 143-144.)

THE TIMITING ELECTRIC CHARGE oF VERY
FiNe  ParticLes.—Pauthenier & Martin
(Comptes Rendus, 25th Jan. 1937, Vol. 204,
No. 4, pp. 239-240.)

Posirivi loN MosiLiTiES 1N H, BY THE
TowxsEND  DEFLECTION  METHOD.—Her-
shey.  (Phys. Review, 15th Jan. 1937, Series
2, Vol. 51, No. 2, pp. 146-147 : abstract
only.)

THE ErFrecr or MERCURY VAPOUR ON THE
TowNsEND COEFFICIENT a 1x PURE NITRO-
GEN.—Bowls. (Plys. Review, 15th Jan. 1937,
Series 2, Vol. 51, No. 2, p. 147 : abstract
only.)

Tik INFLUENCE OF MAGNETIC FLELD ON
ADSORITION [Experimental Results for
Adsorption of Various Salts by Charcoal and
BaSO,]. and Apsorprion Forces aND THEIR
ELecTRICAL NATURE. TII-——ON THE NATURE
Ol THE FokCes oF \WETTING.—Bhatnagar,
Kapur & Kapur: Iliin, leontiew & Bragin.
(Phil. Mag., Feb. 1937, Serics 7, Vol 23,
No. 153, pp. 250-264: pp. 204-301.)

MISCELLANEOUS
ON THE INTEGRATION OF OPERATORS.
Birkhott. (Proc. Nat. Acad. Sci., Jan. 1937
Vol. 23, No. 1, pp. 11-13.)

A METHOD FOR THE MAPPING oF PHysicaL
FieLps [e.g. Electrostatic or Magnetic] Bv
MEANS OF INSTRUMENTS EFFECTING CON
FORMAL ’I‘RANSFORNA'glONS.~Roth: Baril-
lon. (Rev. Gén. de I'Elec., 14th Nov. 19306,
Vol. 40, pp. 619-632.)

FrencH Imporrs anp Exrorts or ELEC
TRICAL MATERIAL IN 1930.—(Rev. Gén. de
ULiec., 26th Dec. 1936, Vol. 4o, pp. 831
836.)

CARE or TILMSLIDES AND MoTiON-PICTURE
FitMs 1~ Lisrawies.—Weber &  Hill.
(Journ. of Res. of Nat. Bur. of Stds., Nov.
1936, Vol. 17, No. 5, pp. 753-860.) See also
wid., Dec. 1936, pp. 871-881.

LEE. WimtLkss Sectton:  CHAIRMAN's
ADDRESS [What is Wrong with the Training
of Communications Engineers ?)—Mallett.
(Jowrn. I.E.E. Feb. 1937, pp. 174-178.)

Tie 1317 GrEAT GERMAN RaD10 EXHIBITION

Illustrated  Account : Transmitting and
Emitting  Arrangements:  New Output
Valves : Broadcast Receivers with Methods
of Improving Reproduction : Loudspeakers :
Television].—Fuchs.  (Hochf:tech. u. Llek:
akus., Jan. 1037, Vol. 49, No. 1, pp. 2-8.)
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1611.

1612.

1613.

1614.

1615.

1616.

1617.

1618.

1019.

1620.

1621.

1622.

1623.

“ TELEFUNKEN ~’ AT THE ‘° GERMANY "~
EXHIBITION, BERLIN, 1936 : ‘““ TELE-
FUNKEN " AT THE 13TH GREAT GERMAN
Rapio EXHIBITION, BERLIN, 1936.—(Tele-
funken-Zeit., 1st Nov. 1936, Vol. 17, No. 74,
pp- 55-56: 56-59.)

THE PHyYSICAL SOCIETY’S EXHIBITION.—
(Wiveless World, 15th Jan. 1937, Vol. 40,
pp. 60-62.) See also Electrician, 8th & 15th
Jan. 1937, pp. 37-4I, 67-70: to be con-
cluded.

“ TELECOMMUNICATIONS, ECONOMICS AND
REGULATION '’ [Book Review].—Herring &
Gross. (P.O. Elec. Eng. Journ., Jan. 1937,
Vol. 29, Part 4, p. 340.)

“ LEs COMMUNICATIONS RADIOELECTRIQUES,
VoL. 2" [Book Review].—de Bellescize.
(E.T.Z., 18th Feb. 1937, Vol. 58, No. 7, p-
191.) ‘' The two volumes . . .give valuable
guidance for the planning and estimation of
new radio links.” Tor L’Onde Elzc. papers
on which this book is presumably based see
891 of 1936.

or LENGINEERING FUNDA-
[Book Review].-—Eshbach
(Flectronics, Oct. 1936, Vol. 9,

‘“ HANDBOOK
MENTALS "’
(Edited by).
No. 10, p. 34.)

“ NOMOGRAMME FUR DIE FUNKTECHNIK ™
[Book Review].—Nentwig. (E.T.Z., 14th
Jan. 1937, Vol. 58, No. 2, p. 63.)

THE NATIONAL PHYSICAL LABORATORY :
RADIO DEPARTMENT.—(Engineering, 18th &
25th Dec. 1936, Vol. 142, pp. 674 676 and
6go—-691.) Based on the N.P.L. Report.

THREE DECADES OF Rapro.—Sarnoff. (RCA
Review, Jan. 1937, Vol. 1, No. 3, pp. 5-18.)
Lecture by the President of RCA.

Tue NeEw GrrMAN PaTent Law.—Wolff.
(Engineering, 15th Jan. 1937, Vol. 143, pp.
76-78.)

TrE ** SpEciric AcTION ~’ OF ULTRA-SHORT
WIRELESS WAavEs.—Szvmanowski : Curtis,
Dickens & Evans. (Nature, 20th Dec. 1936,
Vol. 138, pp. 1100-1101.) Comments on
the paper referred to in 4299 of 1936, with
replies by the writers.

A Hicu-FREQUENCY AFPPARATUS FOR Pro-
DUCING A MEASURED HEAT STIMULUS IN
STUDIES OF PHYSIOLOGICAL TEMPERATURE
ReGULATION.—Hemingway & Witts. (Phy-
sics, Aug. 1936, Vol. 7, No. §, pp. 299-301.)

ELEcTrIc IMPEDANCE OF NERVE [measured
at Irequencies up to 2.5 X 10°¢/s]-
Cole & Curtis. (Phys. Review, 1st Dec.
1936, Series 2, Vol. 50, No. 11, pp. 1097—
1098 : abstract only.)

A THEORY OF ELECTRO-KINETIC KEFFECTS
IN SoLUTION : RuacTioNn BETWEEN IoNS
AND PoLAR MoLECULES.—Moelwyn-Hughes.
(Proc. Roy. Soc., Series A, znd Dec. 1936,
Vol. 157, No. 892, pp. 667-679.)
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1624.

1625.

1626.

1627.

1628.

1629.

1630.

1631.

1632.

1033.

1634.
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ULTia-VIOLET RADIATION IN THE REBOUL
ErFECT.——Viktorin : Reboul. (Journ. de
Phys. et le Radiwm, Nov. 1936, Vol. 7, No.
11, pp. 461-465.)

Stupy oF THE [Very Absorbable] IoNISING
RADIATIONS EMITTED BY ELECTRIC Dis-
CHARGES IN Alr.—Déchéne. (Journ. de
Phys. et le Radium, Dec. 1936, Vol. 7, No.
12, PP 533-544.)

Hicu-FreQuincy CONDUCTIVITY OF Bro-
LOGICAL STRUCTURES IN THE WAVELENGTH
RanGE 3-1400 m.—Rajewsky, Osken, &
Schaefer. (Naturwiss., 8th Jan. 1937, Vol.
25, No. 2, pp. 24—25.)

ELecTroN TuBEs 1N DIATHERMY [Survey,
including the Three ** Schools of Thought *
as to Action of Short and Ultra-Short-Waves].
—(Electronics, Nov. 1936, Vol. 9, No. 11,
pp- 16-19 and 53.)

A MaIns-DRIVEN DIRECT-CURRENT AMPLI-
FIER FOR THE CATHODE-RAY OSCILLOGRAPH
[suitable for Electrocardiographs and Other
Physiological Investigationsj.-—von Ardenne.
(See 1503.)

CLiNicaL  Acoustics  [Oscillograms  of
Auscultation and Percussion Sounds, etc.].
— Pierach. (Naturwiss., 29th Jan. 1937, PP-
67-70.)

NOTE ON THE PERMANENT INTERFERENCE
AFFECTING LINES OF TELECOMMUNICATION
AND DUE TO THE LLECTRICAL INFLUENCE
o¥ HIGH-TEnsION LINES.—Loeb. (dnn. des
Postes, T. et T., Dec. 1936, Vol. 25, No. 12,
pp. 1142-T154.)

MurtuaL Impenance or Circurrs WITH
RETURN IN A HORIZONTALLY STRATIFIED
EarTH [Curves for Rapid Predetermination
of Interference between !Power and Tele-

phone l.ines, etc.].—Radley & Josephs.
(Journ. I.E.E., Jan. 1937, Vol. 8o, No. 481,
pp- 99-103.) _lvaluation by the formulae

obtained by Riordan & Sunde (Abstracts,
1033, p. 462) and by Josephs (1934, P- 339)
is extremely tedious when the carth is not
of uniform conductivity.

CarriER TELEPHONY : [V [Wide-Band Systems

with Coaxial Line Conductors].—Little.
(P.O. Elec. Eng. Journ., Jan. 1937, Vol. 29,
Part 4, pp. 320-334.) Last article of a
series.

RECENT DEVELOPMENTS IN HIGH-FREQUENCY
[Carrier-Current| TELEPHONY ¥OR LLEc-
TricaL GENERATING Starions.—Kleebinder.
(Elektrot. u. Masch:baun, No. 3, Vol. 55,
1937, Pp. 25-31)

The SELL AIR-JET BOLOMETER APPLIED TO
TENSION RECORDING IN SPINNING.—Oertel :
Sell.  (E.T.Z., 3rd Dec. 1936, Vol. 57, No.
49, p. 1416). Using an a.c. driven telephone
diaphragm as the pump producing the jet.
Yor Sell’s work see 1934 Abstracts, p. 337.
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A RECORDING INSTRUMENT FOR THE MEAS-
UREMENT OF VARIATIONS IN THE CROSS-
SECTION. 0F Fink Wires.— Dahl & Kern.
(E.T.Z., 3rd Dec. 1936, Vol. 57, No. 49,
PP. 1423-1425))

Various previous methods are quoted and their

defects mentioned.

The present method is a

purely resistance-measuring bridge process using

special mercury contacts.

Sell’s bolometer-ampli-

fier is used as recorder (cf. 1634, above).

1636.

1637.

1638.

1639.

1640.

1641.

1642.

1643.

1644.

1645.

1640.

A THERMAL EXTENSOMETER [Gap caused
by Movement is gauged by adjusting Heat-
ing Current round Metallic Rod until
Electrical Contact is made].— -Polevoy. (Tech.
Phys. of USSR, No. 11, Vol. 3, 1930, pp.
973-931 : in English.)

ELECTRIC MicroMETER [for Continuous In-
dication of Thickness of Metal Foils and
Sheet : Depending on Transfer of H.F.
Energy  between Two Coils].—(G.IZ.C.
Journal, Yeb. 1937, Vol. 8, No. 1, P 35.)

NEW DEVELOPMENTS IN IGNITRON WELDING
CoNTROL, and SEALED-OFF IGNITRONS FOR
WELDING CoNTROL.—Dawson : Packard &
Hutchings.  (Flec. I'ngineering, Dec. 1936,
Vol. 55, pp. 1371-1378 : Jan. 1937, Vol. 506,
PP- 37—40 and 66.)

A NEw WELDER TurE.— Knowles & others.

(See 1528.)

THE SrEAKING CLock. PART I - TRUNKING
AND FaciLiTies :  ParT 11 Tur CLock
MrcHANISM.—Magnusson : Speight & Gill.
(P.O. Elec. I'ng. Journ., Jan. 1937, Vol. 29,
Part 4, pp. 261-274.)

On  Auto-REGuration [Theoretical and
Practical Treatment : Formulae for deter-
mining Stability Conditions for Thermo-
couple-, Photocell-, or Other Regulating
Systems].— Kornilov. (Automatics & Tele-
mechanics [in Russian], No. 4, 1936, Pp.
7-38.)

CATHODE [-Ray] SELECTION [the Use ot
Cathode-Ray Devices for Remote Control
Purposes : C-R Selectors and Their Cir-
cuits].-——Goncharsky.  (Automatics & Tele-
mechanics [in Russian], No. 3, 1936, PP. 27—
48.)

THE PROTECTION 0r HIGH-POWER TRANS-
FORMERS [Use of Aluminium-Filings Coherer
to detect Incipient Faults].—Bogatenkoff-
Stavraky.  (Bull. Soc. frang. des Elec.,
Dec. 1936, Vol. 6, No. 72, pp. 1171-1174.)
MAGNETIC DETECTORS 1'OR INDUSTRIAL APPLI-
CaTiONs.—Iidgar. (Gen. filec. Review, Nov.
1936, Vol. 39, No. 11, pp. 559-562.)

AN ELECTROMAGNETIC METAL DETECTOR
[for Concealed \eapons, etc.].—Luck &

Young. (RCA Review, Oct. 1936, Vol. 1,
No. 2, pp. 52 63.) See also 400 of 1936.
A New Carvacrrive METHOD FOR THE

CONVERSION OF MECHANICAL INTO LLic-
TRICAL OSCILLATIONS AND wvice versa.—Sell.
(See 1385.)
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. A VIBRATION METHOD OF TESTING TURBINE
Rotors.—Miasnikov & Sokolov. (Journ.
of Tech. Phys. [in Russian], No. 12, Vol. 6,
1936, pp. 2056-2058.)

AN ELECTROMAGNETIC VIBROMETER.
Kobavasi & Mori. (Nippon FElec. Comm.
Iing., Dec. 1936, pp. 381-384.)
MIEASUREMENT OF RELATIVE, LoNGITUDINAL,
AND ROTATIONAL MOVEMENTS, AS REGARDS
MAGNITUDE aAND DIRECTION, WITH THEL
“SLir-MEASURING  MoTOR.” - Schmeider.
(E.T.Z., 7th Jan. 1937, Vol. 38, No. 1
PP. 5-9.)

ELEcTRICAL WATER-LEVEL CONTROL AND
RECORDING EQUIPMENT FOR MODEL oOF
Care Cop CaNal [depending on Capacitances
between Water Surface and  Suspender
Metal Plates].—Hazen. (Elec. Engineering,
Feb. 1937, Vol. 56, No. 2, pp. 237-244.)

A NEw CONDENSER APPARATUS FOR PRES-
SURE MEASUREMENTS.—Johansson.  (A#nn.
der Phys., Series 5, No. 8, Vol. 27, 1936,
PP 742-752)

BarrisTic INVESTIGATIONS WITH A RECORD-
ING  PIEzo-QuarTz  PRESSURE  METER
[RRotating Photographic Iilm replaced by
Use of Long Zig-Zag Time Base]. - Sigrist &
Meyer. (Helvet. Phvs. Acta, Tasc. 8, Vol. g,
1030, pp. 646-648 : in German.)

STUPY OF THE METHODS OF MEASUREMENT
OF EXPLOSIVE PrESSURES : COMPARISON OF
REesurts witts CorpEr “ CRUSHERS ’ AND
WITH PIEZO-QUaRrTZ —Langevin. (Journ.
de Phys. et le Radiwm, Nov. 1936, Vol. 7,
No. 11, pp. 448-452.)

THE DETERMINATION OF YOUNG’'S MoDULUS
BY FLENURAL VIBRATION. Grime & Eaton.
(Phil. Mag., Jan. 1937, Series 7, Vol. 23,
No. 152, pp. 96-99.) See also 3744 of 1935.
ErecrricaL  METHODS FOR  MEASURING
PrReEsSURE [Survey, with Formulae corre-

»

sponding to Various Methods: a Photo-
electric Method].—Aristov.  (Aufomatics &
Telemechanics [in Russian], No. g4, 1936,

PP 55-70.)

“ DiE PHOTOELEMENTE UND IHRE ANWEN-
DUNG "’ [Part II—Technical Applications of
Barrier-Layer Cells : Book Review]. Lange.
(E.T.Z., 24th Dec. 1930, Vol. 57, No. 52/
53, p- 1523.) For Part I see 1655 of 1936.
PHOTOTUBE TRAFFIC RECORDERS [neglecting
Pedestrians].—(Electronics, Nov. 1936, Vol. 9,
No. 11, p. 38)

A UnivirsaL [PPortable] PHOTOMETER WITH
OPTICAL AND PHOTOELECTRIC ADJUSTMENT.
—Voege. (£.T.Z., 11th I'eb. 1937, Vol. 58,
No. 6, p. 156 : summary only.)

UNDERGROUND EXPLORATION BY WIRELESS
METHODS (RADIO I’ROSPECTING).— -I'ritsch.
(Elektrot. 1. Masch bau, No. 52, Vol. 54, 1930,
pp- 621-625.) Capacity methods (single-
and two-point) ; absorption method ; other
methods (" A/4,” ""1eflection-and-diffraction,
' propagation”’).
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Some Recent Patents

The following abstracts ave prepared, with the perni
Specifications obtainable at the Patert Office, 25, So

ssion of the Controller of H.M. Stationery Office, from
uthampton Buildings, London, W.C.2, price 1[- each.

A Selection of abstvacts from patents issued in the U.S.A. is also included, and these bear a seven-figure

serial mumber.

TRANSMISSION CIRCUITS AND APPARATUS

454 902.—Oscillation generator in which the
periodicity of the oscillations is of the same order
as the transit time of the electrons from cathode
to anode.

Standard Telephones and Cables
R. A. Heising).
April, 1935.

(assignees of
Convention date (U.S.A.), 25th

455 279.—Wired wireless carrier-wave system de-
signed to afford reliable and secret intercommuni-
cation between subscribers.

Standard Telephones & Cables (assignees of L.
Espenschied ; W. H. Tidd, and E. I. Green).
Convention date (U.S.A.), 26th May, 1934.

457 276.—Transmitter valve fitted with an auto-
matic relay as a safeguard against the failure ot
the high-frequency supply.

Mavconi’s W. T. Co. and D. I°. George.
tion date 24th May, 1035.

1pphca-

RECEPTION CIRCUITS AND APPARATUS

154 435.—Valve circuit designed to give sub-
stantially uniform amplification over a definite
band of frequencies with a sharp cut-ofl outside
that band.

N. V. Philips’ Co.
12th June, 1934.

154 945.—Super-regenerative receiver in which a
number of amplifying valves are quenched by the
same local oscillator.

L. R. Merdler and Baird Television.
dates oth April and s5th July, 1935.

Convention date (Gevinany)

Application

154 954.—Single side-band receiver af the frequency-
changing type. Marconi’'s W. T. Co. and F. M. G.
Murphy. Application date 10th April, 1935.

455 2908.—Super-regenerative circuit based on the
use of a pentode valve.

D. M. Johnstone and Baird Television.
tion date 17th April, 1935.

Applica-

155 649.—Wircless receiver designed to operate
on the normal broadcast wavelengths and also on
the 6-7-meter television band.

Marconi’s W.T. Co. and A. A. Linsell. Applica-
tion dale 26th April, 1935.
457 116.—Single-knob tuning control combined

with a wave-change switch.
K. H. Kerr. Application date 215t May, 1935.

457 773.—Intervalve transformer-counling  for
handling a wide range of signal frequencies, such as
are used in television.
Radio-Akt. D. S. Loewe.
many), 5th Jume, 1934.

Convention date (Ger-

457 827.— Ampliher with correcting network for

offsetting any loss in gain with rise in (requency.
P. W. Williams; A. | Brown ; and Batrd

Television. Application date 7th Jumne, 1935.

VALVES AND THERMIONICS

455 137.—Electron discharge device designed with
electrodes widely spaced apart in order to increase
sensitivity.

P. Schwevin ;

Electronic Devices; and H. C.

Atkins.  Application dates 14th January and oth
Mavrch, 1935.
455 499.—Construction of cathode-ray tube n

which the high-potential leads are scaled into the
bulb at the junction between the upper and lower
glass portions.

Fevvanti; and M. K. Taylor.
16th April, 1935.

Application dale

DIRECTIONAL WIRELESS

454 256.—Direction-finding system in which the
required bearings are indicated visually by tele-
vision.

Mavconi's W.T. Co., R. |
Plaistowe.

. Kemp and D. L.

Application date 27th March, 1935.

458 347.—Radio-navigational system in which

the course flown by an aviator is determined by the

time-interval between successive signals.
Telefunken Co. Convention date (Germany) 27th

May, 1935.

ACOUSTICS AND AUDIO-FREQUENCY CIRCUITS
AND APPARATUS

detector

154 618.—Double-diode circuit, par-
ticularly suitable for leeding a push-pull L.F.
amplifier.

Magvar Wolframlampa Co. Convention date

(Hungary) 23rd November, 1934.

454 903.— Tone control devices for use in wired
wireless or broadcast relay systems.

G. A. Bwden and Goodmans
Application date 17th January, 1936.

(Clevkenwell).

TELEVISION AND PHOTOTELEGRAPHY

454 383.—Scanning system designed to keep the
derived signals in step with the average brightness
of the picture to be televised.

T.M. C. Lance and Baird Television. Application
date 29th March, 1935.

454 422.—Method of preparing a photo-sensitive
electrode of the mosaic-cell type for cathode-ray
tclevision transmitters.

Marconi’s W.T. Co. (assignees of L. . Flory).
Convention date (U.S.A.) 28th Febvuary, 1934.
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454 486.—Eliminating spurious signals from a
cathode-ray television transmitter of the mosaic-

cell type.

W. S. Brown. Application date 1st February,
1935:
454 589.—Television scanning system utilising

electro-optical cells of the kind in which the medium
becomes bi-refringent when stressed electrically.
J. L. Baird and Baird Television. Application
dale, 4th April, 1935.
454 601.—DMeans for preventing the tailing effect
due to decaying luminescence in the viewing screen
of a cathode-ray television receiver.
J. C. Wilson. Application date s5th, 1935.

455 233.—Method of producing mosaic screens for
cathode-ray television transmitters.

H. E. Holman. Application date
1935.
455 237.—Cathode-ray tube with a cathode con-
structed so that the rate of emission varies over
its surface.

J. C. Wilson and Baird Television.
date 15th April, 1935.
455 479.—Safeguarding the fluorescent screen of
a cathode-ray tube from damage by the scanning
ray.

Fernseh, Akt
April, 1935.
455 899.—Method of preparing light-sensitive elec-
trodes for photo-electric cells and for the mosaic-
cell electrodes of cathode-ray tubes.

W. Heimann. Convention date (Germany) 20th
May, 1935.
455 927.—Construction and disposition of the
deflecting peaks in a cathode-ray tube.

Marconi’s W.T. Co. (assignees of V. K. Zworykin).
Convention date (U.S.A.) 28th April, 1934.
455 972.—System of interleaved scanning for tele-
vision.

J. C. Wilson and Baird Television.
date 30th April, 1935.
456 135.—Transmitting television signals in suc-
cessive ‘‘ trains ”’ separated by intervals in which
the amplitude of the carrier-wave drops to zero.

A. D. Bhnlein and E. A. Nind. Application
date 3rd April, 1935.
456 316.—Flat, metal photo-electric cathodes for
television transmission.

W. Heimann. Convention date (Germany) 20th
May, 1935.
456 582.—DMethod of “ fading ” from one studio
to another when transmitting a television pro-

gramne. _
C. I'. Chapter and Baird Television.

tion date 11th May, 1935.
456 651.—Method of ensuring synchronisation for
interlaced scanning in television.

M. Bowman-Manifold. Application
April, 1935.
456 666.—Generating saw-toothed oscillations suit-

able for scanning in television.
G. R. Tingley; D. W. Pugh, and Baird Tele-

viston. Application date 17th May, 1935.

15th  Apwil,

Application

Convention date (Germany) 9th

Application

Applica-

date 9th
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457 129.—Clircuits for separating or filtering out
the synchronising impulses from received television
signals.

G. R. Tingley and Baird Television.
date 22nd May, 1935.

Application

457 135.—Saw-toothed oscillation-generator par-
ticularly suitable for interlaced scanning in tele-
vision.

Marconi’s W.T. Co. (assignees of A. W. Vance).
Convention date (U.S.A.) 237vd May, 1934.

457 493.——Amphlying the image by secondary
emission in an electron-multiplier as used in tele-
vision.

H. G. Lubszynski and J. E. Keyston.
date 30th May, 1935.

Application

2 037 166 and 2 037 167.—Transmitter and receiver
for producing natural-colour effects in television.

H. E. Tves (assignor to Bell Telephone Laboratovies
Inc.).

SUBSIDIARY APPARATUS AND MATERIALS

454 973.—Lnhancing the efficiency of electron
emission, particularly in photo-electric cells, by a
method of temperature control.

. E. Wright and Baird Television.
dale 15th April, 1935.

Application

455 489.—Arrangement of dry-plate rectifiers for
modulating or demodulating carrier-frequencies.

Stemens and Halske A.G. Convention date
(Gevmany) 8th June, 1935.

455 541.—Static-suppressor unit to be fitted to
domestic labour-saving appliances.

C.D. Gwinn and Telegraph Condenser Co. Applica-
tion date 20th January, 1936.

MISCELLANEOUS

453 500.—DPiezo-electric crystal-oscillator mounted
in a hermetically-sealed tube containing hydrogen
gas.

Marconi’s W.T. Co. and G. I-. Brett.
date 11th March, 1935.

Application

454 061.—Wireless cabinet fitted with lamps for
producing indirect illumination.

Etablissements Victor. Convention date (France)
12th December, 1934.

154 507.—Permanent-magnet alloy of aluminium,
iron, nickel and cobalt, these being present in
proportions representing a true chemical com-
pound.

T. Hamilton-Adams.
1935.

457 737.—Prospecting for hidden conducting masses
by observing the standing-wave efiects produced
by reflected beams of modulated short-wave energy.
Telefunken Co. Convention date (Germany) 18th
May, 1935.
2048 517.—Thermionic valve in which a quartz
crystal is used to convert variations in the strength
of the electron stream into corresponding varia-
tions of light.
H. P. Pratl.

Application date 2nd April,



