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Editorial.

"Effect of a Screen on Electromagnetic Waves.

N the Correspondence columns of this issue
we publish a letter received from Mr. D.
Burnett. M.A.. B.Sc.. of Aberdeen Uni-

versity, calling in question some of the
statements made in the Editorial in our
TFebruary issue. He says that *“ one may be
forgiven lor criticising such statements as,
‘a space may be screened from the electric
field, but not from the magnetic field of a
wave.””  He then attempts fo show that
such a thing is contrary to the fundamental
electromagnetic laws, and we commend his
letter to the careful attention of our readers,
not because we think that he is right—wve
hope to show that he is wrong -but because,
by the time that one has found out where
and why he is wrong, one will have formed a
clear conception of the action of the screen.
With regard to Mr. Burnett’s statement that
he is not acquainted with any experimental
work with screens such as are mentioned in
the Editorial, we only need draw his atten-
tion to the paper by Mr. R. H. Barficld in
the Journal of the Instilution of Elcclrical
Engineers, Vol. 62, p. 249, 1924, describing a
large amount of experimental work on the
subject, carried out under the auspices of the
Radio Research Board. A brief account was
also published in EW. & W.E., Vol. 1,
p. 570 of the same vear. Mr. Burnett will
find in this paper and in the subsequent

discussion a wealth of material for thought,
and perhaps for criticism. but he will find
definite experimental proof that it is possible
to construct a wire cage in which the electro-
motive force induced in a loop is sensibly the
same as it would be outside the cage, whilst
the electromotive tforce which would be
induced in o vertical wire or open aerial
outside the cage is practically non-existent
within it. This experimentally demonstrated
fact shows that there is something wrong
with Mr. Burnett’s interpretation of the
equations of electromagnetic theory, which
leads him to the conclusion that “if the
same magnetic field B exists inside the
screened space, the electric field associated
with it must still be given by the above
equation and cannot thercfore differ essen-
tially from the electric field of the wave
outside.”

Let us assume that a hut of insulating
material has a metal roof and tloor connected
by a conducting wire. The roof and floor
are shown in 1ig. 1, and an electromagnetic
wave is sweeping past from left to right.
The horizontal magnetic field at the moment
shown will be directed away from the reader
into the paper, the electric field, apart from
any disturbing influences, being vertically
downwards. The diagram illustrates the
effect of the hut on the electric field, and
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since the energy of the wave is transmitted
at right-angles to the magnetic and clectric
ficlds, the small arrows show how the energy
tends to avoid the hut and pass above and
below it. If Fig. 1 represents the moment
when the ficld strengths at the hut are a
maximum,  the
b i) \ V7 } } 4 charges on the
o \ ,'/A / / rool and floor will
T\ Ay 7-
—'\ ) mum values,
At

have their maxi-
- there will be no

‘,’ =~ o, current  in  the
e /\4 I \ conductor  con-
/ . o

,/ / T \ necting the roof

Iy 1 A\l to the floor, and
Fig. 1 it cannot there-

. ) fore  have any
magnetic eflect.  Vhere then, is there

anything which could
magnetic field which s passing  through
the hut at the moment? This magnetic
field will have its maximum value at the
moment represented in Fig. 1. 11 it had not
been for the hut the energy per cubic centi-
metre in the space would have been made
up of two equal parts, viz . B*/87 ergs due
to the magnetic field, and &¥87 ergs due to
the electric field.  As it is, only the former
energy exists in the space, and the small
arrows in Fig. T show how the encrgy evades
the space occupied by the hut. They also
show that in the neighbourhood of the hut
we are not dealing with a plane electro-
magnetic wave, and it is here that Mr.
Burnett has been misled. One cannot put
down the equations connecting B and & in
a plane wave and expect them to hold in
cases where the wave
1s not plane. One
may ask, however,
what it is that pro-
vides the magneto-
motive force neces-
sary to drive the
magneticflux through
the hut; this question is based on a mis-
conception ; the lines of magnetic flux
passing horizontally through the hut
extend indefinitely in both directions and
the mere removal of the magnetomotive
lorce over a few feet would have practically
no effect.  Maxwell’s equation gives the
relation between the magnetomotive force
and the flux density at any point in a plane

possibly modify the
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wave, but does not imply that the flux
density in any space is due to the magneto-
motive force provided in that space; as a
matter of fact, it is due to the resultant
action of the whole wave. An analogous
case 1s provided by a solenoid carrying a
current. A relation can be worked out
between the ampere-turns per cm. of length
and the value of H on the axis. If now a
small length is left unwound, as shown in
Fig. 2, the number of ampere-turns per cn.
over this length is zero, but the effect on the
magnetic field at the point P is very small.
It is also to be observed that the dimensions
ol the hut are assumed to be very small
compared with the wavelength, so that the
vertical displacement currents which may be
regarded as producing the magnetomotive
force are flowing downwards on the right
and upwards on the left of Fig. 1, the hut
itself being at the moment in the position of
zero displacement current. It will be seen
thercfore that the magnetic field is prac-
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Lig. 3.

! !
Lig. 4

tically unaffected by the presence of the
screen, whereas the electric field is reduced
to something very small compared with
what it would be if the screen were not
there. One may regard the electric field as
the resultant of the original held of the wave
and that due to the induced charges on the
roof and floor as shown in Fig. 3. Just how
small the resultant will be and the extent of
the very small electric field depends on the
efficiency of the screening.

A quarter of a cycle later the fields at the
hut will pass through zero; what little
electric field there is will be somewhat as
shown in Fig. 4. In this diagram we have
shown the conductor connecting the roof
and floor because at this moment the current
in it will be at its maximum value in the
direction shown. Its approximate value
could be calculated from the strength of the
field and the size of the screen. [Fig. 5 shows
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qualitatively the nature of the original
electric field and that of the field due to the
small charges on the screen.  The latter is
still in the direction tending to neutralise the
electric field of the wave within the screened
space. A little consideration will show that
any magnetic effect due to the current in the
connecting conductor

e ORIGINAL  will be small except
) n its  immediate
‘;IEEIE’)OSED geighbourhood and

Tig. s. t‘he dlrecl_lor} of this

’ field within the

screened space will depend on the position
ol the conductor. In the central position
shown in Tig. 4. its magnetic effect is
obviously to strengthen the magnetic field of
the wave within the screen.

We have indicated by dotted lines a
square [rame coil inside the hut, placed
broadside-on to the alternating magnetic
flux. At the moment shown in Iig. 4 the
flux is zero, but a moment before it was
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away from the reader and the elcctromotive
force induced in the coil is now a maximum
in the direction shown. Whether the coil is
there or not, the alternating magnetic field
sets up electric forces in the screened space
and the electric field will pass as shown in
the figure, just as if the screen were not
there.  We think, however, that one is
justified i saying that the electric field
inside the screen 1s produced by the magnetic
flux passing through the screen. There are,
of course, all the intermediate stages between
I'igs. 1 and 4. It is seen that the screen is
without any appreciable effect on the mag-
netic field, but that it excludes the electric
field, except that electric field or curl of
electric teld which is necessarily associated
with the alternating magnetic field. We trust
that a consideration of these arguments will
enable Mr. Burnett to acquit us of any
attempt to *' take liberties with the funda-
mental  conceptions of  electromagnetic

theorv.” G. W. O. H.

Heinrich Hertz Institute.

This photograph shows the shovi-wave veception laboratory of the new institule in Berlin which
concentrates on electro-magnetic wave vesearch.
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Applications of the Method of Alignment to

Reactance Computations

Theory.*

and Simple Filter
Part III.

By W. A. Barclay, M.A.
(Continued from page 189 of April issue.)

§21. Combination of Filters.

HIE laws of filter combination will now
be considered. Ifor any given fre-
quency, let the two filters designated

I and IT have characteristic {requency func-
tions a, b, ¢, d and «a, 8, y, 8 respectively.
1f the filters are placed in series in the manner
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Fig. 17.—Compound filter of (wo dissimilar stages,
with load W.

shown in Fig. 17, the input will be placed
across I and the output will be taken from 11.
H, now, & and 7 be the voltage across and
current passing the intermediate terminals,
we shall have by definition
ae + bi €= qe - B
1= CE |- di 1= ye' - &'

In thesc equations each filter has been
treated separately, so that, e.g., the load
current of filter 1 is 7 and that of filter 11
is 7. On eliminating ¢ and 7 we obtain
expressions for ¢ and ¢ in terms of the output
voltage and current of filter 11 as follows :

e = (aa + by)e’ + (aB -+ b8’

1= (ca + dy)e’ + (cB + d8)i’ (19)

Hence, it A, B, C, D be the filter char-
acteristic functions of the compound filter
considered as a whole, we may compare
equations (19) with equations (2) and (6),
(vide pp. 183-4), and write

A =aa + by
B = (lB }/8
C = ca+ dy
D =B+ dd (20)

It will be observed that the arrangement
of the small Greek and Roman letters
denoting the characteristics of the individual

*MS. received by Editor, March, 1929.

filters is not syvmmetrical, so that in equa-
tions (zo) lies the explanation of the fact
noted above in §6 that the order in which
different filter units are connected up is ot
importance in determining the filtering
effect. In what follows we shall dispense
with this source of confusion by assuming-
as we may conveniently do—that all the
individual stages of our compound filter are
similar to each other. This will result in
considerable simplification in the treatment.

§22. Compound Filter of Similar Stages.

Let us take as the characteristics of our
typical single-stage filter the symbols A4,
B,. C,, D;, and denote by 4,, B, C,, D,
the characteristics of a compound filter
made up of » such similar stages taken in
series, as in Fig. 18 Then, since we may
consider the filter as composed of (v — 1)
similar stages followed by one single stage,
we may write by virtue of equations (20),

A, —A, . A, +B,_,.C,
B,=A,,.B,~B,_,.D,
Cr Ca'-ﬂl'AlJf_Dr*l'Cl
D,—C, ,.B,~D, ,.D, .. (1)

It will be evident, therefore, that it the
values of 4,, B, C,, D, are known, we have
in equations (21) a theoretical means of
computing systematically the wvalues of
A,, B,, C,, D, for every integral valuc of
v from 2 onwards. Practically, however,
this procedure would be far too laborious,

Lo TA—F —to
¢ 1 2 3 4 T w
1
o

ot o

Fig. 18.—Combound filtex of v stages, all similar.

and the analysis to be developed subse-
quently will provide a means of curtailing
the arithmetical work involved, by the use
of the hyperbolic functions. As not all
readers may wish tc follow the theory
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closely, it is proposed to anticipate the
results of this analysis by describing shortly
a graphical method of arriving at the per-
formance of compound tilters which is based
upon it. The hyperbolic functions referred
to are not required for this process, and the
arithmetic is literally reduced to one simple
multiplication and division sum-—which can
be effected on a sliderule (or even mentally !).
The diagram, which is a form of Alignment
Chart, enables the performance of a filter
of two, three or four similar stages to be
estimated when that of a single stage is
known. It may be said that. considering
the complexity ot alternative methods, the
present Chart (Fig. 20) is a striking instance
of the efficacy and utility of the Alienment
process.

§23. Graphical Derivation of Compound
Filter Reactance.

In accordance with our previous termi-
nologv we shall denote by F, the filter
reactance of a filter of # similar stages when
used with a load W at a given frequency.
(Fp= AW + B,). As usual, F; is the
filter reactance ot a single stage when used
with the same load. We shall assume that
F is known, having been found as described
in Part 11. Let us now define the symbol ¢,
so that ¢, = A4, + D;. In the case of a
filter each of whose stages are of T-type,
the component reactances being P, Q and R,
we shall have

P+ R

$1=2+ 0

For convenience in obtaining values of ¢,
from this equation when dealing with this
type of filter, the alignment chart of Fig. 19
has been prepared. Here the two outer
supports give values of (P + R) and Q,
while the centre support has two scales for
¢, which are to be used according as (P + R)
and @ do or do not differ in sign. Let us
take as an example a compound T-type
filter each of whose stages are similar to
that shown in Fig. 13 of Part II (p. 186).
Then, as there shown, we Lave, for 300 metres,

P —= — 1000 Q=+ 240, R = — 120

Whence b, = — 2.67.

We now turn to the diagram of I'ig. zo.
In addition to the co-ordinate axes XOX!
and YOY?Y this chart contains a vertical
graduated scale H, and two curved scales
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K and L. To use the diagram we first com-
pute the value of the ratio W/I",, and seek
a point corresponding to this value on the
scale H. Join this point to the origin by a
straight line («). Next, obtain the value of ¢,
on either of the scales H, K or L according
as there are two, three or four stages in our
compound filter. Through this point ¢,, draw
a straight line (b) parallel to that already
drawn through the origin, and note its point
of intersection with either XOX! or YOY!.
The graduation at which it meets the hori-
zontal axis XOX! gives the value of the
ratio [,/IV, while that at which it meets
the vertical axis YOY?! gives the value of
I,/F,. Hence either of these points provides
a means o! obtaining I, directly by multipli-
cation, and one or other of them will generally
prove convenient of access. In all cases
the appropriate algebraic signs must be
taken into account. Note that in practice
the parallels (2) and (0) will not actunally
require to be drawn; their position may be
conveniently indicated by sliding a set-square
upon a fixed ruler.

§24. Example of the Use of the Diagram.

To illustrate the above we shall consider
a four-stage T-filter, each of whose stages
is similar to that of Tig. 13. It will be
remembered that at 300 metres a single
stage of this filter used in conjunction with
a load of .0oo3ul’ had a filter reactance

F; = -+ 1060 apparent ohms. Hence the
ratio

W —530

I, 1060 ¥

This value is then sought on the H scale
of Tig. 20 and joined to the origin—wvide
dotted line (a). As we have seen, at 300
metres ¢, = — 2.67. As there are four
filter stages, this value of ¢, is sought on
the curve L. A line () through this point
parallel to the line (a) cuts the vertical
axis at — 10.8, which is thus the value of
the ratio F,/IF;. Whence I’y = — 11450
apparent ohms. It should be noted that
the scule H in Lig. 20 plays a dual role,
being the support both of the ratio W/I
used for line («) and also of the value of ¢,
for two stages, used for line (b).

This method, it will be seen, is simple and
direct and does away completely with the
intricate calculations usually associated with
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such work. Where a curve of I'; with
frequency has been obtained as in Fig. 14
of Part 11, the variations in F,, F;and F,,
when used with the same load, can easily be

The diagram of Fig. 20 may be used for
compound filters of both T and =-type
scctions. Throughout these notes attention
has been directed chiefly to the T-type
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Fig. 19.—Alignment chart, giving devivation of ¢, from P, Q and R.

traced.  The differences between these curves
arc remarkable, and show that the addition
of one or more similar stages to an existing
filter will not necessarily improve its per-
formance, but may often do just the reverse.

filter, but the methods given arc general,
and may be adapted to filters of =-type.
For example, the supplementary diagram
for ¢, (Fig. 19) may be used for =-type
filters as well as for those of T-type. Since
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2
for #-type filters (vide §15 above)
=7 1 1
$=2+4U ( ) =2+
U
we have only to seek the value of (S 4 T)

on the (P + R) scale, and 9{‘

on the () scale.
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§25. Analytical Expression of Compound
Filter Characteristics.
We shall now derive a convenient means

of expressing 4,, B,, C,, D, directly in terms

of the characteristics 4,, B,, C,, D,

of a

single stage without the necessity of com-
puting the wvalues stage by stage from

U equations (21). let us first re-write equa-
o™ tions (21), substituting» - 1
\ Y 00 fOr V.
\ 19 A, =4,.4,+B,.C,
e B,.,=A4,. B, +B,.D,
H17
16 Cz+1”“C‘r'A1+Dr-C1
K_(AO L1s DI‘+1 = Cr'Bl *i‘ D’I"Dl
\ 14 (22)
\ r'e We now introduce auxili-
A8 ary functions ¢,. defined as
) s follows :
w
\ 3 HT‘D 10 °) d"n == ‘l)n- 1 4 ¢1 - ‘ﬁ'ﬂ—Z
\ re E
\ 50 I - “30., where
\\ \ r7 7 $o =1, ¢y =4, + Dy
N . Fe te - Hence, ¢, = ¢,2 — 1,
\ . ro 3 }’ by == ¢,° — 24y, ctc.
AN S - Then we shall prove that
9 3 0/
\\ e P A, = Ay ey — b
\\\‘7 (\.1 e BT*Bl'd’r—l
e A o e o[y Ty | 2 g C,=0C,.¢
Qi ol ? 1 Pr-a
X . -15) -T55) O X
S 3 of o, R D, =Dy . ¢,y — ¢,_2 (23)
et s SL= d
_z [_Z To do this we shall show
e, / i that if these equations hold
a e true for any particular value
/ AN of » they will also be true
b4 =6 -6 for » 4~ 1. From equation
/ A (22) we have
-8 |-8
y [0 [_g ¥ Appy={(A1.¢p1— ¢y o). A,
~ / weliee o & + B, ¢,-1.Ch.
) Q o
7 [ SR Substituting for C, by
/ ot [ © means of the relation (vide
/ = -13 §106)
2 -4 4D, —B,C, =1
=15 we have
e Ar+1:(A1-.¢’r- 1% 9)- Ay
g ¢ (41D 1)
:::Z =d;.¢r1- by
- Al- ¢r 2 — d’r 1
y +—-20
“9‘04 =4y ¢ ¢

Fig. 20.—Parallel-alignment chavt givinglderivation of F, from Fy for

v = 2,3 and 4x

which is of the same form as
equation (23).



May, 1930
Again, from equations (22) and (23),
Biyy=1. ¢y — ¢ g) - B,
+ Biog1- (¢ — 4Y)
=By (¢ 11— br9)

Bl . ‘]51'

Stilar expressions for C,,.; and D,
may be obtained, all of similar form to
equations (23). But these latter are true
for » = 2. Therelore they are true for
7 = 3, and generally for all integral values
of ».

§26. Use of the Hyperbolic Functions.

Having established the truth of equations
(23), we may now go on to show how the
labour of computing values of the auxiliary
functions ¢, may be avoided. Let us ex-
press these in terms of a more gencral
function 6, defined as follows :

¢, = d;+ D;=2cosh 8

e (1 + ¥ (24)
Then, by the defining equation
(]S,,L = <ls‘rz--l J 451 - ¢n—21
we may write :
(]52 — g~ (I - o2 L 8“)
b= (1 4 ¥ 4 € 4 &%)
dr=e. (T +e¥ 4 e’ + ... ..+ e

e . {ge(ru)a ~ I}

20

e(rJ-l) o () e--(r+1). 4

Hence we can write down immediately
the filter characteristics for an r-stage filter.
Equations (23) become

A, ={A; .sinhrf — sinh (» — 1)0}/sinh §'
B, = B, .sinh r§/sinh 6 l
C, = C,.sinh70/sinh 6 .
D, ={D,.sinhr8—sinh (r —1)8}/sinh 8] (25)

Thus, from the simple defining equation
(24) to determine the value of 6, the com-
pound filter characteristics follow readily.
It will, however, be necessary to ascertain
more particularly the nature ot 6, which
(since A; + D; may have any numerical
value, positive or negative) will in general
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be a complex quantity. If Al—;Dl is
positive and greater than unity, equations
(25) may be used as they stand with the
aid of a table of hyperbolic functions. 1i
A4, + D,
2
defining equation (2:) is inoperative, and
the variable # must be transformed in order
to obtain workable values. Three cases
are thus to Le distinguished :

Case I. s _+: D,

is fractional or negative, the

and > 1.

Here 6 is determined from (24) by hyper-
bolic tables, and equations (25) hold.

Case I1. g : D,

15 positive,

is a proper fraction,

either positive or negative.
replace 6 wherever it occurs by
(t=1+ -—-1). Since cosh:f’ = cos § and
sinh 8" = ¢sin 6, the defining equation
{z4) becomes

A4 D, =2cos &
so that 6 is found from a table of ordinary
trigonometrical functions. Equations (25)
become
A, ={A4,.sinrf —sin (r — 1)8}/sin &
B, = B, . sinv#/sin & '

Here we may

C,=C,.sinr ¢/sin ¥ '

D, —{D, .sinr¢’ —sin(r — 1)8}/sin §'] (26)

4, + D,
2

Case 111. is numerically greater

than unity, but negative. Here we may
replace 6 wherever it occurs by (8" + 7).
Then, since cosh (8 + u7) — cosh @',
and sinh (8" 4 u7) — sinh 6, the defining
equation (24) becomes

— (dy + D) = 2cosh &
so that 8 is obtained from hyperbolic tables.
Equations (25) become
A, = (— 1) . {d,.sinh7§" + sinh

(r — 1)0'}/ sinh ¢’

B, = (—1)"~'. B, .sinh ¢’/ sinh ¢/
C,={(—1)1.C,.sinh#8/sinh &
D, = (—1)""%.{D; . sinh7§’ 4 sinh

(r — 1)8} sinh ¢ (27)

It is to be observed that the three cases

above give the general solution of the char-

acteristic functions for all types of com-
pound reactive filter.



THE

§27. An Example.

To illustrate the hyperbolic method of
computing characteristics let us refer again
to the compound T-filter of four stages of

para. 24. For a single stage of this filter,
at 300 metres, P = — 1000, ¢ = 4 240,
R = — 120
P
Ay=1+ 0 3.17
p
B, P+R<I +Q)= — 620
=m0 0042
i, Q ‘
R
D,=1+ = 0.5
1 Q J
Hence, since 5 i_ D, is negative, and > 1
A
cosh 8 = — —1:_—1)1 = 1.333
8= 0.795

sinh 6= 0.880
sinh 36" = 5.30 and sinh 48" = 12.0

Henee, from equations (27),

a4, N 3.17)Oj<xéxz.o) +5300_ .,
B, ﬂ(— 620)(12.0) 1 8450

0.88
These values may be used to check the

result already obtained for the filter react-

ance at 300 metres when used with a load

of 0.0003ul.

W~ — 530,

Fy= AW + By = — 11200

agreeing closely with the value obtained

in §24 by inspection of Fig. 20.

Since

§28. Symmetrical Compound Filters.

Ii the individual filter stages are sym-
metrical, very important simplifications of
equations (25), (20) and (27) are obtained.
We have, A; = D, 'whence 1, =D

Case I. A,>1 and positive.
cosh y.

re

Put A,

WIRELESS ENGINEER 2
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Then equations (25) reduce to

A, =coshry
By .sinhvr
B, == dnh X g
c. _ Ca.sinhry
4 sinh y
D, = coshry (28)
For Case II when +-1 > 4, > — 1, put
A, = cos y
Then A, = cosry
B, Iy :sin "X]
S x
C,sin 7y
T siny
D, = cosry . (29)
For Case I1I, when 4, < — 1, put
A, = — cosh y
Then A, = (— 1)".coshry
B,=(—1)'. b;isrll?lh;x
C,sinhr
€= (=1~ 1Sinh X,X
D, = (—1)".coshry (30)
§29. A Useful Check.
The equation
AD,—BC,=1 .. .. (31
will often prove useful as a check on the
working. To prove it we proceed as
follows :
From the definition of ¢,,
$n = ¢n~1 i ¢1 — bn-z
¢1 _ ¢n + ¢n--2 — ¢n+1 + ¢n;_1
Pn-1 bn
b0’ — bpi1- by = $n’_1
— ¢y o= .. .. =1

since this equation, true for all values of
#, is in fact true for n = 2.

By actual multiplication of
(22) it may be shown that

(ATDI - Brcr) = ¢7’2—Jl - d’r o d”r—2
- AD,—B,C,— 1.

equations

(To be concluded.)
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Measurement of the Performance of

Loud Speakers.”
By E. J. Barnes, A.C.G.I., AM.LE.E.

HE distortion whichmay be produced by
the electro-acoustic chain between the
microphone and loud speaker is of

three main kinds : (a) Amplitude-frequency
distortion, (&) Distortion due to non-propor-
tionality of input and output of any link, (c)
Transient and phase distortion. Of these
three, in most parts of the chain («) gives
the most noticeable effect, although (b) is
serious if any of the parts, particularly the
amplifiers, are overloaded. It can be
avoided by designing all the parts with
ample power-handling capacitv. As regards
{c), it is chiefly noticeable on long trans-
mission lines, but can be compensated.
However, in, say, a loud speaker or micro-
phone, if there is great amplitude-frequency
distortion there will probably be phase and
transient distortion also. Therefore, means
by which the frequency-response character-
istics of electro-acoustic apparatus may be
measured are of great importance. This
article gives a description of apparatus
developed by the author and his colleagues
as applied to the testing of loud speakers,
and describes sonie typical results, and I am
indebted to the Engineer-in-Chief of the Post
Office for permission to use the information.

Considering the various parts in order,
as the source of testing current a heterodyne
oscillator is used.  Oscillators of this type
were sct up in 1923, and one constructed in
1924 and described in a paper by Cohen,
Aldridge and West before the 151, in
April, 1926, is still in use. Since then, how-
ever, further investigations have been made
into the operation of these oscillators, and
various improvements embodied in later
models.  The circuit arrangement now
adopted is shown in Iig. 1.

The two high-frequency oscillators are
contained in two screened compartments.
The two high-frequency amplifiers and
rectifiers are mounted together in a third
compartment. The low-frequency amplifier
and the remaining parts are also separately

* MS. received by Editor, March, 1929.

screened ; each section of the filter has a
separate small compartment.

All the coils in the oscillators and filter are
small slab coils about 21in. external diameter
and lin. thick, of the inductances shown.
As loose a coupling as possible is used between
the various coils.

The high-frequency amplifiers are not
required for actual amplification but enable
the coupling between the oscillators to be
reduced to almost zero, so that they will
oscillate within one cycle in 2 or more
seconds of the same frequency without
pulling into step.

Contrary to the arrangement adopted by
other experimenters, the two oscillators are
adjusted to give approximately the same
output. The combined output is delivered
{rom the plates of the H.F. amplifiers to the
rectifier by the three-clectrode differential
condenser. This enables the output to be
adjusted from almost zero up to its maximum
without any steps or effect on frequency.
This arrangement is better than stud
switches. By making the adjustment at the
beginning of the L.V, stages the wave form is
slightly improved at the lower outputs.

It is often assumed that a bottom bend
rectifier has an anode current-grid volt
dynamic curve consisting of a fairly straight
portion with a more or less sharp bend at the
bottom. Actually, however, it is usually of
approximately parabolic form over the work-
ing range. In the case under consideration
the input consists of the sum of two more or
less pure waves and not, as in the case of a
receiving set, of one H.I". wave modulated by
a number of L.F. waves simultaneously, 1.c.,
the input consists of a sin 4 -} bsin B if the
waves are pure, or of

a'sind 4+ ¢ sin24 -+ @’ sin 34 -+
-U'sin B+ 0" sin2B ++ &' sin 3B
if the waves are impure.
In the case of a modulated wave the input

consists of @ sin A(1 -+ bsin B) if onlv one
L.F. is present.
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For simplicity, if we consider the input to
contain seccnd harmonics only, the part of
the output with which we are concerned will
be {assuming the rectifier characteristic to

be parabolic)
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+ 6’0" (cos — B — cos 3B)

+ a'd"” (cos I — 288 — cos 4 + 2B)
+ a”’b’ (cos 24 — B — cos 24 + B)
4+ a't' (cos A — B — cos A + B)
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Fig. 1.—Helevodyne oscillator.

K(a¢'sin A +a’ sin24 + /' sin B+ 5" sin 2B)*

= K{d: (1 —cos2d) + - (1 — cos 4A4)
})/2 ])Ilz
+ s (1 — cos 2B) (1 — cos 4B)

+ a'a” (cos — A — cos 34)

frequency flowing and the voltage produced
will be determined by the impedances of the
valve and its circuits at that particular
frequency. All the above waves will be
eliminated by the filter except

a'b’cos 41— B+ a"b" cos2A — 2B
The output passed on to the first I..I-.
amplifier therefore consists of the desired
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beatnoteand itssecond harmoniconly, but the

latter is reduced in the ratio 75" % that if
the two input waves are reasonably pure the
beat note will be very good and there will be
noneed to purify one more than the other, nor
to have one strong compared with the other.

1930 250

EXPERIMENTAL WIRELESS &

obtained. Originally a three-stage filter was
used, but it was possible to get appreciable
H.F. voltages at the plate of the second L.F.
amplifier, so the number of sections was
increased to six, which eliminated this
possible source of trouble. The first and last
stages are made half-sections and both ends
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Fig. 2.—Hetevodyne oscillatoy—output.

On the other hand, as is well known, if one
wave modulates the other, even if both are
originally pure, it is necessary to have one
very weak in order to avoid the production
of combination tones by the rectifier, unless
this has a long, very straight part to its
characteristic. With telephony, using the
ordinary amplitude modulation method, a
parabolic rectifier curve will always produce
combination tones of all the frequencies
present in the side-bands. In the special case
of the oscillator the arrangement adopted
produces the desired result without the
necessity of any special means of purifying
one H.IF. wave with its attendant extra
adjustment.

1t is necessary that the two H.I. amplifiers
should not interact and should work on the
straightest possible part of their character-
istics. For this reason low impedance valves
worked with only a small grid swing are used.
It might perhaps be of some advantage
to separate their plate circuits, but with the
arrangement adopted very good results are

of the filter are closed through 10,000-ohm
resistances (actually 12,000 and the rectifier
in parallel at the input end). If the filter is
not terminated approximately by its char-
acteristic impedance the attenuation will
vary with frequency, and the output from the
oscillator will vary accordingly.

The plate supply to the L.I©. amplifier is
made as high as practicable in order to get
the best possible wave formm. The output is
taken via a transformer to suit the load. Tor
non-reactive loads of 200 to 2,000 ohms a
suitable winding consists of 0,000 turns
primary to 3,000 turns secondary on stalloy
stampings Iin. square in section with a
window 3in. X zin. Each winding consists ot
slab coils, the primary and secondary wind-
ings being arranged alternately. A number
of transformers are available with different
secondaries. The output may also be fed
via a transformer into a push-pull power
amplifier when large outputs are required.

Using the transformer described above,
the output at various frequencies is shown
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in Fig. 2. If the transformer primary
(secondary on open circuit) is used as a
choke the voltage rises slightly at high
frequencies.

The purity of the wave form has been
measured. The method of doing this may be
of interest. A circuit as shown :n Fig. 3 was
set up. The output is taken via a potentio-
meter and screened transformer to the
““ frequency bridge.”” The latter is a standard
arrangement made up in compact form and
always used for measuring the frequency
when required. The two non-reactive re-
sistances R, and R, are equal to one another
and are simultaneously adjustable by dials.
C, = Cy (= 1uF.) and 2P = Q (= 10040).
Under these conditions 2#f = 1/R,C,, when
the bridge is balanced. The values of R,
and R, have been chosen so that at any
setting of the dials, which are connected in
parallel, the frequency for which the bridge
is balanced can be read off directly.

This bridge is fully described in the Post
Office Engineers’ Journal for July, 1923.

Provided the input wave is pure, the
resistances accurate, and the condensers
good (as is the case in the instrument used)
the balance is very sharp (the actual in-
strument is made to read within 5 cycles per
sec.). Any harmonics in the input will,
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restored to its first setting the potentiometer
is adjusted to get the same reading as before
on the galvanometer. The potentiometer,
which has a low impedance compared with
the transformer feeding the bridge, then gives
directly the percentage harmonic present at
the frequency first used. It is necessary, of
course, to get an accurate balance and to
eliminate stray currents. It is also assumed
that the losses in the bridge and transformers
and the amplification at all the harmonic
frequencies present arc the same as those at
that of thesecond. But this error is small, as
it was found that when the oscillator is
working properly the impurity present is
almost entirely the second harmonic.

The results of some of the measurements
made are shown also in Fig. 2. They could
not be carried above 4,000 nor below about
6o cycles per second with the apparatus
available at the time. The rise at the very
low frequencies is due to the oscillators
tending to pull into step.

It should be noted that any inaccuracy
in the balance of the bridge tends to give
too high a reading for the harmonic content,
the figures given are therefore, if anything,
on the high side.

It will be seen that the harmonics in the
wave do not exceed 1 per cent. between 150

I

FREQUENCY
~" BRIDGE

AMPLIFIER
AND
RECTIFIER

e

!

Fig. 3.—Circuit for wave-form measurement.

however, be passed on to the amplifier and
rectifier and operate the galvanometer.

To analyse the wave form the bridge is set
to any desired frequency and the oscillator
accurately adjusted until the galvanometer
deflection is a minimum and the reading is
noted, the potentiometer being at its maxi-
mum setting. By temporarily setting the
bridge to twice the first frequency the
oscillator can be set to that of the second
harmonic of the first. Then with the bridge

and 4,000 cycles per second and may be
much less. They are probably under o.5
per cent. over a great proportion of the
range. It was found that if the L.I. amplifier
anode supply was reduced to 230v., or if
with 350v. the output was doubled by
increasing the oscillator coupling, the im-
purity in the wave was increased from 2 to 3
times. This emphasises the importance of
the ample capacity required in amplifiers in
order to minimise the distortion (b) men-

B
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tioned in the opening paragraph. For tests of
apparatus where the output at medium
frequencies may be 100 or more times that
at lower frequencies the use of a very pure
wave is essential if false measurements are to
be avoided.

The Testing Chamber.

In order that the output from the loud
speaker as measured may be truly repre-
sentative of its performance, very careful
consideration must be given to the testing
chamber. Except when used out of doors
well away from buildings and the ground, as
may sometimes occur with public address
systems, the sound at any point in the sound
field will be more or less affected by the
surroundings. As it is usually inconvenient
to test out in the open, some form of testing
chamber must be provided which will as
nearly as possible produce the effect of an
infinite space surrounding the loud speaker.

A large number of experiments have been
made with various materials and arrange-
ments in order to get a chamber which
would be large enough to contain a fairly
large instrument and be as free as possible
from standing waves due to sound reflection
from the walls.

The action of sound-absorbing material is
perhaps not so well understood as is de-
sirable. When a sound wave falls on some
porous material more or less will pass into the
interior of the substance, the remainder being
reflected. Ifit be assumed that the surface of
the material is a perforated wall, then Lord
Rayleigh has shown (Rayleigh: Theory of
Sound, § 351, Vol. II) that the reflection will
be small even if the ratio of solid wall to area
of holes is moderate (e.g., if the ratio of solid
wall to hole is 1, 7.e., if half the wall is cut
away, the fraction of sound energy reflected
is 1/g9). This assumes that no further
reflection takes place within the material.
However, it wiul be seen that if some soft
woolly material not too tightly packed is used
the reflection from its surface will be small.
The sound passing into the material will pass
on until it is either absorbed, allowed to pass
out the other side, or is reflected by a denser
surface. Suppose (as is usual) the absorbent
is placed adjacent to the hard reflecting wall
of the chamber, the unabsorbed sound will
be reflected and form a standing wave with
a velocity loop at a } wavelength from the
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wall. Now it is the motion of the air par-
ticles in the pores of the material which
causes the degradation of the sound energy
to heat: therefore, the material situated
about } wavelength from the wall has the
most effect; that near the wall or at 3}
wavelength, where the sound pressure is a
maximum and the velocity zero, will have
very little effect. Therefore, in order to
absorb waves of all frequencies, the material
must extend from the wall to at least } the
longest wave it is desired to absorb, e.g., at
100 cycles per second material about 23{t.
thick or more is required. This effect has
been proved experimentally by moving a
pad of material to different points in a
standing wave in a tube and measuring the
absorption. When the absorbing material
in a room consists chiefly of draping near the
walls, speech and other sounds appear low
pitched. The reason is obvious in view of
the above.

The amount absorbed with any material
will depend on the density of the packing
of the material, .., the denser the packing
the greater the absorption but the greater
the reflection from the surface. The absorp-
tion will increase with frequency up to a
maximum. The most economical use of a
given quantity of material could probably
be made by making the packing increase
in density the nearer it is to the surrounding
walls.

The actual chamber which has been used
for loud speaker tests is not ideal but as will
be seen later is reasonably good. It is about
7ft. x 5ft. 6in. in plan, and about 5ft. 6in. high
internally. The walls consist of cotton waste
built up with fish-netting on a wire-netting
frame to a thickness of about 1ft. The floor
(concrete) is also covered to about 1ft. deep
and the door is made similarly to the walls.
It stands nearly in the middle of a large
wooden hut, the walls of which are draped
loosely with several thicknesses of hessian.

In order to test its freedom from standing
waves a sound source was set up on the
centre line of the chamber about 1ft.
from the wall. The source consisted of a
piston (about 3in. diameter) driven by a
moving coil, and was supplied with a very
pure alternating current at various frequen-
cies between 145 and 4,000 cycles per second.
Sound radiation from the back of the piston
was prevented by a cylindrical box filled with
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wool. The input current was kept constant
at 2ach frequency, and readings were taken
of the output from a condenser microphone
at various distances from the source. If the
source of sound be equivalent to a true point
source, and if there be no reflection from
the walls, then the product of the distanceand
the output voltage (which for a given fre-
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Fig. 4.—Standing waves in the Testing Chamber.

quency is proportional to the sound pressure
at the diaphragm of the condenser) will be
constant.

For each frequency an average value of the
product was taken, and the percentage
difference of the product from this average
was calculated for each distance. These
variations are plotted against distance in
Fig. 4.

It will be seen that up to distances as
great as 5ft. the variations of the product
do not excced 20 per cent., so that errors
greater than this are not to be expected.
Although it would be desirable to reduce
this, for tests of loud speakers in their
present state of development errors of this
order can be neglected.

It may be noted that measurements
should always be taken at a distance from a
loud speaker such as is likely to be used in
practice. If the distance is too small there is
a diffraction effect depending on the size of
the radiating surface and the frequency
which causes an alternate rise and fall in
acoustic pressure. This effect, however, is
easily avoided with most loud speakers.
The effect of distance will be further dis-
cussed when considering the results of
tests.
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The Sound Detector.

As a sound detector a condenser micro-
phone has been used of the type with a
highly stretched thin diaphragm placed very
close to a back plate. Thestretching and the
trapping of air between the diaphragm and
plate enable a very smooth output-frequency
characteristic to be obtained. A full descrip-
tion of the theory and calibration of micro-
phones of this type is given by E. C. Wente,
in the Physical Review, Vol. 10, 1917, and
Vol. 19, 1922.

Independent calibrations have, however,
been carried out under conditions which more
nearly represent those under which the
microphone is used. As a fundamental
means of measuring the sound input to the
microphone the Rayleigh disc has been
adopted. A full description of the methods
by which the disc itself is calibrated is given
in a paper by Mr. W. West and myself in the
Journal I.E.E., Vol. 65, p. 871, 1927. The
disc of mica about 0.8 cm. diameter is
suspended a short distance from a source of
sound. A little farther away is placed the
microphone to be calibrated. The whole is
enclosed in a box about 4ft. cube lined with
about 8in. thickness of gamgee tissue. The
arrangement of this chamber is somewhat the
same as described by Mallet and Dutton in the
Journal I.E.E., Vol. 63, p. 502, 1925. From
the deflection of the disc as disclosed by
a reflected beam of light, the alternating
velocity of the air particles, due to the
sound, at the position of the disc can be
calculated. From this the sound pressure
existing at any point in the neighbour-
hood of the source can be found (in the
absence of any reflecting surface). When the
microphone is placed in position the sound
will cause it to generate an e.m.f. which can
be measured by an amplifier and voltmeter.
The e.m.f. will be determined in terms of the
sound pressure which would exist in the
absence of the microphone, any alteration in
this pressure caused by reflection from the
face of the microphone or other causes due
to the microphone will be included as part
of its characteristic. Extensive tests have
been made to ascertain what errors are likely
to occur, and it has been found that with
suitable precautions it is possible to obtain
calibrations accurate to within 10 per cent.
or less from 300 up to about 5,000 cycles per
second. With a larger and better cabinet

B 2
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and a more powerful source of sound, so that
all the distances could be increased, this
accuracy could be much improved. Most of
the errors are due to having to work at
distances between the source, disc and micro-
phone of the same order as the dimensions
of the sound source and microphone. Some
of the errors can be eliminated by check
tests at different distances.

Below 300 cycles/second the reflections
from the walls of the cabinet become in-
creasingly serious. Fortunately, at {re-
quencies somewhat below 500 the effect of
the reflections from the microphone itself
become negligible and another method may
be used. The microphone is made to form
part of the wall closing one end of a tube.
A source of sound is placed in the opposite
end of the tube. A Rayleigh disc is sus-
pended at its middle point. The sound
source is supplied with current which is
adjusted in frequency until the tube reson-
ates with a velocity loop at the centre and

8 -
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centre as measured by the disc and the

?

pressure on the microphone, - pc, where
v

p = excess pressure (dynes/cm.?); v = par-
ticle velocity (cm./sec.) ; p = density of air ;
¢ = velocity of sound; pc = about 42
under normal atmospheric conditions. By
altering the length of the tube a number of
points on the characteristic can be obtained.
It is possible with the apparatus available to
obtain calibrations of microphones from
about 50 to 5,000 cycles per second accurate
to within about 3 per cent.

The accuracy is practically limited by the
accuracy to within which the various meters
and the disc deflection can be read.

As mentioned above, below 500 cycles per
second the reflections from the microphone
are negligible, so that calibrations by the two
methods agree ; above 500, however, there
is an increasing divergence. In the open, at a
distance from the sound source where the wave
front is plane, half the energy in the sound
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I'ig. 5.—Condenser Microphone Calibration.

pressure loops at the ends. This will occur
at frequencies which make the tube length
equal to multiples of § wavelength. At
these frequencies the sound energy present
in the tube will practically all appear in the
form of pressure at the ends of the tube and
velocity at the centre; there is therefore a
simple relation between the velocity at the

exists as variations of pressure and half as
kinetic energy due to the motion of the par-
ticles, When a wave is reflected the kinetic
energy causes a pressure on the obstacle which
adds to that due to the pressure com-
ponent, and, hence, in the case of a micro-
phone, at very high frequencies the pressure,
as indicated, will be twice that existinginits
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absence. Fig. 5 shows the frequency char-
acteristic of a microphone as used for loud
speaker tests. The hump at 1700 cycles per
second is caused by the slight cavityin the face
of the microphone, and its position and size
vary with the dimensions of the cavity, e.g., if
the microphone is used without the protecting
gauze guard the hump is somewhat flatter and
occurs between 2,000 and 3,000 cycles per
second, as the cavityis then slightly shallower.
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The Microphone Amplifier.

The output from the microphone is
amplified before measurement by means of a
four-stage amplifier, the circuit of which is
shown in Fig. 6. Excessive amplification
is not aimed at ; it is only required that
with the input available the output shall
be of the order of one volt on a 600-ohm
load, 1.e.,somewhat over that at the beginning
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Fig. 6..—Amplifier for Condenser Micvophone.

Other similar microphones are available with
sensitivities several times that shown in Iiig.
5, and with a very similar shaped char-
acteristic.  The output in terms of the
actual pressure on the diaphragm is also
shown in the figure. A. J. Aldridge in the
Post Office Eleclrical Ingineers’ Journal for
Oct., 1928, has also published similar curves.

It may be mentioned that the Rayleigh
disc is the only instrument at present known
which will directly measure the sound at a
point in the open without introducing any
appreciable distortion of the sound field due
to the obstruction offered by the instrument.
All other sound-measuring deviees measure
the pressure, and the pressures indicated
rise as the wavelength becomes comparable
with the dimensions of the instrument, which
always occurs within the audio range. The
Ravleigh disc forms the only direct means by
which they may be calibrated so as to
include this and other effects, such as those
due to the effect of resonant cavities and
that of the load of the mass of air in contact
with the moving membrane.

of a long telephone line. The potentiometer
in the plate circuit of the first valve enables
the output to be adjusted in known steps
(each step gives half theoutput of the previous
one). The characteristic is flat except for a
fall at the low frequencies when the im-
pedance of the microphone and its lead
becomes comparable with that of the two
10 M resistances in parallel. This could
be improved by using higher resistances or
by increasing the capacity of the condenser,
but as the amplification of the amplifier is
taken at each calibration point this fall is
not of very serious consequence.

When the switch is put over to position
2 the output of the oscillator passes through
the r-ohm resistance placed close to the
microphone. A known voltage is thus
inserted into the circuit. By calibrating in
this way the whole of the amplifier and lead
to the microphone is made to act as a
voltmeter, measuring the microphone output
directly at its terminals.

(To be concluded.)
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Electrical Wave Filters.
By M. Reed, M.Sc, A.C.GIL, D.IC.
(Continued from page 196 of April issue.)

(2) Band Pass Filter.

The general formula will now be applied
to the case of a band pass filter.

The band pass filter to be considered is
shown in Fig. 26.

This filter can be regarded as being
derived from the simple filter of Fig. 27.

Comparison with Figs. 15(a) and 15(b) will
show that the two filters of Figs. 26 and 27
are related by the following equations :—

Ly=mL, .. a: .. (32)

C,= Cym (33)
1 — m?

Ly,= 4m L, o o (34)

If we regard C, as consisting of two
capacities C, and C, in series, then :

4m
Co= 1 Co
Cp=mC
R S ¢ 1 1fr—m? 1}
. C2 - CA +‘CB_~ m[ 4C0 _’— CV -, (35)
% 2GC, 2GC, %
o——J00—o] —00—o
Lo
02

o y 4
Fig. 26.

From (32) and (33) :—
:%t:%: Gy =Gy — Gy x%‘:
Substituting the

in (34), we have :—

I — (Ly/Ly)? L — L2
T 4LyL, °T 4L,
Lo? = Ly(Ly + 4L,)

(354)
value of m = L,/L,

(36)

From (35)

C,+C
: ?”Eﬂ = 4m|C ot m2[Cy2=m(4/Cy+-m/Cy)

but
C :
m=C0/C1=L1/L0 i._z_o—i—c a0 4C1'Z‘C2:|
1v2

C " ¢
4G+ C [4C: + CzJ
c,C L,/L, L C, I (37)
From Fig. 27 we have that . —
247, — “J‘%/Z/C“'Co — — wClwLy—1/wCy]

= — [w?,Cy — 1]C/C,
(a) Cut-off Frequencies.

The cut-off frequencies f; and f, will be
given by solving the equations

(38)

ZyZy,=o0 and Z,/Z, = — 4.
When Z,/Z, = o we bave from (38) that
w?iLCo=1I
the lower cut-off frequency is given by :

1
A= ;n—\/[—"oa; (39)

Which is the resonant frequency for the
series arm.

When Z,/Z, = — 4, we have from (38) that
(@3LoCo — 1)C/Cy = 4

w 2L, Cy = 4£°C+ ¢

2 =

Wy

.}[%Coﬂ-C]

L, CCy

The upper cut-off frequency is therefore
given by -

e 1\/1_<4C0§—C
=N ke )
(0) Terminal Impedances.

In the case of the low pass filter it was

(40)
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indicated (see page 195) that it was desirable
to terminate the filter in an impedance equal
to its nominal characteristic impedance.
In the general case, the impedance at the
mid-frequency is used as the basis for design.
The mid-frequency is defined as the geometric
mean of the two cut-off frequencies, ie.,
Fn=V fifs- In the case of the low pass filter
one of the cut-off frequencies is zero, hence

Fig. 27.

fm = 0, and therefore the ncminal char-
acteristic impedance should be calculated
at zero frequency (see page 193).

The series characteristic impedance of
the band-pass filter of Fig. 27, at the mid-
frequency, can be obtained as follows :

From equation (1) we have that for any

symmetrical structure, the series char-
acteristic impedance is given by :
Zy = VZ,Z,[1 + Z,/4Z)) (40a)

Therefore, for the filter under considera-
tion, we have by substituting the values
of Z, and Z,, that:

bs ,“szoCo — I\

ZlZ2 (A)C“ (;)Co_ = ) 5 @ (40b)
From equation (38) we have that
Zl ,’w2I,DC0 — T\
4 2L 7 (/220 C
+ 4Z, c ( 2I“}go )|C
40 — (wLglg — 1
= L oc
2C, (400)

from equations (40a), (40b) and (4oc), we
have :(—
7@ LoCo 1 (4C_o+c
4w2(:02 G
Now the mean frequency f, has been

defined as being given by f,,2 =/, f,, where f,
and f, are the values of the cut-off irequencies.

o 1 \/4C9r+C
W, = 47 f1f2—L0C0 %

—szoCo_J. . (40d)

(40€)
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From equations (39) and (40).
from (40e) we have :—
ot C o G, (40f)

Hence from equations (40d) and (40f), we
have that the impedance Z, at mid-fre-
quency, is given by :

w L, Co— 1

202 o _‘4;)_2C02 [w1712L0C0(w7712L0C0 - I)]
- 412’?0 (‘”mzLoCo - 1)2

Substituting for w,? from equation (4of), it
is seen that:

L {\/40 +C J
1 0 0 .
Zo 2\/(;0 C '8

It should be noted that equation (4o0d)
gives the value of the series characteristic
impedance of the filter of Fig. 27 at any fre-
quency given by w = 2nf. The expression
for this impedance can be reduced to a more

(41)

convenient form in the following way.
We have from equation (40) that -
s 2fa_ T _4Ce+C
wl=4mft=p e X ¢
= 460(;}"(:'@‘2
2
4Co + C W (41a)

C

From equations (39) and (41a), equation
(40d) reduces to the form :—

Wy

zp— @Lobo 1 (22 A
« 4(1)2602 wq Wy’
(L Co — 1)l — o)
B 4?w,?Cy?
From equation (39) we have that :—
I I o7 2
= _ 7.8
w,2C, Lo w?C? @10
w,?L¢?

S Zg? (wg? — @) (w2L,Co— 1) (41D)

4o’

Now from equations (41), (39) and (41a),
we have that :(—

L
Zy= 20 (wy — wy) (41c)
L, &
Y= " 1d
4 (we — wy)? (4xd)
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From equations (41b), (41d) and (39)

we obtain :—
3 2 2 2
2 __ 72| W2 T W _‘"1)]
Z2 =2, L(wz - wl)z{l (w }
72
((1,2—__0;,'172 [‘”22 + w® — 20,0,

_{w“ + w12w22 — 2wlw,w,)
f

Now w,,! = w,%w,?

Z2 )2[(w2 )t w? __:umj

(‘”2 =)

RS

-z -{ )
[ (w/w,) — (@p/o)

ladon — oo} ]

e e ={ IR =) v

By exactly similar methods, expressions
for the mid-shunt impedance at the mid-
frequency and at any frequency may be
obtained.

The Derived Band Pass Filter.

As already indicated, the formule for the
derived filter of Fig. 26 can be easily ob-
ained from the equations for the simple
filter of Fig. 27.

From (32), (33) and (39) the lower cut-off
frequency is given by :—

1
S 2#\/11(4‘1 N
From (36), (37) and (40) the upper cut-off
frequency is given by :

,=1 Cat4C

2m N CyCo(Ly + 4Ly)

The value of the mid-series characteristic
is the same as for the simple filter, and is
given by equation (42) where the value of

Z, can be obtained by substitution for
Ly, Cyand C in (41).

— 2
=241 -

(43)

(44)

Frequency of Infinite Attenuation.
Referring to Fig. 26, it is seen that the
impedance of the shunt arm will be zero
at a frequency given by :—
. 1
Fo=

B 27V L,C, 4s)
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Therefore at this frequency the value of
Z,/Z, will be infinity, and hence it follows
from what has been said on page 194 that the
attenuation will be infinite. The frequency
given by equation (45) will therefore be the
frequency of infinite attenuation.

For the derived filter it is seen that :
Iy 1
Zl/Z == 2<wL1 w 1)

X
Z2 =j\‘wL, — wC2>
. Cy(w®L,C, —EJ
21/422 - ZCT(szz C2 - I) e (46)

Substituting for L ,C, and L ,C, from equations
{43) and (45) respectively, we have :—

C f 2 2 _fz\
Zy4Z, = 2 . (12} . 1 6
2= 6 (7) - (p=ra) e
IFrom equation (44) we have that :
C,+ 4C
2 —gp?f2— __ "2 T s
oA C Oy, + 4L
C, + 4C,

T Cofw,® + 4Gyl
(fol/1)*Co + 4(fo/f)*Cy = Cy + 4C,
fot =22 | i?
CoiCy =TI . uw)
Substituting this value of C,/4C; in
equation (46a), we have that :—

£z, = (s~ ;:: oy

=@
[+ (NG =]
Values of the Elements for a Band Pass
Filter.

From the preceding formule, expressions
may be derived for the values of L,, C,, L,
and C,, respectively.

From equation (41d) we have that :
ZO

"o~ £ i
and from equations (48) and (32) we have
that :

L,

Zym

Ll:‘”(fz"fl) - (49)
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From equations (35a) and (39) we have
_ LC
G = L

substituting for L, from (49) we obtain : -

0 1/.,.2
-I.wlLl

G = fz - fl
1T gmf 2 gm
From (34) and (49) we have that :—
— 2
I, Z, I —m
m(fo — f1) 4m

0:0142H 000448 mfd 0:00448mfd 00142 H

o 000> i ii IO ——o0

- (50)

(51)

000577 H
To'ooaee mfd
—o

Fig. 28.

From (44) we have that :—
w,? = C, +_4£1 o
CiCo(Ly + 4L,)
L Calws® L€y + 4w P L0 — 1) = 4C; (52)
Substituting for L,C, from equation (43),
and for L,C, from equations (51) and (50),

equation (52) becomes :—
— 2

(f2 2fzf1)—4cl

Cl (fz fl "1’

(fot — m2f?) =
After substituting the value for Cl given in
equation (50).
From equations (51) and (53) we have by
multiplication :

(53)

I — m?
L.C, art(f 2 — mAf (54)
". from equations (45) and (54) we have
that :—
mt S =12 L0 = (P17
[ AP f2 =Nt
S
f 2 _f 2
: (flf)?
.m—\/l—f/fll (55)
From equations (49), (50), (51), (53) and
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(55), the values of the filter elements, in any
particular case, can be determined.

Example.

A numerical example will illustrate the
use of the formule given above.

Assume that it is required to design a
filter to have a lower cut-off frequency of
20,000 cycles per second ; an upper cut-off
frequency of 25,000 cycles per second, and
that the frequency of infinite attenuation is
30,000 cycles per second. Assume, also, that
the value of the terminating 1mpedances at
mid-frequency is 600 ohms.

We have therefore

f1 = 20,000
[, = 25,000
f. = 30,000
Zy= 600

Then from equation (55) m = 0.742
From (49) L, = 0.0284 henrys

., (50) C, x 0.00224 mfd.
,, (51) L, = 0.00577 henrys
» (53) C2 == 0.00486 mid.

TO (NFINITY
—

ATTENUATION IN fe

L
10000

20000 30000
CYCLES PER SECOND

Tig. 29.—Atienuation chavactevistic of band pass
Sfilter.

The filter required is therefore as shown in
Fig. 28.

The attenuation and phase constant
characteristics for this filter can be obtained
in exactly the same manner as the corre-
sponding characteristics were obtained in the
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case of the low pass filter. The value of
Zy/Z, at any frequency can be calculated
from equation (47) and the corresponding
attenuation and phase constant can be read
off from the curves of Figs. 6 and 7, re-
spectively. I'igs. 29* and 30 show the
attenuation and the phase constant char-
acteristics, respectively, for this filter.

The Effect of Resistance in Filter Circuits.

So far it has been assumed that the series
and shunt arms are pure reactances and
hence the ratio Z,/Z, is either a positive or
negative number. In any actual filter
there is, however, a certain amount of re-
sistance associated with the inductances and
condensers. At frequencies below 3,000
cycles the resistance of paper and mica
condensers is usually negligible. At higher
frequencies, where only mica condensers are
generally used, the dissipation in the con-
densers can also be neglected. The resistance
of the inductances in a filter, is, however,
seldom negligible and must generally be
taken into consideration.

Where the resistance cannot be neglected,
then the value of Z,/Z, will in gencral be a
vector quantity, and the attenuation and
phase constant must therefore be read off
from the curve corresponding to the angle of
Z4/Z, in Figs. 6 and 7 respectively.

The effect of resistance on the value of
attenuation constant is most important in
the transmission band, where the attenuation
constant would be zero if there were no
dissipation. Its effect is most pronounced
in the neighbourhood of the cut-off fre-
quencies  where the transmission bands
merge into attenuation bands. In the
attenuation bands, the general effect of
resistance is negligible. It effects, however,
the value of the attenuation constant at
those frequencies at which infinite attenua-
tion would occur if there were no dissipation.
Speaking generally, the difference between
the value of the attenuation for the ideal
filter and for the filter with resistance
becomes greater as the value of “a” is
reduced.

From Fig. 7 it is scen that resistance has
the effect of rounding off the abrupt changes
in phase that occur in the neighbourhood

* This curve is plotted only up to 28,000
cycles/sec. After 30,000 cycles/sec., the attenuation
decreases until at infinite frequency it is 1.948¢.
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of the cut-off frequencies, i.e., when | Z,/Z, |
becomes greater than 4.

It is convenient to express the dissipation
in any reactance by the ratio of its effective
resistance to its reactance. This ratio is
denoted by “4 ” and in the case of a coil
given by d = RfwL. The value of “d”
will not, in general, be constant over a wide
frequency range, but if its value is known at

B naia:

[t e :.1 |
—— —— +—+ +

RADIANS

30000 35000  TO
INFINITY

25000

CYCLES PER SECOND

Fig. 30.—Phase constani charactevistic of band
pass filter.

an important frequency in the transmitting
range, it may usually be regarded to hold
for the rest of the transmitting range.

In the cases we have already considered,
the effect of dissipation can be seen from the
following. Consider first the filter of Fig. 2r1.
If R, and R, are the effective resistances
of the inductances in the series and shunt
arms, respectively, then :

Zy = Ry + jwh, = “’él + jwL,
where Q = 1/d
I\
wCy/
sz .w’LZCQ = W
0 7 wC,
(1 +Q) L, Cy
wtL,Cy + jQ(w?L,C, — 1)
Substituting the values of L,, L, and C,
as given by equations (2g), (30) and (31), we

have :— o )
o AT OS2 1
HZy= UiV = T ok I

Zy =R, +]",/“’L2 -

ZI/ZZ =

)
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Hence, knowing the value of @, the
attenuation and phase constant at any
frequency can be determined from the
corresponding curves of Figs. 6 and 7.

In the case of the filter of Fig. 26, if R; and
R, are the effective resistance of the series
and shunt arm inductances, respectively,
then —

1 — jd — I/w?l,C
Zy|Z,=L,y/L, 4 e IJ

I — jd — 1jw?L,C,

An analysis similar to that given on page
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258, can be expressed as :—

2y (S)MULE = = ) )
2, \71.

[~ (AfDA( — 7d) (flf.)? — 1]

. -~ (57}
Thus giving the means of obtaining the
attenuation and phase constant at any
frequency.

Tt should be noted that for frequencies
outside the transmitting range the formula
Z,|Z, for the non-dissipative structure can
be employed without undue error.

(To be conlimued.)
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Recent Developments in Direction-finding
Apparatus.

Paper by Mr. R. H. Barfield, M.Sc., AM.LE.E., read before the Wireless
Section, LE.E., on 2nd April, 1930.

ABSTRACT.
Part I.—Medium Waves (300 to 600 m).

HIS part of the paper deals with the develop-
ment of direction-finding work with the
Adcock acrial system. Preliminary work

on the subject was described by the present author
and Dr. K. L. Smith-Rose a few years ago (see
EW. & W.E., June, 1926}, when the Adcock
acrial was in the form of vertical dipoles, with the

Fig. 1.

Aerial system. B = box containing
balancing condenser.

working hut and apparatus suspended at the centre
of the system. The present paper describes
developments of the system working at ground
level. The Adcock system is, of course, par-
ticularly intended to eliminate the ‘‘ night-error ”
effect which arises when waves are returned from
the Heaviside layer.

In the arrangement now described, the hut
containing the apparatus is on the ground and
balancing condensers are inserted in the earth
leads to compensate for its lowering. The aerial
system is supported by a single central mast, as
shown in Fig. 1*. The four aerials 8o {t. high
are suspended from radial stays, anchored at points
400 {t. out from the mast, and broken by insulators
into 20 ft. lengths. Each aerial is broken 15 ft.
above ground and twin horizontal leads spaced
6 in. apart in a horizontal plane are led into the
hut. The diagram of aerial connections is shown

¢

* The author’s original figure numbers are adhered to throughout
this abstract.

in Tig. 2. Balancing condensers, variable up to
0.0003 pl. max. are inserted as at B in Fig. 1.
These have a value of about 60 uuF. when the
aerial is balanced, Methods of balancing the
system are described in the paper, the object of
the balancing system being to make the impedance
of the lower half of the aerial equal to that of the
upper part with respect to e.m.f.’s. generated in
the horizontal members of the aerial system by the
horizontal electric component of the received waves.

The goniometer and receiving apparatus do not
differ in any important way from the installation
ot a standard Bellini-Tosi system.

The following tests are described :—

(a) Calibration for direct waves and range tests.

(b) Tests during “ night eftect *’ (i) comparison
with closed-loop direction-finder, (ii) Effect of
balancing condensers.

(¢) Calibration by means of downcoming waves
from a local transmitter elevated by a kite.

The calibration curve compares favourably with
those obtained with other d.f. systems in like
conditions. No difficulty was expressed in obtain-
ing sharp minima and the range appeared to be not
noticeably different from the Bellini-Tosi or other
system.

As regards night effect, result curves and tables
are given showing the undoubted superiority of
the Adcock system. The presentation tends to
underestimate the magnitude of the disturbance
on the loop, since tables of standard deviation,

A A

[ S
lDJUlUJC
B B
Fig. 2.—Diagram of aerial connections. G =
field coil of goniometer, B = balancing condensers,
A4 = aerial.

etc., do not include the cases when no minimum
was possible on the loop. Such conditions are
extremely rare with the Adcock aerial. On longer
waves or over sea conditions would be even better.

As an example of the comparison, an extended
table of observations shows standard deviations
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for the loop varying from 2 to 10 times thosc
simultaneously obtained for the Adcock system.

A table and curve also show the effect of the
balencing condenser in minimising variation of
bearing.

The experiments with the kite transmitter were
intended to investigate residual errors in the Adcock
systemshown still to exist by the previous results. A
small transmitter was raised several hundred feet

8 E T ¥ B
Goniometer
field coil
Fig. 13.—Simplest arrangement of  chain
coupling.

above the receiver by means of a kite to provide a
source of artificially produced downcoming waves
with a known and suitable degree of horizontal polar-
isation. Result curves are given showing the superi-
ority of the Adcock system. To take an example
a wave arriving 15° to the horizontal and with
its electric force at 60° to the vertical, gave an
error of 24° on the loop and only 7° on the Adcock.

This residual error is attributed to instrumental
effects, and the latter section of this part ot the
paper discusses the theory of the balanced Adcock
system and possible methods of improvement.
The error is particularly attributed to the con-
tinuous horizontal leads, and various systems of
chain coupling are suggested, the simplest form
being that shown in Fig. 13.

Part II.—Short Waves (12 to 60 m.).

The first section deals with a closed-loop direc-
tion finder, shown in Fig. 14. The loop is a single
turn of 3 ft. square, completely screened in a 1 in.
square brass tube. The receiver is a G-valve
supersonic onc of commercial pattern. The single
tuning condenser, externally controlled, tunes the
inductance of the first oscillator-detector, to which
the loop is coupled.

The advantages of the instrument for short-wave
working lic mainly in the form of the screening
used, and are

(1) Complete absence of antenna effect.

(2) Robustness of loop.

{3) Loop may be approached and, on the higher
wavelengths, may even be touched without appre-
ciably altering the Dearing or weakening signals.

The next section describes a rotating Adcock
direction-finder for a similar wave-range. The
system consists of two spaced vertical aerials fixed
at the ends of a rotating horizontal arm, the aerials
being connected in opposition as shown in Fig. 16(a).
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Each aerial is made up of two 5 {t.lengths of
#in. aluminium tube. The horizontal arm is in
two 5 ft. lengths of 1} in. brass tube, joined at the
centre by a brass union. The twin horizontal
leads are stretched tight in the brass tube $%in.
apart, and at the centre are brought out to two
terminals for connecting to the primary of the
transformer, as shown in Fig. 16 (¢). The primary
and secondary windings are separated by an
‘“ electrostatic ’’ screen FE, which also serves as a
mechanical support for the former. The screen
consists of a cylindrical cage 8in. high and 4 in.
diameter, of fine vertical wires spaced }in. apart.
The construction is shown in greater detail in
Fig. 16 (b).

Both types of direction-finder have been sub-
jected to the following tests :—

(a) Tests with local transmitter, (i) On ground,
(ii) transmitter elevated 4o {t. above ground.

(b) Etfect of immediate surroundings.

(¢) Tests up to the limit of ground-ray range.

(d) Long-range tests.

The local transmitter elevated above the ground
could give a downcoming wave of controllable
horizontal polarisation, and result curves, which
are given, again show the marked superiority of
the Adcock system in the very small error produced
in these circumstances compared to the loop receiver.

With either instrument direction finding is
possible on 24 metres up to 70 miles in day time,
L
------ G 2 G Sy
: |
1 [
: , P
K 30 d
' —=a
: !
i
+—F,
w

Fig. 14.—Rotating-loop divection-finder for shovt
waves. A = brass vertical axis 13in. diam.,
B = brass bearing 3in. internal diam., C = brass
collar, D = aluminium scale, E = ebonite spacing
pieces, I = divection-finding loop, G = outer
brass pipe, I = insulated gap, K = brushes, L =
leads, M = metal-lined box with amplifiers,
tuner, etc., P = pointer, S = slip-rings, W
wooden handle.

and 30 miles at night (these results applying to
summer season only). The site should be 100 yards
clear of obstacles in all directions. Over 20 miles,
minima become flatter until they become too flat
to read on either type. At about 500 miles the
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Adcock gives fair indications of bearing, while the
loop is practically useless on account of flatness
of minima and extent of bearing variation.

The wvariable errors and flatness of minima
observed at distances exceeding 20 miles and under,
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in short waves., The author’s results gave inter-
esting confirmation of his own. The error that
remained in the short-wave Adcock was no doubt
due to asymmetry of the lower part of the aerial.
Had the author made any observations on very

—

=

-

(@)

(b

AL
N

@

® e

'; I

Fig. 16.—(a) Rotating Adcock paiv—circuit and screeming arvangements ; (b) Rotating 4dcock

divection-finder.
H = bearing,

Scale : 3in. = 1ft.

M = metal-lined box with amplifiers, etc.,
(4) electrostatic scveem, (5) ebomite former for secondary,

F = electrostatic scveen, G = brass tube with down leads,

P = metal pipe, S = screen,
(6) brass baseplate, (7) primary

winding, (8) secondary winding, (9) outer rotating tube, (10) inner fixed tube.

say, 8oo, are due 1o downcoming waves. The
fact that at such ranges these effects were of equal
extent on both systems, shows that these down-
coming waves were scattered or laterally deviated,
as suggested by lickersley. Otherwise, the Adcock
would have shown less error, as revealed by the
tests with artificially produced downcoming waves.

The work described was conducted under the
auspices of the Radio Research Board.

Discussion.

AIR-COMMODORE A, W. WARRINGTON-MORRIS,
who opened the discussion, expressed interest in
the subject from the viewpoints of both service
and civil aviation. Three companies were about
to run night services between Croydon and the
Continent, and d.f. was an important matter.
Was it necessary to rebalance the aerial system
on change of wavelength ? The author’s results
on short waves were not promising for the use of
these waves at moderate distances, and he would
be glad to know if there was any hope of success
on slightly longer waves.

Mgr. T. L. ECKERSLEY expressed his main interest

long distances ? On signals from New York he had
observed swings of 2 or 3 degrees and very perfect
balance was needed. He had little hope of reliable
d.f. in the skip distance.

Mgr. N. E. Davies described work on the same
problem by the Research Dept. of the Marconi
Co. The Adcock principle depended on a non-
radiating link between the vertical aerials and the
goniometer, The problem was to transfer from the
acrial to the receiver, so that only the normally
polarised component gave directional indications.
The Marconi Co. relied first on screening the hori-
zontal leads and on nullifying the re-radiation
from screen to aerials. The leads were single
conductors completely shielded and led to a
shielded goniometer. Observations showed the
possibility of an accuracy of 2 or 3 degrees in the
worst conditions of night effect on 1,000 m., and
they hoped for a like accuracy on 400-500 m.
Slides were shown illustrating the Marconi installa-
tion at Chelmsford.

Mr. F. B. SmitH asked the author’s opinion as
to the suitable wavelength range for his apparatus.
Recent developments of beacon transmissions
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showed the necessity for Adcock systems at dis-
tances of over 100 miles. On the equi-signal
beacon system errors might still be got even on
Adcock.

Mr. C. E. HorToN said the author’'s main results
agreed with his own experiences. Discussing
Adceck aerials and loops, he pointed out that the
impedance of the aerial caused the Adcock to
compare badly at longer waves. On an Adcock
acrial of the size of an ordinary frame it was diffi-
cult to get good signal strengths. He suggested
burying long horizontal leads as a satisfactory
way of applying the Adcock principle, but referred
to the great difficulties of erecting such aerials on
ships, especially battleships.

MR. J. F. HERD described a demonstration of
the loop and Adcock receivers (on short waves)
working on the eclevated local transmitter, and
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showing the stability of Adcock minimum as
abnormal polarisation was artificially introduced
by tilting the transmitter. He also asked for
comparison of the previous medium-wave system
(when the hut was suspended in the air) and the
present system at ground level.

Dr. R. L. SMiTH-ROSE referred to the technical
difficulties of getting the system down to ground
level. He thought that Mr. Adcock was to be
congratulated on his original suggestion of such
an acrial scheme, which was purely British in its
use as a direction finder. He suggested the exist-
cnce of an error in one of the author’s calculations
on the theory of the balanced Adcock system.

The author replied briefly to the discussion,
and the meeting terminated in a vote of thanks,
moved by the Chairman, Capt. C. E. Kennedy
Purves, R.N.

Correspondence.

Letters of inlerest to experimenters ave always welcome.

In publishing such communications

the Editors do not necessarily endorse any techwical or geneval statements which they may contain.

* Threshold Howl.”
To the Editor, EW., & W.E.

Sir,—Referring to Mr. Alder’s article on “ Thres-
hold Howl ” in the April issue of E.W. & W.I.,
this is of much interest because the literature on
the subject is very small indeed and the effect
dealt with is extremely troublesome.

I disagree, however, with Mr. Alder’s statement
that it is immaterial whether the detector valve
is preceded by high frequency stages or not, as I
think that in fact a particular variety of threshold
howl is caused entirely by the existence of one or
more stages of high frequency amplification. The
effect is identical with that described and explained
in the article in question, but occurs even when the
conditions described do not exist, and is only
present when the aerial or input circuit of the high
frequency amplifier is in tune with the circuit
between the high frequency valve and the detector.
The cycle of events appears to be somewhat as
follows.

When reaction is increased to the point of
oscillation these oscillations are radiated from the
detector valve circuits, assuming them to be not
perfcctly screened and a proportion is picked up
by the input to the high frequency vzlve ; oscilla-
tions therefore build up in the input circuit and are
amplified through the high frequency valve and
thereby communicated to the detector valve circuit,
and the phase relations may be such as to cause a
momentary cessation of oscillation. The process
then commences all over again and continues to take
place at an audible frequency.

If reaction is increased so as to be further re-
moved from the threshold of oscillation, it is no
longer possible for the stray high frequency coupling,
amplified by the high frequency valve, to interrupt
the detector valve oscillations.

The above explanation is confirmed by the fact
that this variety of threshold howl does not appear
to take place when the screening is very complete,

and when it is present it can usually be removed by
altering the relative positions of the input and
output high frequency circuits.

Another common cause is imperfect filtering of
the output of the detector valve, permitting high
frequency currents to stray through the low fre-
quency amplifier, whence they may be com-
municated to the aerial circuit. Tt would be inter-
esting to know whether this other variety threshold
howl has been generally observed.

M. G. SCROGGIE.

Effect of a Screen on Electromagnetic Waves.

To the Editor, EW. & W.E.

SIr,—In the February Editorial an attempt is
made to discriminate between the electric field
of an electromagnetic wave and the electric field
which must be associated with the alternating
magnetic field in the absence of the electric field
of the wave itself, but it is not easy to see how these
can be differentiated, and one may be forgiven for
criticising such statements as “ a space may be
screened {rom the electric field but not {rom the
magnetic field of a wave.” It seems more correct
to say that a wave may be modified by the screen ;
but it is certain that if the electric vector is modi-
fied, then so is the magnetic vector. These points
can be illustrated by taking the simple cases of
plane waves usually considered in wireless theory.

If a plane wave is travelling in the direction
of the axis of » with its clectric vector Z parallel
to the axis of z, then the equations of electro-
magnetic theory require that the magnetic vector
B should be parallel to the y axis and connected

. . g dz
with Z by the relation Cdt =
stant whose value is here immaterial). Now if
the same magnetic field B exists inside the screened
space, the electric field associated with it must
still be given by the above equation, and cannot
therefore differ essentially from the electric field

(C being a con-
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of the wave outside. This argument suggests that
the electric and magnetic fields of the wave must
be considered as coexistent and inseparable and the
blocking of cither involves the blocking of the wave.

Maxwell’s equations also show that in the case
of a plane wave tilted forward in the direction of
propagation (the type of wave which can travel
over an imperfectly conducting plane earth), it
is not possible to destroy the vertical component
of the electric vector without destroying the whole

wave ; for the components X and Z of electric
. . . adX dz
force must satisfy the relation dy -+ ds — 0 SO

that, if Z is zero everywhere inside a given space,
X must be independent of x in that space and
cannot therefore be associated with a wave travel-
ling in the direction of the axis of #; there is
no alternating electric field-——and therefore no
wave—in the screened space.

The type of screen described in the Editorial
recalls the optical grating ; and the cffect of a plane
grating of equally-spaced parallel wires on electro-
magnetic waves travelling at right angles to it has
been investigated by J. J. Thomson in his Recent
Researches wn  Electricity and Magnetism ; his
results are briefly that waves in which the clectric
vector is perpendicular to the wires are almost
entirely transmitted, while, if the electric vector
is parallel to the wires, the waves are almost entirely
reflected sc that the grating acts as a perfect screen,
as it does in the now well-known case of directive
transmission by a double line of aerials. Closc
to the screen, of course, the field is complicated,
but Thomson gives four to five times the distance
between the wires as a maximum distance at which
the complicating terms are appreciable. A com-
plex incident wave can be supposed split up into
constituent waves with electric vectors parallel
and perpendicular to the wires of the grating; the
first of these constituents is reflected and the second
transmitted and so the effect of the screen is to
polarice the wave.

I am not acquainted with any experimental
work with screens such as are mentioned in the
Editorial, so do not know if the distance of the
obscrving station from the screen is sufficiently
great to avoid the complications noted above ;
and the shape of the screen introduces further
complications, so that unusual types of fields are
to be expected. 1t seems desirable to draw atten-
tion to these possible explanations ol any unusual
features found, as they do not take liberties with
the fundamental conceptions of electromagnetic
theory. It may be remarked that isolated points
or lines may exist where one of the electric and
magnetic forces vanishes but not the other (nodal
points or lines), although this cannot happen
throughout a given space.

D. BURNETT.

“ A Hoary old Fallacy.”
To the Editor EEW. & W.E.
Sir,—I have just noticed a recent issue of £.W.
& W.E. in which your leader writer calls attention
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(and, if I do not mistake the author of the leader,
for the second time) to the fact that I publicly
perpetuated ‘‘a hoary old fallacy.” I acknow-
ledge my sin and my shame, but still feel that the
blame should be properly apportioned.

We engineers in our novitiate sit at the feet of
wisdom and learn the gospel from the priests of
science, the professors. Is it to be blamed on us,
that, when we rise to fame, we still believe in the
wisdom of our ecarly mentors and repeat as gospel
what we have been taught? Of course, we have to
interpret much of theory in its bearing upon
practice, but, in matters which have little bearing
on practicalitics—such as the supposed physical
forms of ather waves—we can be forgiven for not
examining too closely what is, to an engineer, of
chiefly academic interest.

But I think your leader writer is right to point
out a glaring example of error so that it may make
teachers more careful in the future. In fact, an
engineer might counsel the new generation of his
fellow workers to be very wary of what he learns
in school or university, and avoid the errors into
which I, for instance, fell in my innocence.

Dare he, for instance, accept the dictum of a
very learned professor that there are no sidebands,
or that television has, or will have, by a slight
technological adjustment of quantities, public
service value ? Perhaps the two dicta are mutually
dependent.

Or again, will he not suffer a rude shock, after
he has read an elementary book on wireless and
finds it stated that the maximum efficicncy of a
‘“ thermionic triode oscillation generator’™ is 350

. per cent., to find that any engineer can prove

70 per cent. or even 8o per cent. efficiency ? Or
that reaction—1I beg your pardon--retroaction in
receiver circuits does no more than lower resistance ?
Or that it is necessary in commercial design of
ordinary telephone transmitters to dissipate as
much power in the low-frequency control system
as the high-frequency generator ?

If this letter is not too long or the list too formid-
able, might [ remind you that it is whispered that
another of our teachers said on the eve of the greatest
revolution in wireless technique that there could
be no more developments of a fundamental nature ?
And even our research laboratories give us the
uncompromising statement that trecs alone deter-
mine the attenuation of the ground wave in wircless
broadcasting.

The sins of the fathers shall indeed be visited . . .
An engineer nevertheless owes all his ground know-
ledge to the teachings of professors and, while we
must all realise the great debt we owe to those who
foreswear the rewards of commercialism in their
desire to perpetuate knowledge, it is, I think,
timely to point out that even they are at times
fallible. \When they perpetuate fallacies, however,
they incur the greater responsibility inasmuch as
they inculcate the expectation of unswerving loyalty
among their followers, a loyalty commonly tested
in a ‘ final exam.”

P. P. ECKERSLEY.
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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.

PROPAGATION OF WAVES,

RESEARCHES ON THE DIELECTRIC PROPERTIES OF
JoNisEp Gases, AND HIGH FREQUENCY
DiscuarGE —H. Gutton. (Ann.de Physique,
Jan,, 1930, Vol. 13, pp. 62-129.)

Erratum. In last month’s abstract, pp. 207-208,
the 14th line on p. 208 should read ‘‘ above 200 m.
the potential increases with the frequency . . .”

MEHRFACHWEGE UND DOPPLEREFFEKT BEI DER
AUSBREITUNG DER KURZEN  WELLEN
(Multiple Paths and Doppler Effect in the
Propagation of Short Waves).—0O. Boéhm.
(Telefunken-Zeit., Dec., 1929, Val. 10, No. 53,
PpP. 9-22.)

The writer first defines four types of multiple
signals due to:—I.-—-Several paths, close to each
other, forming a “ bundle of paths ” and causing
intervals of the order of 0.001 sec. II.—Reflections
between carth and Heaviside layer—intervals
@.01 scc. III-—Backward and multiple transits
round the carth—intervals 0.1 sec. IV.—Reflec-
tions outside the ecarth’s atmospherc—intervals
over 1 sec. Neglecting Type IV as unimportant in
practice, he deals first with Type IlI, illustrating
them by oscillograms of the 15.3 m. Buenos Aires to
Geltow tests. No means have yet been found for
guarding against the forward, multiple transit
signals, but luckily these are rarer-—and generally
weaker—than the backward signals. The latter
can be guarded against by reflector systems : these,
when fed by radiation only, give only a certain
amount of protection, which is rendered almost
complete (1:50) by feeding the reflector by
coupling. In fact, with the latter arrangement at
the receiver (reversed in direction) the strong for-
warc signals can be cut out and the weak backward
ones received perfectly. This thorough screening is
very mnecessary in practice, since the backward
signals are sometimes appreciably stronger than
the Zorward.

Type II (“ near ” echoes-—short-time echoes) are
illustrated by results over 40 km. Their rapid and
trequent fluctuations are attributed to quick move-
ments in the layer. Four horizontal dipoles, one
above the other, used as a receiving svstem, gave
risc to these echoes, whereas the simultaneous use
of three vertical dipoles gave no trace of them,
owing to the vertical aerials taking no notice of
nearly vertical radiation. It is probable that such
echoes may occur over long distances, especially
when the good reflecting surface of a sea lies between
sender and receiver.

Type I, with intervals of the order of 0.001 sec.,
are only noticed in the high-speed working of
picture telegraphy. Thus between Buenos Aires
and Geltow, facsimile telegrams sent at the rate of
I sq. decimetre per 4 minutes were perfect, while
those four times quicker were completely illegible :
this was in no way due to defects in the apparatus,
for on many occasions while spoiled records were

being received on the forward signals, perfect ones
could be received on the backward signals. The
constant alterations of the multiple paths was also
confirmed by transmitting a straight line perpen-
dicular to the direction of scanning : at high speeds
the greatly broadened record was built up of many
separate parts, whose varying disposition showed
that the whole ** bundle of paths ’* was in a constant
state of change.

Doppler Effect: the writer next gives an illus-
tration, and explanation, of the peculiar (slanting)
distortion of a record due to the Doppler effect
produced by these fluctuations in path-length.
Such manifestations arc naticeably liable to occur
at the same time as fading, and he considers it
probable that many cases of fading may be ex-
plained simply by the Doppler effect (which may
amount to 20,000 cycles per sec.) throwing the
receiver out of resonance. He then deals with the
whole question of Il‘ading, both ‘‘ gencral” and
“selective ” —the former he attributes to a
number of causes, some not yet understood :
ionisation changes (variations in damping and
refractive index) and variations in the plane of
polarisation. Selective fading is attributed to pure
interference phenomena, due to multiple paths and
path-variations. Tests (Telefunken with Siemens
and Halske) on the selective fading of side-bands
are described. This fading sometimes seriously
affects intelligibility of specch. Moreover, since the
carrier wave itself is subject to selective fading
which affects the total strength of speech [square
law demodulator], this class of fading has a second-
ary result resembling * general ** fading. No cure
has yet been found for selective fading.

General fading, on the other hand, can be com-
bated in several ways: suppression and replace-
ment of carrier wave, amplifying devices [automatic
control], limiting, aerial combinations, modulation
or “ wobbling " of the transmitted wave. The
first of these is more difficult on short than on long
waves, but very good results have been obtained
between Berlin and Buenos Aires—though trouble
with the Doppler effect was occasionally en-
countered. The second method is very effective for
general fading, but not completely satisfactory for
selective fading of the carrier—at least, when the
amplification control is applied before rectification :
but even this type of fading seems to be counter-
acted by L.f. control depending on the final output
of a constant control note, and Telefunken are
adopting this system “ everywhere.” It may with
advantage be combined with r.f. regulation depen-
dent on the intensity of the combined bands.

For picture telegraphy, Telefunken has evolved
a successful special control system in which during
each in-coming impulse the amplification is brought
quite quickly to the right value and remains
almost unchanged during the pauses. For black-
and-white reproduction this is combined with a
form of limiting, in which any signal above a certain
threshold value records itself.

Amplitude- or frequency-modulation. The

C
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former is largely employed to reduce selective
fading of the carrier, but is not completely effective :
it is better to send out several wavelengths close
together, of equal amplitude—a plan which Tele-
funken arc now trying. Frequency modulation
(*“ wobble ") seems to have advantages over ampli-
tude modulation : the strength never falls nearly
to zero (as it does in the latter system) because at
every instant the amplitude of the signal passes
through a series of values, in time with the wobbled
frequencies (but see Roder, these Abstracts, under
*“ Transmission *’). This improvement is clearly
shown in oscillograms.

By a combined use of these remedies most of the
difficulties of fading in picture telegraphy have
been overcome. The broadening of lines, which
still limits the speed of transmission, is still being
fought against ; but a description of the mcthods
now being tried would be premature.

FapING EFFECTS IN THE RECEPTION OF SHORT
\Waves.—Gothe and Schmidt. (See under
““ Reception.”)

““ WOBBLE *’ FOR PREVENTION OF I'ADING.—Roder.

(See abstract under * Transmission.”’)

Lrs ONpEs TrREs CourtEs (Ultra-short Waves).—
R. Jouaust. (L'Onde Elec., Jan., 1930,
Vol. 9, pp. 5-17.)

A general survey, with particular attention to
the work of Ferrié¢, Gutton and Touly, Mesny,
David, Beauvais and other French investigators
(see various past Abstracts). The depression of the
optical horizon due to atmospheric refraction
(involving an atmospheric coefficient which, as
Koss showed, is clearly influenced by the condition
of humidity) probably applies also to ultra-short
waves and explains the ranges beyond the ‘ straight-
line path "’ which have been obtained—c¢.g., France
to Corsica. Wcakening of signals at the close of
day is also explained by refraction.

Low RESISTANCE OF EARTH MATERIALS.—W. I.
Rooney. (Sci. News-Letter, 22nd l'eb., 1930,
Vol. 17, pp. 120—-121.)

““ Certain solid substances, such as clay impreg-
nated with magnesium salts, are better conductors
of earth currents than sea water, formerly considered
one of the best conductors. The resistance of earth
materials may vary from 1oo ohms to 5,000,000
ohms per cubic centimetre within the same square
mile.”

WaAVE PROPAGATION OVER CONTINUOUSLY LOADED
FiNe Wires.—M. K. Zinn. (Bell Tech.
Journ., Jan., 1930, Vol. 9, No. 1, pp. 189—
206.)

An investigation of the character of wave trans-
mission along a pair of wires each of which is
loaded with a continuous sheath of magnetic
material. Expressions for the propagation con-
stants are developed from the general theory of
such a system. Simple approximate formule are
given for the size of wires that are generally used in
paper-insulated cables.
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DIAGRAMME DES CHAMPS ELECTRIQUES MESURES A
MeupoN (Diagram of Electric Fields
Measured at Meudon). (L'Onde Elec., Nov.,
Dec., 1929, Vol. 8, pp. 496-501.)

One of a long series provided by the URSI.

JAaPANESE RESULTS oN SHORT WavEes.—Nakagami,
Ono and Anazawa. (Summary in Rev. Gén.
de I’Elec., 1st Feb., 1930, Vol. 27, pp. 40D—
41D.)

Results of tests up to 1928. Wavelengths varied
from 25 m. to 100 m. DBetween Japan and Nauen,
26 m. waves on 2 kw. gave better results than
42m. on 7kw. On 100 watts, Japan had very
good results with a 79 m. wave, with N. Zealand,
Hawai and the Philippines.

LoNGg-WAVE RADIO RECEIVING MEASUREMENTS AT
THE BUREAU OF STANDARDS IN 1928.—
L. W. Austin. (Proc. Inst. Rad. Eng,
January, 1930, Vol. 18, pp. 101-105.)

Cf. 1928 Abstracts, p. 683. The annual averages
of both Luropean and nearby American stations
were slightly lower than those of 1927, while
atmospheric disturbances were about the same.

L’ ONDOSCOPE, APPAREIL DE I’ROJECTION POUR LA
DEMONSTRATION DES PROPRIETES GENE-
RALEs DEs On~NDEs (The Ondoscope, an
Apparatus for the Demonstration of the
General Properties of Waves). —. Charron.
(Génie Civil, 25th January, 1930, Vol. g6,
PP. 89-90.)

SuLLA PROPAGAZIONE DELLE ONDE NEI MEzzl coN
AssORBIMENTO SELETTIVO (The Propagation
of Waves in Media with Selective Absorp-
tion).—G. Giorgi. (Summary in Nuove Cim.,
Jan., 1930, Vol. 7, pp. xxxii—xxxiil.)

UNE EXPERIENCE DECISIVE RELATIVE A La Lox
DE LA PROPAGATION DE LA LUMIERE (A
Decisive Experiment as to the Law of
Propagation of Light).—B. Zanella. (Rev.
Gén. de I'Elec., 12th October, 1929, Vol. 26,
PP 569-574.)

Translated from a paper in L’Elettricista. The
tests proposed both use the Kerr cell in place of the
Iizeau disc (¢f. Mittelstacdt, 1929 Abstracts,
p- 567).

LA PrROPAGATION DES ONDES SUR LES SURFACES
tLASTIQUES A Six ParRAMETRES (The Pro-
pagation of Waves on Elastic Surfaces with
Six Parameters).—L. Roy. (Comptes Rendus,
10th Feb., 1930, Vol. 190, pp. 341-343.)

THE THEORY OF THE ZONE PLATE DERIVED FROM

Voicr’s INTEGRAL.—C. T. Lane. (Canad.
Journ. of Res., January, 1930, Vol. 2,
pp. 26-30.)

The writer has found that hardly any text-books
in English treat diffraction theory satisfactorily.
In the present paper he works out the properties of
the zone plate, in the case where it is illuminated
by monochromatic plane waves at normal incidence.
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OPTIQUE DES SURFACES DIFFUSANTES {The Optics
of Diffusing Surfaces).—J]. Dourgnon and P.
‘Waguet. (Bull. d. I. Soc. Frang. d. Elec.,
Sept., 1929, Vol. 9, pp. 939-960.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY.

FENOMENI RADIOATMOSFERICI (Radioatmospheric
Phenomena).—P. llardi. (La Meteorologia
Practica, 1929, Vol. 10, No. 2.)

The paper begins with a historical survey and
critical comparison of the work hitherto done on
the subject of radioatmospherics. Special attention
is drawn to Paoloni’s auricular scale, which classi-
fied radioatmospherics into eight grades of true
atmospherics and six grades of intense local pheno-
mena. Mention is also made of the work of Watson
‘Watt on percentage of directivity, of Pickard and
de Groot on the relation between atmospherics
and insulation in the upper atmosphere, and of
Kincaid on atmospherics and barometric pressure.
A short account is given of Lugeon’s work on the
orographical effect and his explanation of the
phenomena as due to the emission of highly damped
Hertzian waves by centres of vapour condensation.
The work of Watson Watt on the relation between
atmospherics and rain gave rise to an explanation
of rain as due to separation of electric charges,
followed by a neutralisation phase when discharge
occurs. De Groot and the 1924 International
Congress at Madrid found, however, that there was
no well-defined connection between atmospherics
and rainfall zones. The connection between
atmospherics and astrophysical phenomena, ¢.g.,
magnetism, is discussed.

The work of Bureau indicated that atmospherics
arc produced in the neighbourhood of the place of
observation and are caused by meteorological
disturbances in general. Strong signals are usually
only disturbed by near atmospherics and, with
more sensitive receivers, more distant signals come
in. The investigations of Bellescize on resonance
and secondary atmospherics are mentioned.

The experiments of the Royal Meteorological
Socicty made use of a synchronising system based
on the use of the syllables of a specially transmitted
discourse. The method was essentially auricular
and the result obtained was that only a minimal
percentage of the atmospherics disturbing broad-
casting come from a short distance. The atmo-
spherics disturbing signals of medium wavelength
have relatively distant sources. Cases were noted
in which *“ cold fronts "’ were the sources of atmo-
spherics.

The writer criticises these results as follows :—

(1) They were essentially preliminary and the
synchronising method used was unsuitable.

(z2) No mention was made of the intensity or
scale of intensity.

(3) Large personal errors were bound to be
involved.

(4) Most of the observations were made in Eng-
land, a region free from strong, numerous atmo-
spherics.

(5) The results disagree completely with those
of Bureau.

Burean has made more experiments which give
very short ranges for the atmospherics, but his
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explanation that the transmitted wave is locally
modulated by the atmospheric does not seem
feasible. He gives graphs to show correspondence
between groups of atmospherics and passage of
different masses of air and says that atmospherics
are due to instability of the atmosphere ; but this
does not disprove the arguments of the supporters
of the ““ cold fronts—long range '’ hypothesis.

Ilardi then proceeds to describe the work of the
Italian Radioatmospheric Service. This is based
on the radioatmospheric scale and auricular system
of Paoloni, as this is thought to give greatest
simplicity and fidelity of results. Great importance
is attached to ensuring that the different observing
stations are concerned with the same atmospheric
discharges and observations are made during the
sending of rhythmic signals on Wednesdays and
Saturdays 18.35-18.40. A network of stations is
to be formed and foreign co-operation is promised.

An analysis is now given of data recorded in
1927 at the Geophysical Station at Monte Cassino.
The wavelength used was 2,600 m. and the hours
of observation were 9, 15 and 2r1. Atmospherics
recorded were classified according to the Paoloni
scale of eight grades, four distinct and four con-
fused. An annual graph was drawn for every
type of atmospheric considered, in order to study
their distribution at various seasons and their
relation to general and local meteorological dis-
turbances. In the first group of graphs the daily
mean over periods of 10 days is plotted for the
36 periods composing a year ; this gives the density
of each type of atmospheric during the year. The
second group of graphs gives the total number of
atmospherics at the hours 9, 15 and 21 and so the
hourly variation. The results are compared with
meteorological observations. Typical graphs of
group I are given but without scales of reference.
The hourly variation gives a morning minimum and
evening maximum.

The connection between atmospherics and atmo-
spheric pressurc seems to be that high pressure
corresponds to low density, low pressure to high
density and frequency of atmospherics. The in-
fluence is most marked in the first and last months
of the year when atmospherics are fewer in number.
An oscillographic study of the various types is
necessary.

The observations which have been made in
tropical regions show that the general effects are
exactly similar to those observed in temperate
regions.

The indications of the automatic static recorder
are thought to be suitable only for a global study
of density and direction of atmospherics and not
for a detailed investigation of the different types.
Tlardi states that all serious experiments have used
the auricular method and hence are all based on
the selective faculty of the human ear.

Finally a programme is given of the experiments
to be undertaken in Italy ; these comprise a study
of the effect on various wavelengths at different
hours of the day. The question of range of atmo-
spherics is not yet solved.

INVESTIGATIONS ON HEAvY IONS IN THE ATMO-
SPHERE.—H. Israél. (Gerlands Beitr., No. 2,
Vol. 23, 1929, pp. 144-166.)
C 2
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Nuove RICERCHE SULL’ELETTRICITA ATMOS- THYRITE FOR LIGHTNING ARRESTERS.—K. B.

FERIcA (New Researches on Atmospheric
Electricity).—Idrac.  (Nuovo Cim., Aug.—
Sept., 1929, Vol. 6, pp. cxli~cxlii.)

Extracts from a paper by Eredia in Notiziario
Tec. di Aevonautica (July and Oct.). Idrac de-
scribes an electrified stratum very frequently
occurring between 6000 and 7000 m., generally
of little thickness but fairly stable. A second
recrudescence of a high potential field seems to
occur between 12,000 and 13,000 m.

METEORIC SHOWERS AND RaDIO TRANSMISSION.—
H. Nagaoka. (Proc. Imp. Acad., Tokyo,
June, 1929, Vol. 5, pp. 233-236.)

Denning arrived at a mean height of about 100 km.
for the arrival of meteors: the writer suggests
that the dust thus dispersed, and the passage of the
meteors through the 1onised layer, may have some
effect on radio transmission.

User KuGeLBLITZE (Globular Lightning).—A.
Meissner. (Met. Zeit., 1930, No. 1, Dp.
17-20.)

A general explanation of globular lightning is
found by assuming that the phenomenon is the
electrical analogy of a waterspout; it may be
regarded as formed by lightning discharges passing
very mear to one another in opposite directions
which set the ionised gas between them into rota-
tion. It thus devclops the properties of a gyrostat
and its stability depends on the equilibrium between
the pressure of the external air and the centrifugal
force of the rotating gas composing it.

On this assumption it is also possible to explain
the formation of globular lightning inside a closed
space (¢f. Marchant, April Abstracts) and the
phenomena which arc somctimes observed in
connection with electrostatic influence machines.
The velocity of the rotating air is estimated to be
of the order of 645 metres per second.

I’INFLUENCE DE LA NATURE DU TERRAIN ET DES
LIGNES LELECTRIQUES SUR LES POINTS DE
CHUTE DE LA FOUDRE (The Influence of the
Nature of the Ground and of Electric Lines
on the Striking Points of Lightning).—
A. Boutaric: C. Dauzére. (Génie Civil,
15th Feb., 1930, Vol. 96, pp. 158-160.)

A summary of Dauzére’s work, dealt with in
these Abstracts (1928, p. 517; 1929, 568).

PROTECTIVE VALUE OF CHOXKING CoiLs.—S. M.
Jones and R. A. Hudson. (Elec. World,
12th Oct., 1929, Vol. 94, pp. 729-733.)

A choking coil alone cannot appreciably decrease
the voltage or the steepness of the front of the wave
transmitted, unless the inductance is many times
greater than the usual value. To decrease the
voltage of the transmitted wave to two-thirds of
that of an incoming 7-microsecond-front wave, an
inductance of 8ooo microhenries would be re-
quired instead of the usual value of about 36.5 mhy.
Therc would be serious objections to the use of
so high an inductance,

McEachron. (Se:.
1930, Vol. 17, p. 87.)
Thyrite is a moulded compound including silicon
carbide or carborundum. ‘‘ Each time the voltage
across a piece of thyrite is doubled, the current
increases 12.6 times . . . Samples have a resistance
of 50,000 0ohms at 100 v. and less than half an ohm
at 10,000 v. They will carry lightning discharges
as high as 30,000 A. without any signs of distress.”
The contact surfaces are coated with metal by the
Schoop mictal-spraying process (1929 Abstracts,
p. 112). Cf. Slepian, Tanberg and Krause, April
Abstracts, p. 209.

News-Letter, 8th Feb.,

PROPERTIES OF CIRCUITS.

ELEKTROMAGNETISCHE AUSGLEICHSVORGANGE 1IN
GESCHICHTETEM ERDREICH (Transient Oscil-
lations in Stratified Earth).—F. Ollendorff.
(Archiv fiir Elektrot., 18th Jan., 1930, Vol. 23,
No. 3, pp. 261—278.)

Extracts from author’s summary :—Transient
oscillations in laminated conductors are investi-
gated mathematically ; in particular, an expression
1s found for the transient electromagnetic field of
the return circuit in a non-homogencous earth with
greater conductivity at the surface. . . . In the
neighbourhood of the conductor (near zone) the
greatest values of the field strength occur imme-
diately after the current is switched on, whercas
at greater distances the maximum disturbance is
not reached until a certain time has elapsed. Thus
a macroscopic velocity of the transmission process
may be defined; this proves to be a constant
depending on the clectromagnetic constants of the
lamina. . . .

In the case of the transient oscillations caused
by exponential increase of a direct current, the
transient field in the earth reaches a maximum and
subscquently decrcases very slowly, the rate being
inversely proportional to the time. Estimation of
the maximum shows that it is considerably smaller
than the highest voltage reached when the current
is suddenly increased. . . . For transient oscilla-
tions due to alternating current, a similar estima-
tion shows that the steady voltage has exactly
the same value as the maximum transient voltage,
so that the highest voltage reached has a value
double that of the steady voltage.

‘When an impulsive voltage is put directly into
the closed circuit, a short circuit current arises

. which initially increases very rapidly and,
later, rises more slowly but never becomes
stationary. The impossibility of defining a steady
state is a characteristic property of the transient
oscillation phenomena investigated here.

SOBSTVENNIE NEZATUHAIUTSHIE KOLEBANIA TELE-
GRAFNOTELEFONNOI LINII (Sustained Free
Oscillations in a Transmission Line).—M. L.
Mantrov. (7°.¢ T.b.p., Leningrad, December,
1929, Vol. 10, pp. 608—622.)

In Russian. A report on investigations carried
out at the Moscow Institute of Physics with the
object of (@) ascertaining whether the fundamental
transmission line equations are applicable to an
artificial line made up of a number of elementary
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low frequency filter sections, and (k) studying free
oscillations 1n such a line. Oscillations were
induced in an artificial line from a low frequency
oscillator transformer coupled to it and the line
characteristics measured, using a Wheatstone
bridge and a thermocouple and mirror galvano-
meter. The results so obtained show that an
artificial line of this kind can be regarded from the
point of view of its electrical properties as being
practically equivalent to the theoretical line defined
by the fundamental equations. By including the
artificial line in the oscillating circuit of the valve
the study of free oscillations in the line is made
possible. Two different oscillating circuits were
used and their frequencies measured for different
lengths of the artificial line. Theoretical expres-
sions for the determination of these frequencies
are given. Curves showing the distribution of the
square of the current are also shown.

THE UsEk oF CONTINUED FRACTIONS IN THE DESIGN
or ELectricAL NETworks.—T. C. Fry.
(Bell Tech. Jouwn., January, 1930, Vol. o,
No. 1, p. 229.)

Abstract only of paper in the Am. Math. Soc.
Bull.,, July—-August, 1929. In U.S. Patent No.
1570215 and several technical papers by Bartlett
and Cauer it has been shown that continued frac-
tions can often be used in designing networks with
preassigned impedances. The chief difficulty of
the method has been that it frequently required
the structures to contain negative resistances,
inductances or capacities, and therefore the results,
though correct in theory, were often worthless in
practice because the networks could not be con-
structed.

The present paper removes this difficulty in
virtually all cases where the analytic character of
the desired impedance is known, that is, where it
can be represented by a formula and not merely
by a graph. In such cases the choice of a type of
structure, as well as the assignment of values to
the clements, becomes almost a matter of routine
with the definite assurance in advance that no
negative elements will be required.

THEORIE NEUTRALISIERTER VERSTARKERKETTEN
(The Theory of Neutralised Amplifier
Chains).—R. Feldtkeller. (Zeitschr. f. Hochf.
Tech., Feb., 1930, Vol. 35, pp. 45-55.)

The well-known principle of neutralisation, for

suppressing the rcaction of the oscillating power
in the anode circuit on the preceding grid circuit,
is usually carried out by employing as neutralising
impedance a condenser connecting the secondary
winding of a coupling transformer to the grid
circuit of the preceding valve. The present paper
shows that the same principle can be applied to
amplifier chains with broad zones of distortionless
amplification, by using as each neutralising im-
pedance a series connection of condenser, inductance
and resistance connected between the grids of two
successive valves. The neutralisation thus ob-
tained covers the entire frequency zone, and the
form of the neutralisation conditions (as derived
by the writer’s theoretical analysis) shows that it
is independent of the impedances between which the
chain is connected.
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The writer investigates the distortion at the lower
and upper limits of the frequency range, and the
dependence of amplification on this upper limit.
Rules for the calculation of the components are
evolved : both Lf. and r.f. amplifiers are considered.

ELECTRICAL WAVE FILTERS.—M. Reed. (E.W. &
W.E., March and April, 1930, Vol. 7, pp.
122-128, and 190-I196.)

IFirst two instalments of an article on the theory
and calculation of wave filters based chiefly on
the work in America of Campbell, Zobel, Carson,
and Johnson and Shea. The sections at present
dealt with are as follows :—(.4) The fundamental
formule for a symmetrical structure are derived,
and it is shown how these formule may be applied
to wave filters. (B) It is shown that any compli-
cated filter may be reduced to a simple filter from
which it is said to be *“ derived,”” and all the formule
for the complicated filter may be calculated by
considering the simple filter only. (C) The above
analysis is applied to the design of wave filters in
general. As illustrative examples, the designs
of a low-pass and of a band-pass filter are worked
out in full.

THE EQUIVALENT GENERATOR THEOREM.—V. D.
Landon. (Proc. Inst. Rad. Eng., Feb., 1930,
Vol. 18, pp. 294—297.)

Author’s summary :(—It is proved that any
electrical network with two output terminals may
be replaced by a gencrator and a series impedance
without changing the current in an externally
connected load. The voltage of the generator
is the no-load voltage of the output terminals.
The value of the series impedance is the impedance
of the unloaded network looking into the output
terminals. The use of the theorem is illustrated,
and it is pointed out that it is valid for transient
as well as steady state conditions.

SELECTIVITY OF CourLED CoIiLs.—A. L. M. Sowerby.
(Wiveless Worid, February 26th, Vol. 26,
Pp. 214-219.)

A discussion of the means available for securing
flat-topped resonance curves ‘‘ of the right width
to be a neat fit on the transmitter’s frequency band.”
taking into account the effect of coil resistance.

THE BALANCE oF PowkR 1IN AERIAL TUNING
Circulits.—F. M. Colebrook. (E.W.& W.E.,
March, 1930, Vol. 7, pp. 120-140.)

The problem of coupling an aerial to a receiving
circuit involves two factors, scositivity and selec-
tivity. The two factors must for various reasons be
considered separately, and the present paper is
devoted almost exclusively to sensitivity.

Considering the receiver as an input impedance
made up of a resistance R, in parallel with a capacity
C,, the writer shows that the ** balance of power
is obtained (i.e., equal power is consumed in aerial
circuit and receiver circuit) when the tuning and
coupling arrangements are such that the reactance of
the equivalent aerial circuit is reduced to zero, while
at the same time its effective resistance is doubled
by suitable control of the load effect of R, (this is
assuming that the coupling and tuning arrangements
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are of negligible resistance). Thus the optimum
condition for sensitivity is given by the equation
I2 Ve
4R, R, )
of the aerial effective impedance and E and V are
the r.m.s. values of the potential differences main-
tained across the aerial and across the receiver
respectively. ‘“ One interesting deduction follows
immediately. The maximum voltage magnifica-
tion obtainable under the given conditions is
V/E — }VRJR, For instance, taking R, as
10 and R, as 5 X 10%, the upper limit of V/E is
35-4, and by no means can this figure be cxceeded.
On the other hand, it is easy to fall considerably
below this figure, even with a resistanceless tuning
system, if the coupling conditions are ill suited to
the given aerial and receiving set.” The general
proposition is illustrated and confirmed by refer-
ence to particular tuning and coupling systems.
Reference is here made to a paper by Medlam and
Oschwald (1bid., 1925) of which the present paper
is in effect a generalisation.

, where R, is the resistance component

A NEw TRANSFORMATION IN ALTERNATING-
CURRENT THEORY, WITH AN APPLICATION
TO THE THEORY OF AUDITION.—B. van der
Pol. (Proc. Inst. Rad. Eng., Feb., 1930,
Vol. 18, pp. 221-230.)

See 1929 Abstracts, p. 268.

Ein BEITRAG ZUR DARSTELLUNG DER FREQUENZ-
ABHANGIGKEIT VON TRANSFORMATORSCHAL-
TUNGEN FUR NIEDERFREQUENZVERSTARKUNG
{Contribution to the Representation of the
Frequency Dependence of Transformer Con-
nections for Low Frequency Amplification).
—H. Kafka. (Zeitschr. f. Hochf. Tech., Feb.
1930, Vol. 35, pp. 56-60.)

In the equation for the ratio of the grid potentia}
vectors of two successive valves, transformer.
coupled, namely

€ 1 ] J D
€,n Vu[l -W20+](W(Dl+d2)— "IJ' G

where V = amplification factor, # — turns ratio,
7 =}£ (fo being the natural frequency of the
1]

secondary circuit), o = total leakage factor, and
D, and d, are the primary and sccondary dampings,
the quantity within the square brackets is a measure
of the frequency dependence of the ratio in ques-
tion, and is denoted by the vector #.

By giving different values to the frequency ratio
7, the end point of # describes a curve which gives
a very useful picture of the dependence on ire-
quency of the circuit investigated. The writer
illustrates the practical construction of this locus
by taking as an example the new Philips’ trans-
former and an A. 415 valve, tabulating the various
values of the terms composing #, for values of f
ranging from 50 to 10,000, thus arriving at |#, for
those frequencies and finally plotting the curve.
He then discusses in detail the shape of this curve
and its implications, ending by considering the
influence on it of the output impedance across
the terminals of the transformer.
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THEORIE DER ZWEIELEKTRODENROHREN UND
ERZEUGUNG ELEKTRISCHER SCHWINGUNGEN
VON EXTRA NIEDRIGER FREQUENzZ (The
Theory of the Two Electrode Valve and the
Generation of Extra Low I'requencies).—
Y. Ito. (Zeutschr. f. Hochf. Tech., Jan.,
1930, Vol. 35, pp. 12-20.)

In addition to the usual electrostatic control of
the thermionic current of a valve by the action of
the grid, there is the possibility of controlling it by
changes in the heating current, or rather by the
changes in the filament temperature thus produced.
As is well known, very small changes of filament
temperature will produce large alterations in the
saturation current ; it must, therefore, be possible
by such means to obtain amplifying effects, and
consequently—by the use of reaction—to obtain
self-sustained oscillations. The writer makes a
theoretical investigation of these possibilities :
the present paper deals only with amplification ;
the generation of oscillations will be considered
in Part II.

The theoretical maximum obtainable amplifica-

tion factor (W = ?, where N, and N, are

N
the output and input powers respectively) is found

I .
to be given by W = év; VG here v is the

resistance of the filament and G is the ‘‘ merit "
of the valve, measured by four times its maximum
a.c. output in watts for an application of an a.c.
of 1 A. to the filament. For a particular valve
taken as an example, W = 9.6 for a frequency
of 1 pps. and 3.5 for a frequency of 20 p.ps.
Experimental confirmation of these values was
obtiained, the nccessary extra-low frequencies
being generated by the diode circuit described in
Part II. Quite good agreement was found between
calculated and observed values.

PHASENVERHALTNISSE UND SCHWINGUNGSEINSATZ
BEl EINEM ZWEIROHRENSYSTEM NACH ART
DER LEITHAUSER-HEEGNER-SCHALTUNG
(Phase Relations and Oscillation Threshold in
a Two-Valve Leithiuser-Heegner Circuit).—
M. v. Ardenne and K. Schlesinger. (Zeitschr.
f. Hechf. Tech., Feb., 1930, Vol. 35, pp.
60-67.)

The two-valve Leithiuser-l{eegner capacitive
reaction circuit was investigated both theoretically
and experimentally by its originators in 1921, but
the changed conditions now existing (e.g., the
increased amplification factors and reduced internal
capacities of modern valves, which enable the
circuit to be used for wavelengths down to about
200 m.) make a re-examination desirable; in
particular, the use of the circuit for broadcast
reception calls for an investigation of the phase
relations in the anode circuit and the reaction
branch circuit.

To avoid certain difficulties in working with the
frequency-range in question (0.5 — 1 X 10° p.p.s.),
the test circuit was designed on an electrically
proportionate scale of 50 to 1, 4.e., for a wavelength
of 15,000 m., so that the internal capacities were
negligible in comparison with the concentrated,
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adjustable and calibrated external capacities.
This circuit was used to confirm the theoretical
results arrived at from a discussion of the vector
equation for the circuit connected to an oscillatory
circuit: e.g., the conditions for self-excitation,
from which cmerge the existence of an optimum
phase-displacement, the necessity for a capacitive
phase rotation in the anode circuit, and the gain-
producing action of a non-reactive resistance con-
nected in the reaction branch circuit,

An expression is derived for the amplification
due to reaction : this gives a criterion for a setting-
up of oscillation. Expressed in words, the con-
dition for smooth adjustment of reaction to oscilla-
ting point, with avoidance of back-lash and
“jump " (““ziehen” and * springen ”) is that at
the threshold either the input resistance or the total
amplification, or both simultaneously, must de-
crease, or else onc of these factors must decrease
so sharply that its decrease swamps any increase
of the other factor. The practical implications
of this are indicated : the avoidance of these two
defects by making use of grid- or anode-rectifying
action. Thus in a particular case taken, a harsh
oscillation adjustment with a large back-lash loop
was completely cured by a positive grid bias of
2 v. “ It should be cven easier to apply grid-
current damping in the second circuit, since greater
potential amplitudes are present there.” In
regard to the use of anode rectification, the writer
refers to his and Schlesinger’s paper on the necessity
for ohmic resistance of a proper value inserted
in the anode circuit (Jan. Abstracts, p. 37).

O SOBSTVENNIH KOLEBANIAH V FOTOELEMENTAH
(The Seli-oscillation of Photo-electric Cells).
—B. L. Rosing. (7.2 TI.b.p., Leningrad,
December, 1929, Vol. 10, pp. 590-598.)

In Russian. A theoretical discussion of the
subject based on the author’s experiments is pre-
sented. The nature of the oscillations and the
conlitions necessary for their production are
established. 7The dependence of the frequency
of the oscillations on (a) the constants of the
oscillating circuit, and (b) the intensity of illumina-
tion of the cell is discussed. The possible use for
signalling purposes of oscillations controlled by the
variable illumination of a cell is indicated. Some
oscillograms obtained by means of a cathode ray
oscillograph are shown.

CONVERSIONE STATICA ED ARMONICA DI FREQUENZA
(Static and Harmonic Conversion of I're-
quency).—F. Vecchiacchi. (Elettrotec.,
sth Jan., 1930, Vol. 17, pp. 2-10.)

A long paper, copiously illustrated with oscillo-
grams, on frequency multiplication and de-multipli-
cation by circuits containing triodes.

TuE DyNATRON: A REVIEW OF A FORGOTTEN
DEVICE, WITH SOME SUGGESTIONS FOR A
RevivaL or IT.—W. H. Newbold. (QST,
Feb., 1930, Vol. 14, pp. 33-36.)

The writer considers that this circuit had its
useiulness curtailed by lack of suitable valves,
and that the valves of to-day open up fresh possi-
bilities. Apart from its special propertics as an
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oscillator, its power of supplying negative resistance
to a circuit should be useful for increasing selec-
tivity, and in connection with super-regenerative
methods of receiving short waves. He refers to
A. W. Hull's two papers (Proc. I.IR.E., I'eb., 1913
and March, 1922), the second of which deals with
the use of the pliodynatron (dynatron with second
grid) as a detector.

THE GENERATION OF PoLyPHASE HIGH I'RE-
gueNcy CURRENTs.—Tank and Ackermann.
(See under * Transmission.”)

THE FLywHEEL CIRCUIT OF AN ANTENNA.—Lithy.
o : ”n y
(See under *“ Aerials.”’)

TRANSMISSION.

Di1E ERZEUGUNG KURZESTER ELEKTRISCHER WELLEN
MIT ELEXKTRONENROHREN (The Generation
of Ultra-Short Waves by Thermionic
Valves)—H. E. Hollmann. (Zeitschr. f.
Hochf. Tech., Jan., 1930, Vol. 35, pp. 21-27.)

First part ot a comprehensive survey bringing
up to date the same writer’s survey dealt with in
1929 Abstracts, pp. 207, 2689, and 326 ; also his
I.R.E. paper on the mechanism of electron oscilla-
tions in a triode (p. 274). He begins by commenting
on the great amount of work which has been done
recently on the subject: his paper goes on by
referring first to his own theory of * frequency
reaction ”’ (1929 Abstracts, p. 571) and its con-
firmation by analogous phenomena in relaxation
oscillations and in mechanical models ; ‘‘ negative ”
frequency reaction (as shown in the Multivibrator).
It then refers to the variable capacity of valve
electrodes—Kohl’s idea of the effect of the “‘electron
gas "' as dielectric (1929 Abstracts, p. 269) ; the
writer’'s own results with ‘‘ grid-diodes” (I'eb.
Abstracts, p. 98), obtaining electronic oscillations
disobeying the B.-K. relation, and increasing in
wavelength for increase of grid voltage—their
behaviour being explained by the retarding field
effect of the negative space-charge; Hornung's
investigations of Kohl’s results (1929 Abstracts,
p- 269) and his explanation, alternative to Kohl’s,
bascd on the parallel connection of the inductance
of the cathode, and its leads, to the ettective
inductance of the oscillatory circuit.

The paper then deals with electron oscillations
between the grid wires: Pierret and his TMC
valve and ultra-B.-K. oscillations (12—-13 cm.)
suggested as due to clectron swings from one part
of the grid to another (1929 Abstracts., p. 149);
Beauvais, confirming Pierret’s results in that the
frequency altered with the spacing of the grid
wires ; the writer’s results with the same type of
valve (ibid., p. 389) and his disbelicf in Pierret’s
theory. A long section is devoted to Knipping’s
work (tbid., pp. 571-572) and another long one to
Moller’s (March Abstracts, p. 157) @ in connection
with the above, reference is made to Tonks’s
earlier work on the ‘‘ virtual cathode’ (surface of
zero potential occurring with large emission cur-
rents) and its cffects.

Part [ ends by considering Kalinin’s results with
a Russian transmitting valve (wavelengths down
to 8 cm.—see Jan. Abstracts, pp. 41-42) and those
of Potapenko (March Abstracts, pp. 157-158).
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SCHWINGUNGEN IN DREIELEKTRODENROHREN MIT
PoSITIVEM GITTER (Oscillations in Triodes

with Positive Grid Voltage)—M. J. O.
Strutt. (Ann. dev Physik, Jan., 1930,
Series 5, Vol. 4, No. 1, pp. 17-32.)

Author’s summary :—(1) The normal Philips

emitter valve TAO 810 is very suitable for the
production of high frequency oscillations with
positive grid voltage. (2) If the filament voltage is
kept constant and the grid voltage increased, a
series of oscillation regions appear at voltages which
form a geometric series. (3) In each of these
oscillation regions the wavelength is constant,
regarded as a function of the grid voltage. Examples
of wavclengths measured were 120 cm.; 45cm.;
17 cm. and [again] 17cm. (4) On increase of the
filament voltage, the oscillation regions move
towards higher grid voltages, the condition stated
under (2) being always fulfilled. (5) Increase of
filament voltage with constant grid voltage results
in decrease of the wavelength.

(0) Variation of the length of the Lecher wire
system coupled to the triode, the grid voltage
remaining constant, causes all known phenomena
of the theory of coupled oscillating circuits to
arise. (a) Small variations of intensity ; no altcra-
tion in the wavelength. (b) Large variations of
intensity ; discontinuous variations in the wave-
length. . {¢) Large variations of intensity ; “‘Ziehen”
loop.

(7) These phenomena occur in the first and
second oscillation regions, but in the third and
fourth onlv (a) are observed. (8) The maximum
intensity for a wavelength of 120 cm., was more
than 100 ma., for a wavelength of 17cm. more
than 10 ma., with a heavy load which, the triode
supports for several hours.

GENERATION OF MuLTiPHASE HIGH FREQUENCY
CURRENTS.  (German Pats. 484463 and
484845, Wired Radio Inc., pub. 17th and
23rd Oct., 1929.)

(1) Each of two coils at right angles is connected
to an oscillatory circuit, these two circuits being
loosely coupled together and ome of them being
excited by a hf. generator. The currents in the
two coils are 9o° out of phase, so that a rotating
field exists in the interior. Three coils are disposed
at an angle of 60° with each other in this field, and
in them are induced three-phase currents which
can be used to control the grid circuits of three
power valves.

(2) A similar arrangement using a rotating
electrostatic field instead of an electromagnetic one.

UBER DIE ERZEUGUNG VON #-PHASEN-HOCHFRE-
QUENZSTROMEN (The Generation of Poly-
phasc High Frequency Currents).—F. Tank
and L. Ackermann. (Helvet. Phys. Acta,
No. 7, Vol. 2, 1929, pp. 512-521.)

Multi-phase high frequency currents find their
application in the production of high frequency
rotating fields, in special arrangements for directed
wireless, and in the test room. The authors in-
vestigate mathematically the processes involved in
the production of such currents, summing up as
follows :(—'“ A system of # similar, symmetrically
coupled valve generators is so excited that between
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the corresponding currents of successive generators
a phase difterence of 27/ or a whole multiple of this
exists.” If the various circuits are far out of tune
with each other, the mutual reaction is small and
cach one keeps nearly to its own scparate wave-
length. As resonance is reached, a point is arrived
at where the multiple oscillations break up, leaving
only a single frequency—a phenomenon closely
related to Moller’s so-called “ mitnahme ” effect
(Jahvbuch d. drahtl. Tel., 1921, Vol. 17, p. 256).
The equations for a triple system show that for a
mutual coupling coefticient of positive sign a
three-phase generation is possible, whereas with a
negative coelficient the system oscillates without
phase differences. A large number of different
methods of connection for three-phase currents
exist : onc of the best is that of Mesny (Proc. I.R.E.,
1925, Vol. 13, p. 471). See also Takagishi and Iso,
Jan. Abstracts, pp. 46—47.

ULTRA-SHORT WAVE DIRECTIVE TRANSMITTER.—

L. S. Palmer and L. K. Honeyball. (Journ.
Scient. Instr., Feb., 1930, Vol. 7, pp. 50
and 67.)

Description, with diagram, of the Palmer-

Honeyball 6.04 to 8.65 m. transmitter exhibited
at the Physical and Optical Societies’ Exhibition.
The transmitting loop ts of copper tubing of about
one inch diameter, giving small inductance and
large radiating surface; it is electrically divided
about its vertical axis so that one-half forms the
anode inductance and the other half the grid
inductance, the two halves being coupled by a
condenser providing the tuning control. The
filament leads pass inside the tubular grid in-
ductance and are thus screcened from induction
by stray fields.

INSULATING TROUBLES IN ULTRA-SHORT WAVE
GENERATORS.—Esau and Busse. (See under
“ Subsidiary App. and Materials.”)

SUPPRESSION OoF UNWANTED FREQUENCIEs 1IN H.F.
GENERATOR Circuits.—(German Pat.
484372, Lorenz, pub. 14th Oct., 1929.)

The use of special absorbing circuits, tuned also
to act as rejector circuits for the working frequency.

SHorT WAVE GENERATING CIrcuits.—(German
Patents 486009 and 484373, Telefunken,
pub. 8th Nov. and 14th Oct., 1929.)

For frequency multiplication by an anode circuit

tuned to a higher frequency than that impressed
on the grid, the efficiency is increased by providing
reaction—for the higher frequency—between grid
and anode circuits. The second patent deals with
push-pull circuits, externally driven: the need
of a neutralising condenser, for abolishing reaction
between grid and anode circuits, is avoided by
connecting the input circuit to the mutually
insulated cathodes instead of to the grids. See
Z. f. Hochf. Tech., Jan., 1930, p. 28.
Dig  KRISTALLSTEUERUNG DER KURZWELLEN-
SENDER (Crystal Frequency Control of
Short Wave Emitters).—A. Meissner. (Tele-
funken-Zeit., Vol. 10, No. 53, pp. 5-8.)

An account of the method of frequency control
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of short wave emitters by means of the natural
vikrations of quartz plates. The chief difficulty
is the existence of several natural frequencies of
viktration of the plate in the neighbourhood of the
frequency required. These may be explained as
due to the presence of coupling between the natural
length-wise and cross-wise vibrations of a rect-
angular plate. Small alterations in the length
often reduce the number of the natural frequencies
to unity: a table of experimental results is
given. Variations in temperature also have the
same effect. By careful grinding it is possible to
preduce with certainty quartz plates with one and
only one frequency of vibration for any desired
wavelength.

“A\VOBBLED ~’~ TRANSMISSION FOR ELIMINATION
OF FADING: PIEZOELECTRIC METHODS.—
(German Pat. 484767, Telefunken, pub. 21st
October, 1929.)

Warious circuits are covered, in which one or
more piezo-crystals, in conjunction with one or
more valves, are used: the piezoelectric circuit
has its resistance modulated at the ‘ wobble”
frequency required.

PREVENTION OF FADING.—(N. Zealand Pat. 64018,
Telefunken, pub. 4th December, 1929.)

The possibility of interference between the waves
travelling by dilferent paths is prevented by
dividing the signals into a number of wave-trains
(each lasting say 1/1,000 sec.) following each other
in rapid succession.

MGoDULATION SYSTEM FOR MULTIPHASE HiGH
FREQUENCIES.—(German Pat. 484341, Wired
Radio Inc., pub. 26th Oct., 1929.)

In an example given, three valves, whose grids
are controlled by a three-phase h.f. supply, have
three output circuits coupled to three windings in
series with a common aerial. In onre grid-control
circuit only a modulating system is introduced.
*“ Calculation shows that with the superposition
of the three phases the carrier component is sup-
pressed and only the two side-bands are radiated.”

FREQUENTIE-MODULATIE (Frequency Modulation).
B. van der Pol. (Tijdschr. Ned. Radiogen.,
Dec., 1929, Vol. 4, pp. 57-70.)

Author’s summary :—The differential equation of
a frequency-modulated transmitter is considered,
and the expression of the current as a function of
time is derived. Frequency analysis of this
function is made for two specific cases: (a) sinu-
soidal frequency modulation ({telephony); (b)
right angle frequency modulation (telegraphy with
“ marking "’ and ‘ spacing ”’ wave). The distribu-
tion and amplitudes of the frequencies present are
seen to depend upon the value of an absolute
parameter, the ‘ frequency modulation index,”
equal to the ratio of the maximum frequency
deviation to the imposed audio frequency. The
overall width of the band occupied is found to be
in general equal to the highest of these two fre-
quencies. In the case of high-speed frequency-
modulated telegraphy, however, side frequencies
of roticeable amplitude may occur outside this band.
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UBER FREQUENZMODULATION (Frequency Modula-
tion).—H. Roder. (Telefunken-Zeit., Dec.,
1929, Vol. 10, No. 53, pp. 48-54.)

The use of frequency modulation has been sug-
gested on the grounds that it reduces the frequency
bands necessary for telephony (cf. Westinghouse
patent, £E.W. & W.E., March, 1929). The writer
shows by a theoretical investigation that this is
not the case : on both sides of the carrier a large
number of side-bands are produced, spaced among
themselves by the modulating low frequency .
To the resulting 1.f. distortion therec is added also
amplitude distortion, and the system is unsuited
to telephony (¢f. 1929 Abstracts, pp. 509,572).
The above is based largely on Carson’s 1922 paper.
The writer ends by considering, on the lines of
what has gone before, the ‘ wobble ” method of
counteracting fading. ‘“ It was hoped, by this,
to send out a uniform and completely filled fre-
quency band 2bv (twice the frequency displace-
ment), but the expected success was not obtained :
not a continuous spectrum, but only isolated lines
of the spectrum were produced—in agreement
with the above theory. . . . The amplitudes of
the side-bands have very varied values, whereas
for the prevention of fading what is wanted is a
number of side-bands as equal as possible in ampli-
tude. Thus here again Frequency modulation
fails, while by means of Awmplitude modulation the
destred vesult can be attained.” But ¢f. and contrast
Béhm, in same journal (see these Abstracts, under
“ P. of Waves ”’) who shows successful ‘‘ wobble "’
records and prefers this method to amplitude
modulation—at any rate for picture telegraphy.

TrHE “ WAVE-BAND ” THEORY OF WIRELESS TRANS-
MI1ssIOoN.—G.W.O.H. (E.W.& W.E., March,
1930, Vol. 7, pp. 119—-121.)

An editorial on Fleming’s article (April Abstracts,
p- 212). The rcal question is not what change of
amplitude, but what rate of change of amplitude
is admissible. “ The depth or degree of modula-
tion is important in that it effects the amplitude
of the side-bands and therefore also the disturbance
they cause, but this is included in the statement
that the disturbing effect of a transmission depends
on the rate of change of the amplitude of the carrier,
which is only another way of saying that it depends
on the spread and strength of the wave band.”

THE ‘“ WAVE-BAND " THEORY OF WIRELESS TRANS-
missioN.——C. L. Fortescue, L. H. Bedford,
J. A. Fleming, O. Lodge, R. T. Glazebrook,
J. A. Ratcliffe, G. B. Brown. (Nafure, 8th
and 22nd Feb., 1930, Vol. 125, pp. 198-199
and 271-273.)

A discussion arising from the article with the
above title by J. A. Fleming in Nature, Jan. 18th,
1930 {¢f. April Abstracts, p. 212). C. L. Fortescue
describes the experimental demonstration of the
existence of ‘‘ side-bands "’ by taking the resonance
curve of a selective receiver with an unmodulated,
and then with a modulated, valve oscillator. In
the latter case, resonant ‘‘ humps ”’ can be shown
to exist at the frequencies (p 4+ q)/2m, (p + 2q9)/2m,
etc., (p/2m frequency of unmodulated wave, g/z2m
frequency of modulation). L. H. Bedford points
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out that the question at issue is not how much the
amplitude may vary, but at what frequency.
J. A. Fleming replies to the points raised.

In the issue of 22nd Feb., O. Lodge gives reasons
for the view that a mathematical alternative in-
variably corresponds with some physical reality
and that therefore a sinuous wave of fluctuating
amplitude may be rightly and exactly represented
as if it were a band of neighbouring frequencies.
R. T. Glazebrook evaluates the current set up
in a receiver of frequency #[27 when receiving a
wave of frequency p/2m modulated to ¢/2m and
finds that in any event there will be the two side-
band waves which under favourable conditions
will produce large effects.

C. L. Fortescue emphasises the fact that an
unduly selective receiver does fail to reproduce
high notes in their proper proportion. J. A.
Ratcliffe enumerates three experimental results
which show that ‘ side-bands’ have a definite
physical existence. G. B. Brown shows that
there is sutficient experimental evidence for the
existence of the Fourier components of a modulated
carrier wave.

FrREQUENCY ILucrtuaTioN INDICATOR.—{German
Pat. 484344, Int. West. El. Co., pub. 24th
Oct., 1929.)

The heterodyned, modulated and amplified
energy is divided between two artificial lines;
the damping of one of these is independent, of the
other dependent, on frequency. Thus only at
one particular frequency can the two output
voltages cancel, so that any deviation from this
frequency can be shown by a differentially con-
nected meter combined with two rectifiers.

QUARTZ GLOW-RESONATORS FOR CONTROL OF
SHORT-WAVE TRANSMITTER.—Mogel.  (See
last par. of abstract under ‘““M. and
Standards.”)

THE EQUIYALENT GENERATOR THEOREM.—Landon,
(See under ‘‘ Properties of Circuits.”)

THE GENERATION OF OSCILLATIONS OF EXTRA
Low FrREQUENCY.—Y. Ito. (See under
‘ Properties of Circuits.”)

RECEPTION.

UBER SCHWUNDERSCHEINUNGEN BEIM EMPFANG
KURZER WELLEN (Fading Effects in the
Reception of Short Waves).—A. Gothe and
O. Schmidt. (Telefunken-Zeit., Dec., 1929,
Vol. 10, No. 53, pp. 39~43-)

It is shown, by means of oscillograms, that the
effect of short-wave fading (r5-17 m.) is quite
different in two aerials if these are about 500 m.
apart (in which case they can be similar) or if they
are at right angles to each other {in which case they
can be close together). A combination of three
similar aerials, at the corners of a triangle of 500 m.
sides, gives a reduction of fading which is good
enough for all practical purposes. 1n the course of
the paper the writers refer to Eckersley’s results
from the Lisbon station PQW (1928 Abstracts,
P. 397), and point out that he lays stress on the
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phase-opposition of the quick fadings recordea
‘“ Nowhere,” they continue ‘‘ does he mention
having observed phase-agreement; but rather
deduces, from the opposition, that the quick fading
is due to rotation of the plane of polarisation.”’

Their own records from the same station show
phase-agreement as often as opposition, so that they
conclude the cause to be interference of two waves
rather than polarisation changes. Slow fadings
(30 secs.), on the other hand, may well be due to the
rotation of plane of polarisation, since they are
almost always opposed in the two aerials.

LocaTING RADIO INTERFERENCE WITH THE OSsCIL-
LoGRAPH.—]. K. McNeely and P. J. Konkle.
(Science, 7th Feb., 1930, Vol. 71, p. 163.)

Mention of a paper read before the Am. Assoc.
for the Advancement of Science. Slides were
exhibited showing that different types of inter-
ference give characteristic patterns on the oscil-
logram.

QuaRTZ CONTROL FOR FREQUENCY STABILISATION
IN SHORT-WAVE RECEIVERS.—P. v. Handel,
K. Krager and H. Plendl. (Proc. Inst. Rad.
Lng., Feb., 1930, Vol. 18, pp. 307-320.)
English version of the paper dealt with in 1929
Abstracts, p. 573.

A DBroapcast RECeivER FOR USE IN AuUTO-
MOBILES.—P. O. Farnham. (Proc. [wust.
Rad. Emg., February, 1930, Vol. 18, pp.
321-3206.)

(1) A capacity antenna is preferred to a loop
because of the directional effects and the size of the
latter ; though the small effective height of the
capacity antenna (about 1 m.) makes a receiver
sensitivity of at least 100 uv. necessary—this
implies a rather high degree of ignition shielding.
(2) Ignition shielding—methods and results. (3)
Receiver characteristics: a low audio-frequency
amplification, to keep down microphonic noise :
high r.f. gain by use of shielded tetrodes, so that by
supplying the detector with a rather high input
voltage, the detector may operate directly into the
output valve (¢f. Ballantine : ‘ Detection at High
Signal Voltages,” 1929 Abstracts, p. 570). The
r.f. amplification from grid of first valve to grid of
fourth (detector) is about 45,000 at 1,000 kc. (4)
Physical structure : a model weighed 10 lb. 2 oz.
with valves, cable and volume control (this last is
very necessary, and an automatic control is re-
commended). (5) Power supply : hcater current
from 6 v. automobile batteries, plate and screen
voltages from 180 v. cells. (6) Results of Road
Tests : strong reception up to 50-100 miles from
broadcasting stations.

QuALITY IN Rapio REecelvers.—K. W. Jarvis.
(Rad. Lngineering, Dec., 1929, Vol. g, pp.
33-37.)

““ So little has been accomplished in view of the
factors still to be subjugated.” Frequency dis-
tortion : harmonic distortion: amplitude dis-
tortion : time distortion (time lag in rising to
maximum amplitude and decreasing again to
minimum) : binaural reception, etc.
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RECENT INFLUENCES IN RECEIVER DEsiGN.—A. G.
Warren. (Wiveless World, 12th February,
1930, Vol. 26, pp. 168-171.)

A résumé of the salient points in the design
of the modern quality receiver. The author treats
in succession the r.f. stage, the detector and the 1.1
amplifier, emphasising the importance of a correct
choice of component values.

THE A.C. HiGH-FREQUENCY RECEIVER.—B. Dudley,
(QS7, Jan., 1930, Vol. 14, pp. 9-I4 and 78.)

Full description and specification of a three-
valve receiver, with reaction, for waves down to
about 20 m., worked off a.c. mains. Only grid-
bias is supplicd by battery.

AN ELEVEN-VALVE SUPER-HETERGDYNE RE-
CEIVER.—S. Kawazoe. (Res. Electrot. Lab.,
Tokyo, No. 263, 1929, 64 pp.)

Constructional design, performance of this set,
which covers a band of DBroadcast wavelengths.

REvVOLUTIONIZING HI1GH-I'REQUENCY TUNER DE-
SIGN: A HIGHLY SELECTIVE KRECEIVER
WHicH COVERS 13,000 KC. WITHOUT PLUG-
IN CoiLs.—W. H. Hoffmann and D. H.
Mix. (QST, Feb., 1930, Vol. 14, pp. 9-14.)

A six-valve receiver covering the range 19 to 100
metres without the use of plug-in coils or the
necessity for any other alteration inside the re-

ceiver. Special points are the return te the use of a

variometer and the special design of the variable

condenser : the ‘‘ stator” plates can be rotated
on an auxiliary shaft, and are so shaped that the
rotor plates, when turned, interleave with pro-
gressively smualler or larger portions of the stator
plate areas, according to the position of the stator.

FiLaMENT CURRENT FroM D.C. Mains.—H. B.
Dent. (Wiveless World, 19th February,
1930, Vol. 26, pp. 183-187.)

A survey of the most economical methods with
examples of current practice in commercial re-
ceivers.

Six TypeicaL A.C. Mains REecEIvErs. (Wireless
World, 19th February, 1930, Vol. 26, pp.
190-201.)

Illustrated descriptions, with circuit diagrams of
1epresentative instruments. Those dealt with are :
—FEdiswan Three-Valve All-Electric, Columbia
Five-Valve All-Ilectric, McMichael Mains Screened
Dimic Three, Amplion combined radio-gramo-
phone, Philips All-Mains type 2511, and R.I.
All-Electric type AY3.

Hu~nTIiING TROUBLE ON 28 MEGACYCLES.—A. L.
Blais. (QST, Jan., 1930, Vol. 14, pp.
21-23 and 30.)

The writer considers that the amateur use of the
28 mc. band has been hindered by troubles at the
receiving end. He examines these difficuities and
also gives a number of OST references in con-
nection with transmitters and receivers for this
band.
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NEUTRO-NETZANSCHLUSSEMPFANGER (The *° Neu-
tro ”’ Mains-driven Receivers).—Siemens and
Halske. (E.T.Z., 26th December, 1929,
Vol. 50, pp. 1883-1884.)

Illustrated description of two (4- and s5-valve)
receivers.

GENERATOR INTERFERENCE WITH \WIRELESS.—
U. Dickes. (Electrician, 7th March, 1930,
Vol. 104, p. 306.)

Interference, not amenable to cure by con-
densers, was caused by a Diesel engine driving a
d.c. dynamo ; traced to an irregular interruption of
a steady current, between dynamo and Diescl, by
the oil film of the sliding bearings.

PHASE RELATIONS AND OSCILLATION THRESHOLD IN
A Two-VALVE LEITHAUSER-HEEGNER CIR-
culT.—v. Ardenne and Schlesinger. (See
under ‘ Properties of Circuits.”)

Cross MoDULATION IN R-F AMPLIFIERS.—Sylvan
Harris. (Proc. Inst. Rad. Eng., February,

1930, Vol. 18, pp. 350-354.)

The first type of cross modulation discussed is
that occurring when the screen-grid valve amplifier
is coupled to the aerial by a resistance or closely
coupled transformer (e.g., an auto-transformer).
Since this stage is non-selective, all signals in the
neighbourhood of the aerial will be impressed on
the input valve in a degree depending on the
frequency characteristic of the coupling device.
The first valve then acts as a modulator, and the
selective system following it may be tuned to the
beat frequency produced between any two signals,
provided this beat frequency lies within the tuning
range of the system. Thus the intermingled pro-
grammes of the two stations would be heard.

This trouble can be cured by making the aerial
stage selective, or—since this type of modulation
is a function of even-order derivatives of the valve
characteristic —it can be cancelled out by using
a push-pull arrangement with two aerial coils wound
in opposite directions, so as to give the two grids
opposite polarities.

The above form of cross modulation is entirely a
matter of plate-circuit rectification, since the grid is
sufficiently negative to prevent the flow of electrons
tothe grid. Ifthe biasis made low enough, however.
a further complication appears—grid circuit recti-
fication and consequent cross modulation. Here
the selective system of the amplitier is not tuned to
a beat frequency (as in the first type) but to one or
other of the interfering signals. It is liable to
occur, even when the aerial is selectively coupled,
when working at reduced voltages and low volumes.
Such conditions often occur in volume-control
arrangements using a variation of screen- or
control-grid voltages, or both. The obvious way to
avoid it is to keep a minimum control-grid bias;
this, however, mayv lead to poor quality owing to the
r.f. valves operating near or at the cut-off of
plate current. The writer has had to resort to the
expedient of controlling the input to the amplifier,
and the valve voltages, simultaneously by means
of two volume controls operated by a single shaft.
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TELEPHONY AND MULTIPLEX TELEGRAPHY ON
SHOrRT WaveEs.—Kiipfmiiller. (See under
‘ Stations, Design and Operation.”’)

AERIALS AND AERIAL SYSTEMS.

STRAHLUNG VON ANTENNEN UNTER DEM EINFLUSS
DER ERDBODENEIGENSCHAFTEN : (C) REcH-
NUNG IN ZWEITER NAHERUNG (Radiation
{from Antennz under the Influence of the
Properties of the Ground: (C) Calculation
of the Second Approximation).—M. J. O.
Strutt.  (Awun. der Physik, January, 1930,
Series 5, Vol. 4, No. 1, pp. 1-16.)

Author’s summary :—The formule given in two
former papers (¢f. 1929 Abstracts, p. 329) for the
radiation from vertical and horizontal electric
and magnetic antennz only contain terms of the
order IR-!, where R denotes the distance of the
emitter from the receiver. The present paper gives
another derivation of these formule by Laplace’s
asymptotic method of integration and extends
them as far as terms of the order R—2 inclusive.
The magnitude of these correction terms enables
the exactness of the former approximation to be
estimated ; this is essential in the discussion of
measurements. [‘urther, these correction terms
are important in connection with the construction
of broadcasting antennwe, for they alone do not
vanish at points on the earth’s surface (the radiation
there is zero, to a first approximation). A numerical
discussion of the ficld at a distance of ten wave-
lengths from the emitter gives the result that the
first approximation holds most exactly for radia-
tion which makes a large angle with the earth,
and is most inexact for very small angles above
the carth.

Die WIRKUNGSWEISE vON DRAHTREFLEKXTOREN
(The Method of Action of Wire Reflectors).—
F. Sammer. (Telefunken-Zcii., Dec., 1929,
Vol. 10, No. 53, pp. 61-71.)

Author’s summary :—It is shown that even in
the simple case of a single-wire arrangement both
the amplitude and phase differences, as well as the
near, transitional and distant fields, must be taken
into consideration by the use of the proper Hertz
equations.

For single-wire systems, for rapid calculation
a vector diagram is given (derived from one of these
equations) which gives the amplitude and phase
of the induced reflector-current, for resonance,
as a function of the distance. By the application
of a correction factor the graphical solution is
extended to multi-wire systems such as occur
generally in practice.

For a given spacing and a given number of wires
there is in gencral only one optimum tuning. The
value of the optimum depends on the number of
wires and their spacing. For single-wire systems
the optimum distance ¢ = A/8, for two- or multiple-
wire systems d = A/4 or Af5; ([ the optimum is
very flat.  As arough and ready rule for all arrange-
ments it may be taken that the reflector should
stand where near, transitional and distant ficlds
have the same amplitude—namely, at a distance
a@ = Af2m ”’]. Screening is absolutely better with
multi-wire systems than with single-wire.

Finally, the reaction of the reflector on the
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antenna is calculated. This in general has the
effect of altering the radiation resistance and
natural wavelength. If 4 = A/4, at optimum
tuning the radiation resistance will be increased
by 12 per cent and the natural wavelength
lengthened.

Di1E SCHWUNGRADSCHALTUNG DER ANTENNE (The
Flywheel Circuit of an Antenna)—W. P.
Lithy. (Helvet. Phys. Acta, No. 1, Vol. 3,
1930, pp. 39-52)

An elaborate cxperimental and theoretical
investigation of the well-known flywheel circuit,
and its various derivatives, connected in series
with the aerial. It is shown that the two-wave
property of such an arrangement is a coupling
effect. Coupling equations are derived, giving
calculated values of the wavelengths which agree
well with the observed wvalues, except on the
shortest wavelengths (below, say, 9o m.) where the
high damping for the short wave probably caused
the discrepancy. The paper ends by a discussion
of the use of the flywheel circuit for *“ split-wave *
diplex transmission and for reception.

BERECHNUNG DER STRAHLUNGSDIAGRAMME VON
ANTENNENKOMBINATIONEN (The Calculation
of the Radiation Diagrams of Antenna
Combinations).—R. Bechmann. (Tele-
Sfunken-Zeit., Dec., 1929, Vol. 10, No. 53,
pP. 54-60.)

PracTicaL DESIGN DATA FOR THE SINGLE-WIRE-
FEp HERTZ ANTENNA.—L. G. Windom.
(QST, Sept., 1929, Vol. 13, pp. ¥9—22 and
34.)

VALVES AND THERMIONICS.

THERMIONIC EmissioN AND ErectricaL Con-
DUCTIVITY OrF OXIDE CATHODES.—A. L.
Reimann and R. Murgoci. (Phil. Mag.,
March, 1930, Vol. g9, No. 57, pp. 440—464.)

Authors’ abstract :—The following observations
were made :—

(1) The clectrical conductivity ¢ of a ‘“ formed "’
alkaline earth oxide varies with the temperature 7,

B

according to a law of the form ¢ = ae ~ 7, where a
and B are constants. (2) During the process of
forming, both the thermionic emission and the
conductivity grow similarly, and after its com-
pletion both are ‘“ poisoned ™’ similarly by exposure
of the oxide to (a) oxygen, (b) a discharge in carbon
monoxide, and (¢} a discharge in hydrogen. Com-
plete recovery of the formed condition by re-forming
is possible only a few times in succession after
poisonings by (a) and (b), but any number of times
after poisoning by (¢). (3) At current densities
comparable with those in the coatings of oxide
cathodes from which saturated thermionic space
current is being taken, the current conducted
through an oxide powder between two electrodes,
embedded therein, also saturates.

On the basis of these observations, together with
the results of related work by other investigators,
we have formulated the following theory of the
action of oxide cathodes :—

(1) The coating conducts the space current, which,
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of necessity, passes through it, electrolytically.
Practically only the metallic ions are mobile, the
oxygen ions playingno active part in the electrolysis.

(2) The whole surface of each crystal of oxide of
a formed cathode is covered with a mobile
monatomic layer of alkaline earth metal. The
passage of space current is accompanied by a
continual circulation of this metal, which diffuses
outwards along the surfaces of the crystals and
inwards through the crystals in the form of
electrolytic ions.

(3] At the usual operating temperatures of oxide
cathodes, the average life of alkaline earth metal
particles on the emitting surface is of the order of
10~3 second, and the rate of flow of this metal over
the surface of an idealized independent unit of
barium circulation in the form of a cube of side !
would be of the order of 300 / per second.

(4) The coating is probably in very imperfect
contact with the corc metal, so that the space
current passes from core metal to coating mainly in
the form of thermionically emitted -electrons.
Sufficiently copious clectron cmission of the core
metal at the low temperatures of operation of these
cathodes would be made possible by a contamina-
tion of its surface with adsorbed barium or with
parium and oxygen.

Explanations are suggested for:—

(1) the eventual ‘' life-failure” of oxide
cathodes,
(2) the observed phenomcna relating to
poisoning,

(3) the considerable variation in the published
values of the thermionic constants of oxide
cathodes.

TantaLum 1IN Vacuum Tuses.—F. L. Hunter.
(Rad. Engineering, Dec., 1929, Vol. g,
PP. 29-31.)

A discussion of the uses and advantages of
tantalum. As a plate material it fills requirements
more completely than any other metal—workable
in all directions to the grain, evem permitting
drawing operations; when annealed takes a
permanent set during stamping, no tendency to
spring back : melting point in vacuum 2,850°C. :
vapour pressure far less than molybdenum, negli-
gible deposit on the walls (most important for very
high frequency valves): very rapid out-gassing
when heated quickly to 700° C., decreasing rapidly
—nearly all total gas will leave it at 800°C. in a
few seconds. Equal advantages arc described for
its use as grid material, in gas-filled discharge
tubes, etc., etc.

UBER DIE ELEKTRONEN- UND POSITIVE IONEN-
EMISSION VON WOLFRAM-, MOLYBDAN- UND
TANTALGLUHFADEN IN KALIUMDAMPF (On
the Emission of Electrons and Positive Ions
from Tungsten Molybdenum and Tantalum
Tilaments in Potassium Vapour).—Edith
Meyer. (Ann. der Physik, Series 5, 1930,
Vol. 4, No. 3, pp- 357-386.)

Author’s summary :(—The emission of electrons
and positive ions by tungsten, molybdenum and
tantalum filaments in potassium vapour is investi-
gated. The emission of electrons and positive ions
is given as a function of the filament temperature
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for various values of the potassium vapour pressure.
The shape of the curves is essentially the same as
that found by Langmuir and Kingdon, Killian and
J. A. Becker for tungsten in potassium, rubidium
and casium vapour. The clectron emission attains
a maximum, which occurs at the same filament
temperature for different potassium vapour pres-
sures ; this result is in contrast to the results
obtained by the writers mentioned. The electron
emission from layers of potassium on different
metals varies very markedly with the nature of the
foundation material. The influence of this is not,
as Langmuir assumes, determined by the ditference
of the ionisation voltage of the alkali metal and the
work function of the foundation material. It is
possible that this phenomenon depends on the
surface properties of the material used.

The potassium vapour pressures obtained from
the measurements of emission of ions differ from
those calculated from the temperature of the
discharge tube. Not every potassium atom which
meets the surface is ionised ; this is probably due
to peculiaritics in the nature of the wire surface.
From the measurements it appears probable that
the thickness of the adsorbed layer is of the order
of several atomic layers.

DE ELECTRONENEMISSIE VAN METAALOPPERVLAK-
KEN (The Electron Emission of DMetal
Surfaces).—C. Zwikker. (Physica, No. g,
Vol. 9, 1929, pp. 321-330.)

A paper on the writer’s theoretical and experi-
mental treatment of Richardson’s discovery of the
interdependence of the thermionic constants 4 and
b. The Millikan formula for the ‘* field current,”
ip = BF2%-aF is compared with the Richardson
formula ip = AT2e-%7, and the quantum
mechanical theory of the Millikan current is briefly
discussed on the lines set out by Nordheim.

ANODE SPOTS AND THEIR RELATIONS TO THE
ABSORPTION AND EMIssioN oF GASES BY
THE ELECTRODES OF A GEISSLER DISCHARGE.
—C. H. Thomas and 0. S. Duffendack.
(Phys. Review, Jan. 1st, 1930, Series 2,
Vol. 35, No. 1, pp. 72—91.)

TueE TEMPERATURE DEPENDENCE OF I'IELD CuURr-
RENTS.—N. A. de Bruyne. (Phys. Review,
15th Jan., 1930, Serics 2, Vol. 35. No. 2,
pp. 172-176.)

A Stupy orF Noise IN VacuuMm TUBES AND
ArracHEDp Circuits.—F. B. Llewellyn.
(Proc. Inst. Rad. Eng., Feb., 1930, Vol. 18,
PP- 243-265.)

(1) Shot effect in presence of a space charge.
Previous theory of shot effect was based on absence
of space charge. Johnson showed that as the fila-
ment current is increased from zero the noise at
first increases rapidly in accordance with Fry’s
formula ; next, however, it goes through a maxi-
mum as the space charge comes into play, and then
decreases to a value which is nearly independent of
filament current. It is in the last-named region
that valves are usually operated.

The writer reviews the two assumptions under-
lying Fry’'s formula and examines how they are
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atfected by the presence of a space charge. One is
unaffected, but the second—that all clectrons
emitted by the filament are drawn over to the plate,
so that variations in filament emission are trans-
ferred to the plate without change—mno longer
holds. It s to be inferved that the shot effect, as such,
s zero in the vegion of lemperature saturation of the
filasnent. The mathematical formulation for this
cffect, together with computation formula for the
shot effect at various degrees of partial saturation,
are given in two final Notes. Dilticultics inherent
in obtaining complete experimental verification are
discussed.

(2) Thermal noise (Johnson and Nyquist, 1928
Abstracts, p. 581). After a review of these workers’
results, the writer deals with the query,  what is
the effective temperature, as regards the production
of thermal noise, of the internal plate resistance of
a valve ? "’ It is shown that the plate resistance
must be taken at the filament, or cathode, tem-
perature. Since this now ranges between 1,000 and
2,000° K., a fairly large portion of the noise may be
contributed by the plate resistance.

(3) Experiments showed that the valves tested
gave values of total noisc considerably above the
computed curves, even when shot effect was reduced
to zero. This excess was probably due to ions and
the emission of secondaries from grid, screen or
plate ; but these effects have not been successfully
isolated either in theory or experiment. It is
found, however, that a large negative bias on the
grid is harmful in this respect. “ Except in valves
which have only a poor temperature-saturation of
the filament, it is possible to reduce the noise on
the plate side to such an cxtent that the high
impedance circuits employed on the grid side of the
first tube of a high gain recciving system contribute
practically all of the noise by virtue of the thermal
agitation phenomenon.”

A STUDY OF THE OUTPUT POWER OBTAINED FROM
Vacuum TUBES oF DIFFERENT TYPES.—
H. A. Pidgeon and J. O. McNally. (Proc.
Inst. Rad. I'ng., Feb., 1930, Vol. 18, pp. 266~
293.)

Authors’ summary :—* Economical operation of
the large number of tubes involved in the Bell
System makes necessary the adoption of common
supply voltages. This requires that repeater tubes
of various types be designed to operate at a fixed
plate voltage. For this reason the design of
amplifier tubes to give as large a power output as
possible at the operating plate voltage is of con-
siderable importance.

‘“ In the case of three-electrode tubes, it is possible
from theoretical considerations to compute, approxi-
mately, the electrical parameters a tube must have
in order to give the maximum output power of a
given quality obtainable under fixed operating
conditions.

“ The electrical characteristics and output of
fundamental, second and third harmonics of two
of the more common telephone repeater tubes are
given.

“It is of considerable interest to determine
whether greater power output of comparable
quality can be obtained from tubes containing
more than one grid. Since no sufficiently exact
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theoretical analysis of multi-grid tubes is yet
available to permit the determination of the
parameters of optimum tubes, a comparative
experimental investigation of a number of such
structures has been undertaken. The electrical
characteristics and output of fundamental, second
and third harmonics of several such experimental
tubes are given. The power output of multi-grid
tubes and of three element tubes is compared.
The reasons for the comparatively large power
output of certain types of multi-grid tubes are
discussed."”’

The “certain types” of multi-grid valves
referred to in the last sentence are the so-called
‘“ co-planar grid ”’ valves. This design has been
found particularly etfective in the utilisation of a
positive grid to reduce space charge effects; the
second grid is placed so that its lateral wires lie in
the same plane as those of the negative contvol grid,
and alternate with them. The two supports of the
one grid lie inside the two supports of the other, so
that the former grid is narrower than the latter :
the narrower grid is used as the control, since a
larger current is collected by the unshielded portion
of the positive grid if the arrangement is reversed.

One might expect that with this co-planar grid
valve, as with the ordinary two-grid valve with
outer positive grid, sccondary emission from plate
to positive grid would seriously restrict the range
of operation. This is not the case : under normal
conditions the number of secondaries is kept small
by the shielding of the positive grid by the field
of the negative control grid. Another advantage
of the system is that the necessary spacing between
filament and plate is reduced to a distance com-
parable with that in triodes: the valve resistance
is reduced, and at the same time the region between
the two grids, affected by space charge or excessive
turbulence in the flow of electrons, is eliminated.
Apart from these and other advantages leading to
increased power output, the design offers the
possibility of using both grids as a means of dual
control :  under suitable conditions the input
impedance to the positive grid is high enough to
make this feasible. The co-planar grid valve is
more difficult to construct than other two-grid
valves, but “a method of satisfactory fabrication
could doubtless be found.”

ProbucTtioxn TESTING oF Vacuum Tuses.—K. S.
Weaver and W. J. Jones. (Proc. Inst. Rad.
Eng., Feb., 1930, Vol, 18, pp. 336-349.)

(1) Organisation of Test Procedurc: Factory
test : Engineering department inspection and test :
Warehouse inspections: strength and life tests,
(2) Test engineering: emission: plate currents
under fixed working conditions: gas: leakage
currents : amplification constant, plate resistance
and mutual conductance.

DIRECTIONAL WIRELESS.

Equl - SigNAL Rabplo - BEACON: SIMULTANEOUS
WEATHER SERVICE. (Bur. of Stds. Tech.
News Bull., Dec., 1929, p. 116.)

At present the radio-beacon (aural type) and
radio-telephone weather services are operated on
the same wavelength, one service being interrupted
for the sake of the other ; this avoids the necessity
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of retuning but prevents the two services from
being  available simultaneously. It would be
advantageous if the pilot could have available his
course indication even while listening to the weather
broadcast.

The visual type of radio-beacon offers possibilitics
for the simultaneous transmission of the two
services on the same radio frequency. The modu-
lation frequencies arc 65, 86.7 and 108.3 p.p.s.
respectively, and intelligible speech does not require
modulation frequencies below 300 p.p.s. Arcceiving
set tuncd to the carrier frequency can be provided
with a filter circuit and arranged so that the
frequencies above 300 are supplied to the head
telephones while those below 300 go to the vibrating-
reed course indicator. Preliminary tests on the
practicability of this plan have been started.

Fos LANDING DEVELOPMENTS BY THE BUREAU OF
STaNDARDS.—Note from the U.S. Bureau of
Standards. (Journ. Franklin Inst., March,
1930, Vol. 209, No. 3, pp. 409—410.)

The pilot landing in fog must be guided to and
along a suitable runway, must know how far along
it he has gone, and the height of the landing path
above ground must be properly regulated. Of these
three requircments, the first is given by a small
directive radio beacon, the second by a marker
beacon and the third by a landing beam. The
method now being tried to provide the third element
of the system is a directed beam of 60,000 to 100,000
kilocycles per sec., which is directed at a small
angle above the horizontal. A simple receiving
arrangement with visual indicator is used on the
aeroplane. \When the latter is so manceuvred as to
keep the deflection of this indicator always at a
fixed point, the aeroplane follows a gliding path
down to the ground which is quite suitable for the
landing operation.

AuToMATIC RECORDING OF ROTATING BEACON
BearINGgs.  (Journ. Sciemt. Instr., Feb.,
1930, Vol. 7, pp. 49-50.)

One of the N.P.L. exhibits at the Physical and
Optical Societies’ Exhibition. At the receiving end,
the bearing is recorded on a drum rotated syn-
chronously with the transmitter by the aid of the
usual phonic motor and tuning fork.

VELOCITY OF SOUND IN SEA-WATER.— Liibcke.
(See under ' Acoustics.”’)

ACOUSTICS AND AUDIO-FREQUENCIES.
OvER RuiMTE-AcoUsTIEK (The Acoustics of Spaces).
—J. Zenneck. (Tijdschv. Ned. Radiogen.,
Dec., 1929, Vol. 4, pp. 71-79.)
The writer here covers much the same ground as
in his I.R.E. paper dealt with in 1929 Abstracts,
p- 214.

Zur Tueorie DEs TonrauMEs (The Theory of
Sound Vibrations in a Closed Space).—
K. Schuster. (Ann. der Physik, Series 35,

1930, Vol. 4, No. 4, pp- 513-532.)
A theoretical discussion of the acoustic vibrations
in a closed space of the form of an oblate spheroid
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symmetrically divided into two parts by a partition
containing a circular hole. The differential equa-
tion for the velocity potential is solved with the
appropriate boundary conditions.

VELOCITY OF SOUND IN SEA-WATER.—[. Liibcke.
(Zeitschy. f. tech. Phys., No. 9, Vol. 10, 1929,
pPp. 386-3838.)

In echo sounding, the velocity at first diminishes
owing to the fall of temperature, and afterwards
increases on account of the increase of pressure.
Omitting the coldest and warmest seas, an average
velocity for all depths is found to be 1,496 m. per
sec., and an international average value of 1,500
m./sec. is suggested for ordinary navigational
purposes. The value is of importance also in dis-
tance measurement by simultaneous use of radio-
electric and water-sound signals.

AN ARTIFICIAL VOICE FOR TESTING PURPOSES.—
A. Hudson. (jJourn. P.O. Elec. Eng., Oct.,
1929, Vol. 22, pp. 193~195.}

A moving-coil loud speaker is actuated by a
rhythmic oscillator modulated in such a way as to
produce a sound possessing the same essentials as
spcech.

AKUSTICHESKIE IZMERENIA METODOM IMPULSA
(Acoustical Measurcments by the Impulse
Method).—A. I. Belov. (7.1 T.b.p., Lenin-
grad, December, 1929, Vol. 10, pp. 572-583.)

In Russian. In order to eliminate interference
from reflected waves in acoustical measurements,
Andreev has devised a method for determining the
amplitude of the first impulse only of an incoming
sound wave. The method is based on the observa-
tion of a light contact piece held with variable
pressure against a diaphragm and the determination
of the critical pressure under which the contact
piece becomes detached from the diaphragm when
a sound wave impinges on the latter. The break of
contact is indicated by a telephone which is pre-
ferably connected in the plate circuit of a valve
the grid bias of which is controlled by the contact
piecce. The theory of the method and an account
of experiments carried out at the State Laboratory
of Physics are given and polar curves for two loud
speakers shown. The possible use of the impulse
method for the determination of the absorption of
sound by different materials is also indicated.

REFLECTION OF SOUND ENERGY AND THICKNESS
OF PLATE REFLECTOR -— ULTRASONIC
MeTHOD.—R. W. Boyle and D. K. Froman.
(Canad. Journ. of Res., Nov., 1929, Vol. 1,
PP- 405-424.)

The work illustrates the application of the
theory of monochromatic interference spectroscopy
of optics to sound. By cxperiments with lead,
duralumin and paraffin, at different high frequencies,
the effects of both high and low reflecting powers
are shown, and also the possible influences of
harmonics. It is also shown that in travelling
through thin discs the velocity of the waves is
given more accurately by the bulk modulus of
elasticity than by Young's.
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TRANSMISSION OF SOUND ENERGY AND THICKNESS
OF PLATE TRANSMITTER AT NORMAL IN-
CIDENCE—ULTRASONIC MEeTHOD.—R. W.
Boyle and D. O. Sproule. (Canad. Journ. of
Res., Jan., 1930, Vol. 2, pp. 3~12.)

Authors’ abstract :—Another and more direct
experimental method for determining the reflection
from and the transmission through parallel-faced
partitions of sound energy of short wavelength was
studied. Measurements were taken of the energy
transmitted through obstructing plates by means
of a torsion pendulum placed in the ‘' ultra-sonic
shadow,” the incidence of the energy being normal.
The theoretical and experimental results obtained
in previous researches by taking reflection measure-
ments only were confirmed, and again it was shown
necessary to employ the bulk modulus of clasticity
for computations of velocity instead of Young’s.

SCHALLISOLATION UND SCHALLABSORPTION : VER-
FAHREN ZU IHRER MESSUNG (Sound Insu-
lation and Sound Absorption: Methods of
Measurement).—E. Meyer. (Zeitschy. V.D.I.,
1st March, 1930, Vol. 74, No. 9, pp. 273~279.)

SULLE CORRENTI UNIDIREZIONALI D’'ARIA PRO-
DOTTE DA MEMBRANE VIBRANTI (On the
Unidirectional Current of Air produced by
Vibrating Membranes).—A. Stefanini. (Nuovo
Cim., Jan., 1930, Vol. 7, pp. 1-12.)

ON THE WAVE-I'ORM OF A SOUND PRODUCED BY A
SparRk.—]. Okubo and E. Matuyama.
(Phys. Review, 1st Dec., 1929, Vol. 34,
PP. 1474-1482)

The sound produced by a condensed spark was
studied by the Michelson interferometer. It was
found that the wave consists of a high-frequency
oscillation of air of the order of r0—¢ sec., having
two discontinuities, one due to a condensation at
the head and the other to a rarefaction at the tail.
The variation of the wave-form, as it propagates
onwards, was also studied.

OVER MONOPOOL- EN DIPOOLKARAKTER VAN EENIGE
GELUIDSBRONNEN (On the Monopole and
Dipole Character of Some Loud Speakers).—
C. Zwikker and P. J. Bouma. (Physica,
No. 8, Vol. 9, 1929, pp. 289-204.)

Taking a pulsating sphere as an example of an
acoustic monopole and a vibrating diaphragm
(producing compression on one side and rarefaction
on the other) as that of a dipole, the writers examine
the theoretical differences in behaviour of the two
classes, and investigate experimentally various
forms of sound producers with a view to allotting
them to one class or the other.

UBER DIE EIGENFREQUENZ VON EINSEITIG EIN-
GESPANNTEN STABEN (On the Natural
Frequency of a Rod Clamped at One End).—
A. Esau and M. Hempel. (Zeiischr. f. tech.
Phys., Jan., 1930, Vol. 11, pp. 23~24.)

The writers conclude that the du Bois Reymond
formula is not reliable, while that of Kohlrausch is
satisfactory.
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BarLsa WooD DIAPHRAGMS FOR LOUD SPEAKERS.—
R. W. Paul and B. S. Colen. (Journ.
Scient. Instr., Feb., 1930, Vol. 7, pp. 50-52.)

Balsa wood has extremely low density coupled
with high elastic modulus: the diaphragmns here
described give large output free from noteworthy
resonances. The discs are protected against the
absorption of moisture by special treatment, and
are reinforced with glued-on strips which render
them very rigid.

Tests oNn CoNE Units. (Wireless World, sth
I'ebruary, 1930, Vol. 26, pp. 135-140;
12th February, 1930, pp. 162-166; 26th
February, 1930, pp. 233-234.)

Constructional details and electrical charac-
teristics, including impedance measurements at
various frequencies, are given of a number of
representative commercial types of cone loud
speakers with reed and balanced armature move-
ments.

MATCHING THE SPEAKER TO THE QUTPUT TUBE:
THE DESIGN AND OPERATION OF THE QUTPUT
TRANSFORMER.—]. M. Thomson. (QST,
Jan,, 1930, Vol. 14, pp. 31-34.)

The considerations involved are pointed out,
formula obtained for turns ratio, etc., and practical
data supplied for the design of satisfactory coupling
transformers for electromagnetic and moving coil
types of loud speaker. Among the practical points
mentioned are the following:—the primary re-
actance at the lowest frequency to be transmitted,
usually 50 cycles, should be at least twice as large
as the plate impedance of the valve. Ideal results
will be obtained if it is five times as large. The
resistance of the secondary coil should be :—not more
than one-fifth of the loud speaker resistance for
the electromagnetic type: less than one-eighth to
one-tenth for the m.c. type (though this will
operate ‘“ satisfactorily ”’ for a value of one-fifth).

UBER GRUNDFRAGEN
AKUSTIK UND ToNpsycHoroGIE (Investi-
gations into Fundamental Questions of
Acoustics and Tonic Psychology).—E. R.
Jaensch.  (Long Summary in Physik.
Bevrichte, 1st Jan., 1930, Vol. 11, p. 8.)

Researches leading to the conclusion that in
addition to the resonance processes involved in
hearing there are other actions involved which
follow a principle deviating from the Fourier
analysis : the writer therefore replaces the Helm-
holtz theory by one attributing to the ear a multi-
plicity of resonant systems.

UNTERSUCHUNGEN DER

UBER DIE VoKALE (On the Vowel Sounds).—
V. Engelhardt and L. Gehrcke. (Zeitschr. f.
tech. Phys., Nov., 1929, Vol. 10, pp. 563-567.)

Tests to determine whether the ‘‘ absolute ' or
the * relative” theory of the hearing of vowel-
sounds is the correct one. Itis found that both are
partially correct, the proportion varying with the
particular vowel and the particular hearer.

THEORY OF VIBRATION OF THE LARYNX.—R. L.
Wegel. (Bell Tech. Jourm., Jan. 1930,
Vol. g, No. 1, pp. 207—227.)
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AtupiTory NERVE IMPULSES.—I. G. Wever and
C. W. Bray. (Science, 215t Feb., 1930,
Vol. 71, p. 215.)

" By placing an electrode on the cat’s auditory
nerve necar the medulla, with a grounded electrode
clsewhere on the body, and leading the action
currents through an amplifier to a telephone re-
ceiver, the writers have found that sound stimuli
applied to the car of the animal are reproduced in
the receiver with great fidelity.”

CAKBON-GRANULE
(4.L.G. M.,

T Reisz  HIGH-QUALITY
MicropHoNE.—E. Reisz.

No. 9, 1929, pp. 601-604.)

PHOTOTELEGRAPHY AND TELEVISION,

UEER EINE NEUE ART VON PHOTOZELLEN (A New

Type of Photocell)—B. T.ange. (Physik.
Zeitschy., Teb. 1st, 1930, Vol. 31, No. 3,
PP 139-140.)

A preliminary account of a new type of photocell,
in which the efficiencv is increased by using the
low contact potential between a metal and a semi-
conductor in place of the higher metal-vacuum
contact potential used in the ordinary photocell.
The photo-sensitive electrode L, is in the form of a
flai plate in contact with a unipolar layer « of
semi-conducting material, the other side of which
is in contact with a second electrode E,. The
photoelectrons set free by the light pass through
u to E, and thus through an external circuit con-
necting JJ; and £,. It is found desirable to make
1 as thin as posmblc—onh a few molecules thick
to reduce thc inertia of the cell so that it will
respond faithfullv to acoustic frequencies. This
thinness of dielectric also lowers the resistance of
the cell and increases the current output, and no
auxiliary voltage is necessary.

The relatively low contact potential [about 10
times smaller] cnables considerably smaller energy
quanta to produce the photoelectric current than
in the ordinary cell, so that the cell is sensitive
to infra-red light, the long-wave limit, up to the
present, being 6,600 mu. By suitable choice of the
semi-conducting material, a selective efficiency for
various spectral regions can be obtained-—probably
due to resonance effects between photoelectrons
- of certain frequencies and the atomic oscillations
of the molecules of the material. Thus a copper-
copper oxide cell has a selective sensitivity for a
wavelength of about 8oo my.

Applying Einstein’s quantum-rclation N =Q/hy,
to the limiting wavelength, it is found that the new
cell gives a quantum-gain about 10 times as great
as that of an alkali cell (22.5 coul./cal. compared
with 2.04). The writer hopes to increase this still
further by the use of special unipolar materials,
in which case ‘“ we arrive at efficiencies at which
a direct, practical conversion of light into electrical
energy would seem to be possible.”

TeLEvIsiIoN wITH CATHODE-Ray TUBE roR RE-
CEIVER.—V. Zworvkin. (Rad. Engineering,

Dec., 1929, Vol. g, pp. 38—41))
The transmitter described is a modified moving-
picturec projector. The receiver is the special
cathode-ray tube named the Kinescope (April
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Abstracts, p. 220). An oxide-coated filament is
mounted within a controlling cvlindrical electrode.
The beam passes through a small hole in the front
part of this element and then again through a hole
in the first anode, which accelerates the electrons
to 300—400 v. The second anode (a metallic
coating on the inside of the glass) gives a further
acceleration up to 3,000—4,000 V., at which the
velocity of the electrons is about 1/10 that of light ;
and also focuses the beam, electrostaticallv, into
a sharp spot on the screen. The target wall of
the bulb is about 7 in. in diameter and is covered
with a fluorescent material such as willemite,
prepared by a special process which makes it
slightly conductive (to remove the charges produced
by the beam).

The two scts of deflecting elements (plates and
coils) are set outside the neck of the tube, between
the two anodes, and therefore act on the compara-
tively slow eclectrons ; the fields required are conse-
quently comparatively small. The mean bright-
ness of the line is controlled by a negative bias on
the cylindrical controlling element, on which are
superposed the signal variations.

Three sets of signals are thus required—picture
signal, horizontal scanning frequency, and impulses
for framing. It has been found possible to combine
all three into onc channel: the photoelectrie
cell voltage of the transmitter is first amplified
to the suitable level ; therc is then superposed on
it a series of high audio-frequency impulses lasting
only a few cycles and occurring when the light beam
passes the interval between two pictures. The
picture frequencies together with the framing
are then passed through a band-
climinating filter, which removes the pictur
component of the same frequency as that of the
horizontal scanning. TFollowing this, a portion of
the voltage which drives the transmitter vibrator
is impressed on the signals, passed through the
filter, and the entire spectrum is used to modulate
the r.f. carrier. At the receiving station the ampli-
fied signals arc divided by a band-pass bhand-
elimination filter into two parts : one the svnchronis-
ing frequency, the other the picture frequency
plus the framing frequency. The svnchronising
frequency is amplified by a tuned amplifier which
supplies current to the deflecting coils of the
kinescope. The picture and framing frequencies
are applied directly to the control clement of the
kinescope. The same voltage which modulates the
light is impressed upon a band-pass filter tuned to
the frequency of the a.c. voltage used for the
framing impulses. The output of this filter is
amplified, rectified, and used to unbias a discharging
triode which is normally biased to zero plate current,
and which takes its plate voltage from the con-
denser which provides the vertical scanning voltage.

SPOSOB GRUPOVOI PEREDACHI TOCHEK KARTINI
V PRIMENENII K TELEKINO (Television by
the Group Transmission Method).—V. 1.
Iltchenko. (T2 T.b.p. Leningrad, Deccmber,
1929, Vol. 10, pp. 640-650.)

In Russian. In order to reduce the number of
signals required to reproduce an image the author
proposes a system in which each signal represents
a group of points instead of one point. Half of
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the signals transmitted correspond to the average
illumination of the separate groups and the re-
maining half to the average darkness. At the
receiving end a ‘“ grid "’ of condensers comprising
as many condensers as there arc points on the image
is connected to the recciver. This grid may consist
simply of glass plates with pieces of conducting
material on their surfaces. The condensers are so
arranged that on the reception of signals the re-
sultant charge on each condenser is proportional
to the intensity of illumination of the corresponding
point of the image. Each condenser is connected
to an electrode placed in a neon-filled vessel. By
a simultaneous discharge of the condensers through
these electrodes a momentary impression of the
image is obtained. When a sufficient number of
condensers is used the number of signals required
to reproduce a picture is several hundred times less
than would be the case if the usual method in
which each point is reproduced separately were
employed. An alternative system of transmission
in which consecutive strips of the image are repro-
duced in turn is also explained.

ELEKTRISCHES UND OPTISCHES VERHALTEN VON
HaLBLEIrERN (Electrical and Optical Be-
haviour of Semi-Conductors).—F. Klaiber.
(Ann. der Physik, 8th Oct., 1929, Scries 35,
Vol. 3, No. 2, pp. 229-252.)

SYSTEME ET APPAREILS DE TELEVISION THERM-
foNIQUE (System and Apparatus for Therm-
ionic Television).— —. Bruni. (Revue
d.Tél., Tél.et T.S.F., March, 1930, Vol. 8, pp.
218-225.)

An article based on the Il'rench patent 672202
(Bruni). The transmitter is a ‘ photoscope ”
depending on the action of a beam of clectrons
directed on to a flat anode covered with a layer of
selenium (e.g.), on which the image is focused.
The receiver 1s similar except that the anode is
coated with a fluorescent material.

ForMs OF GAS-IFILLED PHOTOELECTRIC CELLS :
TueIR PRroPERTIES AND CALIBRATION.—
J. Kunz and V. E. Shelford. ([Rev. of Scient.
Instr., Feb., 1930, Vol. 1, pp. 106-117.)

From the point of view of biologists and meteor-
ologists rather than that of WWireless engincers.
Large currents at low voltage were desired, so that
portable microammeters could be used with suffi-
cient accuracy. The usual concave surface was
unsatisfactory, the response varying with the angle
of incidence of the rays. A ' collapsed-sphere ™’
form, giving a convex sensitive surface, was satis-
factory. The use of several metals instead of one
is suggestcd as a means of increasing the range of
colour sensitivity. ‘‘ The maturing, testing, grad-
ing and calibrating of cells by the makers is an
essential step in further progress.”

THE SELF-OSCILLATION OF PHOTOELECTRIC CELLS.
—Rosing. (See under * Properties of
Circuits.”)

PIcTURE TELEGRAPHY ON SHORT WAVES : ['ADING
ELIMINATION.— Bohm. (See under ** Propa-
gation of Waves.”)
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MEASUREMENTS AND STANDARDS.

EXAKTE FREQUENZMESSUNG KURzER WELLEN (The
Iixact Trequency Measurement of Short
Waves).—H. Mogel. (Telefunken-Zeit.
Dec., 1929, Vol. 10, No. 53, pp. 44—48.)

A supplement to the paper dealt with in March
Abstracts, p. 166. The apparatus and methods
have been improved and simplified, and the accuracy
increased ten-fold, so that waves in the 12-60 m.
zone can be measured with an absolute accuracy
of 4 o0.001 per cent or a relative accuracy of
0.0003 per cent. The old gquartz glow-resonators
could not be guaranteed to give an accuracy of
more than o.o1 per cent, but Giebe and Scheibe
have so improved the design (among other points,
the quartz bar is suspended by silk fibres at two
nodal points) that a constancy of about 1 x 107
is obtained, with a temperature coefticient of
2—4 X 1079 per degree Centigrade. For the chosen
fundamental of 150 kc./sec. 4-1 per cent., the
quartz rod would be only about 20 mm. long, and
difficult to bind; so a rod about 4 times as long
was chosen and excited longitudinally to its 4th
harmonic, with very loose coupling so that the
eftect of the eclectrode capacities was very small
(probably smaller than 1/100,000). The voltage
necessary to produce the glow was only about
20 v., so that the coupling to the genecrating circuit
was accomplished by a small coil with a natural
frequency 1n the neighbourhood of the quartz
resonance frequency, loosely coupled at a distance
of $to 1 m.

The simplified new method uses a standard
generator which (for the zone 10-60 m.) has a
range of only 2,000 m. 4- 1 per cent: it can be
adjusted to within 2—3 millionths by means of a
precision condenser with fine adjustment and
vernjer scale. This whole range is covered by
8 or g of the improved quartz resonators equally
spaced over it. The abolition of the separate
gencrator and standard wavemeter with its detector
and mirror galvanometer has enormously simplified
the procedure and quickened it up about ten times.

The paper ends with a description of the method
by which a short-wave transmitter at Nauen has
its frequency directly controlled by a number of
these quartz glow-resonators with a resulting
constancy of about 0.02 per cent.

SOoME REMARKS ON THE MULTIVIBRATOR.—Y.

‘Watanabe. (Proc. Inst. Rad. Ewg., Feb.,,
1930, Vol. 18, pp. 327-335.)

“ The author believes that it may be useful to
publish the results of his consideration of the theory
of multivibrators, particularly since the above-
mentioned theories [Armagnat and Brillouin, van
der Pol, Friedlander, and Heegner} do not seem to
him entirely correct.”

His treatment of the symmetrical multivibrator
circuit and its behaviour leads to a static method
for obtaining the characteristics of such a circuit.
From this information, he shows, a characteristic
curve can be plotted which has a falling portion
provided that the coupling resistance R, in the
anode circuit is made sufficiently large. He then
examines the manner in which a periodical change
in current may be produced by such a characteristic,
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and obtains a formula for the period of the

2C,R, log, S % where I is the

c

“hange in the voltage-drop across the anode re-
sistance R, at the '‘jumping instant” and e,
is the grid voltage corresponding. The falling
characteristic is not always a necessary condition,
though it is a tavourable one. The writer concludes
by pointing out that such a multivibrator circuit
can, by suitable adjustment of the anode capacity,
also produce sinusoidal oscillations.

oscillations 7T

REZONANSNIE CHASTOTI PIEZOKVARCEVIH PLASTIN
(The Resonant Frequencies of Thin Quartz
Crystals). S. I. Hirshhorn. (T2 T.b.p.,
Leningrad, Vol. 10, pp. 584-3590.)

In Russian. A preliminary report on investiga-
tions on the subject at the Moscow Technical
[nstitute. Thin quartz crystals sprinkled with
lycopodium powder were excited in a high {requency
oscillating circuit and the Chladni figures formed on
them obscerved. For each crystal three main types
of oscillation were found. Mathematical expres-
sions for determining the frequencies of the oscilla-
tions from the constants of the crystals and the
nature of the Chladni figures are given. (f.
Harding and White, 1929 Abstracts, p. 58:2.

PRESERVING CONSTANCY OF PIEZOELECTRIC OSCIL-
LATORS.—(German Pat. 486008, ILorenz,
pub. 11th Nov., 1929.)

The crystal is provided with a silver coating
which is placed very close to massive copper blocks :
the whole is fixed in a hydrogen-filled container
immersed in ice and water.

CRYSTAL CONTROL OF SHORT WAVE TRANSMITTERS.
—A. Meissner. (See under “ Transmission.”’)

THe EFreEct oF TENSILE OVERSTRAIN ON THE
MAGNETOSTRICTION OF STEEL.—J.S. Rankin.
(Journ. Roy. Tech. Coll., Glasgow, Jan., 1930,
Vol. 2, pp. 173-187.)

Quartz CrysTAL FacTs.—J. H. Hollister.
Jan., 1930, Vol. 14, pp. 29-30.)
Practical information regarding the preparation
of quartz plates, supplementing previous articles
of which a list is given) in earlier volumes of the
same journal.

(ST,

ACCURACY OBTAINABLE wWITH PIEZO (OSCILLATORS.
—Notes from the U.S. Bureau of Standards.
(Journ. Ivanklin Inst., March, 1930, Vol.
209, No. 3, pp. 407—408.)

A note on observations conducted by the Bureau
of Standards in recent months on a number of
specially designed piezo oscillators. The circuit
arrangements are designed to minimise the effects
of external influences on the frequency of operation.
The construction is such that the standards are
portable and of a size which could be used in a
radio transmitting station. The essential differ-
ences among the piezo oscillators were in the design
of the quartz plate holder. The results obtained
mdicate that it is possible to construct piezo
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oscillators for use as frequency standards which are
capable of maintaining an accuracy of greater than
1 part per 100,000 over a period of several months.

ThE AccURATE TESTING OF AUDIO AMPLIFIERS
IN PropuctioN.—A\. I5. Thiessen. (Proc.
Inst. Rad. Lug., I'eb, 1930, Vol. 18, pp.
231—242.)

The apparatus described is not intended actually
to measure the gain of audio-frequency amplifiers,
but is used to compare the gain/frequency curves
of a succession of such amplifiers with that of a
known and unvarying standard, and to compare
the undistorted power output they can deliver
with that which the standard can deliver. Less
than two minutes is required for a complete test.

The method avoids the necessity of measuring
the very small power at the input to the amplifier.
A resistance of proper value is substituted for a loud
speaker load, and an attenuation network is in-
serted between ampliier and oscillator or power
source. This network is variable in known steps
and has a constant terminal impedance at all
values of loss. A valve voltmeter gives the voltages
across the attenuator and the output resistance,
as desired.

Several frequencies between 50 and 5,000 cycles
are selected : the gain of the standard amplifier
at each of these is determined. The wvariable
attenuator is ganged with the frequency control,
the attenuation values being set at each frequency
to correspond with the amplification of the standard
at that trequency. All that is necessary is to insert
the amplifier to be tested, and to turn the ganging
switch. By observing whether or not the output
voltmeter deviates from a fixed standard reading,
it is seen at once whether the tested amplifier has
the same gain/frequency characteristic as  the
standard.

In testing the undistorted power output, by
turning one switch attenuation is removed step
by step between generator and amplifier at the
same time that an equal attenuation is added
between amplifier and output voltmeter. As this
switch is turned, no change in voltmeter reading
occurs till the overload level is reached : at this
point, the amplificr no longer delivers power in
proportion to the input power, and the voltmeter
reading begins to drop.

The whole apparatus is combined into one instru-
ment, for mains working.

VARIABLE CONDENSER FOR MEASUREMENTS AT
30 MirLroN CycLES PER Secoxp.—FE. 13
Moullin.  (fourn. Scient. Instr., Feb., 1930,
Vol. 7, p. 61))

Two circular cylinders have their axes parallel
but not concentric, the inner cvlinder being rotated
on an axle which is eccentric with both outer and
inner cylinders. The first 47 degrees of the scale
correspond to an increase of capacity of 1 uufF.
the whole range: covers a change of 16 yur. Two
mica condensers, each of 16 pur., are contained
within the condenser and can be switched in parallel
with the variable portion. Another switch connects
the two cylinders together, turning the instrument
into a small variable inductance.

D2



May, 1930
SuLLA DETERMINAZIONE SPERIMENTALE DELLA
CapraciTa pEI CAVI SOTTO PIOMBO A PIU

ConDUTTORI {The Experimental Determina-
tion of the Capacity of Lead Covered Multi-
cored Cable).—L. Bosone. (Elettrotec., 5th
Nov., 1929, Vol. 16, pp. 705-708.)

AN INDUCTION-DYNAMOMETER ¥OR MEASUREMENT
oF INDUCTANCE AND CapaciTy.—A. Tauber-
Gretler. (I.T.Z., sth Dec, 1929, Vol. 50,
p. 1782.)

See 1928 Abstracts, p. 644.

RELAISGALVANOMETER (A Relav Galvanometer).
R. Sewig. (E.T.Z., 5th Dec., 1929, Vol. 50,
p- 1783)

Moll’s method of magnifying a galvanometer
deflection, by letting the beam of light f{all on a
differential thermo-clement, involved the use of a
separate second galvanometer. Sewig combines
the thermo-element and the second galvanometer
into one instrument. With an ordinary 25 c.p.
lamp, a magnification of 200 can be obtained.

VOLTMETRI ELETTRONICI (Thermionic Voltmeters).
—M. Boella. (Elettrotec., 15th Oct., 1929,
Vol. 16, p. 667.)
Three types of circuit are described which have
proved very useful in the Naval Laboratories :
(1) Triode with anode rectification : with low anode
voltage and without compensation. Usually the
valve employed is the tetrode Radiotron UX. 222,
connected as a triode (plate and screen grid joined),
on account of its small input-capacity (4 pur.), low
dielectric loss and good grid insulation (>10* ohms).
2} Inverted triode. (3) Maximum voltmeter with
diode, condenser and ballistic galvanometer.

NouveEAU DisposiTiF DE MESURE EN COURANT
ALTERNATIF MUSICAL : LE POTENTIOMETRE-

PuaseMETRE  (New Apparatus for the
Mecasurement of Alternating Currents of
Musical Frequency : the Potentiometer-
Phasemeter). - Naudillon. (Génze

Civil, 22nd Feb., 1930, Vol. 90, p. 195.)

A paragraph on this instrument, which measures
the absolute value of the current and its phase in
relation to a reference current of the same fre-
quency with an accuracy equal to that of a bridge,
but more quickly. It is useful in connection with
the measurement of transformer distortion, ex-
ploration of the acoustic field of a hall, etc., etc.
Tue MicroMETRIC MupprLk.—Camp: Uhler:
Dorsey. (Science, 8th Nov., 20th Dec., 1929,
and 17th Jan., 1930, pp. 453, 606 and 67-68.)

Camp begins ‘“ Use the symbol pp and it will be
variously interpreted depending on the audience.”
Chemists and biologists on the one hand and physi-
cists on the other have their own interpretations.
Dorsey shows that the trouble is largely due to the
way of regarding the micron p as a thousandth
part of a millimetre instead of as a millionth part
of the fundamental unit, the metre. Regarding
1t properly in the latter way, it must follow that
pp, the micromicron, is the millionth part of the
millionth part of a metre; it is 107 mm. The
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millimicron (mpu) is naturally 107 mm. Any
other interpretations are violations of the metric
svstem principle.

ON THE DETERMINATION OF THE PARAMETERS IN
AN Ewmpirical Formura.—\W. E. Deming.
(Proc. Plys. Soc., 15th Feb., 1930, Vol. 32,
Part 2, pp. 97-107.)

LEs SYMBOLES GRAPHIQUES INTERNATIONAUX CON-
CERNANT L’ ELECTROTECHNIQUE (The Graphic
International Symbols Relating to Electrical
Enginecring).—(Rev. Gén. de I’Elec.. 25th
Jan., 1930, Vol. 27, pp. 128-140.)

Of the 200 odd symbols here listed, 48 concern
Radio and the rest ordinary telegraphv and tele-
phony.

SUBSIDIARY APPARATUS AND MATERIALS.

I'ACTORS INFLUENCING THE SPEED OF INTENSI-
FYING SCREENS f[ror X-Rays].—I°. E.
Swindells.  (Journ. Opt. Soc. Awm., Feb,
1930, Vol. 20, pp. 51-61.)

A paper dealing with the fluorescent calcium
tungstate screcens used to reduce the exposure in
X-ray work. The photographic film (which has
emulsion on both sides of the base} is placed
between the active layers of two such screens.
The ‘‘intensitication factor’ (ratio of time for
X-rays alone to time with intensifying screens, to
produce the same blackness on the film) varies
according to conditions from about 2 to 20. The
writer finds that the speed of the screens increases
with shortened development time ; increases with
increase of tube potential ; is independent of the
tube current from 2 to 35 ma. and of the target/film
distance from 9.5 to 2.5 metres ; increases as more
filtering material 1s interposed between tube and
screens ; and varies considerably with the photo-
graphic emulsion used.

SULL’AZIONE FOTOGRAFICA DEGLI KKLETTRONI LENTI
(On the DPhotographic Action of Slow
Llectrons).-—B. Rassi and G. Bernardini.
(Lincer Rend., No. 3/, Vol. 10, 1929, pp.
182-185.)

The writers have succceded in going below
K. Cole’s limit of 25 v. by photographing 17.5 volt
electrons (total emission 3-4 X 1076%A., exposure
30—75 secs.). Thev did this by using a very thick
mineral oil (which in ordinary light shows a strong
green fluorescence) for sensitising the plate. They
consider that still slower clectrons can be photo-
graphed, by suitable modification of the sensitising
process, since even 16 volt electrons have plenty of
power to affect the bromo-silver grain.

DIRECT-READING VACUUM GAUGE FOR MERCURY-
Arc RecTiFiERS.—IE. Kobel. (Brown Boveri
Review, Oct., 1929, Vol. 16, pp. 281-284.)

An outline is given in Science Abstracts, Sec. B.,

I'eb,, 1930, p. 97.

ELecTRIC POWER DISTRIBUTION.—(Wiveless World,
1gth I'ebruary, 1939, Vol. 20, pp. 180-182.)

A survey of the ‘ National Grid ” scheme for
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England and Wales submitted by the Comumis-
sioners under the Electricity Supply Act of 1926,
for the gradual adoption of a standard voltage for
CONSuMmMers.

“1f all goes on smoothly, the next ten yecars
should see a gradual standardisation of voltage and
irequency and a uniformn supply of electricity
throughout Great Britain which, besides cheapening
the cost of electricity to the consunter, will con-
siderably simplify the task of the manufacturer of
wireless sets, as it is undoubtedly this lack of
uniformity which is holding back the extended use
©of mains-operated receivers.’’

PITANIE LAMPOVOGO PEREDATCHIKA VISOKOI CHAS-
TOTI BEZ KENOTROXOV (The Supply of Anode
Power toa Radio Transmitter from a High
Frequency Alternator without Rectifiers).—
L. E. Shtilerman. (Tt 7.b.p., Leningrad,
December, 1929, Vol. 10, pp. 599-607.)

In Russian. A report on investigations on the
subject carried out at the Central Radic Laboratory.
[t has been found that good results can be obtained
both on telegraphy and telephony when the push-
pull method of anode supply is adopted and when
the frequency of the alternating supply lies between
8,000 and 10,000 cycles. The modulation of the
carrier wave at the supply frequency and the means
by which this may be reduced are discussed. Cir-
cuits are given of two experimental transmitters
whose outputs under certain conditions are prac-
tically free from undesired modulation. Standard
modulation systems can be employed for operation
on telephony. A special modulation syvstem giving
50 per cent modulation with good quality telephony
is also described.

FrLaMeNT SuPPLY 1ok RADIO RECEIVER FROM
RECTIFIED 25-KiLocycLE CURRENT.—H. A.
Brown and L. P. Morris. (Proc. Inst. Rad.
Eng., Ieb., 1930, Vol. 18, pp. 298-306.)

A paper describing the design of a 25-kc. valve
generator, together with rectifying and filtering
arrangements, for supplying filament current to a
group of d.c. amplifier valves in parallel in a radio
seceiver.  The chief advantages claimed over the
use of a.c. filament supply are :—(1) tne usc of an
inexpensive, long life d.c. valve for zll radio-fre-
quency stages and for the detector; (2) instant
response of the receiver when the current is switched
on; and (3) absence of any hum: ‘' quietness of
battery performance obtained without the vexations
of battery maintenance.”” The power supply to the
25-kc. generator is derived from the a.c. mains,
using half-wave rectification: the plate-voltage
supply for the receiver may be incorporated in this
equipment.

SCHEINWIDERSTANDSMESSUNGEN AN KUPFEROXY-
DULGLEICHRICHTERN (Impedance Measure-
ments on Copper Oxide Rectifiers).—W.
Deutschmann and W. Schottky. (E.N.T,,
November, 1929, Vol. 6, p. 462.)

Summary only. For the determination of the
real and imaginary parts of the impedance, two
equivalent circuits are derived, one having a
capacity with a series and a parallel resistance ;
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the other a capacity in series with a resistance, in
parallel with a resistance. All three quantities
possess a high temperature dependence. Apparently
the rectifying process depends on the conduction
mechanism in the oxide layer.

Hotr CATHODE RECTIFIER FOR HIGH VOLTAGES.

R. Strigel. © (Siemens Zeitschr., July and
Aug., 1929, Vol. 9, pp. 448-452 and
487-493.)

The particular tube described is for 66 kv. and
200 maA., full-wave rectification.

DER \VELLENSTRAHL-OszILLOGRAPH (The Jet-Wave
Oscillograph) —]J. Hartmann. (E.T.Z., 19th
Dec., 1929, Vol. 50, p. 1853.)

Summary of that part of Hartmann’s paper,
dealt with in 1928 Abstracts, p. 646, which refers to
the use of his mercury jet-wave as an oscillograph.
TuE  JET-WAVE  RECTIFIER.—]. Hartmann.
(/-ngineer, 21st I'eb., 1930, Vol. 149, pp.
221-223.)

Very full, illustrated abstract of the inventor’s
recent LLE.E. paper on lhis rectifier (1928 Abstracts,
p. 046).

Tue Gas CoNTENT oF SrutTTERED Frims.—L. R.
Ingersoll. (Phys. Review, No. 6, 1929, Vol.
33, p- 1094.)

Among other conclusions from these rescarches,
it seems probable that the abnormal magnetic and
other properties of sputtered films is primarily due
to the large gas content : most of this is given upat
300-400°C., which is just the range of temperature
where the films become magnetic and much more
conductive. See also Ingersoll and Hanawalt, tbid .,
No. 6, 1929, Vol. 34, pp. 972-977.

LLEKTRISCHE LLEITFAHIGKEIT KATHODENZER-
STAUBTER METALLISCHER SCHICHTEN (Elec-
trical Conductivity of Cathode-Sprayed
Metallic Films).—E. Perucca (dnn. der
Physik, Series 5, 1930, Vol. 4, No. 2, pp.
252~272.)

An experimental investigation of the electrical
properties of cathode-sprayed gold and platinum
films. Unpolarisable constant resistances of the
order 10'%-—1012 ohms have been obtained with a
temperature coefficient which is practically zero.
Cf. same writer, March Abstracts, p. 170: also
p. 168.

UBER DIE ERWARMUNG VON FESTEN UND FLUSSIGEN
ISOLATOREN IN \VECHSELFELDERN SEHR
HOHER I'REQUENz (On the Heating of Solid
and Liquid Insulators in Alternating lields
of Very High Frequency).-—A. Esau and E.
Busse. (Zeitschr. f. Hochf. Tech., January,
1930, Vol. 35, pp. 9-I1.)

During development work on ultra-short wave
valve generators (3—4 m.) great trouble was given
by the condenser dielectric heating up and losing
its dielectric strength. An investigation was
therefore made, and the present paper is a pre-
liminary report of the results. The generator used
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in the investigation had a maximum power of
8oo w. (see Wechsung, 1928 Abstracts, p. 518). A
rectangular secondary circuit with a two-plate
air condenser was variably coupled to the primary
circuit, and the material under investigation
(about 10 c.c. in volume) was introduced into the
field of this condenser. Great difficulty was found
in keeping the secondary circuit together, since its
supporting insulators bent or shattered after more
than 10 minutes test. Finally, high-tension porce-
lain insulators and special fixing cement were used.

A mercury thermometer was inserted in the
substance under investigation: as a rule this
warmed up only slightly compared with the material
—-such warming as occurred being due to the glass
tube : but if the mercury column was a long one
it was Jiable to produce resonance effects, with fatal
results for the thermometer. This is an example
of the care that must be taken to avoid resonance
effects in any components—e.g., measuring instru-
ments.

The heating of the various substances progressed,
at first, lincarly with time: the amount of heat
developed in unit time was apparently proportional
to the square of the current in the secondaryv circuit.
A fall of maximum (resonance) current, for constant
coupling and primary cnergy, was observed on
bringing into the condenser ficld a substance which
heated up more than its predecessor: probably
the beating is proportional to 2R, wherc R is a
loss-resistance of the dielectric and 1 is the displace-
ment current. Quartz glass in a solid piece was
little heated, whercas when finely powdered it
became extraordinarily hot: solid metal showed
little loss, but the same metal in finc powder was
raised to incandescencce. This dependence on
particle size is now being investigated.

After a time, as the temperature rose high above
the room temperature, the heating no longer
progressed linearly with time and finally a state of
cquilibrium was reached. At these high tem-
peratures the tests were complicated by the re-
sultant changes in the value of dielectric constant,
which not onlv upset resonance, but also altered
the field density and the valne of the current
through the dielectric under test.

Curves are given showing the results on various
liquids. The least heating was displayed by dis-
tilled water, paraffin oil showing only little more
and being adopted as a standard on account of its
constancy. Vegetable oils and fats showed enor-
mously greater effects, all very much the same :
resin oil showed by far the greatest of all. Com-
mercial transformer and condenser oils and glycerin
showed a good deal more heating than walcr or
paraffin. Impurities caused irregularity in the
curves and a genceral increase in heating.

The colour-change of cobalt chloride, mercury
iodide, etc., can be used as an indicator of the heating
effects. )

DURCHSCHLAG VON ¥LUsSIGEN ISOLATOREN (Break-
down of Liquid Insulators)—Lydia Inge
and A. Walther. (Archiv fir Elektrot.,
18th Jan., 1930, Vol. 23, No. 3, pp. 270-304.)

For various carefully purified liquids the de-
pendence of the breakdown voltage on the length
of time under test, the distance between the elec-
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trodes, the pressure and the temperature is deter-
mined for direct, alternating and impulsive voltages.

THREE MECHANISMS OF BREAKDOWN OBTAINED
oN GrLass By ELimiNaTION OF EDGE EFFECT.
—P. H. Moon and A. S. Norcross. (Jouin.
I'ranklin Inst., Dec., 1929, Vol. 208, pp.
705-729:)

Tests leading to the conclusion that there are
three distinct mechanisms, in the range of tem-
perature and thickness generally used. Which
one will be encountered in a given case depends
on temperature, thickness, and constants of the
material. In the disruptive range, breakdown
gradient is independent ot thickness, temperature,
and resistivity. It is a constant of the material
and is 3,100 kv./cm. for G.1 glass. In the inter-
mediate range, the breakdown voltage varies
approximately as the 3rd power of the thickness
and is an exponential function of the reciprocal
of the absolute temperature. In the thermal
range, the breakdown voltage varies as the half
or lesser power of the thickness and is also an ex-
ponential function of the reciprocal of the absolute
temperature.

EFFECT OoF OCCLUDED GASES AND MOISTURE ON
THE RESISTANCE OF AIR CONDENSERS AT
Raprio I'rREQUENCIEs.—H. M. Fletcher.
(Phil. Mag., March, 1930, Vol. 9, No. 57,
PP- 464-473)

Experimental results indicate that radio-fre-
quency currents do not pull out an appreciable
amount of adsorbed gas from the metal plates of
condensers. The resistance of condensers varies
with the amount of moisture present. The dielectric
losses and the metallic resistance vary with wave-
length and the ratio of these resistances is not the
same in all condensers. The dielectric losses of the
three condensers tested were greater than the
metallic resistance.

A New Tvyrpe oF GLow DISCHARGE TuBE.—H. J.
Reich. (Phys. Review, No. 6, Vol. 34, 1929,
PP. 997-99%.)

T'he tube has a grid as glow discharge cathode,
an ordinary anode, and an electron source, elec-
trically independent of both, at a distance of a few
millimetres from the [glow] cathode, so that an
clectron stream can pass through this grid to the
anode.

This electron source consists of a tungsten spiral
filament and two perforated disc anodes; the
inner of these protects the filament from ionic
bombardment and also serves for regulating the
glow discharge, while the outer anode is used for
accelerating the electrons ; the usual accelerating
potential is 350 v. Such a tube has five para-
meters : glow potential, filament current, potentials
of the inner and outer anodes, and gas pressure.

KONSTANTHALTUNG DER DREHZAHL VON Mas-
CHINEN FUR SIGNALZWECKE (Governing the
Speed of Machines for Signalling Purposes).
—~W. Dornig. (£.T.Z., 3rd Oct., 1929,
Vol. 50, pp. 1443-1440.)

The governor described in a former paper (1929
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Atbstracts, pp. 111-112) functions equally well for
a vertical machine ; its action, therefore, cannot
depend in any way on gravity.

STATIONS, DESIGN AND OPERATION.

TELEPHONIE UND MEHRFACHTELEGRAPHIE AUF
KURZEN WELLEN (Telephony and Multiplex
Telegraphy on Short Waves).—K. Kipf-
miller. (Telefunken-Zeit., Dec., 1929, Vol.
10, No. 53, pp. 22-39.)

-\ paper on the special problems presented by the
use of short waves, with special reference to the
linking-up to land-line telephone networks. The
writer discusses first the syllable-intelligibility
criterion of a service (635-70 per cent is necessary
and sufficient, for smooth working; 30 per cent
will work in an cmergency) and its connection with
the received frequency band (300-2400 p.p.s. is
sufficient) : the testing of this property of a circuit
by measurement of the overall transmission loss
(nett attenuation) on the various {requencies
(Siemens and Halske level-meter—an absolutelv
calibrated valve voltmeter of high input resistance).

He then deals with phase- and non-linear dis-
tortion : the former only becomes important on
very long lines (when time-differences amount to
more than 0.0~ 0.015 sec.) : the latter, much more
general, luckily has comparatively little effect on
speech transmission curves are given showing the
variation of svllable-intelligibility with ** klirr
factor (ratio of effective values of overtones to
fundamental) from which it is seen that the in-
telligibility only begins to fall seriously when the
factor rcaches 20-30 per cent. But for multiplex
and for simultaneous telegraphy and telephony,
non-linear distortion is of serious importance.

The question of background noisc and its ratio
to signal is then discussed : on line tclephony the
level difference should be at least 5 nepers, but on a
wireless link it may often be only 3 nepers (in-
telligibility 05 per cent). Regarding actual
strength of received speech, curves are given showing
the relation  between nett attenuation (micro-
phone to telephone) and intelligibility : the latter,
as might be expected, reaches a maximum for an
attenuation of about I neper (about the strength
of direct speech betwcen two speakers at close
quarters). At about 7.5 nepers, intelligibility
practically vanishes, The CCI limit is 3.3.

The troubles caused by ccho-etfects are then
dealt with, quantitatively, together with their pre-
vention by echo-suppressors. The writer then
passes on to consider the wireless link, with its
complications of fading ; these are dealt with more
quantitatively than is wusual. Berlin-Hamburg
results on 30—40 m. waves suggest that the reflecting
layer approaches or recedes from the carth by some
200 m. in a minute. The diifering effects of fading
on different note-modulated waves are discussed, and
the occurrence of damping distortion. There is also
a subsidiary non-lincar distortion, due to interfer-
ence and involving the second harmonic :—only for
the case where the path-difference is smaller than
about 6 km. do the amplitudes of the overtones vary
about in proportion to the fundamental. In this

case the * klirr ” factoris k =, where ¢ is the degree

of modulation ; by choosing ¢ suitably the non-
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linear distortion can be sufficiently reduced. But
if the path-difference > 6 km., there will be
moments when the fundamental vanishes but the
second harmonic remains, and serious distortion
will result.

The only vemedy for these interference troubles
lies in the choice of a suitable wavelength and the
concentration into beams. The troubles due to the
slower variations of attenuation are combated by
reaction-suppressors (¢f. Hahn and Warncke, 1929
Abstracts, pp. 164-165) and automatic damping
regulators, which are discussed. Secrecy in the
wireless link is then considered, including the
Western Electric method and that of Siemens and
Halske. In the final section on multiplex tele-
graphy the author, while recognising the many
advantages of such a system, admits that its use on
short waves presents special difficulties which have
not yvet been completely overcome; non-linear
distortion and damping fluctuations are here more
tronblesome than in telephony. The paper ends
with a brief reference to simultaneous telegraphy and
telephony.

Beam TELEPHONY TO JAPAN.—(Llectrician, 14th
Feb., 1930, Vol. 104, p. 101.)

An account of the successful transmission, from
the Imperial and International Communications’
Marcon beam station at Dorchester, of the speech
of the chief Japanese delegate to the Naval Con-
ference. A wavelength of 26.269 m. was used ;
the speech was relayed throughout Japan by means
of the Japanese broadcasting stations.

SHIP-AND-SHORE RaDpio TELEPHONY ! DETAILS OF
THE ‘“ MaJESTIC's’ INstaLLATION.—(Llec-
trician, 7th March, 1930, Vol. 104, p. 304.)"

TeLEPHONE COMMUNICATION BETWEEN SHIPS AND
SHORE.-——([ngineer, 21st Feb., 1930, Vol. 149,
p. 203.)

A paragraph on the inauguration of the experi-
mental public service of radio-telephony between
the ‘“ Majestic” and Great Britain (the P.O.
stations Rugby—transmitting—and Baldock—re-
ceiving).

Rap1o BROADCASTING TRANSMITTIERS AND RELATED
TransmissioN PHENoMENA —E. L. Nelson.
(Bell Tech. Journ., Jan., 1930, Vol. g, No. 1.
pp. 121-140.)

A brief discussion of recent developments in
American practice concerning radio broadcasting
transmitters. Descriptive material and phote-
graphs pertaining to several new commercial
iransmitting equipments are included. Reference
is also made to the more important aspects of the
related transmission problem. .\ short biblic-
graphy is attached as an appendix.

WIRE LINE SYSTEMS FOR NATIONAL DBRoAD-
CcASTING. —A. B. Clark. (Bell Tech. Journ.,
Jan., 1930, Vol. 9, No. I, pp. 141-149.)

Swiss ‘“ REGIONAL ”’ BROADCASTING PLAN.—(FElec-
trician, 14th March, 1930, Vol. 104, p. 345.)
A paragraph on the broadcasting stations which
arc to be supplied by the Marconi Compuny.
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O RADIUSE DEISTVIA RADIOVETSHATELNIH STANCII
(On the Range of tRadio DBroadcasting
Stations).-—P. G. Panov. (7.2 T.b.p. Lenin-
grad, December, 1929, Vol. 10, pp. 623-625.)

In Russian. The author suggests that in order to
determine the economical range of a proposed
broadcasting station the f{following two curves
should be plotted : (a) the expense of the station
against the range and (b) the estimated income rom
listeners against the range. The interscction of
these two curves gives the economical range.

BUiLpING RADIO TRANSMITTERS ¥OR THE CHINESE
GovErNMENT.—P. C. Rawls. (Science, 7th
Feb., 1930, Vol. 71, p. 163.)

Mention of a paper read before the Am. Assoc.
for the Advancement of Science. Difficulties due to
white ants and humid atmosphere were largely
overcome by the use of glass and teak-wood.
Eight hundred Chinese characters were built into
a code system to deal with the manyv different
Chinese dialects.

GENERAL PHYSICAL ARTICLES.

HET KORTGOLVIGE [INDE VAN DE REEKS DER
ELECTROMAGNETISCHE  TRILLINGEN  (The
Short-Wave End ol the Electromagnetic
Wave Spectrum).—J. Clay. (Physica, No.10,
Vol. 9, 1929, pp. 353-306.)

General survey of the work of the last ten years,
especially that of Millikan, Bothe and Kolhorster,
and Aston. The writer stresses the importance,
for future research, of more accurate methods of
wavelength measurement.

ETrER STRUCTURE : THE ‘“ DipoLE ETHER Hyro-
THESIS.”"—A. P. Carman. (Science, 215t Feb,,
1930, Vol. 71, pp. 214-215.)

" Studies in recent vears of the dielectric pro-
perties of gases and electrolytes show that electrical
forces and inductions in such media depend upon
the polarized ions or ‘dipoles’ of the medium.
Why not extend the same concepts to electrical
forces and inductions across a vacuum, that is,
through the ether ?

OvER KaToDESTRALEN (Cathode Rays).
‘Wageningen.
PP- 337-350.)
The transmission of electrically charged particles
through matter is discussed. It is shown that the
loss of velocity and the range of the particles may
be deduced from the general law that the loss of
energy per second is constant. Absorption is dis-
cussed and shown to be related to range in a general
way. ‘The secondary emission of electrons along
the range is shown to be related to the loss of energv.
Tables are given for dv/dx, range, absorption
coefticient, and total number of secondary clectrons
liberated per cm. of the range, for all velocities.

G. van
(Physica, No. 9, Vol. 9, 1929,

UBER TEMPERATURMESSUNGEN IN QUECKSILBER-
DAMPFENTLADUNGEN (Temperature Measure-
ments in Mercury Vapour Discharges).
E. Libcke. (Zeitschi. f. tech. Phys., Dec.,
1929, Vol. 10, pp. 598-603.)
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NACHWEIS LANGSAMER ELEKTRONEN MIT IILTFE
DES GEIGERSCHEN ZAHLERS, UND UNTER-
SUCHUNG DER AUS DUNNEN SCHICHTEN
AUSGELOSTEN PHOTOELEKTRONEN (Regis-
tration of Slow Electrons with the help of
the Geiger Ton Counter, and the Investiga-
tion of the Photoelectrons liberated from
Thin Layers).—H. Kallmann. (Physik
Zeitschr., No. 17, Vol. 30, 1929, pp. 520-527.)

Le MecaNisME DE L'EmissioN ET 1'ENPERIENCE
DE MELDE (The Mechanism of Emission
of Radiation] and Melde’s Tuning-fork and
String Experiment).—L. Décombe. (Comptes
Rendus, 28th October and 3oth December,
1929, Vol. 189, pp. 684-686 and 1251-1253.)

The writer’s theory of “ pulsating elastic spheres '
(protons and electrons—see 1929 Abstracts, p. 402)
applicd to the analogy of Melde's experiment,
indicates that the emission of radiant energy is a
consequence of oscillations, more or less rapidly
damped, made by the stable orbits round their
normal positions, when a disturbing cause has dis-
placed them from these.

CLassicAL AND  DMODERN ELECTROMAGNETIC
THroriES.—A. Press. (Phil. Mag., Nov-
ember, 1929, Vol. &, No. 52, pp. 637-658.)

Reconciliation between the classical theories and
the latest theories and results is obtained bv the
theerv of Atomic Atmospheres outlined by the
writer in 1925, which takes into account the two
Fresnelian tvpes of wtheric media, the one con-
densed after the manner of Stokes near atomic
nuclei and forming the atomic diameters, the other
being the normal wether between atoms.

RECHERCHES EXPERIMENTALES sur L'ELEcTro-
AFFINITE DES GAz (Experimental Researches
on the Electronic Affinity of Gases).—M. A.
da Silva. (.dnn. de Physique, Sept., 1929,
Vol. 12, pp. 99-168.)

As a result of these researches it is concluded that
the electronic affinity of argon is nil, while those of
pure hydrogen and of nitrogen appear to have a
certain small value (though in the case of hydrogen
the results could be explained by the presence of
very mobile positive ions—mobility greater than
1t cm./sec.). As regards the mechanism of the
formation of negative gascous ions, the hvpotheses
of J. J. Thomson and of Wellisch are examined in
the light of these “researches : that of \Vellisch is
found to be untenable, whereas the resnlts agree
well with that of Thomson.

ToE WoRrRk oF Srr JosrFPH LarMor.—Oliver
Lodge. (Fhil. Mag., October, 1929, Vol. 8
No. 51, pp. 576-584.}

To~xisaTioN POTENTIAL AND CONDUCTIVITIES OF
Merars. —B. B. Ray and D. P. R. Chaudhuri.
(Nature, 5th Oct.,, 1929, Vol. 124, pp. 512
513.)

Mukherjee and Ray suggest that the * valency
shells ” of the neighbouring atoms touch one
another and thus form a large equipotential surface
in the metal crystal. Electrons in this surface
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would travel freely without doing any work, and
would thus, in this restricted sense, be ** {frce "'—as
demanded by the " free electron ”’ explanation of
the law that the ratio of thermal to clectrical con-
ductivity is the same for all metals and is pro-
portional to the absolute temperaturc.

The writers now find that, with a few anomalous
exceptions, in any group of elements, if the metals
possess the same crystal structure the product of
electrical conductivity and ionisation potential
(K x T) varies inverscly as the atomic number (N},
This fits in with the idea that the * free clectrons ”’
as defined above arc really responsible for electrical
and thermal conductivity.

THE THERMAL CONDUCTIVITY OF A SINGLE CRYSTAL
oF Bismurit IN A TRANSVERSE MAGXNETIC
FieLp.——G. W. C. Kave and W. I'. Higgius.
(Phil. Mag., December, 1929, Vol. 8, No. 54,
pp. 1056-1059.)

A LAN1TERN SLIDE MODEL OF THE \WAVE ELECTRON.
—S. R. Milner. (Nature, 7th Dec., 1929,
Vol. 124, p. 876.)

SUR L'EFFET VOLTA. INFLUENCE DE L’OXYDATION
DES ISLECTRODES (On the Volta Etfect.
Influence of the Oxidation of the Electrodes).
—E. Dubois. (Comptes Rendus, 30th Dec,
1929, Vol. 189, p. 1260.)

KOLONNENIONISATION IN (GASEN BEI ERHOHTEM
Druck (Columnar lonisation in Gases at
Increased Pressures).—G. Jafté.  (Phystk.
Zeitschy., 1st Dec., 1929, Vol. 30, pp. 849
856.)

Further extension of the work referred to in 1929

Abstracts, p. g402.

ErERTRISCHE MESSUNGEN AN LANGEN GLEICH-
sTROMLICHTBOGEN IN Lurt (Electrical
Measurements on long D.C. Arts in Air).—
A. v. Engel. (Zeitschr. f. tech. Phys.,
November, 1920, Vol. 10, pp. 505-508.)

Measurements of mean current density and
axial field strength in the positive column, for a
range I-I0O A. approx. Also on the influence of
the amount of air introduced per minute, and of
the tube diameter. The results are discussed.

DI1E AUFBAUZEIT VON GLIMMENTLADUNGEN (The
Building-up Time of Glow Discharges).
M. Steenbeck. (Zeitschr. f. tech. Phys.,
Nov., 1929, Vol. 10, No. 11, pp. 480-453.)

A cathode-ray-osciilographic investigation of the
processes of a glow discharge. At low pressures
Townsend’s views are confirmed. Under certain
conditions, for the same potential and the same
length of gap, the discharge may follow more
quickly the higher the gas pressure, in spite of the
decreased mobility of the carriers. This resuit
comes near to thosc of Rogowski. See also same
author, Naturwiss., 13th Dec., 1929, pp. 981-932z,
where c.r. oscillograms confirm the Hippel-Franck
theory for high gas-pressures.
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THeE ProvuctioN oF HiGH SPEED EUECTRONS BY
INDIRECT Mraxs.—E. T. S. Walton. (Proc.
Camh. Phil. Soc., Oct., 1929, Vol. 25, Part 4.
pp- 469—8r.)

An account of an attempt to produce high speed
electrons by an indirect method suggested by
Rutherford, similar to that emploved in ¢xperiments
on the electrodeless discharge. By an oscillatory
spark discharge a rapidly varyving magnetic field is
produced perpendicular to the plane of a coil
wound round a vacuum tube, and thus a circular
electric field is generated in the planc of that coil.
This electric field should last sufticiently long to
enable an electron, placed in it, to acquire a velocity
greatly in excess of that produced by allowing the
clectron to fall through the maximum P.D. used.
Results were negative, probably because the strayv
fields sent the electrons to the walls of the vessel,
the accelerating field being only about 100 v. per cm.
This was found too, by Wideroe (1929 Abstracts,
p. 169) who showed that the clectrons struck the
walls after going round the tube only 14 times.

MISCELLANEOUS.

PUBLIC-ADDRESS  AND CENTRALIZED Ravpio
SvstEms.—E. W. D’Arcy. (Rad. Engineer-
ing, October, 1929, Vol. 9, pp. 62-63.)

This first instalment of a series deals with the
power amplifier and power supply unit. Subse-
quent articles will deal with fader controls, line
balancing, level-indicating devices, impedance-
matching ; centralised distributing systems, chan-
nel-selecting devices, relay control; laboratory
test equipment.

OF THE
and F. B
Jan., 1930,

TELEPHONE COMMUNICATION SYSTEM
UNITED STATES.—B. Gherardi
Jewett. (Bell Tech. Journ.,
Vol. o, No. 1, pp. 1-100.)

A gencral description of the telephone com
munication system of the United States of America ;
some of the more important engineering problems
involved are outlined and the service results
obtained are indicated. A bibliography of papers
relating to the Bell communication system i
given.

15

User pEN TLATTEREFFEKT AUF TUPINISIERTEN
LEITUNGEN (The “ Flutter Etfect’ in
Pupinised Conductors).—\V. Deutschmann.
(Zeitschr. f. tech. Phys., November, 1929,
Vol. 10, pp. 511-515.)

A treatment of this cfiect as a result of an appa-
rent increase of hys*eresis-loss resistance in the
coils, due to the presence of the telegraphy currents
simultancously with the telephony currents, leads
to an approximate calculation of the phenomenon
and of the mecans to avoid it. Oscillograms agree
well with the calculated values.

DiE HOCHFREQUENZTELEPHONIE FUR LLEKTRIZI-
TirsweErRkE (High Frequency Telephony
for Power Stations).—B. Kleebinder. (Llck-
trot. u. Masch bait, 8th Sept., 1020, Vol.

47, pp- 798-804.)
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UBER DIE PERIODISCHEN VERANDERUNGEN DER
FFoRM DER SONNENCORONA (On the Periodic
Variations of I'orm of the Solar Corona).- -
O. Bergstrand. (Naturwiss., 7th Feb , 1930,
Vol. 18, pp. 126-130.)

WEATHER RECURRENCES AND WEATHER CYCLES.—
R. Gregory. (Nature, 25th January, 1930,
Vol. 125, pp. 132-134.)

From the presidential address to the Royal
Meteorological Society on January 15th. The
existence of the annually recurring spells of cold
or warm weather enumerated by Buchan is not
supported by scientific evidence. The Briickner
cycles, of average length 34.8 years, vary too much
among themselves to be useful for the purpose of
making long range forecasts of weather ; their true
value 1s in connection with the study ot waves of
emigration and the movements of peoples, for at
the end of the warm half of the cycle an agricultural
community will be prosperous, while at the end
of the cold half it will be poor. In the rainfall
of Great Britain, the Brickner cycle is far less
important than one of fifty years; the eleven-year
sunspot cycle is also of little importance. More
exact information is known about a 5.1-vear
periodicity in British weather than about any
similar phenomenon.

THYRITE FOR LIGHTNING ARRESTERS —\cEachron.
(See under *“ Atmospherics.”’)

ProTecTiON or L.T. LiNES AGAINST INDUCTIVE
Errects or H.T. LINES BY SPECIAL VALVES.
—A. Tchernycheff. (Confér. d. Grands
Réseaux Elec., Paris, 1920.)

GEGENINDUKTIVITATSMESSUNGEN AN LEITUNGEN
MIT ERDRUCKLEITUNG {Mutual Induction
in Lines with Ground Return). —1. Klewe.
(I.N.T., Dec., 1929, Vol. 6, pp. 467-17a.)

PowER LINE INTERFERENCE WITH TELEPHCNY.—
E. Picault. (Ann. des P.T.T., Qct., 1929,
Vol. 18, pp. 885-892))
A simplification of the CCI formula for the elec-
trostatic cflect of an unbalanced power line.

LES PaARASITES D'ORIGINE INDUSTRIELLE, EN
TrtrLEPHONIE SANS FiL. (Wireless Inter-
ference from Tndustrial Sources).— —

Marcotte. (Industrie Elec., 1oth May,
1929.)

An examination of the interference due to

various causes-—telephone lines, luminous signs,

power lines, trams, etc.

APPARATUS UTILIZING PHOTO-TILECTRIC CELLS FOR
MEASURING COLOUR TEMPERATURE AND
LuMENSs oF INCANDESCENT ELECTRIC LLAMPS.
—G. T. Winch. (Journ. Scient. Instr., Dec.,
1929, Vol. 6, pp. 374-379)
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Proro-ErectrIc OUuTFITs.—R. C. Walker.
Scient. Instr., October, 1929,
322-324.)

The apparatus described here is based on N. R
Campbell’s plan (Phil. Mag., May, 1927) of keeping
the circuit current constant and using the change
of voltage across the cell ; this plan has the advan-
tages that the cell can be made to operate at the
greatest possible voltage and therefore at maximum
sensitivitv, and that the incidence of light is indi-
cated in a form suitable for amplification by ther-
mionic valves. The G.E.C. incorporate this circuit
in two units, which can be used for many purposes
——c.g., in the detection of feeble light scattered by
smoke, etc. A ““bright’ emitter is preferable
to the more modern type of valve, as its current
is more easilv saturated—this condition being
used to render the glow discharge current of the
cell non-persistent.

(Journ.
Vol. 6, pp.

AN APPARATUS TO MEASURE COLOR TEMPERATURE
oF INCANDESCENT [.AMP FiLaAMENTS.—C. H.
Sharp. (Journ. Opt. Soc. Am., February
1930, Vol. 20, pp. 62-70.)

Using the same principle as N. R. Campbell's
apparatus, the present arrangement emplovs only
one cesium cell sensitive over the entire spectrum,
the red and blue selection being made by the use
of rotating filters.

ProTO-CONDUCTIVITY IN DIELECTRIC LIQUIDS.—
\W. H. Eller. (fourn. Opt. Soc. Am
February, 1930, Vol. 20, pr. 71-80.)

Work undertaken to find whether the increase
of conductivity of diclectric liquids when exposed
to light has a relation to the characteristic “ end
absorption ” exhibited by most organic liquids.
It was found that the ionisation produced by ultra-
violet light in the liquids tested had a threshold
value corresponding verv nearly, if not exactly,
with the absorption limit. Another result found
was that the mobilities of the ions formed must be
verv small, thus indicating heavy ions such as
would result from breaking up the molecule. “* This
might throw interesting light upon the toxic effects
of violet and ultraviolet light on living organisms.”

TrE PRrRoSPECT oF DIRECT CONVERSION OF LIGHT
i1N10 LELECTRICAL INERGY —-Lange. (Ses
under ‘‘ Phototelegraphy.’)

PORTABLE INSTRUMENT FOR MEASURING INTENSITY
or Urtra-Vior.rT Ravs. - N. C. Rentschler.
(Science. 215t Feb., 1930, Vol. 71, p. xiv.)

The current from a photo-electric cell with a
uranium electrode (sensitive to ultra-violet rays)
charges a condenser which, at a certain point,
discharges through a glow relay tube. This
operates a relay which moves a counter up one
number for every discharge. The intensity of the
ravs is judged by the number of counts in a fixed
time.
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Some Recent Patents.

The following abstracts ave prepared wilh the permission of the Controller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southamplon Buildings, London, W.C.2, price 1f- each.

LIGHT MODULATING SYSTEMS.

Application date, 1st January, 1920. No. 322667

Relaxation oscillations are set up in a circuit
comprising a Neon
tube N, a resistance
R, and a variable
condenser C, fed in
parallel from a
battery B. A light-
sensitive cell is in-
serted in scries with
the  battery and
forms part of the
normal resistance
controlling the fre-
quency of the oscil-
lations generated by
the irtermittent con-
ductivity of the
tube N. Light varia-
tions applied to the cell S will accordingly modulate
the oscillations tapped off across the resistance R,
giving an output current which can readily be
amplified.

Patent issued to S. G. S. Dicker.

No. 322667.

HIGH-FREQUENCY FILAMENT-SUPPLY.

Convention date (U.S.A.), 6th October, 1927.
No. 298224,

A.C. current for heating the filaments of a multi-
valve set is taken from the mains via an oscillator
valve, which generates current of a frequency at
least double that of the signal currents. This
avoids any danger of heterodyning between the
filament supplv and the signal energy. A sufti-
ciently negative bias is provided to compensate
for anv excessive grid swing due to the super-
position of the H.I'. filament supply on the signal
voltage. Irregularities in the supply voltage are
balanced out by introducing corresponding fluctua-
tions of proper amplitude and phase into the grid
circuit of the oscillation generator.

Patent issued to Fanstcel Products Co., Inc.

¢ COMMUNITY ** WIRELESS.

Application dale, 215t September, 1928. No. 322559.

Relates to Droadcast receiving installations
designed to serve a number of listeners simul-
tancously, as, for instance, in hotels, railway trains,
ctc. In order to maintain constant signal strength
in any particular pair of headphones, irrespective
of the total number of headphones in ase at any
time, an ohmic resistance is automatically inserted
in series with cach headphone circuit when the
latter is in use, but is thrown in paralle] across the
common output transformer from the -amplifier
when that particular headphone is out of service.

Patent issued to State Railways Radio Co., L.td.
and L. Zoltan.

LIGHT-SENSITIVE DEVICES.
Application date, 19th September, 1928. No. 323041.

A light-sensitive device comprises a photo-sensi-
tive cell lined with a metal, such as potassium, and
containing the usual insulated ring electrode, the
cell being located at the upper end of an evacuated
vessel which also houses a set of three electrodes
forming a thermionic amplifier. The potential
difference created by the impact of light on the
upper cell is directly applied to the grid and filament
of the lower amplifving-set. The whole device is
fitted with the standard arrangement of valve
pins for plugging into a holder.

Patent issued to . A. Lindemann.

SHORT-WAVE GENERATORS.

Convention date (Gevrmany), 17th September, 1927,
No. 297328.

Oscillations of ultra-high frequency are generated
by the emission from a heated filament located
between the opposite plates of a condenser. As
shown, the filament I is energised from a low-
tension battery LT, and is inserted between the
two plates C,, C, of a condenser shunted across
a high-tension batterv HT of 100 volts or more.
The main oscillatory circuit comprises the con-
denser. the supply leads /., and a Hertzian half-
wave aerial 4. Chokes K confine the generated
oscillations to the main circuit. The condenser
C,, C, and filament F are cnclosed inside an
evacuated bulb. The condenser mayv take the
form of concentric rings, or inner and outer spirals,

-

efali-
H.T.

No. 297328.

of wire. With such an arrangement oscillations
of a wavelength of 30 centimetres have been
obtained.

Patent issued to Suddeutsche Telefon Akt.
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INTERVALVE COUPLINGS.

Application date, 215t September, 1928. No. 322814.

The primary winding P of the coupling-trans-
former is insulated from the H.T. supply by two
condensers C, C, of sufficient capacity to pass
audible-frequency components. The H.T. supply
is fed directly to the plate of the valve V through
a choke K in series with a decoupling resistance R
of 500 ohms. A third condenser C, bypasses any

LT+ LT— HT— GB+ GB—

HT+
No. 322814.

A.C. components choked back by the resistance R.
By preventing the passage of direct current through
the transformer winding P, * osmosis ”’ is avoided
and any consequent electrolytic action tending
to disintegrate the wire. This permits the use of
a very fine gauge wire, of high inductance and com-
paratively low distributed capacity, giving a
constant amplification factor over a frequency band
ranging from 30 to 10,000 cycles.
Patent issued to H. Green and Celebritone, Lid.

ELECTROSTATIC LOUD SPEAKER.
Convention date (U.S.A.), 12th March, 1928,
307734
A rigid back-plate ol metal, slightly convex and
perforated with a series of concentric holes of
graded size, serves as a support for a buffer material
such as soft rubber. A flexible diaphragm is
stretched over the rubber, and is covered in turn by
an outer metallic plate to complete the speaker
diaphragm.
Patent issued to Newcombe-Hawley Inc.

No.

VALVE AMPLIFIERS.

Application date, 25th July, 1928. No. 32115I.

Relates to clectro-mechanical systems, such as
electric sound recorders, telephone receivers and
transmitters, oscillographs and similar devices tor
converting electrical into mechanical vibrations,
and vice versa, with the minimum distortion of
wave form over a wide range of frequencies. The
invention consists broadly in connecting the
apparatus to a thermionic amplifier comprising a
reaction circuit, the character of the reaction effect
being controlled so as to enable the velocity,
acceleration, or amplitude of a vibrating member

2
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to be substantially proportional to a wide range of
input voltages, thereby counteracting any dis-
tortion of wave form.

Patent issued to P. W. Wilkans.

SMALL-BULK TRANSFORMERS.

Application date, 7th Januaiy, 1929. No. 323124

The fine windings consist of wire having a core
made ot an alloy containing go per cent. copper
and 10 per cent. silver, the core in turn being coated
with pure silver. This gives the necessarv tensile
strength, and also affords the necessary protection
against corrosion, at a minimum cost.

Patent issued to S. (. S. Dicker.

MAINS TRANSFORMERS.

Application date, 4th I'ebruary, 1929. No. 322946

In order to prevent the burning-out or overheat-
ing of circuit components due to a short circuit on
the secondary side of a mains-unit transformer,
one end of the primary winding is connected to a
broad metal lip partly surrcunding the secondary
winding and soldered in turn to a flat spring. If
a short-circuit occurs, the metal lip absorbs heat
from the secondary winding and fuses the solder,
causing the spring to jump back so as to cut off
the power supply to the primary winding.

Patent issued to S. G. S. Dicker.

MULTISTAGE VALVES.

date  (Gevmany), oth
No. 295330.

Convention August, 1927,

The Figure shows a multistage valve comprising
a detector and two stages of resistance-capacity
amplification, the filaments being indirectly heated
from the mains A/. In order to eliminate mains
“hum,” the leads I feeding the filaments are kept

ER
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as short as possible, and are thoroughly insulated
from the receiving circuit. Only the actual
cathodes or clectron-emitters are connected to the
aerial input, the common point being shown at K.
Patent issued to Allgemeine Elektricitits-Ges.

M%
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|elsl-
No. 295330.
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HIGH-FREQUENCY AMPLIFIERS.
Application date, 27th Septemmber, 1923.  No. 321771.

In order to compensate for the sharp “* cut-off '
and consequent loss of the higher side-band fre-
quencies in a highly-tuned HI amplifier, a second
tuned circuit is inserted between the plate of one

Ty

No. 321771.

valve and the grid of the next.

As shown, the
plate of the amplifier V is tuned by the circuit T,

the sccond valve V, being coupled through a
condenser C. An intermediate circuit 71 is tuned
to the incoming carvier wave, but its damping is
less than that imposed on the circuit T by the
valve V. The effect of the two circuits is shown
separately, the curve .4 representing that due to the
circuit 7, and B that due to the circuit 71. The
flat-topped curve C shows the combined effect on
the output.

Patent issued to C. 1:. G. Bailey and the Gramo-
phone Co., Ltd.

PIEZO-ELECTRIC MOUNTINGS.

Convention date (Germany), 17th Decembey, 1027.
No. 302584,

A piezo-electric crystal is mounted at the base of
an amplifier valve, the whole assembly being con-
structed as a single compact unit. This ensurcs a
more effective amplification of the piezo voltages
than is possible when the voltages are fed to a
separate amplifier over comparativelv long leads
subject to capacity leakage. The control of the
valve, and also the supply of heating and plate
voltages, is effected from a distance.

Patent issued to Telefunken Ges. fur Drahtlose
Telegraphie.

TRANSMITTING PICTURES IN COLOUR.
Convention date (U.S.A.), 20th March, 1928. No.
308277.

The picture is divided into a number of clemen-
tary areas by a rotating slotted screen, and each area
1s scanned in succession by light of one particular
colour. Subsequently a number of other elemen-
tary areas, interspersed between the first, are
similarly exposed by the same screen and are
scanned by light of another colour. In this way
two completc pictures, each of somewhat inferior
quality, but in different colours, are transmitted.
The resultant picture, formed by the combination of
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these two at the receiving end, is polychromatic
and of good qualitv.

Patent issued to British Thomson Houston Co.,
Ltd.

AERIALS.
(Germany),
No. 307059.

Relates to directional aerials of the kind in which
" phasing 7’ coils or similar means are inserted
along the length of the antenna wire at intervals
in order to suppress the reverse radiation from
successive half wavelengths. According to the
invention the desired suppression effect i1s secured
by surrounding cach alternate half wavelength bv
tubular conductors of corresponding length, or by
screening these portions of the antenna wire with
one or more parallel rod conductors.

Patent issued to Telefunken Ges FFiir Drahtlose
Telegraphie.

Convention date 3rd March, 1028.

Application date, 19th September, 1928. No. 322714.

Relates to directive aerials in which radiation
is suppressed from intermediate portions of the
aerial wire, so as to produce a maximum effect in
one direction. As shown in lig. 1, the antenna
wire is several wavelengths long, each half wave-
length, such as EF and DC, being separated by a
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No. 322714.

non-radiating solenoid DFE. The current distri-
bution is indicated in dotted lines, showing a maxi-
mum field to the left-hand side. Fig. 2 shows an
alternative arrangement in which the ‘‘ phasing
or non-radiating sections BC and DE consist of
three solenoid windings in parallel.

Patent issued to E. Green.
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GRAMOPHONE PICK-UP.

Application date, 26th June, 1928. No. 321144.

In order not to limit the movement of the arma-
ture by the proximity of the polepicce, the end of
the armature is designed to move towards and under
or over the polepiece in a plane parallel with that
of the polepiece. To increase the efficiency of the
magnetic circuit the armature may co-operate with
a set of four polepicces.

Patent issued to P. . Tyers.

TELEVISION.

Application date, 28th August, 1928. No. 321750.

When a light-sensitive cell is inserted in series
with the input of an amplifying valve, the output
of the valve varics only according to the rate of
change of intensity of the light falling on the cell.
Accordingly when the incident light remains
constant, it is usual to interposc a rotating-disc
interrupter in the path of the light ray so as to
impose a continuously-varying component on the
output current. In order to avoid this necessity
the arrangement shown in the Ifigure has bcen
devised. The output from the photo-sensitive cell
C is applied through an amplitier ¥ to the grid 1
of a tetrode T. The second grid 2 of the tetrode is
fed with a constantly-varying voltage from any
independent source S of oscillations. Under
normal conditions little or no current flows through
the plate circuit of the tetrode T until the cell C is
energised by an incident light ray. When this

No. 321750.

occurs, however, the voltage on the grid 1 causes the
passage of plate current, which is automatically
modulated by the action of the separately-energised
grid 2.

Patent issned to Universal and General Radio Co.,
Ltd.. and L. M. Myers.
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EXPERIMENTAL WIRELESS &
Application dates, 3vd and 17th Mav, 1928. No.
321104.

In a television receiver oi the tvpe in which the
projection screen comprises a number of lamps
allocated to separate areas of the screen, and re-
ceiving energy intermittently in rotation, means are
provided in connection with each lamp for accumu-
lating energy proportional to the received signal
impulse applied to the lamp, and for then dis-
charging it, so as to maintain the illumination of
the Jamp for a certain interval of time after the

receipt of signal! energy has ceased.
Patent issued to J. Johnston.

Application  date,  4th
May, 1928. No. 321196.
In order to secure a
highly concentrated ray \
from a glow-discharge
tube used in receiving
television signals, the
anode A4 is in the form
of a concave or part-
cvlindrical reflector, and
the cathode € is placed A
at iits principal focus.
The back of the reflecting
clectrode is coated with
insulating material such
as niica or micanite.
Patent issued to J. L.
Baird and Television,
Ltd.

Application  date, 5th
June, 1928. No. 321389.

A system for securing
television effects in
natural colours com-
prises, at the trans-
mitting station, a num-
ber of light-sensitive cells of varving sensi-
tivity to ditferent light-frequencies, together with
means for exploring the object to be televised by
cach of the cells. At the receiving station a
corresponding number of lamps are arranged, each
adapted to emit light-rays of a distinctive colour.
Synchronously-operated comimutator switches are
used to ensure the simultaneous operation of each
cell and its corresponding lamp.

Patent issued to J. L. Baird and Television, Ltd.

No. 321196.

DISTANT VOLUME-CONTROL.
Application date, 31st July, 1928. No. 321392.

A condemnser, high-resistance, or other device
normally used to regulate the output volume from
a wireless receiver or clectric gramophone is
arranged to be controlled at a distance from the
set, preferably by means of a Bowden-wire. The
spindle of the volume-control condenser, etc., is
fitted with a pinion which gears with a rack. The
latter is moved to and fro by the Bowden wire,
so as to rotate the control device to the required
setting.

Patent issued to J. W. Cairns.



