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Editorial

The Behaviour of High Resistances at High
Frequencies

HOSE who are experienced in making
very accurate measurements involving
the wuse of high resistances with

alternating currents are familiar with the
dangers which arise from capacity effects.
These effects increase with the frequency,
and now that many people are using fre-
quencies of the order of 30 million in con-
nection with short-wave work, it is no longer
a matter of a small correction of a few parts
in a thousand but a major effect which may,
as we shall see, reduce the effective value of
the resistance to a small fraction of its
nominal value. The less experienced ex-
perimeriter who finds his megohm behaving
as if it had a resistance of 50,000 ohms may
be forgiven for jumping to the conclusion
that he is in the presence of some mysterious
“ effect ”’ and proceeding to christen it.

We shall take as the basis of our calcula-
tions the simplest form of resistance—one
which is very commonly employed —viz., a
cylindrical rod, which may consist either of
solid resistance material or of a rod or tube
of glass, or other insulating material, coated
with a thin film of metal. If a steady p.d.
be applied to it the fall of potential along it
will be linear (IFig. 14) and an electrostatic

field will be set up as shown in Fig. 1 (a).
The capacitance of each unit of length is the
quotient of the charge on it divided by the
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p.d. between it and the

oppositely charged element

D—*q\ on which the electric lines
of force terminate. Now,
(b) although the fall of poten-

tial along the resistance for a

steady current will be linear, as shown in the
figure, the distribution of charge will not be
linear, but will be much more crowded to-
warcs the ends: it can be shown that
although the potential is proportional to the
distance from the centre, the density of the
charge is more nearly proportional to the
square of the distance. It follows from this
that the capacitance per unit length will vary
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from point to point, but as this would make
the problem almost impossible of mathe-
matical solution, we shall adopt a simple

THE WIRELESS ENGINEER

June, 1935

the point P. This will be quite accurate
enough for all sections except those adjacent
to P, for which we adopt a different pro-
cedure. The charges, dis-
tances, and calculated

TABLE 1.
| Charge Distance‘ )
Section on from | Potential at
No. Section. P. |
| 1 | 1
|
gi*128 | 116 | ql8 g |
1 i 7 L | = 1.0938 | }
2 | 5 3 | 5/3 0.2080 | |
30 3 5 3/5 0.0750 ’
4 1 7 1/7 | 0.0179 |
5 T 9 ! —1I1/'9 ~~0.0139
6 3 11 —3/1r | 0.0341 |
7 -5 13 —5/13 | —o0.0481
8 7 15 7/t5 0.0583

Note.—The factor at the top of each column is to be multiplied by

the tabulated figures.

approximation which will give us an average
value of the capacitance per unit length. We
assume that the charge is distributed linearly,
that is, that the charge per unit length is pro-
portional to the distance from the centre, as
shown in Fig. 1 (b), and we calculate the
resulting distribution of potential. This is
much simpler than the converse problem.
We take as a concrete example a rod with a
length 20 times its diameter, and we divide

potentials for the point P
at the positive end of the rod
are set out in Table I. The
calculation of the potential
due to Section 1 is set out
in Table IT and illustrated
in the lower diagram in
Fig. 2z ; the section has been
further subdivided into five
subsections, 4, b, ¢, d and e,
and the distances measured
from P to the centre point
of each. Even this would
| hardly be accurate enough
for subsection a, on which P
1s situated, and the first line
of TableII has therefore been
calculated from the formula for the potential
at a point on the edge of a narrow ring of
width w and radius @ with a charge o per
8a

+ 1).
w
This gives 0.4775 ¢/ which is inserted in the
first line of Table 11, giving a total potential
at P due to Section 1 of 1.0938 ¢/ which is
then entered in the first line of Table I.
Adding all the positive potentials and sub-

P

1.2403

sq. cm of surface, viz. V == 20w (log,

it into 8 sections as shown in Iig. 2. If the tracting the negative we get the final result
y | TABLE II.
S poTENTAR] T 1]
T IR ERE|
2o ———1 — Charge | Charge | Dis-
18 NG B Sub- | per Unit on tance Potential at P.
o — PR N % section. | Length. | Section. |
v NN e S
12— gl/80 | gl?/3200 1/8 { gl/400 | ql ql
10—+ TN, | ST I S S ) [ . |
0:8——" — \—\% - a 39 39 o ‘ - | 0.4775
0'6—‘- T & ‘ b 37 37 0.36 37/0.36 0.2570
°}(‘* T J_]r - ¢ 35 35 0.54 ’ 35/0.54 0.1620 1.0938
EEEREER | d 33 33 0.73 33/0.73 0.1130
END MIDPOINT € 31 31 0.92 ‘ 31/0.92 0.0843
Fig. 3. | ) .

length of the rod is / cm, each section has a
length !/8, and if the charge per unit length
is gx, where x is the distance from the centre,
the charge on each section can be calculated.
The potential at any point P on the rod
can now be calculated by taking the charge
on each section and dividing it by the
distance of the midpoint of the section from

of 1.2403 g/ for the potential at P. Similar
tables have been calculated for the potentials
at the junction points of the various sections ;
these are not reproduced here, but the
results are plotted in Fig. 3 for the positive
half of the rod ; for the other half the curve
would be a replica below the base line. If as
an approximation we assume this curve of
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potential distribution to be replaced by a
straight line as shown dotted, we have a
linear distribution of both charge and
potential and therefore a constant capaci-
tance per unit length. The potential at one
end being 2.3 ¢/ and that at the other end
—2.3 g/ the p.d. between the ends is 4.6 ¢/
and the charge per unit length at the ends
is ¢gi/2. This gives a capacitance per unit
length of 1/9.2 = 0.109 electrostatic unit or
0.1z upl. It should be noted that this is
the capacitance per cm of length for any
rod, no matter what its
actual size may be, so
long as the length is
20 times the diameter.
We have not investi-
gated the effect of a
change in the ratio of
length to diameter with any great accuracy,
but an approximate calculation showed that
if the ratio were reduced from zo to 10,
the capacitance per cm of length would be
increased from 0.1z to 0.166 ppl’, an in-
crecase of 38 per cent. This will enable
anyvone to form an approximate estimate
of the capacitance for any shape occurring
in practice.

In Iiig. 1 we have indicated how the
capacitance may be represented by a numnber
of condensers connected across the resist-
ance, but it is better for our present purpose
to picture the resistance broken at the middle
and the two halves connected in series as
shown in Fig. 4. The condensers will then
be as shown and we see at once that we are
dealing with a transmission line problem.
If, to take a concrete case, we assume that
the rod is 10 cm long and 5 mm diam. with
a d.c. resistance of a megohm, each half will
be 5cm long and we have a transmission
line 5 cm long with a resistance of 200,000
ohms per cm, and a capacitance of 0.12 puF
per cm. We can safely neglect the induct-
ance. The line is short-circuited at the re-
ceiving end, and for this case the formula
for the apparent impedance at the sending
end is

—

N .
S R

Fig. 4.

Z = Z, tanh o/

where £, is the characteristic impedance, ¢.e.
the impedance which the line would appear
to have if it were infinitely long. In the

4 S
present case Z, = \/ij’ a = VjwCr
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where 7, the resistance per unit length of
the line = 200,000 ohms.

C, the capacitance per unit length of
the line = o.12 puF.
I, the length of the line = 5 cm

j——\/ I.

The formula may be written

and

/ R,
Z=v j\’wrctanh(\/jl\/wCr)

_ \/(;6 {— 45° tanh (1\/55|45°)

As few readers will possess tables of the
hyperbolic functions of complex quantities
we have plotted in Fig. 5 the values of the
necessary hyperbolic tangents, to enable
anyone to calculate the impedance for any
given resistance and frequency.

The formula can also be written thus

tanh 6 tanh 6
Z =1 9 R 9
where 8 — IV wCr 145° and R is the d.c.
resistance.
Readers who can consult Kennelly's

" Tables of Complex Hyperbolic and Circular

12 T -
= T e 50"

10— ﬂ i
| |

= ]—— —{40°

il _!__ | :- T;LH!- 45°
() = r
AN
06; - = T 7-+ -~T —20' y
04 % N 4—-
TR T
02 { 4 1 T‘
T JF T —°
0 L] ] I - i
P
Fig. s.
) tanh 6

Functions ”’ will find the values of

6

tabulated on pages 26 to 31.
convenient method.

We have tabulated in Table III the cal-
culations for the above resistance at a
number of frequencies from 100 cycles per
second to 100 million.

Having thus obtained the magnitude and
phase angle of the impedance Z {4 it is a
simp:le matter to express it as a resistance R’

B

This is a very
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in parallel with a condenser C’, thus,

1 1 I .
L= = = wC
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FREQUENGY
Fig. 6.
I n I .
= = - cos ¢ and wC’ = _ sin
R Z ¢ Z ¢

R’ z and ¢’ =" ¢

cos ¢ wlZ
The last two columns in Table 111 have been
calculated in this way and the results are
plotted in Figs. 6 and 7. It is thus seen that
owing to the unavoidable stray capacitance

i
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between the two ends of the rod the effective
resistance of this megohm is reduced to
100,000 ohms at a wavelength of 6 metres,
and to 73,000 ohms at a wavelength of
3 metres. From the formulae given above
it is seen that the value of Z/R, and therefore
also of R’/R and «C'[R, depends only on
tanh 0 '

and therefore only on the value of

8 = IV wCr = VwICR. 1f Fig. 6 be plotted
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2x108 107

p o
103 2x10% 106 2x107 108

FREQUENCY
Fig. 7.
to a base of either Vw/CR or fICR it will be

applicable to any resistance by merely insert-
ing the suitable values in this expression.

TABLE TII.
A V| = | - .

Metres. wC 5V wCr Tanh 6 '45° Z Ohms. R’ Ohms. | C'uuF
10% 3Xx10® 5.16 X 107 0.0194 0.0194 [45° 10° 10° 0.197
102 3X10° 1.63 % 107 0.0614 0.0614 [45° 10° 108 0.197
1ot 3x 10t 5.16 X 10° 0.194 0.194 |ﬂ.3“ 108 ,cT7° 10¢ 0.197
108 3,000 1.63 X 108 0.614 0.6r  [38° i 9.04 X 10° \ 7° 10¢ 0.197
5X 10% 600 7.28 X 10% 1.37 I1.11 15° 8.08 X 10% |30° 9.33X 10° 0.1G4
10¢ 300 5.16 X 10° 1.94 1.13 731 5.83 < 10° |4on 7.85 X 10% 0.18
5% 10° 60 2.3 X10° 4.35 1.0 0° 2.3 X 10° [45‘ 3.26 X10% | 0.098
107 30 1.63 X 10° 6.14 1.0 o 1.63%10° [45° 2.3 X10° | 0.0691
5 X 107 6 7.28 X 10* 13.72 1.0 0° 7.28 % 10* [45° 1.03X 10° | 0.031
108 5 5.16 X 104 19.4 1.0 o° 5.16 X 10* |45° 7.31 X10¢ | 0.022

1
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This has been done in Fig. 8, which can
therefore be used for any resistance.

If one takes as a criterion of the perform-
ance of a given resistance the frequency at
whichi its effective value is reduced in a given
ratio R'/R, this is equivalent to fixing the
permssible value of fICR.  We see then that
the critical frequency will be inversely pro-
portional to ICR; decreasing any one of
these factors will raise the critical frequency.
For a given value of the d.c. resistance R,
one can decrease either [/ or C, the latter of
which depends, as we have seen, only on
the shape. Keeping the same ratio of
length to diameter as we assumed in our
example, viz. 20, reducing the length from
10cm to I cm, and the diameter therefore
from 5 mm to 0.5 mm, would multiply the
critical frequency by 10, and the effective
resistarice at a frequency of 107 would be
increased from 0.23 to 0.78 of :ts nominal
value.

For use at very high frequencies such
resistances should therefore be made with a
very small ratio of diameter to length and
the length should be as short as possible.
We assume that the question of heating will
not arise.

In conclusion, it should be emphasised
that the above treatment of the problem is
only approximate. At low frequencies, at
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which the fall of potential is approximately
linear, the distribution of charge is far from
linear, and the capacitance per unit length
is therefore not constant. At the very high

T I : [
? s
NN VRN ]
ed TN T

Fig. 8.

frequencies in which we are most interested,
the distributions of both potential and charge
are greatly modified, and an accurate solution
of the problem would be very difficult.

G. W. 0. H.

Electrical Organ Tones

OUD speakers and a valve amplitier are
used in an interesting instrument
developed by the Compton Organ

Company. This electrical organ avoids
separate valve oscillators, photo-electric
cells, etc., for building up the tones.
Sine waves of various pitches cor-
responding to the wusual range of
fundamentals and harmonics in the
musical scale are engraved concen-
trically on a fixed insulating disc. The
grooves are filled in with conducting
material and contacts are brought ont
from each ring. A second disc revolving
at constant speed and spaced about a
millimetre from the first carries an
exploring electrode connected to the grid
of the first valve of a power amplifier.
The application of a constant D.C.
potential to the sine wave conductors in
the fixed disc induces an alternating
voltage in the revolving electrode and by
charging a group of rings simultaneously,
any tonal quality can be built up.

In the picture the tone generating

discs can be seen mounted above the

keyboard and * stop *’ relays.

B 2

WWIWW-americanradiehistorv-com
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An Analysis of Class C Amplification*
By M. Reed, M.Sc, A.C.G.I, AMIE.E.

SUMMARY.—On the assumption that the lumped characteristic of a valve can be

represented by a straight line, a series of curve
of a class C amplifier to be easily estimated.

s is obtained which enables the performance

Tt is also shown that, when the ratio of the

d.c. to the a.c. component of the lumped potential is less than o.5, simple equations can be
derived for the plate current, the load current and the efficiency of such an amplifier. The
design of a class C amplifier from these equations and also from the curves is demonstrated.

General Considerations

CLASS C amplifier is defined as an
A amplifier in which the plate current
flows for less than half a cycle of the
input voltage, .., onc which is biased
beyond cut-off. Since the a.c. voltages
applied to the grid of such an amplifier are,
in practice, quite large, it is found that a
close approximation to the actual con-
ditions, subject to a slight modification
mentioned below, can be obtained by
assuming that the lumped characteristic of
the valve is a straight line of the form shown
in Fig. 1a, where 1, is the total plate current,

lp

TaNT1g
(eg+ é;_lp)

(a)

lp

A

E g+__

®) “ <c§ ?
Fig. 1.

e, the total grid voltage, e, the total plate
voltage and p the amplification factor of the
valve.t For such a curve the plate current
is given by '

1y = gley €p/1) 7 » T 09
where, for purposes of approximation, g is
assumed constant when (e, + €,/u) is posi-

* MS. accepted by the Editor, October, 1934.
t Bibliography (1).

tive. Tor negative values of this quantity
the current is zero. If R, is 4he dynamic
plate-filament resistance of the valve, g is
given by u/R,.

Suppose now that the valve is biased at
a value corresponding to P of Vig. 1b and
that an a.c. voltage of amplitude I 1is
introduced into the grid circuit, producing
a lumped a.c. voltage of amplitude I,
Plate current will begin to flow at an angle
6 when (e, -+ e,/us) becomes positive, and it
will continue to do so until the angle becomes
(m — 8).

The equation for the plate current which
flows only between the limits § and = — 8
can be determined from equation (1), and
it is given by

r T8
i, ;LEO sin E,,] 3 o (2)
! 0
where
E, — — I, = lumped d.c. voltage
=E '+ E/pt - Q)
E, = lumped a.c. voltage
— L —IRfp§ .. ()

K, d.c. plate voltage.

E, = d.c. grid bias.

R, = load impedance at the funda-
mental frequency.

I amplitude of the fundamental
component of the plate
current,

6 =sintLEJE, .. NG

If equation (2) is expressed as a Fourler

1 In a class C amplifier the lumped d.c. voltage
is always negative, consequently, to avoid the
complication of a negative sign for E, we write
Egm= — E,.

§ Since the plate circuit is tuned to the funda-
mental frequency, the grid and plate a.c. voltages
are 180° out of phase.
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Series, the value of 7 can be evaluated from Now, I is a function of 8 only which, in
oE, /n ‘sin 26 * turn, is given by equation (5), consequently
= (= —=0— ) , .. (6) Dboth 8 and K can be plotted against E /E,
™2 2 as in Fig. 2. From the “ K curve and
Actually, the lumped characteristic gene- equation (10), I/gf, and E,/E, can be
rally takes the form shown in Fig. 1c, where related in the way shown by the third curve
the extension of the linear portion cuts the of Fig. 2. This curve enables the funda-
axis at some point (). To allow for this, mental component of the plate current to be
a voltage E, given by the
distance OQ is subtracted from 5 05 i 100
E,, so that equation (3) X T
becomes I

Ez (Ecl - I"./; + EI;,/“‘) e N\ [
A, + EuJu) ¢« o 2

|
(where I5, — E,/ — E,) (7) \‘ \
\
\

!

Another quantity of import-
ance is the d.c. plate current. 3 o \K. ! 7 -
This is given by - //
1 |f‘21r 0 - g =0 L K A l;/ 05

27 Jo 277,‘9

(Eosin — I,) .48 2 o2 \

>

II)

font=1
|>—4

|

Pl

13
m
bl
/|
—+-

40

—
A\
"N

’:G_{ I jcos 0 — F g) ; P
7 /7 /
Hence S—— \ N b
I, Iy cos b (m/2—8) // N N
gk, E, = 7 A N

Equations (4), (6), (7) and (8) =]
provide the data necessary o o o o 5= o
for the complete determina- Ea
tion of the operation of a aES
class C amplifier ; although, in
their present form, these equa-
tions do mnot lend themseclves to simple determined for any given values of E, and
computation. In the following, it is shown E, In practice, however, the applied grid
how the various quantities can be calculated voltage [ rather than the lumped a.c.
rapidly by graphical methods and also how, voltage is given, hence it is nccessary to
given the condition IE,/Ey < 0.5, the equa- obtain the relationship between I, and E.
tions can be converted into fairly simple Substituting the value of I obtained from
expressions for the fundamental component equation (10) in equation (4), we obtain
of the plate current, the d.c. plate current N

E, E, I

and the efficiency. =TT KRR,
E T E, 1+ K.RyR,’

|
¥

Fig. 2.

oo (11)

Fundamental Component of the Plate Current
from which the curves of Fig. 3 relating

o1y c 3
Hweput K—_(7— 6 -""20) (9 E E with EJE, can be plotted. By
. i T - utilising the curves of Tigs. 2 and 3, it is
equation (0) can be \‘Flttell possible to evaluate the fundamental com-
Ijgk, = K.L(/E, - .- (10)  ponent of the plate current for given values

* See Everitt, ¢ Com nunication Iingi_necxun?g,—” of L E,and R;. .
page 381. ]“1g. 2 shows that, for all practical pur-
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poses, the “ K"’ curve can be regarded as
linear for values of £ /E, between 0 and o.5.
The equation for this portion of the curve
is very closely

K =o05—061FE,E, . (12)

Substituting this value for K in equation
(x0), we obtain

June, 1935

L, E, < 0.5, alincar relationship is obtained
between I and E (for a given value of )
and between / and E, (for a given value of
). Tt therefore follows that the class C
amplifier can be employed as a linear power
amplifier and also as a linear plate modu-
lator. In the case of the latter I, is the only
variable on the right-hand side of equation
(x5), whercas in the case of the former I

E S ) X
I[¢E, = EO (0.5 —0.61 E,/E,) .. (13) is the only variable.
3 The equation for the I/gE, curve for all
and in equation (11), we obtain values of E_ /E, can be obtained from
E equations (5) and (6). Putting E,/I;;, = «,
E 7 + 0.61 R{/R, these equations give
E-o = *’af ?EI/—ZRT - (14) I/gEa - I/ﬂ{f(ﬂ/z = Sin_lsx — x'(I — A»:)i}
¢ , %% 3x® 154 \
Combining equations (13) and (14) gives =1 ’71’7/2_(""*'6"*' 40 | 336 +-)
_ gE —122E;) p(E —1.22F)) YR A A \}
~ 21 RyR, = R i2k, = e TE e )
3 5
10 —_ / /o — & &
1/71\71,2 2x -+ 5 -4 20
= s )
o8 74 which departs appreciably from linear-
//,//{/ ity as x approaches unity.
y.r/ivd.
- ,z/ b/ D.C. Plate Current
. S o AL AL . .
& R/ /A /\// Trom equations (5) and (8) the
Ea S ALK /] curve between [,/gl, and I,/E s shown
T ; KL 3‘/ in I'ig. 4 can be plotted. The equation
//; Ay of the portion of the curve which lies
o / ///,//5 between the limits F,/'y = o0 and 0.5
Y 4 : /; approximates very closely to
77 4
NIV, I E |
//// // 4/ E? - I/ﬂ (Eg — 1.40)
o J7.9.074 =2 «
V/7:9.977.4 _EJE,—1.4—09RyR,
/// // (I -~ R./J2R . (17)
V' Z’ (I + 1/2 p)
. after substituting for It y/E, {rom equa-
[ tion () !
0 : : . . ', tion (14).
o o Ea e e ! As a rule R, does not differ greatly
Eo from R,, thereforc the expression for
Fig. 3. the d.c. plate current can be simplified

The minimum value of E/L, for which this
equation holds is obtained by putting
E,E,= 0.5 in equation (14). This gives
(E/EJme. = 2 + 039 RyR, .. (16)
(15) that, provided

Equation shows

to
I“‘(E —I5 Ea) 2
S S R 8
» = aR, 1+ RjzRy - Y
The equation which fits the whole of the

Iy/gE, curve can be derived from equations
(5) and (8). Putting I, /I, = x, these
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equations give

1

-]?’a == I/n{(»i_xxz) ) —;T + sin-1 x}

ol
T x x3 b
(-2 -F %+
+{x l.yig 3x° \ ﬂ}
6 {0 2

) I x x3 b \om
I"ﬂ{(x !”E 2—4' x—o—%—. '2}.

Peak D.C. Plate Current
Iig. 1b shows that the peak a.c. voltage
is given by
Em EO - Ea:
which produces a peak d.c. plate current
I, = g(Eq — E,),
or ]m/gEa - EO/Ea I . (19)
from which the curve of Fig. 4 relating
1,/el, and E /E, can be plotted.
When E E, <o.5, equations (14) and
(19) give

zm E_/Et' (I _P}I R]/Iip)
gE. (r + Ry/2R,)
Therefore

] E—{(1—o0I11RR)I[,
]m f“’{ T RT,(I + Rl/;m } (20)

From equations (18) and (z0)
I, ({E—(1—0I1R/R,)E,)

1, U E-1sE 7Y
The Efficiency
The output is given by
p _]2]\’1i,1577“"E,,_“1x_'2R1
0 2 2
from equation (ro), and the input is

given by
P; =E I, =L, . p,
P = L/sE..
Therefore the efficiency is obtained from

where

SEFKR, R, g K* Ep
K QgEbEap ~2 ‘ﬁ.Eb‘Ea’
2R, E, 1 K2[E,T*
or Rl _‘u:E:l — E I:E] (22)

For any given values of I£/E,, the value of
K and p are known from TFigs. 2z and 3
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respectively, thercfore a curve between the
left-hand side of equation (22) and E /E,
can be plotted. This curve is shown in
Fig. 3.

When E_ /L, < o.5, the efficiency can be
obtained from equations (15) and (18). In
this case

(E —1.22 F,)? pmR,y
N E—15E,) SR+ R,zRy " @Y
Determination of a Suitable Value for
RR,

Equations (15) and (23) show that both
the power output and the etficiency increase
with I, consequently it is advisable to
make this voltage as high as possible. On
the other hand, the losses in the grid circuit
also increase with IY, particularly when the
effective grid voltage exceeds the effective
plate voltage. When the load is tuned
the grid and plate voltages are 180° out of
phase, therefore, to avoid excessive grid
losses, we can employ as a basis for design
the requirement that the maximum grid
voltage should Dbe equal to the minimum
plate voltage. This condition is satisfied
when

E+ E ,=F,— IR,
For I, /JE, < 0.5, we can substitute for [/
the value given by equation (15}, and obtain
(Ey —E)(1+y) | 1.22myE,
Lty b Ty
where y = R,/2KR .

From equation (18) the mput to the valve

is given by

7, !

(24)

L — 15 EJpE,

R, (1 +y)
which, after substitution of the value ob-
tained for E from equation (24), reduces to

mRP:_ _En—E, ,  122Ey
pE, 14y tp) (FYH{ Y4
L5k (25)
D
. R,P;
Writ t="100 % . (26
riting 5 (20)

enables equation (25) to be put in the form
A 4 p) + ¥z + p) — El0.5 + 0.28y)
— Ey(1.28 + 1.5/}
+t—05E, — Ey1 + 1.5/p) =0
ac o (27)
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from which y can be obtained when the con-
stants of the valve, the d.c. voltages and the
input power are given. Of these quantities,
the latter is generally unknown in the pre-
liminary stages of the design, but an approx-
mate value for ¢ can be obtained by assuming

5
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the amplifier can be designed by making use
of the curves (for all values of I /[y of
of the equations (when E I, <o.5). In
the former case the procedure is as follows :

(@) From the assumed value for the
efficiency, the d.c. plate current is given by

2 P, - W/t —q, or I,=WJE,

1 (T — 7).

(b) Calculate /,/gE,, and find

I the corresponding values of

EE, and 2Ry £y 1 from

-
|
1
|
]
0
°
m
=
=

Rl 123 bJ
The

T the curves of Tig. 4.
latter gives R;/R,, and hence

the load resistance R,.

(¢) From the values of I JI7,

and R;/R, obtained above, the

&)
|
|

/ﬁ‘

N

EE
]

value of I7 /E (giving the peak
value E of the grid input

voltage) is found from Iig. 3.

(d) For the same value of

At

EJJE 1/gl, (giving I the peak
5 value of the fundamental plate

current) is obtained from I'ig. 2.

(¢) Finally, the peak d.c.

plate current I, can be obtained

1 1

from Fig. 4, and the ratio

0 03 06 08
Ea
Eo

Lig. 4.

that the valve will be operated at the full
plate dissipation W. In this case
W
P E= d , andl:—i&w}— nh
B MEL (1 — 1)
Further, an efficiency of the order of 70 per
cent. (68.6 per cent. to be exact) can be
taken as a reasonable working value, so that
the value of ¢ which can be employed in the
preliminary design is given by
Lo R,V
pEy, -
The value of ¥ can be then obtained from
equations (27) and (29) when the constants
of the valve and the d.c. voltages are given.

Design of a Class C Amplifier
When the above quantities are known,

(28)

- (29)

o I,/I, calculated. TIor most
valves, provided that /,, does
not exceed the saturation value,
this ratio should lie between
3 and 5.

When the equations are employed, the

procedure is somewhat simnpler, viz. :

(a) Fix the efficiency as before, and deter-
mine ¢ from equation (28).

(b) Obtain y, and hence R, from equation
(27)-

{¢) E is given by equation (24), and I by
equation (15).

(d) I, and I, are obtained from equations
(18) and (20) respectively, and ratio /,/1,
checked.

Additional information which can be de-
rived from the equations is :

(1) The range of input voltages for which
the valve will behave as a linear power
amplifier. The upper value of this range is
given by the value of E obtained from
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equation (24), and the lower value is given
by the value of I obtained from equation
(16).

(2) The range of modulating voltages for
which linear plate modulation can be pro-
duced. For given values of E and R,, the
range is obtained by determining the maxi-
mam value of E, which satisfies the condition
Ea/EO < 0.5

As a rule, the output and the efficiency
desired from a class C amplifier are sulfi-
ciently high to require an input voltage to
the grid which will enable the condition
L, JE, <o0.5 to be satisfied. Therefore, for
all practical purposes, the design data and
the operating conditions can be obtained
from the equations alone.

Example

To illustrate the use of the equations, a
valve having the following constants and
applied d.c. voltages will be considered.

w = 10, R, = 5,000 ohms, IV = 15 watts,
E, =o,
E', = — 120 volts, E, = 6oo volts.
Therefore £, = £, + £, = — 120.
and I, = — (E, - Eu/u) = 60.
If we assume that n = 68.6 per cent., then
! = 10R, W|WE, = 125.
We have then
(a) From cquation (27)
272y%+ 2.035y — I = 0.
The positive root of this quadratic is
y = 0.339, therefore R, = 2R,.y = 3,390
ohms.
(b) Irom equation (24), E = 256.5 volts.
(¢) TFrom equation (15), I = 0.1375 amps.
(d) From equation (
0

5
: 8), I,= 0.0792 amps ;
and from equation (2

I
)
I, =30 amps;
therefore 1,,/I, = 3.8.
(e) Irom the above,
the output = I*R,/2 = 32 watts.
the input = E, T, = 47.5 watts.
and the efficiency n = 32/47.5 = 67.4 per cent.
whllch 1s within 2 per cent. of the assumed
value.

(f) For the assumed value of the efficiency,
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P,, P; and I, can be checked in the following
way.

Output = IV . 5/(1 — ) = 15 X 2.19
32.8 watts.
Tnput - W/(1 — n) = 15 X 3.18 = 47.8
watts.

I, = W/E,(1 — ) = 0.0796 amps.

which are in good agreement with the values
obtained from the equations.

(¢) From equation (10), (/1) mn, = 2.205,
therefore I,, = 135.9 volts. This means
that the valve will operate as a linear

power amplifier for all inputs whose peak
values are between 135.9 and 256.5 volts.

(h) From (E[E )y —=2.265 and E =256.5
volts, we obtain (I£,)... = II3 volts. For
a negative grid bias of 120 volts this
means that the corresponding plate voltage
is 70 volts; consequently, given a normal
plate voltage of 0oo volts, linear plate
modulation will be produced so long as the
amplitude of the plate swing arising from the
modulating signal does not exceed 530 volts.

Comparison between Calculated and
Measured Quantities
To check the accuracy of the equations,
the results obtained by calculation for the
following case :

¢ = I0, R, = 1,280 ohms, R, ==2,000 ohms,

E, — 7o volts, E, = 3,000 volts, [';= — 300
and — 350 volts.

were compared with those obtained by Iay
by actual measurement.*

The first values to be checked were the
peak input voltages at which the load current
curve ceases to be lincar.

For E,—= — 300, L,=7%0;
equation (16) gives

E,. = 70 X 2.061 = 182.7 volts.

The value obtained by Fay is given by the
point P, of Fig. 5 as 180 volts.

For E,/ = — 350, L, = 120;
= 120 X 2.61 = 313.2 volts.

P, of Fig. 5 gives I'ay’s value as 300 volts ;
so that in both cases satisfactory agrcement
between the calculated and the measured
values is obtained.

Trom the above, it follows that the equa-

therefore

and Emln.

* Bibliography (3), Table 1 and Fig. 2.
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tions can be used when I exceeds 182.7 volts  simple equations. Comparison of tlhe results
(for E'— — 300 volts) and 313.2 volts obtained from these equations with the
(for E,' = — 350 volts). corresponding observed values shows that,

I'ig. 5 shows curves corresponding to in practice, the accuracy should prove
the calculated and the observed o5 —
values of [,, I and ». Tay does 4
not give an efficiency curve for ;

E'. = — 350 wvolts. It is seen // [

that the agreement between the In & !-_c:asov

I, and the [ curves is quite 20 E¢ = 300V / i 80

satisfactory, although the results // et

obtained for the efhciency is not / / Ec =300V
/[ ) y

so good. i/

In addition to the above, equa- 717
tion (27) was checked by calcu- e V. YL &
lating the value of the load 7V se=poY
resistance for the following con- 1, &1 A
ditions, and then comparing the Bl Jl/
result with the value observed oL / .
by Everitt (¥). Vi 11
p=283, R,==4.150, I, =600, // —1Ec = 350V

E'.— —146, 18/ VY.
E.=5 W=15 7-=065, o5 V1 /avay. 20
Ec Ec' E,_. = — ISI. r// r///
... —— —— CALCULATED VALUE_|
Substituting in equation (27), we /.04 FAY'S VALUE | |
obtain ///' Ip/ 5 Jl

211 ¥* 4+ 1,405y — 1 = o. Mo l2(')10 Seo 200 50 00 2

The positive root of this quadratic is - E
1g. 3.
¥y = 0.423. &
Therefore R, = 2R, .v = 3,510 ohms. sufficient in the preliminary stages of the

The value obtained by Everitt was 3,480
ohms, which gives satisfactory agreement
between the calculated and observed re-
sistances.

Conclusions
Given the constants of a valve and the

d.c. voltages, the design data for the class C
amplifier can be obtained from a few fairly

* Bibliography (1) pages 173 and 174.

design. Since the subsequent stages of the
design will, in any case, be decided by meas-
urement rather than by calculation, a greater
degree of accuracy, although desirable, is
not really essential.
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The Behaviour of High Resistances at
High Frequencies *

Observations on the Boella Effect
By 0. S. Puckle, AMILE.E.

IGH resistances of the order of a megohm and over have a falling effective resistance-
frequency characteristic which is independent of the stray capacity across the ends
of the resistance and which varies with the form of construction and with the material

of which the resistance is made.

Such a characteristic, which is here discussed, may have a

profound effect on the operating conditions of certain circuits in which the resistance may
be placed, while, on the other hand, for many purposes the effect is of little or no importance.
Theoretical aspects of the causes of the additional H.F. losses are considered and the
results of measurements made in this country, and in Italy, are quoted.
In the appendix the various formula used are proved.

General

1. Researches on the behaviour of high
resistances at high frequencies have been
carried out in this country by A. L. M.
Sowerby and D. F. S. Marshall, working
together, and in Italy by Professor Mario
Boella, the latter of whom has published a
full account of his work.t The two researches
have been carried out in similar manner,
using different measuring circuits, and are
both of great interest, for they have focussed
attention upon a source of high-frequency
conductance, beyond that due to stray
capacity, which is found to be due to the
method of manufacture. The tests were
carried out on various composition resist-
ances and upon those in which tne resistance
material is deposited on glass or porcelain
rods or tubes.

Methods of Measurement

2. The methods employed for measuring
the characteristics of the resistances pre-
suppose that the inductance is low compared

. R . . o g
with —; such a supposition is permissible,
w

since the length of path is very short even in
those resistances which are spiralised.
Sowerby and Marshall’s circuit is shown
in Fig. 1 and consists of a R.F. oscillator
supplying energy to a tuned circuit, having

* MS. accepted by the Editor, March, 1935.

t+ Sul comportamento alle alte frequenze di
alcuni tipi di recistenze elevate in uso nei radio-
circuiti. (On the behaviour, at high frequencies, of
some types of high resistances in use in radio
circuits.) Mario Boella, 4lta Frequenza, Vol. III,
No. 2, April, 1934.

a variable series resistance included, for the
purpose of ascertaining the total effective
series resistance of the tuned circuit.

The calibration of the circuit is carried
out in the classical manner, by plotting the
added series resistance against the reciprocal
of the voltage across the tuned circuit at
resonance, in the following way :

The circuit is set up as in Fig. 1, the series
reference resistances being inserted separately
into a standard holder of good quality so
arranged that contact resistance variations
are eliminated. A useful range of reference
resistance might consist of, say, nine units
from 0.5 ohm to 100 ohms.

s

.

Co
3 T
(1) Radio-frequency oscillator.
volimeter.

A H

R R

Fig. 1. (2) Valve

A reading is taken on the voltmeter with
each of the reference resistances in circuit,
the whole system being adjusted to resonance
for each reading. From these readings the
effective series resistance of the circuit is
calculated for the frequency concerned.

The effective series resistance » of the
circuit is equal to

/v
s 1
e
\Vo— Vi
where V, == Voltmeter reading without any
reference resistance,
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V) = Voltmeter reading with the
reference resistance (+') in cir-
cuit, and

v' = relerence resistance (ohms).

A series of readings is taken with each of
the reference resistances and the mean value
is accepted as the true effective series resist-
ance of the circuit.

After the circuit is calibrated it may be
used to measure resistances by noting the
increase in the effective resistance of the
measuring circuit, for low values of test
resistance placed in series, or for high values
connected in shunt.

The additional effective series resistance
r"’, due to the shunt resistance R under test,
is equal to

Ve — Va
7( ‘[/7'3 /
where 17, is the voltage reading without
R, and
V4 is the voltage reading with R in
circuit.

The additional effective series resistance 7'’ ~

must then be converted to the shunt value.
Here
R _ wZIIIlZ
where L is in henries.

The pick-up coil consists of one or two
turns and is, of course, included in the
value of L. Tt is essential that the pick-up
coil should be separated by at least one metre
from the remainder of the measuring circuit
in order to avoid stray coupling effects.

T

b {]

R

[[3

v

Fig. 2.—(1) Radio-frequency oscillator.
volimeter.

(2) Valve

Boella’s circuit, shown in Fig. 2, is similar
to the former in that it makes use of a
difference in the behaviour of high and low
values of resistance, but its mode of operation
is somewhat different. It consists of an
oscillator supplying R.I'. energy to a loosely
coupled tuned circuit, across which is con-
nected a capacity potential divider arranged
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so that an equality of voltage may be
obtained, on a valve voltmeter connected

thereto, under each of two conditions.
B A 1
T —
80— RA ‘]_ - | 88| I |
] T o L THH- 11
70— !gub oF R El ¥ 751°3410'7 (14,1001
1 Wi 0 1 R S S O
601 - — - £51-3+9°85 (1RhnA/|\‘
= = 1] il N
50[- JL#'A#_L— . L )| I [ J, ]
] T

G umho

j9-7'~l-0‘;l (25,0000) :
- —/X e roj?o ’ -4
aof——| 197 +4:85 (338300)——+—
! A R
= L 1 ..? 4+ s ;
20f— (49,3006 - —<»—[ —r-i Lt‘ -
{ +95 (67,550 + I .
f PO T SINGLE CONDUGTARGES
:?CONDUCTANCES IN
FARALLEL

S

L S e

10 20 30 40 50 80 70 80 80 166 1o
METER READINGS

¥ig. 3.—Calibration curve for Boella's circuit at
6,000 kcls.

Condition (a) is that existing when the
reference resistance of low value R, is
connected across C,, and condition (b) is that
obtained when the resistance R, which is
under test, is connected across the entire
potential divider, R, being disconnected.
The value of R is, of course, much greater
than that of R,.
The equation may be written

2
R — R1<I L gZ KR,, where R,)) - .
1/ 2

/ 2
The value of the constant K =[x + ((:;2)
1

may be determined with an accuracy greater
than 1 per cent. by measuring C, and C,.

Since it is very unlikely that an exact
balance will be obtained with fixed reference
resistances, it is necessary to take several
readings and to make interpolations.

1t is found that, provided reference resist-
ances of a suthciently low value are used, the
additional parallel conductance (apart from
stray capacity) which is a feature of most
high resistances, other than wire wound
types, at high frequencies, is negligible ;
thus, two such equal resistafices may be
placed in parallel and the total conductance
1s exactly twice that of the single resistance.
Moreover, for resistances of the same value
no difference is detectable between those of
different types.
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Iig. 3 shows that the system is consistent
and linear up to frequencies of 6,000 kc/s,
since the errors obtained, either with single
reference resistances or with two in parallel,
are negligible.

Tt must be remembered that it is the added
conductance at H.I. (Boella effect) which is
to be measured, so that it is permissible to
compensate for the stray capacity when
testing with either circuit, and it is a feature
of both methods that the tuning is adjusted
to the optimum value in every case. It is,
however, essential that the coupling should
not be altered during any one test and also
that it should be as weak as possible, to
which end the main part of the inductance
should be at least one metre away from the
pick-up coil, as before stated.

In the case of Boella’s circuit a possibility
of error would occur if the inductive re-
actance of the condensers C, and C, were
not negligible compared with the capacitive
reactances, as this would alter the potential
ratios across the condenser potentiometer.
For this reason, also, the connecting leads to
the condensers must be made as short as
possible. In the researches described by
Boella he used values as follows :

C, = 186 uuF. C, = 1,265 uul.
the condensers being mica insulated n
vacuo. It is essential that good condensers
be used, as small changes in the position of,
or contact with, the laminations may cause
serious errors and instability. However,
with good condensers and short leads
thereto the accuracy of the calculation of
the constant A is sufficiently good. Boclla
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prefers his circuit to that used by Sowerbv
and Marshall because of its greater ease in
use and because of the fact that poor contact
resistance is of less importance. On the
other hand his reference resistances must be
relatively independent of the temperature.

Resistances, Types and Values

3. For some years past there have been
employed, in radio circuits, types of high
resistance manufactured by depositing a
thin conducting layer on porcelain rods or
tubes. These resistance layers arc then
spiralised to adjust the total resistance to
the value required, normally up to a maxi-
mum of 25 megohms. This form of resistance
is manufactured by Siemens-Schuckert under
the name of “ Karbowid” and by other
makers. The 1-watt resistances are 3 cms.
long by o.5cm. diam., while the }-watt
resistances are 1.8 cmis. long and 0.3 cm. diam.

Another form is that of Loewe, in which
the deposit is on glass in vacuo, and in
which the resistance is adjusted by thickness
and length, no spiralising being resorted to.
The Loewe resistances are about I.2cm.
long by 0.3 cm. diam. in the §-watt size.

Wire-wound resistances are also used, but
normally these are of lower values of resist-
ance, while in this country and America the
solid rod form of resistance, made of carbon
and employing a binding material is used.
The latter is marketed under the name of
Eric and measures 4.5 cms. by o.7 cm. for
the 1-watt size and 2.5 cms. by o.7 cm. for
the 1 watt size.

All these resistances have self-capacities of
the same order.

TABLE 1.--Loewe resistances

Nominal Kilocycles.
No Value. D.C 9.2 19.3 | 40.3 ‘ 100 226 510 1,000 l 2,020 | 6,000

Resistance in Megohms.
1 104 8.21 ‘ 8.33 82 | 8.5 7.96 806 | 7.19 6.48 6.4 4-74
2 10b 10.78 10.72 10.52 | 10.38 | 9.3 | 9.45 3.2 ‘ 6.98 ‘ 6.53 4.52
3 10¢ 0.38 9.355 9.355 | 9.27 \ 8.79 \ 7.6 | 6.37 5.41 4.91 412
4 5a 5.13 5.21 ‘ 5.08 5.05 4.98 4-99 4.02 4.16 | 4.23 2.54
5 5b 8.8 7.86 8.0 8.06 7.26 | 7.4 l 6.53 | 5.55 5.37 3.03

6 50 6.07 | 556 | 575 | 537 | 505 50 | 3.4

7 2a 2.30 | 2.385 | 2.41 2.315 | 2.239 l 2.23 | 1.78
8 2b 1.781 | l 1.786 | 1.79 ' 1.76 1.709 | 1.595 1.445
9 1a 1.009 | | 1.217 | 1.189 | 1.18 1.11 1.074 Q50
10 1b .995 .991 .93 .988 | 993 | .9I6 ‘ 502
11 sa 429 | (- 439 | 436 | 425 | 414 305
12 5b 525 | - I = 532 1 53 | 524 | 527 | 490
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Results of Tests

4. Reference to the graphs giving the
results obtained in this country and in Ttaly
show that Boella’s results make the Siemens’
“ Karbowid "’ resistances appear better than
do the results by Sowerby and Marshall,
while his measurements show Loewe resist-
ances to be less good than do the measure-
ments made in this country.
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gating particular resistances at specific
frequencies, and not with the idea of making
a general investigation of the behaviour of
high resistances at high frequencies, so that
their ‘results are not so complete as those of
Prof. Boella.

Table 1 gives some values obtained by
Boella when measuring Loewe resistances at
high frequencies. Some of these figures are
also shown in the form of a graph in Fig. 4.

101 — : The letters refer to different samples of the
90 % f ”l”“ 1{_[ L] same nominal value. It is not known why
soF ‘ o ,]”]‘ ] the figures at 226 kc/s appear higher than
7 HH Ll i would be expected ; possibly the resistances
o e m” al resonate slightly at this frequency.
Ej. H ! 2 [N TABLE 2.—Ioewe resistances
N { l | TN .
- 11
5y 1] [ , l I Nom. Kilocycles.
thy = No. | Value.| 30 100 300 | 1,000 | 3,000
1 N L‘H?Hi _ | | 300 | 1,000 | 3,000
a 2 2 é Resistance in Megohms.

ko/s
Fig. 4—Loewe vesistances.

The cause of these discrepancies is,
unfortunately, not definitely known and
probably could not be ascertained without
the shipment of large numbers of sample
resistances to and fro between England and
Italy.

The following possible causes of error in
the measurement exist :—

1. Error in the calibration of coils and/or

condensers.

2. Stray couplings.

Error in the calibration of the reference
resistances at high frequency.
4. Stray leaks.
5. Tuning errors, 1.e.,
denser settings.
For either method there is a possibility of
reading inaccuracies, but these are reduced
in Sowerby and Marshall’s method because,
since a large number of readings are re-
quired, the reading errors tend to balance
out. On the other hand, the resistances
used in this measurement must be very
carefully made if they are to give accurate
results, although the presence of a small
inductance, inherent in the resistance, will
usually be of negligible importance.
The measurements made by Sowerby and
Marshall were for the purpose of investi-

incorrect con-

L |10 10.17 | 10.01 ' 9.66 | 9.08 |7.55
2| 7.5 8.28 7.57 | 6.83 |6.12 | 4.80
3 50 | 536 | 4.80 478 |4.58 |4.04
4 4.0 4.26 3.89 3.690 | 3.9 3.27
5 3.0 3.13 3.74 ( 2.58 |2.38 |z2.07
6| 20 1.92 188 172 |[1.86 |1.67
7 1.0 986 .968 .89 959 .917
8| 5 | 487 -455( 445 | 339 | .46
9 .25 244 228 | .230 | 238 | .234
10 .1 .106 .103 I .107 | 079 | .092
!
!

Table 2 shows some results obtained by
Sowerby and Marshall with Loewe resist-
ances, which are also shown in graphical
form in Fig. 5. Although some errors in
measurement exist, it would appear that the
Boella effect in Loewe resistances is rather
inconsistent.

l [
100
’ | L]
i T i 1
, —
pe
c 8 t
25 - | \\ pi
Py
40 i 3
30—
2°0) )
T 7
] E: 2 2
© % x x
ko/s

Fig. 5.—Loewe resistances.
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TABLIE 3.—Siemens “ Karbowid ”* resistances

|
Nominal|
No. Value4| DC | 92 19.3 I 40.3
1 4a 3.95 | 4.0 ’ 402 | 3.922
2 4 398 4.03 4.02 395
3 2a 1.995 — -
4 2b 1.985
5 1a 994 |
6 1b 973
7 .5a .508 — — —
8 i .5b .508
\

Kilocvycles.
100 226 516 1,000
| oo | =20 | 519 | veoo |

2,020 l 6,000

Resistance in Megohms.

T S — =
3.91 | 3.805 | 3.445 | 3.32 2.94 2.39
3.942 | 3.845 | 3.61 3.358 | 2.962 | 2.318
1.972 1.968 | 1.91 1.752 | 1.581 1.37
1.967 | 1.96 1.891 1.71 1.533 | 1.258
993 | 1.02 983 939 -89 777
966 QII 966 .939 898 886

- S— .500 .503 .489 .438

= 599 504 491 438

Table 3 shows the results of some measure-
ments made by Boella on Siemens
“ Karbowid "’ resistances, and Iig. 6 shows
these results in graph form.

Table .4 shows results
Siemens ‘ Karbowid ’  resistances by
Sowerby and Marshall. Of these latter
resistances four samples were sent to Italy
for comparison measurements to be made,
and Boella’s figures arc given in Table 35,
while the two sets of results are shown
together in Ilg. 7.

obtained with

5 T
. L | l
3 TP I
= i
%, ~N
=
]
10l 43
i , |
Q ° S 3
e % x o
kess

Fig. 6.—Siemens ** Karbowid '’ vesistances.

Boella remarks that the difference be-
tween the results at gg kc/s and the values
for direct current, for the first two resist-
ances, are definitely due to the calibration of
the condenser potentiometer. The larger
difference between these values for the
fourth resistance is perhaps due to the fact
that the measuring installation is actually
arranged for the measurement of higher
resistances, and that it gives less certain
results for the lower values of resistance, for
which reason also he was unable to measure
the 250,000-ohm resistance which was sent
to him.

The resistances of which the results are
shown in Tables 4 and 5 are the only samples
which were actually measured both in Italy
and in England.

Table 6 shows results obtained in England
on two Erie resistances connected in series.
This type has not been investigated in Italy ;
presumably they are not easily obtainable
in that country.

TABLE 4.
Siemens ‘“ Karbowid” resistances
| Nomi |
Nominal. D.C. 1,600 kc/s.
No. | Watts, |- —— R
] IResistance in Megohms.
1* 1.0 ’ 2 2.02 l I1.34
2* 25 2 1.9 | T1.34
3 -5 1 1.04 74
4* .5 1 1.01 .75
5 25 -5 -519 434
6* 1.0 .25 .250 .21
7 1.0 ] .25 .253 l 21

* Sent to Italy (see Table s).

Probable Causes of the Effect

5. It is considered that the change of
resistance at high frequencies is due to the
fact that the molecules of which the resistance

o
« BOELLA
. x_SOWERBY [aND| ||
L [ ——l I MARSHAL
~J
1 1 TTIT
S &2% NN
b3 N 1
1 ] L
o8 T
| |
IS
Q S =3 >
g ; » x
ke/s
Tig.7.— Siemens ¢ Karbowid’ vesistances.
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is composed are separated by minute con-
densers. In the case of the Erie resistances,
which are believed to be made of a mixture
of carbon, fine sand and a binding material,
the sand separates the carbon particles, thus
producing the capacitics mentioned above.

THE WIRELESS
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but this has not been verified in practice.
Where the deposit is on porcelain or glass
rods the circuit as shown in Fig. 8 will
explain the cause, and in the opinion of the
author such an explanation is an entirely
feasible one.

TABLE 5.—Siemens “ IKarbowid ”’ resistances

Nominal. D.C.

No. Watts.
1 1.0 [ 2 ‘ 2.020
2 .25 2 | 1.900
1ors

4 5 | I

The equivalent circuit is probably somewhat
as shown in Fig. 8, in which case the change
of effective resistance, due to the Boella
effect, should reach a finite value at some
definite frequency, the curve being an
asymptotic one.

With regard to the resistances produced
by a deposit on porcelain tubes, the added
conductance at the higher frequencies is
probably attributable partly to the presence

i
F——wt—]
g

-------- +

Fig. 8.

of a similar deposit on the inside of the tube,
which may be disconnected from that on the
outside. In such a case the inner deposit
will be effective only at the higher frequen-
cies. In all probability the effect is also
partly due to the same cause as is described
above for Erie resistances.

Certain resistances which show the Boella
effect to a more marked degree than others
may possibly liave a thicker internal deposit,

TABLE 6.
Nominal. D.C. 27.5

No Watts.
1 b4 6 = (2x3) 5 | sor

Kilocvcles.
99 233 1.000 430
Resistance in Megohms.
2.044 1.992 1.812 1.227
1.927 1.882 1.713 0.922
1.051 1.021 0.953 0.578
Conclusions

6. In certain cases the Boella effect may
be of great moment, but for the majority of
purposes the effect is of little or no im-
portance, since only a relatively small
frequency range is normally covered. 1In
the manufacture of broadcast receivers the
effect is negligible except, perhaps, for those
receivers which also operate on the short
wave-band (10 to roo metres). [t is, how
ever, only necessary to remember that a
one-megohm resistance may be actually
0.5 megohm, or even less in practice, but
the use of higher values of resistance, where
necessary, obviates this difficulty. For high-
definition television receivers the effect
should be borne in mind. The wide-frequency
bands used in television necessitate the use
of low values of anode resistance, and, since
the grid resistances are effectively in parallel
with the anode resistances, the behaviour of
the latter at high frequencies is unimportant.

The experiments here described have
shown that certain of the cheap and easily
obtainable resistances, as used in broadcast
receivers, arc suitable for purposes of a
more delicate nature, such as those which
present themselves in measuring technique,
provided they are wisely used. The problem

-Erie resistances

Kilocycles.

| 50 100 300 1,000 3,700

Resistance in Megohms.

3.76 3.08 2.1 142 .84
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of obtaining a wide range of resistances for
use over an extended frequency scale with
zero phase angle is, however, still unsolved.
The writer’'s thanks are dus to Prof.
Boella and to Messrs. Sowerby and Marshall
for much valuable information, and for
assistance by the making of measurements
in connection with this paper, and also to
Mr. L. H. Bedford for assistance and advice.

Appendix
Sowerby and Marshall’s Formula

L L
b3
c v =c R vV
P+ dr J r [ l

The proof of the cquality of the two conditions
used by Sowerby and Marshall, and depicted above,
is as follows :—

Data R > > dr

r = the effective series resistance of the circuit, and
dr = the added cifective series resistance resulting
from the addition of R.

Writing the impedances, we have,

L 2
Clr + dr) R4 E,
Cr
Since é = w?Ll we have,
L R(“7)
y - dr R 4 w‘;l 2

I
<

L dy 27 2
dr R+wL

4_

Equating the two conditions and solving for R
gives,

R - Rr—{_—qu’
v 4 dr
27 2
R+wL
I+d’-
y
27 3
I+d7=1+ _l_
¥
wZLﬂ
= dr
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Boella’s Formula

C1l l

C]'L ‘

AAAA
VA
p ]
<

Co

3Ry Co
i ‘ T !

The proof of the equality of the two conditions
used by Boella, and shown above, is as follows :—

Data R, >> !

wCy
R >>R,
\Writing the impedances, we have :—
I n I I
7pCe + Ky jpC,y ¥ = g
R 1 T
7PCy - 3PCy
1
where K| = R,
iPC, .1
"t e+ K, IS
JPCR G
Cl
Writing the admittances
IT + 7pCy P
C pC,R
L B
2
T HIPGR,
1+ 1p(Cy + 2)R1

Rationalising
1 4 jp(CoR, — [Cy + Ci)R)) + pCuR,C, + C,R,
14t CRE
Equating the real parts
T PORE + GR G
1+ ﬁ2cl + C22R12 Cl - C’

I is negligible compared with the remainder both
in the numerator and in the denominator, so that

with this exception the above is an identity.
Equating the imaginary parts, we have,

 — pCiR, I
1 4 $°C, + C'R,? PC,R
I is again negligible compared with the remainder,

so that,

¢,

( ]
R1<I +(_ )
1

R R1<Cl + Cf)z
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The Time of Flight of Electrons in a
Cylindrical Diode

Case when the Current is Limited by Space Charge

By Prof. C. L. Fortescue

E generation of oscillations of fre-

quencies corresponding to wavelengths

of one metre or less is related to the
time of flight of the electrons between
cylindrical cathodes and anodes which thus
becomes a matter of practical importance.
In the case of a cylindrical diode, a graphical
method has been given by McPetrie* and an
alternative method has been proposed by
Benhamt. This latter alternative may be
combined with Langmuir’si solution of this
problem to enable the time of flight to be
calculated comparatively easily.

(1) The potential distribution is given by
the well-known equation :—

d2V av 2¢\ "t
- = = -1
" T 21(1%) 4 (x.7)
which is satisfied by
1]
I=4 e

3
when A is given the value 2<2—e>

o\m
and p? is evaluated directly or indirectly

from the series

47 AL 31033

s

— _2 2 _I_I 3
F=y 5y +1 Y 1,848,000

20 3,300

in which y = Log, r
rc

Throughout these equations the units are
the ordinary electrostatic units, ¥V is the
potential relative to the cathode which
1s assumed to be at zero potential, I is the
current per cm. axial length, 7, is the radius
of the cathode and 7 is any radius greater
than », up to the radius of the anode, 7,.

* Phil. Mag., 16, 284, 1931.
t Phil. Mag., Supp. 11, 457, 1931.
1 Phys. Rev., xxii, 347, 1923.

Benham has pointed out that if the sub-

stitution
1%
I=4--,
¢
is made in equation (1.1), then :—
quS 17 qu qu 2
" ar 3¢\dr) + 3

and consequently

203,198 — 4oy (1.2)

But from the fact that under conditions of
constant V and I,

o= (- ) (e

where # is the velocity of an electronat
radius 7, it follows with the aid of (1.2),
that if 7" is the time of flight from cathode
to radius r

=G @ s{e)

T =o0 and

where ¢ = 732,

At the cathode when r = 7,

R gt d’ is zero. Consequently

T e

it
Substituting (1%) =

(1.3)

Vitd,in (1.3) gives:

32Ty 4199
T_2<m) AVt g

so giving the time of flight to any radius »
in terms of the applied potential and the
clectrode dimensions. Actually it is the
time of flight from cathode to anode that
is generally required. Tor r=r, (1.4)
becomes

r- (3 ) e

(1.4)

(1.5)
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Now
dg a, . d d
R BT Sy B R

and so if g2, 8 and di—/j can be found, qu
be obtained and the time of flight calculated
without recourse to graphical methods such
as those proposed by McPetrie.

Langmuir tabulates the value of 82 in his
1923 paper for all values of #/r, from 1.00
to oo. In addition, he gives the values of
a8
ay
values of 7/r, from about 20 to about 20,000.

ap .
" dy

values of y below 3.0 the values of Eﬁ are

for values of y from 3.0 to 10.5; i.e., for

For higher values of y is negligible. I7or

derivable from the coefficients given in
Table 1 of Langmuir’s paper.
The equation (1.5) may therefore be

written
Ta = fl(ra: rc) 7'aV(;-!f

and the function f; may be calculated and
either tabulated or plotted directly in terms
of »,/r, or »,/r,. The figures in the second
column of the Table below have been worked
out in this way :

TABLE
70/75 fl (711’ Vc) fz("m 70)
1.00 107% X 0.00 1077 X 0.00
1.10 0.26 0.28
1.20 0.47 0.51
1.40 0.77 0.89
1.60 1.00 1.20
2.00 1.26 1.88
2.50 1.44 2.10
3.00 1.56 2.43
4.00 1.67 2.71
6.00 1.73 3.43
10.00 1.73 4.20
18.0 1.68 4.64
30.0 1.62 5.13
50.0 1.58
100.0 1.55
500. 1.50
1,000 1.48
10,000 1.46
1.46

(2) The cylindrical diode with the cathode
outside and the anode inside.
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The equation (1.1) is still applicable and
the solution

may still be used. It is convenient in this

case to put
7
yl = Logef

which is a positive quantity, rather than to
follow Langmuir in continuing to use

y = Loge; Expressed in terms of y,

2y Ly 47 a4
B= y1+ y1 == 1203 ‘}‘3,3003’1
31033
1,848,000" 1 " " °

in which all the coefficients have the same
values as in the previous expression for 8
in terms of v, but are all of the same sign.
The time of flight is found as before from

ar  jz2e\Tt/INT# d 3 qS
S
ar < ( \ &
and since when T'=10; 7» = 7, y; = 0 and
479 o
o 3/2e\"t/dd -3
Ta=— {2 (\m) (Ei—r-)a}y“ vat.

ap Idﬁ

In this case

a$ ap _

37~B -~ zﬁ o since &= rdyy
and so, expressing the time of flight in terms
of the greater radius 7, :

Ta :f2(7c: ’/a)"cVamé

where fy(r,, 7,) can easily be computed.
Approximate values are given in the third
column of the Table.

(3) When a positive grid triode is used for
the generation of centimetre-wave oscilla-
tions, the time of flight from cathode to
positive grid is found from paragraph 1, and
the time of flight either from grid to virtual
cathode or vice-versa is found from paragraph
2. The whole time of flight from cathode
to virtual cathode and back to grid is thus
easily found. The time of flight of electrons
passing the grid a second or a fourth time
can be similarly determined.

c2
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Incremental Magnetisation

Experiments upon Stalloy

By L. G. A. Sims, Ph.D., M.LE.E., and D. L. Clay, B.Sc., Hons.

(Concluded from page 245 of last issue.)

In the first part of this paper, the development
and checking of a technique of measurement which
deals comprehensively with incremental magnetisa-
tion were detailed. In the present section the
results of nmeasurement are discussed.

Test Results

The following information was obtained
from each scries of results :

(1) The “elliptic incremental permea-
bility "’'* derived from the fundamental
component of the current.

(2) The elliptic incremental permeability
derived from the R.M.S. value of the alter-
nating current.

(3) The true incremental permeability
obtained from the full amplitude of the
1,100 - —
T T Iy
1,000 - { ll ] »
il I i
00— ] —+—
800 ——
700 L 11
HEERD4EE
w A T
Mo T =t A= 7‘ :t* 3
500 ———— 2] e
|4 Hpg,= 5025 T
AOO—JF L'I'D,GF;G'E’J
roaRnZdi TT T T T 1T
300—%{/— 1 _Hpg = 102
A w2l L+ ~Hpc =123
200# — ] 1 Hpg = 1498 i
00,, _;715 /F” H.D'c = 1765~
g - , || ]
*ﬁﬁf’:’;—;ﬁj%' 28] |
ol—L ) | Ij |
2 a o5 10 12 14 16 18x1w0®

Fig. 9—Elliptic p, from current Sfundamental.

complex A.C. wave by Joubert disc (includes
eddy-current cffects).
(4) The current waveform.

* See Gall and Sims, J.I.E.E., loc. cit.

(5) The iron losses.

(6) Ballistic measurements.

(7) The current harmonics.

These will be taken in order and complete

graphical results given where they may
prove of value to designers.

1,200
1,100 A i) il
1,000 Hpc =4'I‘6
5 .
800f—— - «&» i L
] # 1 =1 1 T 1
700 H et i i -
DN - 4__rl L
RN i
Hpo.=5025
500, —I——o— -
]1/ H ; 3
o fHoc=681 | | | -
Ao
/ | |
300 =
e
20017 /i VA" DO"HD;_=M;48 1
| Hpo= 1765
100 'j/ | I /! D. [P
LA ] *"’*”ﬁ!ocﬂ d
oL i | [ 1P
10 50 30 40 50 60 70 80 90
HA

Tig. 10.—Liliptic p from current fundamental.

(1) Elliptic Incremental Permeability from
Currvent Fundamental.

The values are derived from the co-
ordinate potentiometer readings of A.C.
voltage and current. As the latter does not
include harmonics, the true hysteresis loop
is replaced by an ellipse with a reduced
amplitude in H. (The area of the ellipse
cquals that of the loop if the voltage is a
sinusoid).
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The values of py so obtained are plotted
in terms of B, in Fig. 9 and in terms of H
(as given by the potentiometer) i Iig. Io.

800

| [Hoc=416
700
600
|
500—— /'—!D_c[;_=50 5
d |
L 400 /) I b
A ! = 5 ==
7/ //HD:Q 681
300 A _;7,{ S {, 1
171 - ] Hpg=10
200 b Hpc=123
” L = s
o Lo HpoE 176
e L =255 | |
t | !

2 4 6 8 10 12 14 16 18 x10°

Fig. 11.—R.M.S. values of u, .

It should be poimted oul that in this, and
following sels of similar curves, the values of
B, and H. are for full amplilude, i.c., from
positive maximum to negative maximum and
not for half amplitude as is customary, for
example, in plotting reversals curves such
as that of Fig. 4. This does nat affect the
values of wy buf does show itself in the values
of the independent variables, namely, Ba
or H,.

(2) Elliptic Permeability from R.M.S.
Value of Current.

The D.C. component of current was
measured by the potentiometer and the
R.M.S. value of the combined A C. and D.C.
by dynamometer. The R.M.S. value of the
A.C. was then obtained by calculation, the
chief inaccuracy being that entailed in the

observation of the dynamometer. This
limited readings to those cases where
the A.C. and D.C. were comparable in
amplitude.

The value of B, was obtained from the
potentiometer reading of search coil voltage.

Figs. 11 and 12 give the curves of
ps (R.M.S. value) against B, and against
H,.
As indicated in the introduction, the
accuracy of these curves is necessarily of a
lower order than that obtained by potentio-
meter alone or by Joubert disc and potentio-
meter.
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(3) True Incremental Permeability by
Joubert Disc and Potentiomeler.

Refer to Fig. 8. The Joubert contact is
adjusted in phase to give the maximum and
minimum of the current wave. It therefore
gives the true amplitude of H as shown in
Fig. 7, and since the readings of voltage at
the contact are made by potentiometer the
accuracy is high.

Incremental permeability values obtained
thus must agree closely with the values
which would be given from a ballistic test
with excitation conditions arranged if possible
to resemble those of the dynamic test.
(Symmetrical cycles of B, unsymmetrical
cycles of H in the present case).

But the Joubert disc used as described is
superior to the ballistic test since it includes
eddy current effects.

In Fig. 13 are plotted curves of p, against
B, and in Tig. 14 the same values of u, are
plotted against the full amplitude of the
complex H,.

1t is a lengthy matter requiring care and
some skill to obtain the A.C. balances and
the Joubert readings whilst at the same time
maintaining direct current, A.C. exciting
voltage and frequency constant to potentio-
meter order of accuracy for each reading.

[ TsHoo =465
aooj 1 | ,L.D,Q AAJ__ L _1ﬁ J[ 1
HEE) ]H F 1T
700f—+ ‘j S TN S T
- RN
600 /L } I 1 il
A
soot——t——t bt et
B _I__;_ /Fuc.ﬁj@g |
400 i
AT ] Ll
i “/ ‘{_rHD_Qj—-G'B‘I*,"
300 ny 4t L
4 /"Z j’ HI 102
| |1 | LetHocEld
200 [' P /’F‘.DC?Q. R
4 p - [o%e}
100) e g B Hpc=1765
Il HpC.=25'5
0 70 20 30 40 50 60 70 8 90
Ha
Tig. 12.—R.M.S. values of p, in terms of
H, (RMS).

The change of A.C. excitation nceded for
each fresh point upon the curves involved
from time to time, re-adjustment of circuit
resistance following necessary changes in
instrument ranges, and so on. This 1s
mentioned in order to justify the range of
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measurement shown, for example, in IFig. 14. (iii) The reversals B
Here only one curve (namely, that for D.C. maximum value of \
H == 4.165) was taken to the point where 5000 will be ap- eo0 f
iy began to fall in value. All the curves proached as the D.C. TN
would show similar maxima however and excitation is further  **°[ T 1] |\
the whole family would fall within the reduced. sool| Il Hpp=47165
reversals permeability curve (Fig. 5, 1) Extension of the
as an envelope. . range of measure- *%
If reference be made to I<1gs.. 4 and 5 the | ant may be under- | 1]
following points will be noted : taken later. ;[*
(i) The range of D.C. excifalions taken by D The C g
the authors in their experiments, referred W(4) e Lurren .
to the reversals curve of Fig. 4, extended aveform. B Hpc:= 5029
The Joubert read- 4,
ings also enable ”I
= TN graphs to be plotted 2o =5
sool_| 7/ from which the as- seoll1 £
/ 3 symmetry of the A.C. H 1/
56.] component of ex- 200 i
. AocT T
1 Hod= 4765 citing current can be 7 Fop= 123
g2 / read. T‘hese are YT T 1A Voa=tes
. / shownin Ilig.15. The Y/ v
/ - P Lt
440 80 A A —17;(:5
- Iig. 14.—pn, from com- 40 ‘/,; T
/ plex curvent (by Joubert) - Hpg=253
Ha 360 1 s in terms of H, . ol FGIO e
320 % Ha
yi LAb=¢-8f use of these curves will best be demonstrated
=T by an example. Thus, taking the case of
sl ] 1, a steady polarising D.C. giving H = 4.165,
1 / ¥ e an A.C. induction of 4 5000 (By = 10000)
200[[ Vi A Hrr=§1é-3
60 AL 28,000 L 11 e e R
A7 R 8 A
- 1;/9/// Ahe =178 - N & 4 /A{’ DC= 5
&/ 11/ A1
g > 5 T
80| /(f‘// Sk 20.000| i \ Ef—ﬁ 1/
{ |
Ed 1]
40 E14\15,000 —!» B \LIL _J__ /
L i Hpc= :
== 72 16 20 24 x 108 12,000k soas /| | 4 Hbere®
o i 3 rdmm HQC_=L10-2 ~
) “ 8,000 ! ‘) V4 1 'I—//:Hoc."”'“
(Above) Fig. 13.—pu, from complex current B 7 i I /’//J ! % 1
(by Joubert) in terms of B, . 4,000 . '//:,mlj/,/'r_,:/‘r' ’TD‘?:QI“I—
. . . 3 3 5‘]’/‘. 1 ) 1
(Right) Fig. 15.—Positive and negative ol TR T 1 T 610 o OO
peak values of H, . = “H
o o

downwards only to about the knee of the
curve,

(i) Under this condition the maximum
incremental permeability obtainable is about
650 as against the maximum reversals value
of about 5000 (Fig. 5).

requires an A.C. component of exciting
current whose positive peak increcases H
by 15.5 and whose negative peak reduces
H by 4.5. . .

It is of interest to note in passing that the
time mean value of H, which is the value
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due to the D.C. excitation, is in no way the
same quantity as the amplitude mean.
The latter has no physical importance in
the measurement, though it has a bearing
upon ballistic results described later.

From the curve for Hpc = o (Fig. 15)
it can be clearly seen that current waveform
symmetry applies in this case, only odd
harmonics then being present in the exciting
current. In all other cases even harmonics
are present with corresponding assymmetry
but, when the D.C. polarisation is great as
in the case of Hpc = 25.5, symmetry is
nearly obtained again for small A.C. in-
duction amplitudes.

(5) Iron Losses.

Yor small A.C. induction amplitudes the
losses are greater when the iron is in a
polarised condition, but the difference is
reduced and probably reversed for large
A.C. amplitudes.* The general tendency
isillustrated by Fig. 16 where it is scen that,

44
] T
40 |
|
3'6
32
2-8 Al
o ! /
B 24 1
E Hpe=ai6slof | L1 npi=
< 8
3 20
/
16 I/ e
V.|
12
/|
o A LI |
l/ ‘
7
04 ¥ :
J A7
ol |
4 12 16 20 24 28 82 36x10%
Ba
Fig. 16.

with a polarisation of Hpc = 4.165 the
iron losses are greater than in the pure A.C.
case, at any rate up to B, = 26000 approxi-
mately. (It will be recalled that B, is the

* Cf. Edgar, ** Silicon Steel with A.C. and D.C.
Excitation,”” Electrical Engineeving, Feb., 1934.
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full A.C. induction amplitude, peak to
peak).

Fig. 17 shows a selection of curves plotted
- Hpd=17:655
2-4
212
20 4
9 /
VA
S Il E Vi H c=_‘”
> / A
n 14 y 4
E / LA Hpc=ce
; 12| r/ //0
/ AL A
o LT By
A Hpc.=41654
o8 // A '/’ ]
y P
Yy "
1
ol / ~ /1 »
Vaviod HpG=0
04| o Des 2
NAA -
o ///;/‘ Lot
2 Z 1
| o1
< 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000
Ba
Fig. 17.

for amplitudes of A.C. excitation up to
B, = g9oo00.

In the authors’ experiments attention
was paid particularly to the measurement of
incremental permeabilities, the loss measure-
ments taking second place in the tests. For
this reason no steps were taken to relate the
incremental loss curves with the pure A.C.
loss curve except in the single case shown in
Fig. 16. The above results arc therefore
advanced as auxiliary to the main line of
investigation.

(6) Ballistic Measurements.

As the ballistic method of measurement
has a firmly established position in the field
of magnetic measurements, it was important
to apply it in the present investigation.

It has been demonstrated experimentallyt
that, where symmetrical magnetisation is

t See Gall and Sims, J.I.E.E., loc. cit.
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concerned (z.c., magnetisation without super-
posed steady polarisation) the results of
ballistic and A.C. methods of measurement
can be closely correlated.

TO A.C. SUPPLY
FOR DEMAGNETISING

Fig. 18.

The A.C. test may be carried out with
sinusoidal voltage, distorted current, or
vice versa. The condition will not cause
difficulty for the absence of even harmonics
leads to a symmetrical distortion in which
the time mean and the amplitude mean of
the distorted quantity or quantities are
identical. There is therefore no difficulty
in simulating the excitation cycle in a
ballistic test.

But when polarisation is present the matter
is more difficult. As already pointed out
under (4) above the “ time mean ”’ and the
“ amplitude mean " of the distorted quantity
are not the same, whilst the latter is also
continually changing.

1
i
|
|
|
|
{
I
H —»~
/ |
]
e —Ha »le

p) )
Fig. 19.

The circuit used was that shown in Fig. 18.
It corresponds with that used independently
by Elenbaas.* It will be clear that the

* See ' De Effecticve Permeabiliteit bij Groote
Amplituden,” W. Elenbaas, publication of the
Philips Lamp Factory, Eindhoven, Physica, II,
209214, Sept., 1931.
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upper limit of excitation can be set by means
of the resistance K, the commutator short-
circuiting R, during this part of the adjust-
ment. Rotation of the commutator having
brought R, in series the current can be
adjusted by R, to a lower limit ol excitation
and thereafter continued rotation of the
commutator swings the excitation repeatedly
between these limits the mean excitation,
corresponding to a constant polarisation.

It will be clear that, presuming an initial
condition of demagnetisation, the sequence
of events above outlined will produce the
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so0l-4, y I,A ooy
300 // e I
I
200~ ‘_)“/’( /_HDE_= 90
T
100 a +—
{ !
[ |

1,000 2,000 3,000 4,000 5,000 6,000 7,000

Ba
Tig. 20.—Rallistic p, — B .
magnetic cycle shown in Tig. 19. It will
also be clear that there is a fundamental
difference between this simulated cycle and
an actual A.C. 4+ D.C. cycle as indicated, for
example, in Fig. 7. But the cycle so simu-
lated is likely to be that adopted by experi-
menters desiring information upon incre-
mental magnetisationt.

The authors carried out a series of measure-
ments by this means, using the same sample
of Stalloy with the same exciting turns as
used in the main tests but with search coils
adapted to the needs of the calibrated
Grassot fluxmeter.

Figs. 20 and 21 show the results in terms

+ For example, see Elenbaas, loc. cif.
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of By and H, respectively (full amplitude
in both cases).

Comparison of Results

By the foregoing measurements, results
had been obtained giving the incremental
permeability of Stalloy on four different
bases, any one of which might reasonably
be advanced and accepted as suitable for
defining the quantity concerned.

It was part of the authors’ investigation
to compare these results, their contention
being that incremental permeability values
with large excitation amplitudes have little
or no practical value unless the method of
measurement is

(a) Completely specified.
(b) Carefully controlled.

The truth of this contention is adequately
demonstrated by the curves of Figs. 22 and
23. The families of curves marked A are
plotted in terms of H,, those marked B
in terms of B, Fig. 22 relates to the

H T ]_I_
1,100, Hpc =20 TI [r
|
1,600
!
900|
i
800 Liad=50
1]
700
/
up 600 I f +
H = 40
500 /B ;
I T T nboree T
a0t LA | JHog = 60
A / L la :
300 Hpg.=7"0+—Hpd =80
, // // l}(r
200, ‘// // P “Hpc=90
’4/ -l /’ /:rr 1
1 [
100t ’o__/_,__,/ fw.Tm'o-
[
! 1 AT
4 0 12 14 16
Ha

Fig. 21.—Ballistic p, — H .
smallest D.C. polarisation employed, namely,
Hpc = 4.165. Fig. 23 relates to Hpc. =
6.81.

The numbers marked upon the curves
have the following meanings :

(1) Incremental permeability calculated

THE WIRELESS ENGINEER

317

from potentiometer reading of A.C. exciting
current component, 4., the elliptic incre-
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Fig. 22.

mental permeability based upon the funda-
mental of the distorted exciting current.
(2) Incremental permeability calculated
from the R.M.S. value of the distorted A.C.
exciting component, i.e., the elliptic incre-
mental permeability based upon an equiva-
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85 Hy

lent sine current of R.M.S. value equal to
that of the actual distorted current.
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(3) True incremental permeability (in-
cluding eddy current effects) as calculated
from the full A.C. exciting component
amplitude measured by Joubert contact.

{(4) Incremental permeability as calculated
from ballistic measurements.

The differences between the curves are
so great that some stress needs to be laid
upon them,

It may be sufficient to emphasise the
danger of drawing conclusions from com-
parisons between results obtained by diffe-
rent investigators, unless the effect of
waveform is taken carefully into account.
The present authors do not assert that
misinterpretations have already occurred
from an insufficient appreciation of this
matter, but it is at least certain that they
could arise.

If incremental measurements were made
with a sinusoidal alternating component it
is likely that the ballistic results shown in
this paper would correlate closely with such
A.C. measurements, so long as the latter
took into account the full amplitude of the
distorted induction cycle. As stated earlier,
in the introduction, it seems necessary to
employ a special design of commutator for
such work.*

It is undoubtedly of academic interest to
attempt this correlation, but the more
practical comparison is that shown in the
present paper, and here no correlation be-
tween the ballistic results and any of the
A.C. measurements can be expected.

Before leaving this section it should be
stated that I'ig. 24 is included as showing
conditions applying to a large polarisation.
It is otherwise comparable with Figs. 22
and 23 with the exception that it does not
include ballistic curves, which were not
obtained in this case.

It is important to note that the large
polarisation leads to fairly close agreement
between the curves so long as the A.C.
excitation amplitude i1s small. This result
has already been shown in different manner
in the waveform curves of Fig. 15.

Current Harmonics
It was stated that the investigation in-

* A Joubert disc applied to the measurement of
the voltage wave would not suffice since the voltage
is the derivative of the induction.
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cluded an attempt to obtain some informa-
tion upon the harmonics of incremental
magnetisation. Though this part of the
work led to the determination of a revised
technique of harmonic measurement and
to developments in the design of the analyser
(which need not be included in the present
paper) it is perhaps desirable to indicate
some of the difficulties which are the direct
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Fig. 24.

result of incremental, as distinct from A.C.,
magnetisation.

Theoretically, it is possible by means of
the synchronous disc already described, to
measure harmonic amplitudes and phases up
to approximately the fifteenth harmonic.
Whilst this is possible, with due care, when
only A.C. is present, the addition of D.C. in
the circuit increases the practical difficulties
in the following ways.

(a) Harmonic Amplitudes.

The steady voltage across the measuring
shunt due to the D.C.is very much greater
than the harmonic voltages and the latter
must be read as difterences. Even with
considerable waveform distortion the accu-
racy of observation was found to be poor
for harmonics above the fifth.

(b) Harmomic Phases.

Tor similar reasons the determination of
phase becomes unduly difficult since the
percentage change in voltage in passing the
harmonic peak is enormously reduced by
the presence of the large steady component.

The remedies for the above are probably
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to neutralise the D.C. drop by a backing
D.C. voltage supplied from the quadrature
element of the co-ordinate potentiometer,
and to eliminate all fluctuations of voltage
due to the rubbing contact between the
synchronous disc and its brush.

The former needs no comment : the latter
introduces problems of a nature and extent
which fall outside the scope of our discussion.
But it is perhaps well to recall that the disc
runs at 3,000 r.p.m. and must be con-
tinuously in service for weeks or perhaps
months. It is easy to total some millions
of revolutions during such a periodand
brush and disc life and contact under such
conditions present major problems.

But very interesting data were forth-
coming upon these matters when numerous
measurements of the amplitude of the lower
harmonics were made. As examples of some
of the results recorded Figs. 25 and 26 are
presented for general interest.

It has been pointed out earlier that the
analyser disc concerned had contact segment
lengths which were designed for A.C. rather
than for incremental work and the even
harmonics occurring in the latter must
therefore have produced some error in the
readings (correction for which is only possible
if many terms of the harmonic series are
known). In view of this fact and the diffi-
culties of accurate observation mentioned
above, it is possible that the harmonic
curves presented may need some correction
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later, following further work. At the same
time, it is felt that the accuracy is of a
sufficiently high order to justify their in-
clusion in this description of pioneer experi-
ments in a difficult realm of measurement.
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Conclusions

Certain conclusions can be drawn from

the work.

(a) The main object was to apply to
incremental measurements an arrangement
of precision apparatus capable of providing
full and accurate information concerning the
behaviour of a ferromagnetic sample excited
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Fig. 26.

by D.C. and A.C. simultaneously. The in-
vestigation showed that this is not only
possible but that an accurately controlled
method of measurement is particularly
necessary with this form of excitation, due
to the asymmetrical waveform distortion.

(b) Further it is shown that (unlike the
case of excitation by A.C. alone) ballistic
measurements will not in general be reliable
as a guide to the behaviour of the sample
when magnetised incrementally (using a
sine wave of voltage).

(¢) The superposition of A.C. and D.C.
electrically in a single exciting circuit (rather
than the superposition of their magnetic
effects through the joint action of two
separate electrical circuits) is shown to be
satisfactory, in that the two quantities
can be isolated for accurate measurement by
suitable potentiometry.

(d) The Joubert disc forms a valuable aid
to measurement in this class of work.

The above are general conclusions which
can be deduced from the paper as presented.
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Others drawu from the authors’ experience
are included for the interest of other in-
vestigators.

Voltage Waveform

It has been explained that the best pos-
sible precautions were taken to ensure a
sine wave of voltage at the terminals of the
test ring during all tests. But the very low
inductances of the test coil under heavy D.C.
polarisations make this problem excessively
difficult, the circuit resistance becoming
comparable with the coil reactance from
time to time despite many precautions.

The remedies appear to be still more
stringent reductions of circuit resistance
together with the use of a larger iron sample.
In an endeavour to meet the former, the
authors have acquired a heavier feed trans-
former whose rating is greatly in excess of
the power required for the tests. This
transformer has lower winding resistances
than those emploved in the present tests
and will be used in all future work. Lower
resistance ammeters and a lower resistance
shunt may also be necessary.

Demagnetisation of Sample

The authors found that a careful routine
of demagnetisation is particularly desirable
in incremental measurements if special
accuracy in the measurements of loss is
desired. The dual excitation complicates
this matter appreciably, but it can probably
be met by a specially planned routine.

Measurement of Harmonics and their
Phases

The difficulties at present are due to the
attempt to make the harmonic analyser as
reliable and accurate as the potentiometer
with which the authors used it. This
demand is abnormal in view of the high
speed of the analyser disc, the long life
required and the speed at which readings
are required.

It would be premature to say more than
that there are grounds to expect that the
difficulties can be overcome.

In conclusion, the authors wish to acknow-
ledge their debt to Professor William Cramp,
D.Sc., without whose practical interest the
work could not have been carried out.
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The Industry

PORTABLE “ transceiver ”’ (combined trans-
mitter and recciver) operating on about 5
metres, is being produced by the Ideal Radio

and Gramophone Co., Ltd., of 444, Ewell Road,
Surbiton. Satisfactory two-way communication
has been demonstrated between moving cars and
between a moving aeroplane and the ground.
Without batteries the Hermes transceiver unit
weighs only 5 1b. Mr. E. H. Shaughnessy, late
Assistant Chief Engineer of the G.P.O., is associated
with the company producing the sets.

By arrangement between Philips and Chrysler
AMotors, Ltd., a special type of aerial is to be fitted
to Chrysler cars. The aerial has been specially
designed for use in conjunction with the Philips
Motoradio car set, and sparking plug suppressors,
which are undesirable with a high-performance
engine of the Chrysler type, will not be nceded.

‘“ Modern Service Methods,” a hooklet issued by
FEverett, Edgcumbe and Co., Ltd., of Colindale
Works, Hendon, London, N.W.g, in connection
with the Radiolab Set Analyser and Valve Tester,
has now been completely rewritten and brought
up-to-date. Copies of this new edition can be
obtained direct from the firm for 7}d., post free.

La Théorie d’Einstein dementie par 1’expérience
By E. Carvallo. pp. 355. L. Chiron, Paris.
6 frcs.

The title page of this attack on the theory of
relativity bears a quotation from Einstein dated
1925: “ If Dr. Miller's results were confirmed, the
theory of relativity would be at fault.” Dr. Miller
is a disciple of Michelson, who has continued and
claborated the classical experimental work of the
latter, in the attempt to detect an effect of the
earth’s velocity on the velocity of light. In this
booklet the author, who does not dissemble his
dislike of relativity, maintains that the experimental
results of Miller and of other experimenters definitely
disprove the theory of relativity. We must confess,
however, that we do not find M. Carvallo very
convincing. His accounts and discussions of the
various experiments are too short and superficial.
When he defines an absolute velocity as a velocity
relative to nothing except a postulated fixed ether,
we find it impossible to attach a meaning to his
words, although we must also confess that the
answer given by the relativitist to the question as
to what it is, with respect to which the velocity
of light is 3 X 10'° cm per second, is also difficult
of conception.

It appears that Dr. Miller’s results do not cxactly
agree with M. Carvallo’s expectations, but this he
thinks is probably due to the electromotive forces
induced in the silvering on the mirrors (which are
stationary), due to the magneto field of the carth,
and he blames FFaraday for putting this idea into
his head.

The book did not provide the entertainment
which the title led us to expect.

G. W.0.H.
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Asymmetric Side-Band Broadcast

Transmission

Paper by P. P. Eckersley, M.LLEE., read before the Wireless Section, LEE.,
on May Ist, 1935

Abstract

ROADCASTING technique is hampered be-

cause of the scarcity of channcls and the

multiplicity of transmitting stations. The
spectra of {requencies radiated by stations occupy-
ing contiguous {requency channels overlap, and the
audio-frequency output from a receiver decigned
for ordinary domestic reception must be limited to
meect the cxisting conditions of transmission. It is
improbable that European nations will agree to
limit either the existing power or the number of
working stations. If, however, it were possible to
modify transmitters so that the spectrum of
frequencies radiated contained the carrier and only
one set of side-bands, spectrum overlap could be
avoided or minimised.

After discussing the phase-modulation or phase-
distortion effect when only one side-band is sent
out the author proceeds to discuss a system which
permits full modulation while
using a small “ vestigial ” value
of the nearly suppressed side- ]
band to eliminate or minimise

Scale

system of low-power modulation, it will not require
a serious alteration to increase the high-frequency
amplification of the stages which follow the output
from the filter. For example, a 1-valve stage would
suffice in practice and its consumption would not
be comparable with the power required to operate
the whole station. In contradistinction, no
amount of amplification would restore the missing
side-bands and give 100 per cent. modulation if the
filter completely cut otf one set of side-bands,
unless the carrier were separately attenuated.

The method could not be used in the case of
high power modulation because of the serious loss
of power involved, which could only be restored
at great capital and maintenance expense. A
method applicable in this case is shown in Fig. 3,
where in A is shown the same idealiced character-
istic as in Fig. 2, but with the carrier now located
at (f, — 1,500) kilocycles. There is theoretically
of —_
+6  +8

phase distortion. This is ex-
plained in relation to Fig. 2,*
which shows an idealised
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£

amplitude/frequency character-
istic of a band-pass filter. The
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filter is supposed to be arranged
so that it attenuates currents of
the carrier {irequency f, to
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exactly one-halt of their value.
If this carrier is modulated
100 per cent. at 500 cycles the
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resultant could be expressed as
a carrier of 2 units with an
upper frequency side-band and
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Amplitude of filter response

a lower-frequency side-band
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cach of 1 unit. If this is applied
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to a filter of the idealised re-
sponse shown, the carrier is
reduced to 1 unit (attenuated by
half), and {on the sloping wall
of the characteristic), the upper side-band = 0.75
and the lower cide-band = o.25 unit. The carrier
is thus still modulated 100 per cent. zlthough
the power in the spectrum is reduced to one-
quarter of its original value. It is also clear that
whatever frequency of modulationr within the range
A [’ is applied to the carrier before the filter, the
output still represents 100 per cent. modulation
because the sum of the side-band amplitudes is
always equal to 1.

In the case of a transmitter working on the

+10 +8

"~ *The author’s_o;ginal fg.lre numbers are adhercd to throughout
this abstract.
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Fig. 2.
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Af

no loss of power either of the carrier currents or of
the modulated carrier currents over the range
01,500 cycles. At modulating frequencies beyond
this value, however, the maximum possible per-
centage modulation gradually falls as one side-band
is removed until, at a frequency of 3,500 cycles it
is only 50 per cent. (although, of courre, the original
currents are 100 per cent. modulated before being
applied to the filter). This results in a transmitter
modulation/audio-frequency characteristic such as
that of Fig. 3. The interposition of equalisers in
the audio-frequency circuits of the transmitter
could, however, be made to straighten the frequency
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characteristic of Fig. 38. This would at first sight
appear to result in a reduction of the modulation
to 50 per cent. over the whole band, because the
equaliser would have to reduce the modulation
intensity by half over a frequency range of o-1,500
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(2) if it exists it gives no offence even to a critical
ear; (3) if it can be detected when the carrier and
only one set of side-bands are used, the introduction
of the vestigials over the noisy band of frequencies
so minimises the effect as to make it negligible.

The author then discusses

0 Carrier f Peakgmpﬁlu(’ieafc.'gnT spectrum overlap with asym-

after 100 per cent modultion| Metric side-band broadcasting

1-8 1:8—Yand after passing through{ and shows, typically, that in

\f‘!t" the case of a very strong un-

16 16 wanted station a weak wanted

\ station could be obtained on the

& ““ideal ”’ receiver with a clear

=14 Scalel of Af 1-4°E reception of a band of wanted

S -6 -4 - 0 2 4 6 = \ frequencies 6 kilocycles wide
12 | 12 8 and 40 decibels deep.

g Af —] = Pesk amplitude of In relation to modifications

R s A b C:{{.'g; o 1o }\ of receiver design it is pointed

<10 | 1-0 d_ . oqualizer) out that if asymmetric side-band

2 \ kY / / transmission were put into
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“straight ” sets, embracing sym-
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~f 1t L) side of the wanted carrier, to

0 1 L which it is tuned, than on a

0 8 6 40 superheterodyne receiver. In
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cycles. Thereafter, as the frequency increased, the
equalisers would gradually allow greater and
greater modulation, reaching a maximum at a
frequency of 3,500 cycles. In practice, however,
the audio spectrum has intensities which attain
their maxima in the region of 300-1,500 cycles,
and, in fact, 100 per cent.

2 4 6 [
Frequency of modulation

some cases where the wanted
station had, as frequency neigh-
bours, one powerful and one weak
station, there would be a noticeable improvement
even with a straight receiver, provided the powerful
station was of lower frequency than the wanted
(according to the technique set out in the paper).
The superheterodyne type of receiver would
benefit by the introduction of the scheme. The

Carrier

Fig. 3B.

modulation is practically ever
demanded for over audio fre-
quencies above 1,500 cycles.
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We can, therefore, safely in-
crease the audio-frequency input
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until the carrier currents are 08 7
modulated 100 per cent., it being

assumed that this will not result

Sfm

in over-modulation at treble and
top frequencies.

An experiment is described in
the paper to test, under prac-
tical conditions of asymmetric

side-band broadcasting, whether,
in fact, phase-modulation dis-

tortion was noticeable with even
a high-fidelity receiver. This

Amplitude of filter response

was done by means of a prac-
tical filter having the character-
istics shown in Fig. 4, and with

the carrier of the London 02
Regional station located as

shown. Details of the receiver
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are given in the paper, and the
author states the conclusions

that (1) phase-modulation dis-
tortion is a second order effect;

Fig. 4.
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typical ““ visual tuning’' indicator would not be
beneficial but in time the user would be able to
obtain sets for foolproof operation. It is probable
that intermediate-frequency filter design would
have to be studied so that the response was tflatter
over the passed band and the rate of change of
attenuation with frequency was greater than it
need be to-day. These questions must wait for
fuller discussion but meantime the author em-
phasises that no hardships would be imposed by the
introduction of the scheme.

An appendix to the paper discusses the design
of filters for asymmetric side-band transmission as
regards (a) low power modulation, (b) high-power
modulation, (¢} frequency stability.

Discussion

In opening the discussion, MrR. NOEL ASHBRIDGE
thought that broadcasting authorities would not
raise objections to improvements in the direction
of single side-band transmission. Difficulties which
existed were to be found in the continental point
of view which favoured deep moduiation without
regard to quality. The author’s suggestions were
not new, and the subject had been under dis-
cussion for at least three years by the U.I.LR. and,
more lately, by the C.C.I.LR. Experiments by the
B.B.C. both on transmitters and receivers, on the
lines of the author’s suggestions had shown that
40 per cent. modulation gave hardly tolerable
quality and that modulation had to be 30 per cent.
or less for acceptable quality. International dis-
cussions had revealed similar results in other places.
The C.C.I.R. had the matter under discussion from
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the point of view of partial or complete carrier
suppression.

CoL. A. S. ANewIN pointed out that broadcasting
was not ruled by technicians. More stations were
needed in certain parts of Europe, and the ultimate
use of single side-band operation scemed imperative.
The final aim should be single-side-band without
carrier. In the interests of receiver design it might
be desirable to have an intermediate stage of
partial carrier, used, at the receiver, as a regenera-
tive source for adequate carrier replacement, with
the ultimate view of the complete carrier replace-
ment. The author's suggestions represented a
temporary expedient in this direction.

Dr. J. RoBixsox referred to the fact that the
author had used the single side-band receiver and
asked was not this the correct solution of the
problem ?  Why not use a quartz crystal for the
purpose ? He agreed that single-side-band opera-
tion would be essential.

Mr. H. L. KirkE referred to several points of
detail, including phase modulation, and the phase-
displacement effect which was known to exist
through the passed band of a filter. He compared
the modulated envelope with double and single
side-band, and stated that the harmonics in the
latter case were due to combination tones. He also
amplified the information on the B.B.C. experi-
ments already given by Mr. Ashbridge.

AMRr. P. K. TurnER referred to practical difficulties
of receiver design. As an example of the effect of
the loss of modulation he quoted that oo per cent.
double-side-band modulation became equal, on
single-side-band working, to 45 per cent. modulation
of the fundamental with 1o per cent. distortion.

Correspondence

Letters of technical interest ave always welcome.

In publishing such communications the

LEditors do mot mecessarily endorse any technical ov geweval statements which they may contain.

Mixing Valves
To the Editor, The Wireless Fngineer

Sir,—With reference to the operating character-
istics and constants of the frequency changers
41 M.’.G. and F.C.4 given in my previous letter,
and with some of which Dr. Strutt cannot entirely
agree, I would like to say that these values were
obtained by calculation from the makers’ published
curves (current in August, 1934) and hence may be
taken as representative of average valves, wused
under the condilions for which my formulae were
derived, i.e. with oscillator grid self-biased by means
of grid condenser and leak, so that the maximum
instantaneous grid potential is practically equal to
the cathode potential. This point was made clear
in ** Heptode Frequency Changers,” W.E. & E.W.,
December, 1934.

With regard to the discrepancy between the
makers’ figures for the 2A7 and those which I have
given, these latter were obtained by measurement
on one particular valve, the purpose of the investi-
gation being, of course, to verify my formulae, not

to obtain average characteristics. The specimen
used may have differed considerably from the
average as now manufactured, owing to manu-
facturing tolerances and to the fact that it was
obtained soon after the 2A7 was available in this
country. This, combined, perhaps, with different
methods of measurement and a certain amount of
Transatlantic optimism in presenting the results,
may conceivably account for the makers’ figures
being considerably different from those which I
obtained.

Dr. Strutt, I hope, will now be no longer in doubt
as to the method of obtaining the figures which I
have quoted.

London, W.13. R. J. Wev.

Anode Potential Measurements
To the Editor, The Wireless Enginsger
Sir,—Inventions are in the air and here is a
proof of it. I was very interested to read the letter

by Mr. C. R. Cosens in the February issue of the
Waiveless Engineey, for I, myself, solved the same
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problem some months ago; however, in a more

general way, as follows :(—

R and » are two resist-
ances in series, p being

r R the voltmeter-resistance ;
T—WWW——VWWA~—¢  the total voltage to be
measured will be £ and

g the true p.d. across »

is e. By inserting the
voltmeter across » and
R the readings will be
e, and e, respectively.

The following equations are easily to be found :
R\1

¥ . b y + R1
== o Lar ke B
¢ y + R :«mde vy E < 7)E
and
_Zp
I_r+p+RI_I+R
e, rp E ¢ pE
¥+ p
after some operations.
1 y + R1 14 R 1 R 1
;/—/—_ R E+pE and ve, e +pE 2/
LR e, 1 ILeﬁ)x I 1-|—e“
v e, e_< ‘e, /JE e e,
€ a VXZ >
e = ‘—F (ie 6= — "o V)
e, = e ( Ve + Vez '?

A thermionic valve can be replaced by an
e.m.f. = ¢, and a resistance = # in series, so far as
the wvalve characteristics are straight over the
relevant portions (condition B8 of Mr. Cosens). So
there are the following diagrams and equations :

€o R
AAA

VWA WWWM

[
=]
=
m
x
[«]
=]
=
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WWWWY FAAMAA—
Al
€, [e——€, —
y v + Re,
f*;‘+k(E-eo)+Eo Yy ¥ R
vp pR
;) o Ra ey =y BRI
“= 5 o Et R O PRot+ Rr4mp
R - + ¥
¥+ p + R
pR
R . RE — Re,
e, = R '_;r(E — &) = Pm’_’*j}@jij?p
p+ R
4+ B
s s
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e, vE 4 Re, ¢
e, +e, (r+ RE E
el
e, +e,

e, — Regarding E—7 and p are parallel and in series
with R ; regarding e, — 2 and p arc parallel
and in series with r.

e,,— Regarding (E — ¢,)—R and p are parallel and
in series with 7.

Yet there are other ways to solve this problem,
by applying Ohm’s and Kirchhotf’s laws.

There will be many other applications to this
formula. For instance, the H.T. source can be
regarded in the same manner, /¥ being the load,
r = the internal resistance, ¢, = unloaded tension

= e.m.{.
To conclude, T will give
this measuring device a
Eo E3 name : The three voltmeter

method for d.c. As already
known, the three volt-
meter method for a.c. has
an identical diagram and
serves to find the phase-
shift of three p.d. in
triangle (see diagram, the
arrows giving the direction of the energy).
Krabbenbosweg 29, B. vaN Dawm.
Hengelo (o), Holland.

En

R

Rigour and Nomenclature in Mathematics
To the Editor, The Wireless Lngineer

Sir,—Several interesting points are raised by Dr.
McLachlan in his letter in your May issue. One
feels that rigour (or the lack of it) in mathematical
work should be relative to the relevant circum-
stances. Whilst the efforts of mathematical purists
to place their subject on sound foundations is
appreciated, physicists and engineers are concerned
with practical applications of mathematics. Cannot
they then take the rigour more or less for granted ?
If this view is accepted, the degree of rigour attained
in physical and engineering analysis may per-
missibly fall short of the standard insisted upon by
purists.

What is needed in the mathematical training of
engineers is not more rigour, but extended know-
ledge. Having mastered the clements of a mathe-
matical subject, the engineer may proceed to apply
it with confidence. That such mastery is not so
difhicult as is commonly supposed is shown by
““ Bessel Functions for Iingineers.” Useful results
from the higher branches of the subject, the de-
rivation of which often entails much soul searching,
may be taken as read, and applied ad hoc. This is
true not only of Bessel functions, but of vector
analysis, theory of complex functions, operational
calculus, and other subjects, the elementary parts of
which could advantageously be included in an
engineering course.

Purists scem sometimes to forget that most
mathematics begins with a stage of experimental
development ; it is only later that rigorous proofs
become possible. The Heaviside operational calculus
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is a good example of this. Another is Dr. McLach-
lan’s assertion that 2 -4 2 = 4. To whatever
extent the latter ‘' theorem " rested originally
on an empirical basis, an acquaintance with the
work of B. A. \W. Russell and A. N. Whitehead
shows that it is now decidedly not without proof !
But even those logicians have to start somewhere
with undefined concepts. Nobody ever really
proves anything. All that is possible is to show that
certain conclusions logically follow {rom certain
premises.

The names ‘ surd,” *‘ irrational ”’ and ““ imaginary
number *’ bear witness to the hesitancy with which
these concepts were experimentally introduced into
mathematical thcory. They also illustrate Dr.
McLachlan’s contention that mathematical nomen-
clature is occasionally surprisingly incpt. In spite
of this laxity, however, purists are quick to take
exception to terms used by engineers. I'or instance,
they do not like *‘ vector *’ applied to the directed
quantitics (impedances, etc.} of alternating theory ;
although, personally, I cannot agree that these
quantities are not two-dimensional vectors.

Many of the above arguments were strongly
advocated, tnfer alia, by Heaviside ; and a perusal
of the opening sections of vol. 2 of his ** klectro-
magnetic Theory ”” may be recommended to purists.
Is it not curious, by the way, considering the
immense amount of experimental research Heavi-
side did in asymptotic and divergent series, that
he is never mentioned by purists dealing with this
subject ? There are still plenty of nuts in Heaviside
for purists to crack. Isit too much to hope that the
subsequent distribution of manna will include the
kernels of new results as well as the hard shells of
rigour ?

Tondon.

A. L. Megyers.

Book Review

¢ Fernseh Empiang *’ (Television Reception).

By MANFRED VON ARDENXE : Weidmannsche
Buchhandlung, Berlin, SW.8: 117 pp. with 8o
illustrations.

This little book, with the sub-title ** Construction
and Use of an equipment for the reception of
ultra-short-wave television broadcasting with a
cathode-ray tube,” appears opportunely at a
moment which the author rightly describes as the
turning point in the history of television. More-
over, the author is known to readers of The Wireless
Ingineer as one of the most able pioneers of cathode-
ray television. The book, therefore, should be of
the utmost interest to those who can read German
—even haltingly. for the matter is given with a
commendable economy in words.

The author is no reckless optimist as to the
prospects of an immmediate ** boom ” in television
among the German populace. The fundamental
problems have been solved, it is true, at any rate
in principle ; receivers can actually be turned out
on a commercial scale. DBut for popular success
he considers two problems remain to be solved—
the receivers must be made easier to work and,
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above all, cheaper to buy. He also considers that
transmitters do not at present (he is writing in
December, 1934) display the full desirable stability.
While these remaining ditliculties are being over-
come, he looks for a great extension of activity
among the “ amateurs ”’; the main object of this
book is to give a vigorous impulse to an intensive
activity in experimental work. No attempt is
made to describe a complete commercial receiver ;
the book, apart from the first part which deals
with the DBerlin transmitter, is really a dissertation
on the experimental equipment which he himself
has put together and used for the reception of the
Berlin ultra-short-wave picture-and-sound trans-
missions ; the ecquipment, in fact, which was
employed for taking the instantaneous photographs
of reccived images which are distributed through
the book, and which illustrate the results of good
and bad receiver design and adjustment. Some of
these have appeared in an article in our sister
journal, The Wireless World, for 15th March, 1935.
The whole equipment is, of course, designed for
these Berlin (\Witzleben) transmissions of 180
lines and 25 pictures per second.

For those who have followed the author’s work
in the past, when he did so much to develop the
cathode-ray tube with gas-focusing, for television
and other uses, it is of great interest to read his
verdict on the comparative merits, for the purpose
in view, of the high-vacuum and gas-focused types
ot tube. On p. 28 he writes ““ In television in the
future -only the high-vacuum type will be used.
Only for special purposes, where extreme brightness
of spot is required, will types with more or less
strong compensation of clectron space-charge by
means of residual gas perhaps find an application.”

Another moot point—the comparative merits
of electrostatic and magnetic deflecting methods—
1s decided in favour of a combination of the two,
magnetic detlection being used for the 25 per sec.
vertical motion (at which frequency only a reason-
able amount of power is demanded) and electro-
static for the horizontal line-scanning, The
advantages of this compromise are discussed on
ppP. 33-35. The question of the choice between
independent “ kipp ”* (time-base) circuits, synchro
nised by pull-in signals from the transmitter, and
“kipp " circuits controlled entirely from the
transmitting end, is discussed on pp. 61-62. The
decision is in favour of the former, as being—at anv
rate at present—casier to manage and less sus-
ceptible to interference: a point of importance
except where the received field strengths are very
reat.
¢ In his survey of the results obtained with this
equipment (all parts of which are illustrated by
circuit diagrams and lists of German components,
with their electrical values) the author points out
that all the instantancous photographs were taken
before the recent improvement of the frequency
curve of the Berlin transmitter, and most of them
{at any rate) at a time when these transmissions
did not give perfectly superposed pictures, dis-
placements of two or three line-thicknesses being
sometimes found. A particularly interesting
photograph is that of Fig. 8o, two images taken
with single-sideband reception.
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PROPAGATION OF WAVES
1727. Tux ProracaTioN oF MEDIUM RADIO WAVES

1N THE IoxospHERE [Gradient of E Region :
Value of Collisional Frequency There].—
D. F. Martyn. (Proc. Phys. Soc., 1st March,
1935, Vol. 47, Part 2, No. 259, pp. 323-339.)
Author’s abstract :—All the available measure-
ments of sky-wave intensities at medium frequencies
are collated and expressed as field-strength ‘distance
curves for six typical wavelengths and for distances
from 25 to 1000 km. It is shown how this
material may be used for the determination of the
noa-fading radii of broadcasting emitters over
country of any effective conductivity. Irom the
observational material an empirical expression for
the reflection coefficient of the lower I layer of the
ionosphere is derived. It is shown that the observa-
tions are incompatible with the existence of a linear
or parabolic gradient of ionisation in this layer.
The incompatibility is not removed by the assump-
tion of an absorbing or D region below the L layer,
or by consideration of the variation with height of
the collision frequency v of an electron with the
air molecules in the E layer. 1t is found that the
observations can be fully explained if the gradient
of ionisation is given by thc exponential form
N = ¢, where 4 is the height in km above the
region where ionisation first becomes appreciable.
This gradient also gives rise to equivalent heights
which are in agreement with experience. It is
found that » has a value of 10 collisions per sec.
at a height of gokm, in close agreement with
Chapman’s recent estimate. It is shown that the
conclusions reached are not aftected by the use of
the ray methods of geometrical optics or by neglect
of the influence of the earth’s magnetic ficld.

1728. LoNGg-DisTance OBSERVATIONS OF Rabplo
Waves oF MEpIUM IFREQUENCIES.—D. I
Martyn, R. O. Cherry and A. L. Green.
(Proc. Phys. Soc., 1st March, 1935, Vol. 47,
Part 2, No. 259, pp. 340-351.)

Downcoming waves from a distant transmitter
were analysed by the frequency-change method :
simultancous observations were made at distances
of 25 and 700 km {rom the emitter. Several down-
coming waves were prescnt at the more distant
station. The equivalent heights of both £ and F
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regions were relatively stable over the 700 km
path and did not vary appreciably with the angle
of incidence. The equivalent height of I° region
showed a minimurmr at about 3 a.m. The rate of
propagation of the minimum height in the hori-
zontal direction appeared to be slower than the
rate of sunset propagation in the same -lirection.
Estimates were made of the ionisation density in
E region. The intermediate layer was regularlv
observed. It is concluded {rom the experiments
that the gradient of ionisation at the lower boundary
of E region is sharp.

1729. CorLLisioNx FREQUENCY AND MOLECULAR
Denstty 1x THE Ty LAvER ofF Tue Ioxo-
sPHERE [from Measurements of Reilection

Cociticient and Equivalent Heightl.—1T. L.
Eckersley. (Naiure, 16th DMarch, 1935,

Vol. 135, p. 435.)

There should be a linear relation between the
logarithm of the intensity of the reflected wave
and the equivalent height; the slope of the line
should give the collision frequency at the height
at which reflection occurs. Experimental graphs
of this are shown.

1730. IoxisaTioN CHaRTS OoF THE UPPER ATMo-
SPHERE, ParT II.—G. Millington. (Proc.
Phys. Soc., 1st March, 19335, Vol. 47, Part 2,
No. 259, pp. 263-276.) For Part T see 1933
Abstracts, p. 32. An envelope correction to
the previous charts is given, and the new
charts are presented on a circular projection
to help in the study of conditions in the
polar regions.

1731. THE FRACTION OF THE RADIATION FROM A
VERTICAL DIPOLE ABSORBED BY THE EARTH
[Practical I‘ormulae and Calculations].
K. F. Niessen. (Awnn. der Physik, Series 3,
No. 2, Vol. 22, 1935, pp. 162-188))

General formulae are first found for the Hertzian
potentials, ficld components and energy radiated
upwards and downwards from a vertical dipole at
a height 7 above a plane earth. DBessel function
formulae already given by van der Pol and the
writer (1932 Abstracts, pp. 87 and 300) are used
to transform the integrals in the general formulae.
Special cases are then considered : (§2) the
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atmosphere is non-conducting, (§3) the atmosphere
is non-conducting and the earth a good conductor,
(84) the wavelength and earth constants are con-
nected by Sommerfeld’s relation, in which the
refractive index » > 1; formulac are found in each
case for the amount of radiation absorbed by the
earth and emitted into the atmosphere. §5 trans-
forms the expression for the total energy radiated,
with the Zenneck-Sommerfeld assumptions and
limited dipole height [it is assumed that (A/A)

(n/8)]. §6 gives a practical formula (38) and
calculations for the fraction absorbed in the earth,
and Fig. 8 shows the results graphically for different
values (represented in Figs. 5, 6, 7) of the carth
constants. Variation of dipole height (excluding
short-wave emitters and aeroplane aerials) is found
to have little effect on the proportion of energy
absorbed by the earth.

1732. ELECTROMAGNETIC  \WAVE-INDUCTION N
Mrpia AT REST AND THE NECESSARY Cox-
pITioN THEREFOR [Occurrence of Surface
Waves : Propagation along Surface of Larth
and Kennelly-Heaviside Layer].—K. Uller.
(Hochf:tech. w. [Zlek:akus., March, 1933,
Vol. 45, No. 3, pp- 87 91.)

This paper extends previous work by the writer
(see 1929 Abstracts, p. 203 ; also 1932, p. 158 and
back rel.) on the possibility of a plane wave being
transformed into a surface wave when it mcets a
plane boundary surface (no reflected or refracted
waves being produced) ; the phenomenon known
as Faraday induction was found to be the necessary
condition for the production of this surface wave.
Here the theory is extended (without details of the
mathematics) to an arbitrary wave incident on an
arbitrary surface : the same general conclusions are
found to hold. Transmission of radio waves to
wreat distances is thought by the writer to be due
to passage of waves along the surface of the carth

and Kennelly-Heaviside layer, rather than to
-optical retlection between these surfaces.
733. CONCERNING THE IONOSPHERE [Seasonal,

Diurnal and Latitude Variations of F Region
Tonisation].—E. O. Hulburt. (Phvs. Review,
1st March, 1935, Series 2, Vol. 47, No. s,
p. 422.) See Appleton, 941 of April.

IoNosPIERE STuDiks [Seasonal Variation of
Virtual Height of F, Region|.—E. B.
Judson. (Phys. Review, 15th March, 1933,
Series 2, Vol. 47, No. 6, p. 509.)

1734-

I'nree-FoLp MagNETO-IoNIC SPLITTING OF
THE RaDIO ECHOES REFLECTED FROM THE
lonosPHERE [observed occasionally after
Sunset|—G. R.  Toshniwal. (Nature,
23rd March, 1935, Vol. 135, pp. 471—472.)

Thi lowisiNg EFrecTs ofF MeTreors [Com-
prehensive Survey] —A. M. Skellett. (Proc.
Inst. Rad. Eng., February, 1935, Vol. 23,
No. 2, pp. 132-149.)

The two principal sections deal with the evidence
of the ionising effect of meteors from meteoric data
and from radio data. The difterence between
Nagaoka’s ‘‘ clean-up”’ theory (suggesting a de-
crease in ionisation) and the writer's ideas is
stressed. Many literature references are given,
including a few not included in these Abstracts.

1736.
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In tbe writer's previous paper (1933 Abstracts,
p- 207) correlation as regards the I region only was
claimed. In Part IV of the present paper reasons
are given for concluding that showers of average-
sized meteors, at random times, might occur in the
F region which would be unobservable by ordinary
visual means. Such showers would furnish a
possible cause of the unexplained disturbances in
short-wave transmission referred to in PPart III
The paper ends with a discussion of the size of
meteors and the recombination coefficient at the
height of the I region.

1737. LELicTrONIC TiDES IN IONOSPHERE CAUSED
BY Moox.—Stetson.  (Sci. News Letler,
23rd Feb. 1935, Vol. 27, No. 724, pp. II15-
116.)

. PHASE OoF THE D1UurRNAL COMPONENT OF THE
GRADIENT OF TERRESTRIAL ELECTRICAL
PorENTIAL [and the Possible Connection
with  Tonosphere Layver Heights) —R
Guizonnier. (Comptes Rendus, jth March,
1935, Vol. 200, No. 10, pp. 852-853.) For
the paper by Brown referred to, see 1341
of May.

i

THE BEHAVIOUR oF ELECTRONS IN CHLORINE
[Application to Collisions of Electrons in
Ionosphere :  Non-Formation of Negative
Ions by Attachment]—V. A. Bailey and
R. H. Healey. (Phil. Mag., April, 1935,
Series 7, Vol. 19, No. 128, pp. 725-746.)

1739-

Ox THE ORIGIN OF THE RADIATIONS EMITTED
BY THE NIGHT SKY IN THE SPECTKRAL REGION
50008000 A.—]. Cabannes. (Journ. de
Piivs. et le Rad., December, 1934, Series 7,
Vol. 5, No. 12, pp. 601-613.) Development
of the results referred to in 1934 Abstracts,
p- 492. See also 24 of January.

THE ARSORPTION SPECTRUM OF OZONE AT
Low TEMPERATURE.— Lucie Letebvre.
(Comples Rendus, 18th Feb. 1935, Vol. 200,
No. 8, pp. 653 054.)

. EvFEcT o0OF THE TEMPERATURE OF THE
STRATOSPHERL ON THE SPECTRUM OF OZONE.
—Barbier, Chalonge and Vassy. (Comptes
Rendus, 18th March, 19335, Vol. 200, No. 12,
pp. 1063-1006.) With comments by Fabry.

Trr VERTICAL DISTRIBUTION OF ATMO-
SPHERIC OzoxNE 1N HiGH LATITUDES.—A. R.
Mectham and G. M. B. Dobson. (Proc. Roy.
Soc., Series A, 15th Feb. 1935, Vol. 143,
No. 865, pp. 598-603.)

Observations similar to those recently made at
Arosa (Abstracts, 1934, p. 553 : also 1933, p. 560)
were carried oul at Tromso in May and June,
1934. The average height of the ozone was found
to be very slightly lower at the higher latitude ;
the ozone at Tromso was more concentrated in a
region centred at a height of 21 km above sea-
level, whereas at Arosa it was more uniformly
distributed through the lower 30 km.

1740.

I1741.

1743

1744. CONTRIBUTION TO THE STUDY OF IONISED
Gases. —Th. V. Jonescu. (Journ. de Phys.
et le Rad., November, 1934, Series 7, Vol. 5,

No. 11, pp. 578-584.)
Calculation of the coetficient of self-induction of

D2
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ionised gases : of their capacity : of their natural
frequency of vibration. The behaviour of valves
containing ionised gases, with positive grids (B.-K.
formula deduced from the natural period of the
gas) : propagation velocity of electrical energy in
tubes containing ionised gas. Experimental
section :—Variation of propagation velocity pro-
duced by variation of the capacity of the tube by
bringing up a metal plate: propagation of energy
inside metallic tubes: variation of propagation
velocity with the tube diamecter.

1745. ON THE DIELECTrRIC CONSTANT AND THE
CoNDUCTIVITY OF IONISED GASEs [Survey
of Past Work].—Th. V. Jonescu and C.
Mihul. (Journ. de Phys. et le Rad., January,
1935, Series 7, Vol. 6, No. 1, pp. 35-48.)
Various Comptes Rendus Notes on these
researches have been dealt with previously.

1746. CONSIDERATIONS ON THE DROPAGATION OF
ULTRA-SHORT AND Micro-WavEs [Rome/
Sardinia and Rocca di Papa Results:
Inadequacy of Diftracted Field to account
for Ranges Obtained : DI’reponderance of
Refractive liffects in Lower Atmosphere,
due to Various Degrees of ITonisation from
Radioactive Emanations, Vapours, etc.].—
G. Pession. (Rassegna delle Posle dei Teleg.
edei Telef., April, 1933, Vol. 5, No. 4, pp. 232—
238.)

HARTFORD/B0OSTON LINK ESTABLISHED ON
2.5 MEeTRES [go-Mile Indirect Path with
Directive Aerial: Certain  Lower-Atmo-
spheric Conditions more favourable than to
5-Metre Waves : etc.].—R. A. Hull. (QST,
March, 1935, Vol. 19, No. 3, pp. 16 and g8,
99.) For previous reports see 931 of April
and 1440 of May.

1747.

A SiMPLE PHOTOGRAPHIC RECORDER FOR
THE LEXPERIMENTER [as used for Recording
Hartford/Boston Ultra-Short-Wave Signal
Variations].-—R. A. Hull. (QST, March,
1035, Vol. 19, No. 3, pp. 27—28 and 100, 102.)

1748.

. PROPAGATION OF LIGHT IN THE ATMOSPHERE
[Quantitative Study of Variations in In-
tensity (up to 1: 10 even in Calm Air) at
Points some Centimetres apart, from Light
Source 8 Kilometres away].--J. Duclaux.
(Journ. de Phys. et le Rad., February, 1933,
Series 7, Vol. 6, No. 2, pp. 49-51.)

. NEw RIESEARCHES ON THE PENETRATION OF
Fosc BY Ligat.—M. Wolli. (I:. T.Z.,
14th March, 1935, Vol. 56, No. 11, pp. 319—
320.)

. THE PENETRATION OF THE RED, GREEN AND

ViorLer COMPONENTS OF DAYLIGHT INTO

AtrLaxtic WaTERsS .[and the Ditferential

Effects of Dissolved and Suspended Sub-

stances].—R. H. Oster and G. I.. Clarke.

(Journ. Opt. Soc. Am., March, 1935, Vol. 23,

No. 3, pp. 84—91.)

EqQuaTtion or \Wavis WITH

VELOCITY VARYING wITH TivE.—P. 1.

Wold. (Phys. Review, 1s5th Feb. 1933,

Series 2, Vol. 47, No. 4, p. 333: abstract

only.)

1752. IN MEDIA
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1753. ANALYTICAL INVESTIGATION OoF WAVE Pro-
PAGATION PHENOMENA IN & MEDIUM WHOSE
CONSTANTS ARE I'UNCTIONS OF TIME, SPACE,
AND THE SurGE ITsEL¥ [using Modified
Torm of Iaplace’s Transformation].—S.
Hayashi. (Jouwrn. I.E.E. [Japan, February,
1935, Vol. 55 [No. 2], No. 559, pp. 110114 :
English summary p. 19.)
SIMULTANEOUS TRAVEL OF A SURGE OF
STRESS AND A Grour oF HIGH-I'REQUENCY
WAVES oF STRESS IN A STEEL WIRE.—D. O.
Sproule. (Nature, 6th April, 1935, Vol. 133,
p. 547.) Discussion of letter by Wall (955
of April).
Viscous IFLuiDs AND WAVES WHICH CAN BE
PrROPAGATED THEREIN.—G. De Backer.
(Comptes Rendus, 11th March, 19335, Vol. 200,
No. 11, pp. 899-9o1.)
UNDERGROUND  WIRELESS—RECENT  Ex-
PERIMENTS IN OSIGNALLING THROUGH THE
EartH—C. H. Roddis. (Flectrician, 8th
Feb. 1035, Vol. 114, No. 2058, p. 178))
Summary only. ‘‘ Considering that the results
so far experienced point towards working upon the
possibilities of utilising the magnetic field to more
advantage, and watching the success recently
experienced in a cross-Channel telephone by the
aid of the magnetic field, there is ample reason for
confidence that the experiments are worth pro-
ceeding with.”

1754.

1755-

1756.

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

1757. STUDY OF THE DIURNAL VARIATION OF
ATMOSPHERICS AT SHANGHAL—P. Lejay.
(Comptes Rendus, 25th Feb. 1935, Vol. 200,
No. g, pp. 768-770.)

Tie NEw DPHENOMENA DISCOVERED BY
SCHONLAND AND COLLENS IN THE PATH OF
A LiguTNING Frasu [Main Earth-Cloud
Discharge due to Flow of Electricity induced
on Earth below Cloud : General Discussion
of Lightning Phenomena].--B. Walter.
(Ann. dev Physik, March, 1935, Series 5,
Vol. 22, No. 4, pp. 421-424.) See 1934
Abstracts, p. 555, and back references.

1758.

“ MULTIPLE LIGHTNING STROKES ' : Dis-
cussioN.-—McEachron. (Flec. Ingineering,
March and April, 1935, Vol. 54, Nos. 3 and 4,
PP- 332-333 and 444—145.) See 670 of March.

SURGE CURRENTS IN PROTECTIVE DEVICES
[Analvsis of Data relating to Magnitude and
Probable Frequency of Occurrence].—A. M.
Opsahl. (Flec. Engincering, February, 1933,
Vol. 54, No. 2, pp. 200-204.)

1759-

1760.

DiscussioN oN ““ CATHODE-Ray OsciLrLo-
GRAPHIC STUDIES OF SURGE IPHENOMENA.”
—Allibone, Hawley and Perry. (Journ.
I.E.E., Iebruary, 1935, Vol. 76, No. 458,
pp. 236-238.) See 42 of January.
THUNDERSTORM DISTURBANCES OF A SOUTH
AFRICAN 132 KV Two-WIRE SYSTEM FROM
1926 TO 1933.~—H. Neuhaus. (E.T.Z.,
14th March, 1935, Vol. 56, No. 11, pp. 313—
316.)

1761.

1762.
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1703.

1704.

1766.

1767.

1768.

. TesTING

DiscussioNs OF PAPERS ON LIGHTINING
INVESTIGATIONS ON TRANSMISSION LINES. —
(Elec. Engineering, February, 1935, Vol. 54,
No. 2, pp. 218-233.) Discussions on papers

which have been referred to in past
Abstracts.

LIGHTNING AND THE WASHINGTON MONU-
MENT.—Nat. Bureau of Stds. (Journ.
Franklin Inst., March, 1935 Vol. 219,
No. 3, pp- 373-374)

. THe TPROTECTION OF HOUSES AGAINST
LicunTtNIing [Official Appendix].—(L'Llet-

tvotec., 15th Nov. 1934, Vol. 21, No. 32,
PP- 749-752)

THE POTENTIAL ACQUIRED IN THE NATURAL
ELtctric FIELD BY A VERTICAL Robp
STANDING ON THE GROUND, INSULATED AT
THE BorToM AND CARRYING A COLLECTOR
AT THE Top [Theoretical Investigation].—
L. H. G. Dines. (Proc. Phys. Soc., 1st March,
1935, Vol. 47, Part 2, No. 259, pp. 218-234.)

CoroNa EFfFFECT wiITH D.C. POTENTIALS.
G. de Fassi. (L'Eletivotes., 10th March, 1935,
Vol. 22, No. 5, pp. 163-172.)

IixPLOSIVE DISTANCES [in Air].—G. Rebora.
(L’Elettrotec., 25th March, 1935, Vol. 22,
No. 6, pp. 202-206.)

wiTH HiGH IMPULSE CURRENTS
M<xperiments with High-Current Impulse
Generator with Open-Circuit Potential of
150 kV].—McEachron and Thomason.
(Gen. Illec. Review, March, 1935, Vol. 38,
No. 3, pp. 1206-131.)

0. " ELECTRICAL IFIGURES ON PPLATES IN AIR " :

1771.

1772.

1774.

1775.

Discussion [Difference in Rates of Growth
of Positive and Negative Figures, etc.].—
Pleasants.  (Elec. Ewgineering, February,

1935, Vol. 54, No. 2, p. 234.) See 1934
Abstracts, p. 262:

DirRECT MEASUREMENT OF SURGE CURRENTS
[by Surge-Crest Ammeter].—Foust and
Henderson. (Elec. Engincering, April, 1935,
Vol. 54, No. 4, pp. 373-378.) For previous
papers on this instrument see 1934 Abstracts,
P- 555

METEOROLOGICAL RADIO SOUNDINGS [Survey
of Exploring Balloon Methods, especially
those of the Trappes Observatory and of
Moltchanoff].—R. Bureau. (L.’Onde Elec.,
January and February, 1935, Vol. 14,
Nos. 157 and 158, pp. 1026 and 87-96.)

PHASE or THE DIURNAL COMPONENT OF THE
GRADIENT OF TERRESTRIAL ELECTRICAL
PorentiaL.—Guizonnier. (See 1738.)

SIMULTANEOUS MEASUREMENTS OF VARIOUS
ELEMENTS OF ATMOSPHERIC ELECTRICITY.—
Odette Thellier. (Comptes Rendus, 25th
March, 1935, Vol. 200, No. 13, pp. 1124~
1127.)

ATMOSPHERIC ELECTRICITY IN AUSTRALIA
[Note on Potential Gradient].-—(Nature,
3oth March, 1935, Vol. 135, p. 515.)
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THE DiurNAL VARIATION OF MAGNETIC
DiSTURBANCE IN HiGH LATITUDES.—]. M.
Stagg. (Proc. Roy. Soc., Series A, 1st April,
1935, Vol. 149, No. 867, pp. 298-311.)

TuEe (Laboratory] PrRoDUCTION OF A RADIA-
TION OF ENERGY COMPARABLE TO THAT OF
SorT Cosmic Ravs [20-30 X 10%eV].—
Joliot and ISowarski. (Comples Rendus,
4th March, 1933, Vol. 200, No. 10, pp. 824—
827.)

TuE DIRECTIONAL DisTrIBUTION oOF Co-
1NcIDENT CosMIC RAYS AT SEa-LEVEL [Cosine
Square Distribution : New Determination of
Specific lonisation and Other Constants].

W. Kolhorster and L. Janossy. (Zeitschr.
f. Physik, No. 1/2, Vol. 93, 1934, pp. 111122,

EFFECT OF THE IEARTH’S MAGNETIC FIELD
oN CosMIic RAYS IN THE STRATOSPHERE
[Primary Rarliation consists of Two Cor-
puscular Components].—M. Cosyns. (Nature,
23rd Feb. 1933, Vol. 135, pp. 313314 :
preliminary results.)

Tur East-WeST AND LONGITUDE EFFECTS
[in Cosmic Rays: Theoretical Effect of
Dissymmnietry of Earth’s Magnetic llield].—
H. V. Neher. (Phys. Review, 1st March,
1935, Series 2, Vol. 47, No. 5, pp. 417—-418.)

THE ISLECTROSTATIC DEFLECTION OF THE
Cosmic Ravs.—DB. Rossi: Lenz. (La
Ricerca Scient., No. 11/12, Vol. 2, 5th Year,
1934, Pp- 470-471.) On Lenz's results.
See also 1782.

ELecTRICAL DuviatioN ofF Cosmic Ray
ParTicLEs [Possible Method of Analysis :
Preliminary Description].—E. Lenz. (Physik.
Zeitschr., 2nd Jan. 1935, Vol. 36, No. 1,

pPp. 24-26.) See also 381 of February, and
1781 and 1783.
Ox THE ELECTROSTATIC DEFLECTION OF

Cosmic RapiatioN [Comparison of Results].
—W. E. Danforth and W. F. G. Swann.
(Phys. Review, 1st March, 1935, Series 2,
Vol. 47, No. 5, p. 421.) See also 1782,
above ; Danforth, 1934 Abstracts, p. 310
and Swann, Science, 19th May, 1933.

StUDIES OF THE CORPUSCULAR COMPONENT
or THE Cosyic RapiaTtion.—T. H. Johnson.
(Trans. Am. Geophys. Union, June, 1934,
Part I, pp. 143-147.)

Tnr TrHErMAL EQUILIBRIUM OF THE ELE-
MENTARY CorPUSCLES [with Application to
Origin of Cosmic Raysl.—G. Wataghin.
(Comptes Rendus, 11th March, 1935, Vol. 200,
No. 11, pp. 909 912.)

THE ABsorpTioN oF THE CoSMIC RADIATION,
and CHARACTERS O THE Two CORPUSCULAR
CoMpPONENTS [Protons and Electrons ?] or
THE CosMIC RaDIATION.—Auger: Auger
and others. (Compies Rendus, 25th Feb. and
18th March, 1935, Vol. 200, Nos. 9 and 12,

PP- 739-742 and 1022-1024.)
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1787. ARE THE FORMULAE FOR THE ARSORPTION
oF HiGH-ENERGY RaADIATIONS VALID ? [Dis-
crepancy between Theory and Experiment
for Absorption of Cosmic-Ray Electrons and
Gamma Rays explicable on Classical Theory].
—J. R. Oppenheimer.  (Phys. Review,
1st Jan. 1935, Series 2, Vol. 47, No. 1,
Pp- 44-52.)

COMPARISON BETWEEN THE ‘' CURVES OF
SHOWERS ” AT SEA LEVEL AND AT 2 760
MrTrES.—Rossi and de Benedetti.  (La
Ricevca Scient., No. g/1o, Vol. 2, sth Year,
193+, Pp- 379-350)

1788.

1789. SOME RESEARCHES ON THE S0-CALLED
‘ SHowEeRrs.”—Bernardini and Bocciarelli.
(La Ricevca Scient., No. 11/12, Vol. 2, sth
Year, 1934, pp. 464-467.)

1790. THE ARSORPTION OF THE PENETRATING
CorPUSCULAR  RADIATION AT VARIOUS
ZrxitHaL  IncriNaTIONS.—Bernardini and
Bocciarelli. (La Ricevca Scient., No. 1,
Vol. 1, 6th Year, 1935, pp. 33-39.)

1791. DEEP WATER MEASUREMENTS oF CosMic

Ravys ix THE NorTH SeEa.—]. Clay and
others. (Physica, Oct./Nov. 1934, Vol. 1,
No. 10/11, Pp. 1077-1081 : in English.)

VARIATION OF THE INTENsiTY oF Cosyic
RADIATION AT DIFFERENT HEIGHTS AND
WITH ATMOSPHERIC PRESSURE: A DBARO-
METER PARADOX: THE INFLUENCE OF
Croups [and the Probability of the Existence
of an Intermediate Photon Radiation].—
Clay and van Alphen. (Physica, March,
1935, Vol. 2, No. 3, pp. 183-195.) In two
papers on the 1933 Dutch expedition. For
previous papers see 1934 Abstracts, pp. 316
and 556.

1792.

1793. RESEAaRCHES oX THE CosMIc RAYS CARRIED
OUT AT SCORESBY SOUND DURING THE
PoLarR YEeaR—A. Dauvillier. (Journ. de
Phys. et le Rad., December, 1934, Series 7,
Vol. 5, No. 12, pp. 640-648.) See also 1934
Abstracts, p. 492.

PROPERTIES OF CIRCUITS

1794. EFFECT oF OUTPUT IMPEDANCE ON THE
PERFORMANCE OF SQUARE-LAwW DETECTORS
IN BEAT-FREQUENCY OSCILLATORS.—W. G.
Baker. (Journ. Inst. Engineers, Australia,
November, 1934, Vol. 6, No. 11, pp. 447451 :
A.W.A. Technical Review, March, 1935,
Vol. 1, No. 1, pp. 22-31.)

Author’'s summary :—Square-law detectors in
beat-frequency oscillators would produce no har-
monics of the beat frequency if the square law were
not disturbed by the output impedance. A method
is here developed for the determination of the
magnitude of this effect, depending on the solution
of a differential equation by a method of successive
approximation. Expressions are given from which
the distortion may be estimated, and the conditions
for minimum distortion determined. It is shown
that there is an optimum relation between the load
resistance and the grid bias, resulting in a relative
maximum voltage output. Keeping this relation
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satisfied, there is again an optimum value of load
resistance, and at the corresponding bias with this
resistance the maximum output at fixed plate voltage
is obtained. The output is at once limited by grid
current and cut-off of the plate current, both of
which are just to be avoided.

1795. CALCULATION OF SyNcHRONISM [““ Gleich-
lauf ”’] 1N THE INTERMEDIATE-FREQUENCY
[Superheterodyne] RuceIrvErR.—W. Kautter.
(E.N.T., January, 1935, Vol. 12, No. 1,
pp. 31-33)

The condition required for ‘ Gleichlauf ' is that
the oscillator circuit shall be kept constantly tuned
to a frequency ditfering from that of the preceding
circuits by an amaunt equal to the intermediate
frequency. This may be done by shortening the
tuning capacity C by a fixed condenser C’, using
smaller inductances L’ than in the preceding
circuits and giving the two variable condensers
different initial capacities. The best approximation
to the idcal state is attained by making the desired
and actual frequency curves coincide in three
points ; this paper gives a formula corresponding
to the circuit of Fig. 1 for rapid calculation of
appropriate values of circuit elements. The
derivation of this formula for the frequency error
is omitted but a numerical example of its use is
given and illustrated by Fig. 2.

1796. OPERATIONAL CALCULUS AND THE STUDY OF
ErLectricaL CIRCUITS IN THE TRANSIENT
RfEGIME.—A. M. Angelini.” (L'Elettrotec.,
toth April, 1935, Vol. 22, No. 7, pp. 242-251 :
to be contd.)

SELECTIVE TRANSFORMATIONS. [DPROPERTIES
oF TRANSFORMATION AND SELECTIVITY
CurvEs [Application to Electric Filters
gives Heaviside's Equations].-—M. Lévy.
(Comptes Rendus, 18th Feb. 1935, Vol. 200,
No. 8, pp. 646-648.) For previous work
see 1934 Abstracts, p. 573, r-h column, and
346 of January.

1797.

MATHEMATICAL THEORY OF MECHANICAL
AND ELEcTtrRIC FILTERS [Electrical Con-
ceptions have Counterparts in Mechanical
Systems].—]. Haag. (Comptes Rendus,
18th Teb. 1935, Vol. 200, No. 8, pp. 607—
609.) For previous work see 1934 Abstracts,
p- 265, r-h col.

1798.

‘““ NEw REPRESENTATION OF THE PROPERTIES
oF Two CouPLED CIRCUITS ' : CORRECTION.
—Mesny. (L'Onde Llec., January, 1933,
Vol. 14, No. 157, p. 49.) See 1934 Abstracts,
p. 611.

1799-

METHODS OF CALCULATING AND IMPROVING
THE KEFFECTIVE ATTENUATION, CHARGE Ia-
PEDANCE AND REFLECTION Loss oF ELECTRIC
Firters.—H.  Sterky. (L'Onde  Elec.,
February, 1935, Vol. 14, No. 158, P T54a:
summary only.

David remarks that ** the reader has the agree-
able surprise—very rare in the field of tilters——of
ending with a comparison of the curves thus
calculated and the experimental ones. These are
in connection with h.i. telephony along lines, and

1800.
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the agrcement is very satisfactory.” The effective

attenuation is found directly.

1801. MeTHOD oOF CALCULATION FOE NETWORKS
or ImpeEpaxces [Free from Limitations of
Quadripole Theory].—V. Baranov. (Rev.
Gén. de I'Elec., 16th March, 1935, Vol. 37,
No. 11, pp. 339-351))

1802. ““ ErtcTric Circults AND WaAvE FILTERsS ™’
[Book Review].—A. T. Starr. (P.0. Elec.
Lng. Journ., April, 1935, Vol 28, Part I,
p. 76.)
TRANSMISSION

1803. Dwarr WAVES As SPACE-CHARGE OSCILLA-
TioN OverToNks. I axp II [Development
of Valve generating Micro-Waves of Ire-
quency varlable within Wide Limits].—
J. Miller. (Ann. der Physik, Series 5,
Nos. 6 and 7, Vol. 21, 1935, pp 611~648 and
649-666.)

Dwarf waves (A = 1o to 30cm) in the B.-K.
circuit are regarded as the result of interaction
between oscillations of the electrode circuit and
the space-charge oscillations. A dwarf wave is
generated when a natural frequency of one of these
systems is nearly equal to onc of the other system.
Part T: the grid and its support are found to be
the determining factors in the production of
oscillations, and ‘‘ push-pull”” oscillations are
produced when the grid has the symmetrical type
of support shown in Fig. 15. A comprchensive
series of experiments results in thc design of a
valve whose principle is shown in Tig. 25; the
grid connections form a Lecher wire system, and
the variable position of the bridge across this,
outside the valve, determines the wavelength
produced. The grid circuit is schematised (Fig. 28)
and discussed mathematically. In Part IT the
interaction between space-charge and electrode
oscillations is more [ully discussed ; the use of the
new valve as a practical generator is described
(photograph Fig. 35, dipole rcceiver with crystal
detector Fig. 36) and various general considerations
on the construction and use of the valveare given.
A list of relevant literature is appended.

1804. Some EXPERIMENTS ON ELEcTRONIC OSCIL-
LaTions [in B.-IK. Circuit: Straight-Line
Graph connects Wavelength with Valve
Voltages: Suggested Use of Triodes thus
connected as Oscillation \Wavemeters].—
W. A. Leyshon. (Proc. Phys. Soc., 1st March,
1035, Vol. 47, Part 2, No. 259. pp. 277-286.)

1805. ON THE THEORY OF THE BARKHAUSEN-KURZ
OsciLLATIONS [Space-Charge more Effective
than Negative Resistance in Oscillation
Generation].—E. W. B. Gill:  Alfvén.
(Phil. Mag., April, 1935, Series 7, Vol. 19,
No. 128, pp. 549-850) See 993 of April
and back references.

TuBr ELECTRONICS

AT Urtra-Hice Freguexcies.—F. B.

Llewellyn : Benham. (Pvoc. inst. Rad. Eng.,

Tebruary, 1935, Vol. 23. No. 2, pp. 112-127.)

Revision, to meet Benham'’s criticisms, and

extension of the work dealt with in 1934

Abstracts, p. 265.

1806. NoTE ON VACUUM
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1807. MoDULATION METHOD FOR SHORT AND
ULTrA-SHORT WavEs [by Discharge Tube

connected across Feeders near DPotential
Antinode].—Esau and Pfetscher. (French
Pat. 777 100, pub. 11.2.1935: Rev. Gén.

de I'[ilec., 30th March, 1935, Vol. 37, No. 13,
p. 108D

1808. Tue EFrFiciEncy or Crosep IRoN CORE
TRANSFORMERS AS A FuxcTioN oF FRE-
QuENCcY [Principles of Design for Wide Band
Pass Curve for Transmitter Modulation]..—
G. Eckart. (Adrch. f. Elektrot., 12th March,
1935, Vol. 29, No. 3, pp. 215-220.)

The paper is a contribution to the theory of the
production of a wide frequency band for the anode
modulation of powerful emitters. The transformer
is replaced by its equivalent circuit (Fig. 1) and the
theory of this is worked out. At low frequencies
the efficiency increases with the square of the
frequency ; it reaches a maximum and decreases
again at high frequencies (Fig. 2). The optimum
load resistance makes the ohmic (copper) losses
equal to the iron losses. Figs. 4 and 5 give experi-
mental curves for comparison,

1809. GRID-Bias MoDULATION roR THE GENERAL
Purrose TRANSMITTER, and GRID-Bias
MODULATION OF THE 100-WATT TyPE POWER
AMPLIFIER.—G. Grammer : Wirkler and
Collins. (QST, March, 1035, Vol. 19, No. 3,
pp. 17-26: 29-31 and 62.)

1810. TABLES FOR CALCULATION oF Vacuum TUBE
OSCILLATOR OPERATING WITH COMPLEX FORM
or PLaTE CurreENT.—A. 1. Berg. (lzvestia

Llektroprom. Siab. Toka, December, 1934,
No. 10, pp. 1-10))
Author’'s summary .—Complete and accurate

tables are developed which are destined to over-
come difficulties encountered in the determination
of the constants of the series for calculation of a
vacuum tube oscillator operating with high grid
excitation and complex form of plate current;
tables under consideration are calculated by aid of
formulae for flat-topped cosine pulse, and include
data pertaining to all possible values of cut-off
from o° to go”.

1811. CrysTaL OSCILLATORS FOR Rapio TRaNs-
MITTERS | AN ACCOUNT OF LEXPERIMENTAL
WORK CARRIED OUT BY THE PosT OrrICE.
C. F. Booth and E. J. C. Dixon. (Wureless
Engineer, April, 1935, Vol. 12, No. 139,

Pp. 108-200: Nature, 6th April, 1935,
Vol. 135, p. 552.) Summaries of I.LEE.
paper.

1812. Two EwmTTeER Circults witH OCtopi.
B. Pavlik. (E.N.T., February, 1935, Vol. 12,
No. 2, pp. 53-54.)
Tig. 1 shows a circuit for a crystal-controlled,
modulated r.f. emitter using an octode, and Fig. 2
a crystal-controlled beat-tone generator.

1813. A TeMPERATURE-COMPENSATED DvYNATRON
OsCILLATOR OF HIGH FREQUENCY-STABILITY.
J. H. Piddington. (Journ. Inst. Lngineers,
Australia, February, 19335, Vol. 7, No. 2,

pp- 53-01. ) .
“ Tt is shown that a valve oscillator with carefully
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designed inductance and capacitance [each being
temperature-compensated separately, or else the
product being compensated by a condenser design
giving negative temperature coefticient or by an
inductance design, evolved from Griffiths’ con-
struction (1930 Abstracts, p. 112), also giving
negative coefficient] and control on the threshold
of oscillation [Groszkowski, Abstracts, 1933, p. 5604,
and 1934, p. 205] has a stability of about 20 parts
in 10° for any normal variation in supply voltage,
temperature, pressure (if condenser is sealed), or
other less important factors mentioned above. 1f
the supply voltage is regulated to within 1%, this
figure may be reduced to about 10 parts in 108. . . .
The above figures apply to the case of a tuning
condenser of 1000 uF with oscillation at 100 ke/s.
For a larger C/L ratio better stability is possible,
but the C/L ratio is limited by the size of the air-
dielectric condenser, which becomes unwieldy.

““ The stability of an oscillator mayv be decreased
by any load which it has to supply, so that for
oscillators supplying power the above stabilities
are in gencral not attainable. By paying attention
to the stability of the load circuit itself, its effect
on the frequency variation may be reduced—thus a
capacity load should be temperature-compensated
if its effect is sufticiently large. Oscillators used in
beat-frequency oscillators or as master-oscillators
in transmitting systems should have a minimum of
load. This may be accomplished by using a buffer
valve between the oscillator and any load to be
supplied.”

1814. MULTI-FREQUENCY DyYNATRON OSCILLATOR
AND ITs FreEQuENCY STaBiLITY [and Com-
parison with the Duo-Dynatron].-—T. Hayasi
and A. Hukusaki. (Journ. I.LE.E. Japan,
February, 1935, Vol. 55 [No. 2], No. 559,
pp. 105-109 : English summary pp. 17-19.)

1815. SIMPLIFIED [Suppressor-Grid] OSCILLATORS
THE USE OF THE 57 or 6C6 TO OBTAIN
NEGATIVE TRANSCONDUCTANCE AND NEGA-
TIVE REsisTaNcE.—RCA Radiotron. (Rad.
Lngineering, March, 1935, Vol. 15, No. 3,
Pp- 15-17.) See also ibid., pp. 20-21.

RECEPTION

1816. THE ELIMINATION OF INTERSTATION IN-
TERFERENCE [Heterodyne Interactions with
Desired Carrier Wave, remaining after
Reception by Highly Selective (¢.g. Quartz
Crystal) Receivers, eliminated by Multi-
Acrial Reception with such a Receiver at
each Aerial : Advantages of Low-T'requency

over High-I'requency Combination : Simuli-
taneous Reception of Various Services :
etc].—J. Robinson. (Wireless Enginecr,

April, 1935, Vol. 12, No. 139, pp. 179-189.)

1817. ** LUXEMBOURG EFFECT ” [by Spark Station]
NOTED IN U.S. ¥ 1919.—R. S. Kruse.
(Electronics, DMarch, 1935, p. 98) The
effect was very slight until the spark station
power was increased so that audible corona
was caused on its aerial. The imposed-on
station was sending c.w. signals. The
* straight-line rule ” was observed.
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1818. URST TesTs oN ““ LUXEMBOURG EFFECT ' :
InteErim  REesurts 1N Paris REegion.
(L’Onde Flec., March, 1935, Vol. 14, No. 159,
Pp. I52-153.)

A MrTHOD oOF MEASURING NoIsE LEVELS
ON SHORT-WAVE RADIOTELEGRAPH CIRCUITS
[Biased Tube Circuit feeding Slow-Period
Ballistic Meter, showing Percentage Time
with Noise cxceeding Predetermined Level).
—H. O. Peterson. (Proc. Inst. Rad. Eng.,

February, 1935, Vol. 23, No. 2, pp. 128-131.)

1819.

1820. A PORTABLE MEASURING APPARATUS FOR
INVESTIGATING [the Frequency Distribution
of] INTERFERENCE FreLps.—A. Dennhardt
and E. H. Himmler. (E.N.T., February,
1935, Vol. 12, No. 2, pp. 55-60.)

General considerations of the Fourier spectrum
of h.f. disturbances lead to the decision fo use a
frequency band of definite width but variable mean
frequency (cf. Wild, Abstracts, 1933, p. 272).
Simplicity and compactness are desired and a
heterodyne method is chosen (Alexander, 1932,
P. 639) ; its theory is discussed, on the assumption
of a square-law rectifier. The basic idea of the
apparatus is shown in Fig. 1; Figs. 2a and b show
the input circuits used for measuring the magnetic
and electric field vectors respectively and Fig. 2c
that for measuring the antenna em.f. The theory
of the measurement and calibration is then dis
cussed and practical measurements are described.
Tig. 3 shows the spectrum of the disturbance
produced by a h.f. medical apparatus, and Fig. 4
that from a vacuum cleaner, measured below the
feeding cable. TFig. 5 shows the result of measure-
ments perpendicular to the feeder, and Fig. 6 the
variation of the field along the feeder. Resonance
effects in the latter are due to the arrangement of
the conductors (Fig. 7). Tig. 8 gives the polar
diagram of disturbance from an L-shaped antenna
near a cable, as a function of the position of the
horizontal part of the antenna ; Fig. g is the same
for an earth antenna, as a function of the position
of the antenna relative to the cable.

1821. EDITORIAL : THE RATIO oF THE ELECTRIC
AND MAGNETIC FIELDS CLOSE TGO AN AERIAL
[Resulting Difference in Effect on Frame
and on Open Aerial: Application to In-
dustrial Interference, Its Diagnosis and
Elimination].—R. Mesny. (L'Onde Elec.,
March, 1935, Vol. 14, No. 159, pp. 126-130.)

1822. BROADCAST INTERFERENCE INVESTIGATION-
‘" PosT OrrICE Raprio SeRVICE.—A. C.
Warren. (P.O. FElec. ILng. Journ., April,
1935, Vol. 28, Part I, pp. 23-26.)

1823. BROADCAST INTERFERENCE : P.Q. INVESTIGA-
TIONS—METHODS OF SUPPRESSION-—LEGIS-
LATION ABROAD—NON-INTERFERING PLANT.
—J. Neale. (Flectrician, 1st and 8th Feb.
1935, Vol. 114, Nos. 2957 and 2958, pp. 151
152 and 179-181.)

1824. BROADCAST INTERFERENCE AND ITs Sup-
PREsSION.—H. Reppisch. (Zeitschv. V.D.I.,
3oth March, 1935, Vol. 79, No. 13, pp. 395
399.) Survey prompted by the imminent
coming into force of the German anti-
interference law.



June, 1935

1825.

1826.

1827.

1828,

1529.

1330.

1831.

1832.

1833.

1834.

1835.

1836.

THE

RevVIEWS oF FRENCH BoOKs ON THE ELIMINA-
TION OF RADIO INTERFERENCE.—Singer :
Baize. (Rev. Gén. de [I'Elec., 16th and
23rd Feb. 1935, Vol. 37, Nos. 7 and 8,
Pp. 202 and 234.)

SAFETY REGULATIONS FOR INTERFERENCE
SUPPRESSORS. — (T'elevision, May, 1935,
Vol. 8, No. 87, p. 262))

V.D.1. REGULATIONS REGARDING MACHINES
AND APPARATUS FOR THE DIMINUTION OF
Ranio INTERFERENCE ALTERATIONS.—
(E.T.Z., 14th March, 1935, Vol. 56, No. 171,
PP- 332-333.)

QUENCHING UNITS FOR SUPPRESSION OF
BroabpcasT INTERFERENCE.-——AEG. (E.T.Z.,
28th March, 1935, Vol. 56, No. 13, p. 384:
summary only.)

ParasiTEs IN Rapio [Lecture on Industrial
Interference and Its Suppression].—P. David.
(L’Onde [Llec., February and March, 1935,
Vol. 14, Nos. 158 and 159, pp. 69-85 and

140-151.) For Discussion see ibid., April,
1935, pp. 216--220.
INTERFERENCE SUPPRESSION oON  HIGH-

TexsioN Lines BY TuxNED CHOKING CoILS.
-C. V. Aggers and R. N. Stonnard. (Electric
Journal, Vol. 31, 1934, p. 367.)

SoME CHARACTERISTICS OF A.C. CONDUCTOR

Corona [and the Sudden Interference-
Producing Bursts of Negative Corona : etc.].
—F. O. McMillan. (Elec. Ingineering,

March, 1935, Vol. 54, No. 3, pp. 282-292.)
For a previous paper see 193z Abstracts,

P. 224.

“INSULATOR SURFACE AND
Errects ' : Discussion.-—Hillebrand and
Miller. (FElec. Engineeving, February, 1935,
Vol. 54, No. 2, pp. 208-210.) See 1934
Abstracts, p. 561, I-h cclumn.

Rapio

INVESTIGATION OF THE RADIO-INTERFERENCE
AcTtioN oF HiGH-TENSION INSULATORS [New
Method of Measuring, and Some Conclusions :
Variation of Amount of Interference with
High Frequency examined and with Voltage :
etc.]—M. Dick. (Bull. Assoc. suisse des
Elec., No. 8, Vol. 26, 1935, pp. 192-196.)

RADI1IO INTERVERENCE FROM TrRaMWAY Sic-
NALS o8 Two-WIRE SvystEms —W. Gerber.
(Bull. Assoc. suisse des Elec., No. 5, Vol. 26,
1935, pp. 127-130.)

HicH I'rREQUENCY COMPENSATION FOR HIGH-
Fiprrity REeckIVERs [Increased Noise at
High Frequencies avoided by Down-Sloping
Characteristic from 4 to 7.5kc/s and
Corresponding Rise in Transmitter Charac-
teristic].—I.. Walsh. (Electronics, March,

1935, P- 94.)

Auplo-FrReQuENcy AVC [and Its
bility until All Stations use Same
of Modulation].—(Rad. I-ngincering,
1935, Vol. 15, No. 3, pp. 21-22)

Desira-
Degree
March,
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1837. [Experiments on Underlying Principles of]
DETECTORS.—H. Geismann. (Physik.
Zeitschr., 15th Feb. 1935, Vol. 36, No. 4
pp- 132-138.)

Experiments made with a view to explaining the
action of detectors are described. For experiments
in vacuo the writer used Heineck’s detector cell
(Abstracts, 1932, p. 469, and 1934, p. 276), with an
emitter giving frequencies between 10000 and
100 kc/s.  Tests on the barrier layer on doubly-
sublimated rbs showed that the chemical nature of
the layer had no influence on the detector action,
provided that it was a worse conductor than pbs
and was adsorbed by it. The procedure of forming
a barrier layer is reversible; it thus depends
purely on adsorption. Measurements of the break-
down voltage with d.c. (Fig. 1) showed that the
complete barrier layer is several molecules thick.
A monomolecular film appears however to give
rise to some detector action. §IV discusses the
relative merits of investigations with d.c. and a.c.
and §V describes remanence phenomena with d.c.
(Figs. 2 and 3). Experiments with other detectors
(§V1) showed that, with a.c,, a semi-conductor is
not necessary to obtain the rectifying effect, if only
the barrier layer is an insulator. The preferred
direction for the current (§VII) is that in which the
positive semi-phase flows from the point to the
surface. A point contact is a necessary condition
for rectification but the effect decreases when
several are present (§VIII). Various hypotheses
which have been put forward to explain rectifica-
tion are discussed in §IX.

1838. SOoME CONSIDERATIONS ON DETECTORS.—-
P. David. (Electronics, March, 1935, pp. 99—
100.) Long summary of the French paper

dealt with in 416 of February.

SUPERHETERODYNE
(See

THE OPERATION
FIrsT-DETECTOR
1891.)

OF
VALVES.—Stewart.

1839.

WHISTLING NOTES IN SUPERHETERODYNE
Recevers [including Formula for Whistle/
Music Ratio behind Second Detector :
Input Signal for Best Compromise between
Whistle and Valve Noises|.—M. J. O. Strutt.
(Wireless Emgineer, April, 1935, Vol. 12,
No. 139, pp. 194-197.)

DESCRIPTION OF A DOUBLE FREQUENCY-
CHANGE SUPERHETERODYNE, VERY SENSI-
TivE AND PowerrurL.—R. C. Couppez.
(L’Onde Elec., March, 1935, Vol. 14, No. 159,
pp. 167-173 : to be continued.)

The writer has, in his search for the most sensitive
receiver for his long-distance experiments, been a
devotee of the superheterodyne principle since
1922. In this paper he begins by an account of his
experiences with different circuits: thus in 1927
his results with two complete superheterodynes in
series taught him the advantages of a fairly high
i.{f between 400 and 525 kc/s, while other tests
convinced him that the great source of background
noise was the frequency-changing stage, and led
him to the conclusion that the MacCaa circuit
(Expevimental Wireless, 1928, p. 378), considered
not merely as an anti-parasitic device but above all
as a frequency changer, is the most perfect realisable

1840.

1841.
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form of such a circuit. In his final receiver now
described he thereforc uses a double-change com-
bination, first to 450 kc/s and then to 100 kc/s,
with a MacCaa circuit at each frequency change.
The first change is immediate (“ no pre-amplifi-
cation ”’ is one of his articles of faith—see 727 of
March), using two type 77 valves (indirectly heated
pentodes) with any triode for local oscillator : then
follow 31i.f stages and another and similar frequency-
changing stage, followed by two stages of 100 kc/s
amplification : then an anode-bend detector (2
type 77’s) with another pair of ;7's as fading com-
pensator, and finally an a.f. output stage. The
receiver is mains-fed, three rectifiers being em-
ployed, giving 267, 213 and 450 volts respectively,
the last being for the direct-heated a.f. triode
(output up to 4.6 watts).

1842. CALCULATION OF SyNCHRONISM [ Gleich-
lauf ’] IN THE INTERMEDIATE-FREQUENCY
[Superheterodyne] Receiver.—Kautter.

(See 1795.)

FILTERED OSCILLATOR [to prevent Hum and
Audio  Modulation].—(Rad.  Engineering,
March, 1935, Vol. 15, No. 3, p. 22.)

1843.

OsciLLATOR PADDING [in Superheterodynes :
New Method of Treatment, for Graphical or
Mathematical Evaluation].-—H. Roder. (Rad.
FEngineeving, March, 1935, Vol. 15, No. 3,
pp. 7-11.)

‘“THE SUPERHETERODYNE RECEIVER, ITS
DrVELOPMENT, THEORY AND MODERN PPRAC-
Tice.”—A. T. Witts. (At Patent Office
Library, London.)

1844.

1845.

1846. THE DBRUNET ‘' 534" SUPERHETERODYNE
RECEIVER—P. Besson. (L'Onde Elec.,

January, 1935, Vol. 14, No. 157, pp. 50-03.)

THE 1935 RECEIVER OF THE ‘‘ MIDWEST
Raplo CorporaTiON ' [5 Wave Bands,
2 400 m—g m: Special Valves for Fading,
Tuning, and Automatic Tone Control].—P.
Besson.  (L'Onde Elec., TFebruary, 1933,
Vol. 14, No. 158, pp. 117-127.)

1847.

1848. THE “ INTEGRA 357" [3 Wave-Bands,
Octode Frequency Changer, I'ading Com-
pensation by One Diode of a Duo-Diode, the
Other giving Silent Tuning in combination
with the Triode of a Diode-Triode whose
Diode acts as Detector] —P. Besson. (L'Onde
Elec., March, 1935, Vol. 14, No. 159, PP
174-190.)

TrE SINGLE-RANGE
RANGE 200-2 000 M WITHOUT SWITCHING :
I.F. 1600 Kc/s [Constructional Dectails of
German Version of Wireless World ** Single-
Span” Receiver|.—H. Sutaner. (Funktech.
Monatshefte, January, 1935, No. 1, pp.
15-23.) Sec also 1042 of April.

TELEFUNKEN-DEUTSCHLAND 656 : A 7-CIR-
CUIT 5-VALVE SUPERHETERODYNE RECEIVER.
—(Funktech. Monatshefte, March, 1935, No. 3,
PpP. 129-131.)

1849. SUPERHET : WAVE-

1850.

June, 1933

1851. NEw REcriveEr TvpPES AT THE LEIPZIG
Fair: A CHanNGe IN THE TREND or DE-
sIGN [Decline of the Two-Circuit Two-Valve
Reflex Type and Return of the Two-Circuit
Threc-Valve ‘* Straight’” Type: etc].—
E. Schwandt. (Fumkicch.  Monatshefte,
March, 1935, No. 3, pp. 97-99.) A footnote
points out that the reflex type still has ad-
vantages for the home constructor.

Two-VarLvi RerLEx RECEIVER FOrR A.C.
MAINS, WITH 9-WATT OUTPUT STAGE.
H. Boucke. (Funktech. Monatshefte, March,
1935, No. 3, pp. 113-119.)

. THE Lnurations ofF THE REeFLEx Cox-
NECTION [High-Note Reduction : only Small
Amplitudes permissible at Grid, demanding
High-Amplification Tetrode and Volume
Control of Both Frequencies: a Successful
Fading-Control Circuit].—R. Oechslin. (Radio,
B., F. fur Alle, March, 1935, pp. 33-36.)

1852.

. SIEMENS 26, GEADUX 34 AND TELEFUNKEN-
KurilEr 127: A SIiNgLE-CikcuiT Two-
VALVE RuCEIVER.—(Funktech. Monatshefte,
March, 1935, No. 3, pp. 131-132.)

1855. THE ‘‘ PeopLE’'s " ReceivER FOR D.C. aND
A.C. Maixs, witH HiGH-VOLT VALVES-—
(Funktech. Monatshefte, March, 1935, No. 3,
PP- 92-93.)

1856. AC SnorRT-WAVE CONVERTER [with Heptodes
in Push-Pull].—H. B. Dent. (Wireless
World, 12th and 19th April, 1935 Vol. 36,
Pp. 358-361 and 382-385.)

1857. D.C.-A.C. Maixs [ Universal” Receiver]
ProsLEMs.—H. J. Wilhelmy. (Funkiech.
Monatshefte, January, 1935 No. 1, pp.
25-28.)

SurvEY OoF Rapro RECEIVER PropucTioN
i THE U.S. A —C. Borsarelli. (A4lta Fre-
quenza, YFebruary, 1935, Vol. 4, No. 1, pp.
39-59.)

Rap1o RECEIVER AND TUBE SALES INCREASE
[1934 Data]—(Llectronics, March, 1935,
Pp. 72-75.)

BeaT OscILLATORS FOR MODERN Rabio
Receivirs [for C.W. Telegraphy and for
Indicating Resonance: Best Method of
Coupling to I.F. Amplifier].—A. G. Manke.
(Electronics, March, 1935, pp. 83-89.) See
also Television, May, 1935, p. 283.

ror D.C. aAwND

1858.

1859.

1860.

1861. STABILISING RESISTANCES
UNIVERSAL RECEIVERS [particularly the
Urdox and Iron-Urdox Barretters]. —E.
Schwandt. (Funktech. Monatshefte, March,

1935, No. 3, pp. 93-96.)

AERIALS AND AERIAL SYSTEMS

RADIATION FROM A VERTICAL ANTENNA
oVvER FrLaAT PERFECTLY CONDUCTING EARTH.
—P. O. Pedersen. (/ngeniorvidenskabelige
Skrifter, A No. 38, 1935, 50 pp : in English.)

The immediate purpose of the work was in con-
nection with the design of the aerial for the Copen-

1862,
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hagen broadcasting station. It supplements the
carly work of Picrce and Ballantine. The calcula-
tions are based at first on sinusoidal current
distribution and a loss-free acrial. It is assumed
that the aerial current stops at a height ({—b) above
the surface (Uig. 1), at which height there is a top
capacity consisting of a <copper ring with spokes,
or of svinmetrically arranged horizontal wires.
The field produced by the horizontal currents is
neglected. Later, the current distribution for the
Copenhagen acrial is calculated on the assumption
(i) that the whole effective resistance is concentrated
at the current loop (Fig. 31I) and (i) that the
effective resistance is evenly distributed over the
whole length 7—b, and it is found that these two
distributions are very similar to cach other and that
both agree fairly well with the measured values.
The question whether the radiation diagrams
calculated for sinusoidal current distributions will
be sufficiently similar to those calculated from the
actual distributions is answered (for the Copenhagen
aerial) by Fig. 352 where the two diagrams are seen
to be nearly identical. But the enlargement shown
in Fig. 35b makes clear onc difference . the diagram
corresponding to the actual distribution shows no
zero angle. The reason for this is found : when
the phase angle ¢ has not a constant value along
the aerial, the radiated ficld cannot be zero {or any
value of the radiation angle unless both integrals
in the last part of equation 2.08" are zero, and this
is generally impossible. If s = const., there is only
one condition for zero field, and this condition may
sometimes be fulfilled by real positive values of
the radiation angle between o and =/2. * This

circumstance may also explain, at least partly, the:

obscrvations lately made by S. Ballantine ” [1934
Abstracts, p. 379].

1863. THE FRaCTION OF THE RADIATION FROM A
VERTICAL DIPOLE ABSORBED BY THE EARTH.

—Niessen.  (See 1731.)

1864. Tnr RATIO 01 LLECTRICAL AND MAGNETIC
4
FIELDS CLOSE TO AN AgriaL.-—Mesny.
(See 1821.)

1865. THE PHAsSE AND MAGNITUDE OF EARTH
CURRENTS NEAR Rapio  TRANSMITTING
AERrIALS.—G. H. Brown. (Proc. Inst. Rad.
Eng., February, 19335 Vol. 23, No. 2,
pp. 168-182))

The current calculations are first made on the
assumption of a perfectly conducting earth but then,
as a first approximation, an estimate is reached of
the losses in an earth of finite but high conductivity
(conduction currents predominating greatly over
displacement currents). Sinusoidal distribution in
the aerial is assumed, and the field due to the
horizontal part of the aerial neglected (but allowance
made in appendix). Applied to localising the earth
losses for simple half-wave aerial, the theory gives
greatest losses at 0.35 A {rom base.

1866. DISCREPANCIES BETWEEN THEORY AND
PRACTICE 1IN DBenaviotr or Tower
ANTENNAS FOR BroapcasTinG : DUE To

Non-SINUsoIDAL CURRENT DISTRIBUTION.
-11. E. Gihring and G. H. Brown. ([’roc.
Inst. Rad. I'ng., February, 1935, Vol. 23,
No. 2, pp- 98—99 : summary only.)
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1867. ON THE IMPEDANCE oF A VERTICAL HaLF-
WAVE ANTENNA ABOVE AN EARTH OF FINITE
ConpucTivity [Calculated by ¢ Induced
E.M.F.” Method : Applicable to Wavelengths
down to about 10 Metres except for Very
Dry Soil: a Principle of Similitude].—
W. I. Barrow. (Proc. Inst. Rad. Eng.,
February, 1935, Vol. 23, No. 2, pp. 150-167.)

1868. ON THE RADIATION RESISTANCE OF PARALLEL
WIRE HigH-FREQUENCY  TRANSMISSION
Lines [Effect of Bends].—S. S. Banerjee.
(Phil. Mag., April, 1935, Series 7, Vol. I9,
No. 128, pp. 787-805.)

The radiation resistance of straight parallel wires

is first calculated by the ‘ method of induced
em.f. ;" calculation and experiments for various
separations show that the radiation becomes
appreciable only when the separation becomes
greater than A/zo. A formula for the radiation
resistance of parallel wires bent in their own plane
is found, following Carter (1932 Abstracts, p. 585) ;
this bending involves considerable radiation losses.
The radiation resistance of parallel wires bent so
that the perpendicular to the plane containing the
bent arms is parallel to the shortest length between
the wires is next considered theoretically ; integrals
occurring in the formulac may be computed
graphically. This type of bending gives hardly
any radiation loss and is advised for practical
purposes. The theory of measurement of radiation
resistance is then given and the experimental
method described. Experimental curves on wave-
lengths of about 3 metres are given, showing the
change of radiation resistance as the spacing and
angle between the wires are varied.

1869. MEASUREMENT OF ANTENNA POWER BY
OvayA’s RaproMetTeER.—Kimpara, Tanaka
and Hashimoto. (Journ. I.E.E. Japan,
January, 1935, Vol 55 [No. 1}, No. 558,
p- 68 : Japanese only) TFor other work on
similar lines see 1932 Abstracts, p. 163,
Groszkowski.

1870. THE ANTI-FADING AERIAL OF THE BUDAPEST
[Lakihegy] BROADCASTING STATION.—(Alla
Frequenza, TFebruary, 1935, Vol. 4, No. 1,
pp. 118-123.)

1871. Tue HorizoNTAL RADIATION [Anti-Fading]
AEriaL AT HILVERSUM.—(Alta Frequenza,
February, 1935, Vol. 4, No. 1, pp. 124-127)

A SPACE-SAVING ADJUSTABLE ANTENNA
[ Sliding-Rod " Adjustment at Top of
Vertical Quarter-Wave Acrial for Short
Waves].—R. N. [Eubank. (OST, March,
1935, Vol. 19, No. 3, pp. 48-49.)

VALVES AND THERMIONICS

1873. InpuT REsISTANCE or Vacuum TUBES AT
HicH I'rRequexcies.— B. J. Thompson and
W. R. Ferris. (Proc. Inst. Rad. F-ng., March,
1935, Vol. 23, No. 3, pp. 195196 : summary
only.)

‘A theoretical analysis showed that with no
direct current flowing to the grid, there should be
an effective shunt resistancc between grid and
cathode inversely proportional to the product of
the transconductance of the tube, the square of

1872.
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the transit time of electrons between cathode and
anode, and the square of the operating frequency.
Experimental data concerning this relationship
showed an effective input resistance of 20 ooo
ohms at a {requency of 30 Mc/s for a conventional
type of r.f. amplifier tube.”

1874. INVESTIGATION OF VALVE PERFORMANCE
BY AN ELECTRODYNAMOMETER METHOD.—
D. A. Bell. (Jowrn. I.E.E., April, 1935,
Vol. 76, No. 460, pp. 415-420.)

“An electrodynamometer is employed to pick
out the component of fundamental frequency from
the output of a valve working under non-linear
conditions but with sinusoidal input. By this
means, effective values of valve parameters can be
deduced for working conditions at large amplitudes.”

1875. SHOT EFFECT AND THERMAL AGITATION IN
AN ErLecTrRON CURRENT LIMITED BY SPACE
CHarRGE [Experimental Confirmation of
Theory : Reduction of Shot Voltage by
Space Charge and Production of Thermal
Agitation Voltage].—G. L. Pearson. (Phys.
Review, 15th Feb. 1935, Series 2, Vol. 47,
No. 4, pp. 327-328: abstract only.) For
Llewellyn’s work see 1930 Abstracts, pp. 270~
280.

1876. TABLES FOrR CALCULATION or Vacuum TUBRE
OSCILLATOR OPERATING WITH COMPLEX FORM
or PLATE CURRENT.—Berg. (See 1810.)

1877. DouBLE-GRID VaALvis [Space-Charge-Grid
and Screen-Grid Valves, and a Screen-Grid
Valve with Screen Grid on Further Side of

Anode : the Difference between ‘° Shadow
and ““ Gap” Types: etc.].—E. Schulze.
(Hochf:tech. w. Elek:akus, March, 1935,

Vol. 45, No. 3, pp. 80-84.)

Following on the work dealt with in 398 of Feb-
ruary. Author’s summary :— 1. The character-
istic of the space-charge-grid valve is constructed
from the brake-field characteristic [from previous
paper] and from the profile curves of the potential
surfaces [derived from electrolytic trough deter-
minations of the equipotential lines—see Below,
1929 Abstracts, p. 44, and Barkhausen, 1933, p.
273—and subsequent contour modelling in plaster
of Paris|. The theoretically obtained character-
istics are compared with the experimentally plotted
curves”’ [Fig. 5, where the measured curve 1 is
seen to be of the same character as the theoretically
derived curve 2, but slightly displaced to the left:
this is attributed to a slight unavoidable bend in
the filament producing a 2% greater * durchgriff
than the calculated value].

‘2. The action of the space charge in front of
the control-grid wires is elucidated theoretically,
and the theoretical results confirmed by measure-
ments ' [here the distinction between ** shadow
and ‘“gap’ valves is brought forward: if the
spiral control grid has its turns ““ in the shadow ”
of the turns of the space-charge grid, only a very
slight space charge will be formed in front of it,
and the characteristic will be of uniformly ascending
character (“ Schattenrohr "’ curve, Fig. 8). If, on
the other hand, the control-grid spiral corresponds
to the “ gaps” of the space-charge grid, a much
larger spacc charge will be formed and a pronounced
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bend in the characteristic will result (“ Luckenrohr
curve, same diagram : these are experimentally
plotted curves). The cutting of one curve by the
other i1s due to the greater ‘' durchgriff ’ of the
control grid through the space-charge grid in the
case of the “ gap ' valve. The writer’'s work also
explains Alberti's 1926 result (Fig. 9) that for a
constant anode voltage the anode current passes
through a maximum as the filament current is
increased].

‘“3. The electron-ray formation in the screen-
grid valve is discussed [for ** shadow ”” and *‘ gap
types: Figs. 10 and 11]. Further, the dependence
of the slope of the screen-grid-valve characteristic
on the screen-grid potential is investigated [Fig.
11: the “ profile curve” is again made use of].
4. Finally, the electron-ray formation in a screen-
grid valve having its screen-grid outside the anode
is examined ”’ [Fig. 12, representing a special valve
of “ gap” type where the outer of the two grids
is used as the anode and the surrounding cylinder
as the screen grid].

1878. A MurtipLE Space CHARGE EFFECT [in
Multi-Grid Tubes : Conditions for Negative
Anode-Current  Emission  Characteristic :
Suggested Application for High Gain Amplifi-
cation].—E. W. Thatcher. (Physics, March,
1935, Vol. 6, No. 3, pp. 81-85.)

Favourable conditions for the anode-current
curve to have two horizontal tangents and a region
of negative slope are (1) an accelerating field for
electrons as they leave the emitting surface and
(2) a retarding field to reduce stream velocity
before passing into outer space—the second grid
is only slightly positive with respect to the cathode.
Experimental results are shown in the diagrams
and explained theoretically from considerations of
space charge action. An application to d.c.
amplifiers of the electrometer type is suggested.
For an abstract see Phys. Review, 15th Feb. 1935,
Series 2, Vol. 47, No. 4, p. 327.

1879. THE MAGNETRON AS A NEGATIVE RESISTANCE
[Anomalies with Oblique Magnetic Field
attributed to Electronic Oscillations only].
—N. Carrara. (Alta Frequenza, February,
1935, Vol. 4, No. 1, pp. 20-38))

Author’s summary :(—'* It has been observed
(Ranzi: Slutzkin and Steinberg [Abstracts, 1930,
p.- 98—two : 1929, p. 320]) that the magnetron,
when the direction of the magnetic field is oblique
to that of the catbode, may give abnormal values
of anode current and negative resistance. Ranzi
attributes the former phenomenon to the presence
of electronic oscillations inside the tube, and sug-
gests that the latter phenomenon is due to the par-
ticular form of the paths traversed by the electrons.
According to others, however (Hollmann {1931, PP-
617-618]) this particular path form is responsible
for the abnormal values of both anode current
and negative resistance. On this basis are founded
the latest studies (Megaw [1933, p. 324]) on the use
of the magnetron as an oscillation generator
(dynatron).

" The present work develops some theoretical
considerations, confirmed by experiment, tending
to disprove this latter explanation [it is shown by
consideration of the electron paths in a plane-
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electrode,

and then in a cylindrical-electrode,

magnetron that, if 5 = /! is very small, the anode
current increases continually with increase of v,
and decrease of H ; the general observance of this
condition is examined (p. 33) and it is concluded
that the anomalies in anode current and negative
resistance cannot be attributed to the particular

shape of the trajectories].

Other considerations

lead to the hypothesis that the cause of [both] the
phenomena described resides only in the electronic
oscillations which, as we have ascertained [experi-
mentally], the magnetron always exbibits at the
same time.”

1880.

1881.

1882,

1883.

1884.

1885.

1886.

1887.

DEVELOPMENT OF VALVE GENERATING MICRO-
WAVES OF FREQUENCY VARIABLE WITHIN
WipeE Livits.—Miller. (See 1803.)

Vacuum TuBES ForR GENERATING FRE-
QUENCIES ABOVE ONE HUNDRED MEGA-
cycLes.—Fay and Samuel. (Proc. Imst.
Rad. Eng., March, 1935, Vol. 23, No. 3,
pp. 199-212.) The full paper, a summary of
which was referred to in 1934 Abstracts, p.
503, 1-h col. See also 748 of March. ‘‘ The
negative grid tube compares very favourably
with other types of oscillators in respect to
output, and always at a much higher
efficiency.”

“ AcCoRN "’ VALVES FOR ULTRA-SHORT [and
Micro-] WAaVES [especially Type 955 RCA,
Its Construction and Circuits : \Wavelengths
0.5 m to 5 m].—A. Cannas. (4lta Frequenza,
I‘ebruary, 1935, Vol. 4, No. 1, pp. 109-114.)

Hici-PowER TRANSMITTING VALVES: THE
PuiLips TrioneE TA 20/250.—(A4lta Fre-
guenza, February, 1935, Vol. 4, No. 1, pp.
115-118.)

Hicu-Power VALVES: FUTURE DEVELOP-
MENT oF CoNTINUOUSLY EvacUaTep TYPE.
—Burch and Sykes. (Llectrician, 8th Feb.
1935, Vol. 114, No. 2958, p. 173.) Summary
of I.E.E. paper.

A DEMOUNTABLE PowEgR-OSCILLATOR TUBE
[10 kW and 30kW Types: also 5kW
oscillating at Wavelengths down to 7 Metres :
for Induction Furnaces, X-Rays, ectc].

D. H. Sloan, R. L. Thornton, and F. A.
Jenkins. (Review Scient. Instv., March,
1935, Vol. 6, No. 3, pp. 75-8z.) TFor higher
power oscillators of similar design see 20063.

TRANSMITTING VALVES—THREE NEw DE-
SIGNS DEVELOPED FOR BROADCASTING SER-
vice [Cat. 14, Cat. 15 and Act. 9].—(Ilec-
tfrician, 25th Jan. 1935, Vol. 114, No. 2956,
p- 137)

ALL-METAL VaLveEs [New Construction of
General Electric Company of America].-
(Wiveless World, 19th April, 1935, Vol. 36,
p. 393). Made possible by the introduction
of Fernico (see 1184 of April) and the de-
velopment of thyratron welding control,
this move ‘‘represents a distinct step
towards greater mechanisation in the manu-
facture of valves.”
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1889.

18g0.

1891.

1892.

1893.

1804.

1895.

1896.

1897.

1898.

1899.
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NEw ‘“ UniveErsaL” [D.C.-A.C.] MuLTIPLE
VaLves.—E. Schwandt: lLoewe Company.
(Funktech. Monatshefte, January, 1935, No. 1,
PP. 20-30.)

THE TRIADYNE (6B5) VALVE.—Brewster and
Bellem. (See 1912.)

Mixing VALVEs [and the Formulae for the
Conversion Conductance: Conditions for
Greatest Signal/Shot-Noise Ratio: etc.].—
R. J. Wey: Strutt. (Wiveless Engineer,
April, 1935, Vol. 12, No. 139, pp. 201-202.)
Discussion of Strutt’s paper (1455 of May)
by the writer of the paper on ‘ heptode
frequency changers’ (1458 of May).

THE OPERATION OF SUPERHETERODYNE
FirsT-DETECTOR VALVES [Equivalent Anode
Circuit and Its Analysis: Six Methods of
Measuring Conversion Conductance, includ-
ing a Dynamometer Method, and Their
Comparative Merits: etc.].—]J. Stewart.

(Journ. I.E.E., Tebruary, 1935, Vol. 76,
No. 458, pp. 227-235.)
Tue ProBrLeM oOF THE “ CoLD " AMPLIFIER

VaLve [Farnsworth ‘“ Electron Multiplier
and Its DPossibilities].-—(Funktech. Monats-
hefte, January, 1935, No. 1, p. 24.) Sre also
208 of January.

“ ELEKTRONEN-ROHREN " : VorL. 3: RE-
TrOACTIVE CoUPLING [Book Review] -

H. Barkhausen. (Rev. Gén. de [I'Elec.,
23rd March, 1935, Vol. 37, No. 12, p. 362.)

APPARENT RE-ACTIVATION OF TUBES AFTER
LoxG  REST.—(Electronics, March, 1935,

P 95)

TusEe METAL ProcussIiNG [particularly Svea
Metall.—L. L. McMaster, Jr. (Rad. En-
gineeving, March, 1935, Vol. 15 No. 3,
pp. 12-14.)

A BariaTep NICKEL FILAMENT WITH

OXxIDISED QUTER SURFACE, WITH BARIUM
CONTENTS UP TO 1% : AND ITS ADVANTAGES.

‘R. A. Wolfe. (Proc. Inst. Rad. Lng.,
February, 1935, Vol. 23, No. 2, p. 97:
summary only.)

CONTACT PoTENTIAL OF THORIATED

Tu~csTEN [Measured with Varying Surface
Coverage and Temperature].—D. B. Lang-
muir.  (Phys. Review, 15th Feb. 1933,
Series 2, Vol. 47, No. 4, p. 328)

[Quantum] THEORY OF LLLECTRICAL DOUBLE
LaveErs IN ADsSORBEDR Firms [Effect on
Work Function].—R. W. Gurney. (Phys.
Review, 15th March, 1935, Series 2, Vol. 47,
No. 6, pp- 479-482.)

THE RELATION BETWEEN FIELD EMISSION
AND WoRrk FuxcTtioN orF LiQuip MLRCURY.

L. R. Quarles. (Phys. Review, 15th Feb.
1935, Series 2, Vol. 47, No. 4, p. 328:
abstract only.)
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EvrectroNx  Emissiox  FrROM  TUNGSTEX-
MOLYBDENUM AMALGAMS [Measurements of
Work I'unction and Richardson Constant].
H. Freitag and . Kriger. (dnn. der
Physik, Series 5, No. 7, Vol. 21, 1933,
pp- 697-742.)

MoODELS OF THE SUPERPOSITION AND INTER-
PENXETRATION OF CoOMPONENTS IN Gas
MIXTURES ADSORBED UroN THERMIONIC,
PHOTOELECTRIC, AND CATALYTIC SURFACES
[Formation of Surface Lavers]: Part I.—
M. C. Johnson. (Proc. Phys. Soc., 1st March,
1935, Vol. 47, Part 2, No. 259, pp. 287-305.)

DIRECTIONAL WIRELESS

SoME PRINCIPLES UNDERLYING THE DESIGN
OF SracED-AERIAL DIrRECTioN-FINDERS [U-
Type, Elevated, Coupled, and Balanced
Types : and the ‘ Balanced-Coupled "
Type].—R. H. Bartield. (Jouwrn. I.IL.E.,
April, 1935, Vol. 76, No. 460, pp. 423443 :
Discussion pp. 443-447.) The full paper,
summarics of which were referred to in 762
of March and 1471 of May.

1900.

190I.

1902,

REPORT OF THE INTERNATIONAL TECHNICAL
CONFERENCE ON MARINE SIGNALLING, PARIS,
1933 [Direction Finding Errors: lrequency
Stability of Beacons: the “ Talking
Beacon V@ etc.].-(lev. Gén. de [IElec.,
23rd March, 1935, Vol. 37, No. 12, pp. 376~
378.)
DirectioNal RaDIO AS AN AID To MARINE
NavigatioNn ([Note on American Radio-
Beacon Installations].—Nat. Bureau of Stds.
(Journ. Franklin Inst., March, 1935, Vol. 219,
No. 3, pp. 365-367.)
1905, THE ILorENz BLIND LANDING SySTEM. —
R. Denman. (Wireless World, sth April,
1935, Vol. 36, pp. 332-335)

Employing ultra-short waves. The system
delineates paths in the vertical as well as in the
horizontal plane. It has already been installed at
Berlin, Zurich, Hanover and Munich.

ACOUSTICS AND AUDIO-FREQUENCIES

1006. GENERATING SINE WAVES WITH A Gas-
DiscuargE Tuse [Simple, Rugged and
Stable A.F. Oscillator] and THE INDUCTIVE
GLow DisCHARGE OSCILLATOR [Analysis of].
—W. E. Kock. (ILlectronics, March, 1935,
PP- 92—93 : Rad. Ingineering, April, 1935,
Vol. 15, No. 4, pp. 7-9.) For previous
papers see 1934 Abstracts, p. 33, and 156 of

1903.

1904.

January.

1907. .\ TEMPERATURE-COMPENSATED DYNATRON

OscCILLATOR OF ITIGH I'REQUENCY-STABILITY.
Piddington. (See 1813.)

1908 Errect or OuTrUT IMPEDANCE ON THE
PERFORMANCE OF SQUARE-LAw DETECTORS
i1y BeaT-FrEQuiNcy OscroLaTors —Baker,
(See 1794.)

1909. THE EFrFiciexcy or CrLoseEr IrkoN CORE

TrANSFORMERS ASs A FuwcrioNn orF Fre-
QUENCY.- Eckart. (See 1808}
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1910. THE Octave FRoM TuniNg-Forks [Ex
perimental Investigation and Dynamical
Theory], and Ox THE INTENSITY DISTRIBU
TION OF SOUND FROM A TUNING-I'ORK. —
Yamashita and Aoki: Araki. (Jap. Journ.
of Phys., 17th T'eb. 1935, Vol. 10, No. 1
Abstracts p. 8: 8.)

ON NEw HIGH-PITCH AIR-WAVE GENERATORS
[based on Secebeck and Latour Sirens).
Takéuchi and Saito. (Jap. Journ. of Phys.,
17th I'eb. 1935, Vol. 10, No. 1, Abstracts
p.11.)

A New HicH-ErriciENcy HiGH-GAIN Aubplo
Power AMPLIFIER: A 203-A Crass B
MoODULATOR WITH 6Bj5 [Triadyne] DRIVER.—
Brewster and Bellem. (QS7, March, 1933,
Vol. 19, No. 3, pp- 45-47 and 384.)

A SWEEP OSCILLATOR METHOD OF RECORD-
ING WIDE FRrREQUENCY-BAND RESPONSE
SPECTRA ON SHORT LENGTHs or MoTIoN
Picture Firm.—]J. Crabtree. (Bell Tel.
S. Tech. Pub., Monograph B-823, 3 pp.)

Mains-Drivex Souxp-Fira AMPLIFIER [{or
Recording and Reproducing] witH BuILT-
IN MobpuLATION-METER, FOR HoMmE Cox-
STRUCTION . —]. Kessler. (Funktech. Monats-
hefte, March, 1935, No. 3, pp. 99-112.)

1911,

1912,

1913.

1914.

1915. ** Puiysik pEs ToxriLms ' [Book Review].—
A. Haas. (Elektrot. u. Masch:bau, No. 43,
Vol. 52, 1934, p- 511.)

1916. HarMoxNics propucsD 1IN HorN Loubp-

SPEAKERS [General Equation for Acoustic
Propagation in a Horn of Any Cross Section,
and Deductions therefrom for Exponential
Type].-——Y. Rocard. (L’Onde Iilec., January,
1935, Vol. 14, No. 157, pp. 27-32)

Leading to the conclusions that ‘‘ for an equal
cut-off frequency [below which there is no true
propagation, all the air in the horn vibrating in
phase with the imposed frequency] the production
of the sccond harmonic by propagation becomes
the more marked the higher the frequency in
question and the larger the power per cm? at the
entrance ; for constant power and a definite
frequency, the 2nd harmonic production is the
greater the lower the cut-off frequency.” TFor
previous work see 1933 Abstracts, p. 627.

1917. l.LoUvDSPEAKER CoxES [Comparison of 35, 8
and 10-Inch Cones].—E. V. Wait. (4.1V.4
Technical Review, March, 1935, Vol. 1, No. 1,
pp- 14-16.) In the new quarterly published
by Amalgamated \Wireless (Australasia).

1918. Tu1i PERMANENT MAGNET INDUSTRY.—(Wire-
less World, 29th March and =26th April,

1935, Vol. 36, pp. 312—314 and 414—416)
Tracing the historical development of the modern
permanent magnet for use in moving-coil loud-
speakers, and discussing the various processes
adopted in constructing these special magnets.
Some of the plant and equipment used is described.

1919. MODULATION WITH A  SINGLE  STAGE
["“ Amperite”’ Copper-Oxide-Button Pick-
Up].-—E. L. Gardiner. (Television, April,
1935, Vol. & No. 86, p. 204.)
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1920.

1922,

. SENSITIVE-FLAME

THE

PHONOGRAPH OSCILLATOR [Miniature Trans-
mitter for Use with Pick-Upl.—(Electronics,
March, 1935, p. 101.)

. NEw Musicar UsEs or ELncTRIcAL GRAMO-

PHONE REecorps.-—Karapetoff. (Science,
15th I'eb. 1935, Vol. 81, No. 2094, Supp.
pp- 8-9.)

THE DEsiGN CONSIDERATIONS FOR A SIMPLE
AND VERSATILE ELECTRONIC Music In-
STRUMENT.—B. I'. Miessner. (Jowrn. Acous.
Soc. Awm., January, 1935, Vol. 6, No. 3,
pp. 181 187))

FrEgruixcy  METER.

Carriere. (See 2024.)

24. METHODS AND APPARATUS FOR THE MEASURE-

25. ' SIMPLIFIED

19206.

1927.

1928.

1929.

MENT OF SOUNXD ENERGY [Survey, including
the Bernini Electrophonometer].—A. C.
Bernini.  (L’Eleltrotec., 25th  Jan. 1935,
Vol. 22, No. 2, pp. 42-48.)

MEASUREMENTS OF SOUND
ABsSOrPTION "’ :  DiscussioNn.—Albert and
Wagner. (Elec. Engineeving, February, 1935,
Vol. 54, No. 2, pp. 233 234.) See 1934
Abstracts, p. 567, I-h column.

T oF ADJUSTMENT OF OSCILLATICY
ENERGY IN OXYGEN AND THE INFLUENCE
oF FOREIGN GASES LHEREON 'Measurement
of Sound Absorption by Icho Method].—
H. O. Kneser and V. O. Knudsen. (A4unn.
der Physik, Series 5, No. 7, Yol. 21, 1933,
pp. 682--606.)

VARIATION OF TIME OF ADJUSTMENT OF THE
THERMAL OsciLLaTioN IN COy WITH ADDI-
TION OF FOREIGN GASES AND WITH PRESSURE
[Measurements of Sound Velocity and Dis-
persion].—Marie-Helene Wallmann. (4.
der Physik, Series 5, No. 7, Vol. 21, 1935, pp.
671-681.)

REVERBERATION IN TwO ADJACENT RooMs.
—XK. Yamashita. (Jap. Jowrn. of Phys.,
17th Feb. 1935, Vol. 10, No. 1, Abstracts
p- 8)

AN AUTOMATIC REVERBEROGRAPH AND ITS
APPLICATION TO STUDIES OF THE ACOUSTIC
ProrERTIES OF A Room.—Z. 1. Mitiagina.
(Journ. of Tech. Phys. [in Russian|, No. 8,
Vol. 4, 1934, pp. 1575-1537 )

Developed at the Electro-Phvsical Institute of
Leningrad, and similar in principle to that used by

Mever (1928 Abstracts, p. 649).

To assist the sub-

sequent study of the records the gain of the amplifier
is automatically increased 10 times as the loud-
speaker is short circuited for the rcception of the
reverberation alone. A detailed account is given of
some of the measurements made with this apparatus
and_specimen oscillograms are shown.

1930.

THE BroaDcasTING CABLE To THE Bisawm-
BERG HiGH-PowerR StaTioN.—H. Schmid.
(I-lektvol. w. Masch:bau, No. 43, Vol. 52, 1934,
PP 504-506.)
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TRANSPORTATION NOISE STUDIED BY NEwW
ANALYSER.—Osbon. (Llectronics, March,
1935, p- 90.) Using the Osbon analysing noise-
meter (1934 Abstracts, p. 212) resembling a
superheterodyne receiver with mechanical
filter in 1.{f. circuit.

DiscussioNn of GRoOUP oF PAPERS oN NoISE
MEASUREMENT.—(Elsc. Engineering, April,
1935, Vol. 54. No. 4, pp. 437-441.) See 780
of March and 1113-1115 of April.

VarLve VOLTMETER WITH LOGARITHMIC SCALE
AND ITs APPLICATIONS IN ACOUSTICS.
Meyer and Keidel. (See 2006.)

PAPERS AT THE TWELFTH MEETING OF THE
ACOUSTICAL SOCIETY OF AMERICA {December,
1934..—(Journ. Acoust. Soc. Awm., January,
1935, Vol. 6, No. 3, pp. 194-197 : summaries
only.}

INVESTIGATIONS OF ACOUSTIC THRESHOLD
VALUES. Iv. Acoustic DamriNg 1IN
TusEs [Experimental Methods and Dis-
cussion : Application to Impedances in the
Ear].—E. Waetzmann and L. Keibs. {4nn.
dev Physik, March, 1933, Series 5, Vol. 22,
No. 3, pp. 247 256.)

THE AvubpiBLE MINIMUM AS LINEAR Func-
TION oF THE CONTRAST THRESHOLD.—van
Soest and Groot. (Physica, March, 1933,
Vol. 2, No. 3, pp. 196--200.)

Ox THE PRINCIPLE OF UNCERTAINTY IN
SouND [Frequency Vibrato].—W. E. Kock.
(Phys. Review, 15th Feb. 1935, Series 2,
Vol. 47. No. 4, p. 339 : abstract only.)

OPTICAL MEASUREMENTS OF SUPERSONIC
VEerociTies IN [Various Organic] LiQuips.

C. Bachem and . Hiedemann. (Zeitschr.
[ Physik, No. 1/2, Vol. 94, 1935, pp. 68-71.)

Tur DoprLErR EFFECT FOR SOUND IN A
Moving MEpIuM.—R. W. Young. (Joursn.
Acoust. Soc. Am., October, 1934, Vol. 6,

No. 2, pp. 112-114.)

InprESSION OF PHOTOGRAPHIC PLATES BY
SUPERSONIC WavEs—Marinesco and Reg-
giani. (Comptes Remdus, 11th Feb. 1935,
Vol. 200, No. 7, pp. 548-550.)

AN OBJECTIVE METHOD FOR MEASURING THE
LeNgTi oF HigH-ITREQUENCY SOUND WavVES

[Photographic  Registration].-—J. Ziihlke.
(Ann. dev Physik, Series 5, No. 7, Vol. 21,
1935, pp. 667-670.)

THE PRACTICAL APPLICATION OF DIFFRAC-

TION OF LIGHT BY SUPERSONIC WAVES.
Sokoloff. (See 2030.)

On THE PropucTioN or VErY HigH Fre-
QUENCY SOUNDS BY MAGNETIC VIBRATORS.—
A. L. Danilenko. (Journ. of Tech. Phys. {in
Russian], No. 8, Vol. 4, 1934, pp. 1608-1612.)

This describes experimental work for the pro-
duction of sounds at frequencies of the order of
20000 ¢/s by the vibration of a metal disc driven
by a nickel rod under the combined action of a con-
stant magnetic field and that produced by a coil in
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the plate circuit of a valve oscillator. Various forms
of rod were used, and curves are given showing the
intensity of sound produced plotted against
ampere-turns in the coil. The object was to obtain
sounds of greater intensity, and with a hollow rod in-
tensities up to about 20 ergs per cm?® per second
were produced.

1944. THE SHoaL FATHOMETER [using Magneto-
striction Transceiver].—H. G. Dorsey. (Phys.
Review, 15th Feb. 1935, Series 2, Vol. 47,
No. 4, pp. 334—335 : abstract only.) See also
Electromics, March, 1935, pp. 90—91, and
¢f. Matsuo, 1116 of April.

1945. PAPERS ON THE PROPAGATION OF SOUND
IN THE SEa.—K. Kitagawa. (Jap. Journ. of
Phys., 17th Feb. 1935 Vol. 10, No. 1,
Abstracts pp. 67 : 7.)

PHOTOTELEGRAPHY AND TELEVISION

1946. TELEVISION RECEPTION WITH CATHODE-
Ray Tuges [and a Receiver for the Berlin
Ultra-Short-Wave Programmes].-—M. von
Ardenne. (Hochf :tech. u. Elek:akus., March,
1935, Vol. 45, No. 3, pp. 73-80.)

““ While very thorough treatments of the scientific
principles are available [the writer cites as example
Schroter’s survey —1934 Abstracts, pp. 567-568],
descriptions of important circuit details, par-
ticularly of the time-base circuits, synchronising
circuits and the design of the receiver, have not yet
appeared. In the present paper the writer therefore
confines himself to giving these circuit details, at
the same time discussing the reasons for their
selection.” The description is based on the equip-
ment put together by the writer for tests on the
Berlin transmissions and forming the main subject
of his little book reviewed in The Waireless World
for 26th April, 1935, p. 416. After discussing the
superheterodyne receiver (i.f. chosen to be suitable
for the 450 ke/s band, or for 700-800 kc/s single-
sideband reception) the writer pays special atten-
tion to the two next parallel stages—the rectifying
stage for the image signals and the amplitude filter
for the synchronising signals. Reasons against
rectification in the cathode-ray tube itself are given,
and a full-wave rectifying unit is described. The
amplitude filter, for the Berlin synchronising signals
on the Schriever principle (the advantages of which
are discussed), is dealt with, and finally a description,
with diagram, is given of a push-pull “ kipp "
unit, for the generation of high-amplitude time-base
oscillations symmetrical with respect to earth.

1947. PHOTOMETRIC INVESTIGATIONS AND MEASURE-
MENTS OF THE SPECTRAL INTENSITY Dis-
TRIBUTION IN FLUORESCENT SCREENS,
ESPECIALLY FOR EXCITATION BY CATHODE
Ravs.—M. von Ardenne. (Zeitschr. f. tech.
Phys., No. 3, Vol. 16, 1935, pp. 61-67.)

For a previous paper see 1934 Abstracts, pp.

623-624. The present paper describes measure-

ments with a Pulfrich photometer on 17 different

screen materials, 4 ooo v clectrons being used for
the cathode-ray tests. ** The cause of the marked
dependence, found with some of the materials

{Figs. 6 and 7], of the spectral distribution on the

strength of excitation is the fact that the long-wave

band of phosphorescent light displays a distinct
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saturation effect, in contiast to the simultaneously
observed short-wave fluorescence band.” Thus
a screen of material 16 (zinc sulphide) if used for
television with a small format, so that the average
screen-loading was high, would give the darker
parts in a brownish tint and the lighter parts in a
whiter tint (see Fig. 5, diagram 16). But “in
television the specific loading is as a rule of the
order of 1073 to 107! watt/cm?, so that only the
behaviour in the region of very weak screen-excita-
tion is important. Here, as the measurements in
Fig. 7 show, a distinctly more favourable efficiency
is indicated than that given by Fig. 5, which repre-
sents measurements at higher specific loads.”

The writer points out that the results on this
material 16 indicate a way to obtain television
screens yielding white light, by so choosing the
activating metal and arranging the production
process that the phosphorescence band has its
maximum necar the long-wave end of the eye's
spectrum and the fluorescence band near the short-
wave end; taking care also to arrange that at
107% w/cm? (where saturation is not reached) the
amplitude of the phosphorescence band has the
same absolute intensity as the fluorescence band
and finally that the after-glow time for the phos-
phorescence band is not greater than about 1/25th
second. Such conditions are very closelyv observed
by material 17, the Lorenz-I.eybold “ Standard "’
television screen (Fig. 6). Many substances do
not allow their phosphorescent and fluorescent
components to be thus separated by selective
photometry : I'ig. 8 illustrates another method of
separation, depending on the behaviour under
constant ray energies 100% modulated at varving
frequencies. Section III discusses the spectra of
the materials 1-12 whose photographs are shown in
Figs. 9 and 171, and compares them with other light
sources. Thus the top spectrum of Fig. 12 is that
of a 75w lamp, the second down represents day-
light, and the fourth is given by material 1 (" old
television screen, sepia, with after-glow ' : spec-
trum 1 of Fig. g) but with an admixture of calcium
tungstate : this is seen to have a character com-
bining that of lamplight with that of daylight.
Figs. 10 and 11 show the great similarity of the
spectrum of material 1 to that of the well-known
‘“sepia-toned "’ photographic print seen by lamp-
light. The four spectra in each of these two
figures represent four different exposures. The
final section deals briefly with results obtained with
illumination by X-rays and ultra-violet light.
Although the spectral distributions thus obtained
are, for most materials, of practically the same
character as those given by electron excitation
(cf. Figs. 13 and 11), there is an inclination to ex-
aggerate the phosphorescence band, and for this
and other reasons it is concluded that observations
with X-rays and ultra-violet light can only serve
as a preliminary rough test.

1948. {De Haen'’s] FLUORESCENT COMPOUNDS.
(Television, January, 1935, Vol. 8§, No. 83, p.
48.) Seealso Elzectronics, March, 1935, p. 102.
1949. CHANGING OPTICAL PICTURES INTo ELECTRON
PicTures.—W. Schaffernicht. (Zeitschr. f.
Physik, No. 11/12, Vol. 93, 1935, pp. 762—
768.)
This work is a development of a method described
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by Briiche (1934 Abstracts, p. 107, l-h column).
An inhomogeneous distribution of light (an optical
picture) is projected on to a uniformly sensitive
cathode, producing electron emission corresponding
to the inhomogeneity. The scheme of the arrange-
ment is shown in [ig. 2. A large photocell has two
chemically produced silver mirrors for anode and
cathode ; the latter has a thin photo-sensitive layer
of potassium. An image of a picture is focused on
the cathode and the electrons produced are
accelerated and condensed by a magnetic lens M.
An electron picture is produced on the screen F
and may be photographed from outside. Fig. 3
gives a photograph of the apparatus. The construc-
tion of the cell is described ; the field distribution
inside it is shown in Fig. 4. This is designed to
give a distortionless electron image of the largest
possible part of the cathode. Lig. 5 gives the
calculated and observed curves of magnitication V
as a function of the length of the cell. They differ
because the effect of the electric focusing was not
considered in the calculation. Figs. 6 and 7 illus-
trate the quality of electron picture obtained ;
Fig. 8 gives the variation of brightness with the
accelerating voltage used. For other relevant
literature see Holst and others, Abstracts, 1934,
p. 331; Farnsworth, 207 of January, and Kluge,
1650, below.

1950. CONTRIBUTION TO THE ‘' TRANSPARENT”
PuorocatHoDE [Spectral Sensitivity] a~ND
ITs SUITABILITY FOR ELECTRON-OPTICAL
SvystEMs.—W. Kluge. (Zeitschv. f. Physik,
No. 11/12, Vol. 93, 1935, pp. 789-791.)
Transparent photocathodes were described by
Holst and his colleagues (1934 Abstracts, p. 331} ;
they used red-sensitive cs cathodes. This paper
gives measurements of the spectral sensitivity of
transparent cathodes, using a spherical form of the
tvpe Ag-cs,0-cs. The “long-wave’” maximum in
the incident light was very weak und was not
present at all in the transmitted light {Fig. 1, which
gives a comparison with the output from an opaque
cathode). Experiments were also made with a
transparent cathode and the method of oblique
projection used by Pohl (855 of March) and
Schatfernicht (1949, above) (arrangement Fig. 2).
Fig. 3 shows electron pictures obtaine:l with visible
and infra-red light, with the optical picture for
comparison.

1951. FormaTIiON OF ELECTRON-OrTICAL IMAGES
orF PHoTocATHODES As A Basts rorR TELE-

VISION TrANSMISSION —\V. Heimann.
(E.N.T., Yebruary, 1935, Vol. 12, No. 2,
pp. 68-70.)

An arrangement is described for obtaining an
image of a plane transparent photocathode, using
magnetic or electric focusing or a combination of
the two. Fig. 1 shows the scheme. The current
in the magnetic coils may be adjusted to give any
desired rotation of the image, and the sharpness of
focus is obtained by the electric lens. The cathode
was a transparent silver film with an alkali metal
distilled on to it ¢z vacuo, of the type Ag/cs,o/cs
(see Kluge, 1950, above, and 1933 Abstracts,
p- 221). The characteristic curve of sensitivity
distribution along the spectrum is shown in I'ig. 2a.
Sensitivity at the red end is high, giving good
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transmission of filims. For pictures in ordinary
light a rubidium film is recommended (Fig. 2b), as
it gives a better resemblance to the sensitivity of
the human eye (Fig. 2¢). Fig. 3a shows examples
of the images obtained with short and long coils :
Fig. 3b illustrates reproduction of half-tones.

1952. Ray Focusing 1v CaTHoDE-Ravy TuBEs [and
the Use and Application of Colloidal Graphite
on the Interior Walls].—(Television, April,
1935, Vol. 8, No. 86, pp. 223 and 236.)

‘“ PHOTOMETRIE DES LUMITRES BREVES ET
VARIABLES ”’ [including Chapters on Tele-
vision and Sound Recording : Book Review].
—Moreau-Hanot. (L'Onde Flec., January,
1935, Vol. 14, No. 157, p. 8 4))

1953-

54. PROBLEMS OF TELLEVISION AMPLIFICATION.
C. W. Carnahan. (Proc. Inst. Rad. I'ng.,
March, 1935, Vol. 23, No. 3, pp. 192-193 :
summary only.)

Tue EFFECT oF DISTORTION OF THE ILOWER
FREQUENCIES ON THE QUALITY OF TELE-
vistoN  RepropucTioN.—R. G, Schiffen-
bauer. (Journ. of Tech. Phys. [in Russian],
No. 7, Vol. 4, 1934, pp. 1387—-1400.)

The quality of images in television reception is
affected by distortion in the eclectrical circuits of
the apparatus. This article is confined to an
examination of the effects of phase shift and
amplitude distortion of the lower frequencies. A
survey of the literature on the subject, taken
almost entirely from the Bell S. Tech. Journ., is
given and the main conclusions summarised. The
author offers the following critical remarks :—(1)
In formulating the permissible limits of distortion
no consideration has been given to the type and
operating conditions of the modulated source of
light. (2) In Steinberg's paper (1931 Abstracts,
p- 44) the maximum permissible phase shift is
stated in terms of dI¥/dw instead of B/w. The
consequences of this are pointed out. (3) When a
square painted half black and half white is scanned
in the direction parallel to the dividing line the
fundamental {requency obtained is the picture
frequency. When the direction of scanning is
perpendicular to this line the (undamental fre-
quency is the strip frequency. 1t can be shown
that the permissible phase shift on the lower fre-
quency is much greater than for the higher fre-
quency. The ratio of the phase shifts obtained
for this particular case has been applied without
sufficient justification to totally different ranges of
frequencies.

The author then gives a detailed investigation
of the distortion produced when such a square is
transmitted. The discussion throughout takes
account of the characteristics of the neon lamp
used and theoretical curves are obtained showing
the output from the lamp for a predetermined
phase shift in the amplifiers. The conclusions
reached have been completely contirmed experi-
mentally.

The effect of non-uniform frequency response
is next investigated and an experimental verifica-
tion of the results obtained is given. For these
experiments a special resistance-coupled amplifier,
developed by the author and compensated for
phase shift, was used. In conclusion, the author

E

1955-



342

points out that the object of this article is not to
give universal limits for permissible phase and
amplitude distortion but to indicate methods
enabling these limits to be determined in each
particular case from the characteristics of the
modulated source of light.

1956. THE EFFECT oF DISTORTION OoF THE HIGHER
FREQUENCIES ON THE QUALITY OF TELE-
vistox RerropucTion.—R. G. Schiffen-
bauer. (Journ. of Tech. Phys. [in Russian],
No. 8, Vol. 4, 1934, pp. 1551-1559.)

The upper frequency limit required for distortion-
less transmission is usually specified as N#/2. The
author investigates the effect on the picture quality
of cutting off all frequencies above this limit, and
finds that the transmission of these frequencies
gives no appreciable improvement. In considering
the distortion due to the higher frequencies within
the range specified above the following two cases
are cxamined separately :—(a) .dmplitude Dis-
fortion. In considering the maximum permissible
amplitude distortion an object should be chosen
which contains details of the same brightness but
requiring diiferent frequencies for their trans-
mission. Accordingly experiments were made
with a rectangle of which one half was painted
black and the other white, and which had in one
corner black and white strips of the width of a
picture element. These experiments showed that
the quality of reproduction 1s hardly affected when
the losses do not exceed 8% on the element fre-
quency, 35% on the first harmonic of this and
100% on higher frequencies. Considerable dis-
tortion of the clearness of the strips resulted when
the loss on the element frequency was of the order
of 20%.

(b). Phase Distortion. The examination of this
effect is complicated by the fact that phase shift
increases with the increase of frequency and also
that it is in some cases accompanied by amplitude
distortion. Distortion produced by phase shift
is therefore a complex phenomenon and it is only
possible to establish the order of the magnitude
of the permissible shift. Two separate cases were
considered. In the first, a filter was used cutting
off all frequencies above the element frequency.
In the second the filter passed all frequencies and
acted purely as a phase-shifting device. The
picture transmitted in each case consisted of a
strip one element in width. Both theoretical and
practical considerations indicate that, taking into
account the distortion introduced on lower fre-
quencies, the maximum permissible time shift for
a frequency of 10o0c ¢/s is of the order of 15-20 us
for case 1 and 10-15 us for case 2.

1957. THE TrLEVIsION COMMITTEE'S REPORT.
(Television, Yebruary, 1935, Vol. 8, No. 84,
Supplement.)

1958. DEFINITION AND VIEWING DISTANCE [240-
Line Picture 10 Inches Square gives as
much Detail as Average Seat in Average
Cinema).—]J. M. Bartlett. (Television, May,
1935, Vol. & No. 87, p. 285))

A HigH-DEFINITION SERVICE READY IN
Lonpon [with Field-Strength Chart of Crystal
Palace 7 m Transmitter].—(Television, March,
1935, Vol. 8, No. 85, pp. 117-121.)

1959.
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1960.

1961.

1962.

1963.

1964.

1965.

1966.

1967.

1968,

1969.

1970.

1971.

1972.
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ULTRA-SHORT-WAVE TELEvVIstoN TEsTs [in
California: 56 DMiles over Mountains on
6.7 m \Wavelength].—(Television, March,
1935, Vol. 8, No. 85, p. 116.)

A Tecevision TesT TRANSMITTER FOR 7
Metres.—]. H. Reyner. (Television, May,
1935, Vol. 8, No. 87, pp. 271-273 and
2935, 206.)

TELEVISION SVYSTEM EMPLOYING VELOCITY
MopuratioN.—Bedford and Puckle. (L’Onde
Elec., January, 1935, Vol. 14, pp. 33-38:
continued for several months.) French
version of the I.LE.E. paper dealt with in
1934 Abstracts, p. 506.

Tue BrrLIN TELEvVIsION TRANSMITTER [and
the Receivers used for Tests].--P. Besson.
(L’Onde [lec., March, 1935, Vol. 13, No. 159,
pp. 131-139.)

TRANSMITTING AND RECEIVING SYSTEMS
USED BY ‘‘ SAFAR’ S.A. MiLAN .—(Television,
November, 1934, Vol. 7, No. 81, pp. 499—300.)
Tur Peck TELEVISION SysTEM.—(Television,
February, 1935, Vol. 8, No. 84, pp. 57-58)

Tue ELECTRON MULTIPLIER AND MECHANE-
caL TransaissioN [Possibility of Photocell
embodving Multiplying Principle, for High-
Definition Scanning by Disc or Drum].—
G. 3. Banks. (7elevision, May, 1935, Vol
8, No. 87, pp. 249250 and 252.)
SCANNING WITH THE MIRROR ScrREwW [Equa-
tions for Proper Correlation of Distances
between light Source, Mirror Screw, and
Observer : Formula for Reproduced Light
Intensity : Limits for Successful Operation .
A. A. Raspletin. (Jzvesirta [leitroprom.
Slab. Toka, December, 1934, No. 10, pp.
16-21.)
240-LiNE PICTURES WITH A 30-1.INE MIRROR-
Drum [by Use of Prism Ray-Divider].
B. H. Dakin. (Television, May, 1935, Vol.
8, No. 87, pp. 281 and 282.)
SoMmE Pronrevs or Higu-DEFINITION MECH-
ANICAL Scanxing [and the Use of Two
Mirror-Drums at Right Angles].—R. Des-
mond. (Television, Mav, 1935, Vol. 8, No.
87, pp- 269 and 270.)
A MIDGET MIRROR-DrUM RECEIVER [using
34 inch Drum and Double-lmage Ierr
Cell.]—R. L. Ashmore. (Television, Feb-
ruary, 1935, Vol. 8 No. 84, pp. 53-50.)
For * Scophony ” comments rezarding the
double-image cell see 1b:d., April, p. 215.
Tne Paper-Drum  RECEIVER.—]. Sieger-
(Television, April, 1935, Vol. 8, No. 86, pp.
181-184.)
CoxnTiNUOUS OSCILLATORY SCANNING [using
Almost Sinusoidal Oscillators driving Vibra-
tion Galvanometers].-—R, W. Hughes. (Téle-

vision, September, 1934, Vol. 7, No. 79,
pp. 385-386.)
-3. DispLaceb MuLTipLE ScaNNING [(for In-

e
O
-

W

creased Brightness and Reduced Flicker].—
R. I. Rosenfelder. (Television, November,
1934, Vol. 7, No. 31, pp. 483454
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1974. THE OpTicaL ErrFICIENCY OF LENSEsS.—R.

Turpin.  (Tulevision, November, 1934, Vol.
7, No. 81, p. 505.) See¢ also Wilson, ibid.,
December, 1934, pp. 557-558.

1975. A " TRIGGERED ' SYNCHRONISER [using
Mercury-Vapour Relay]l.—]. H. Reyner.
(Television, I'ebruary, 1935, Veol. 8, No. 84,
pp. 97-98 and 112.)

1976. AN INGENTtoUs SpEED CONTROL SYSTEM
[Direct Mechanical Control of Motor Speed
by Tuning Fork with Detent working in
Toothed \Wheel].—A. J. Ashdown. (Tele-
vision, February, 1935, Vol. & No. 84,
p- 70.)

KEerr CELL DESIGN FOR 240-LINE RECEPTION
[Multi-Plate Cells have Too High Self-
Capacity : Suitability of Wright Diverging
Electrodes and Marconi Double-Image
Polariscope : etc.].——L. M. Myers. (Tele-
vision, May, 1935, Vol. 8, No. 87, p. 304 :
summary of lecture.)

1977.

Tne CircULak POLARISCOPE Tx TELEVISION
[Cylinder and Coaxial Wire as “ New Type
of Kerr Cell 7] —I.. M. Myers (Television,
May, 1935, Vol. 8, No. 87, pp. 277-279 and
280.)

. THE Whurite-Ligut TeLEVISION LaAmP.
C. G. Lemon. (Television, November, 1934,
Vol. 7, No. 81, p. 518)

1978.

. Frvorescext Lavps  [using I'luorescent
Glass|.—W. J. Nobbs. (Television, December,
1934, Vol. 7, No. 82, pp. 554 and 568)

S1. THE *“ EscurRa” Gas-DISCHARGE IDOUBLE-

WaLLED Lamp.—(Television, January, 1935,
Vol. 8, No. 83, p. 44.)

R2. Tur PoSITION oF PICTURE TELEGRAPHY.—
H. Stahl. (E.T.Z., 21st March, 1935, Vol.
56, No. 12, pp. 341-344.)

1983. ANGLO-AUSTRALIAN PICTUREGRAM SERVICE.
J. M. Johnson. (4.W.A4. Technical Review,
March, 1935, Vol. 1, No. 1. pp. 17-21)
See 1917 regarding this journal.
1984. FREQUENCY INVESTIGATIONS WITH PHoOTO-

ceLLs [Testing Apparatus: Characteristics
of Modern Cells].—\W. Leo and C. Miiller.
(Physik. Zeitschr., 15th Feb. 1935, Vol. 36,
No. 4, pp. 113-122))

The first part of the paper describes the apparatus
developed at the P.-T. Reichsanstalt for frequency
testing of photocells. The requirements to be
fulfilled are tabulated; Yig. 1 gives the circuit
diagram ot the amplifier and valve voltmeter,
Yig. 2a the scheme of the perforated disc and
Fig. 2b the path of the light rays through the
optical siren. A photograph of the set-up is
given in Fig. 3. Fig. 4 shows the frequency char-
acteristic of the apparatus and Fig. 5 the calibra-
tion curves of the amplifier.

Several gas-filled cells have been tested under
various experimental conditions and a résumé of
results is given. Figs. 6a-6d show the [requency
characteristics of gas-filled cs cells at various
working voltages. The conditions for coupling
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the cell to the amplifier are discussed (circuit
Fig. 7) and Fig. 8 shows the influence of the coupling
impedance. Tests on modern thallium and selenium
cells are described (Fig. 9). Modern se barrier-
layer cells give greater variation with frequency
than did the older types (Figs. 9, 12-14) ; reasons
for this arc suggested. The intluence of modulating
the light at various audio-frequencies is shown in
Figs. 10 and 11 and discussed ; this modulation
should be avoided if the true frequency character-
istic 1s desired. cu,o cells are comparatively free
from inertia defect (Fig. 9d). Measurements on
barrier-layver cells in general indicate that the
marked frequency variations they show are due to
capacity changes; it seems not impossible that,
by suitable treatment, films mav be obtained of
thicknesses which give improved frequency char-
acteristics with no loss of sensitivity.

1985. ON THE SELECTIVE PHOTOEFFECT [traced to
Changes of the Electromagnetic Field In-
tensity with the Wavelength and Polarisa-
tion State of the Light].—P. 1. Lukirsky
and J. L. Hurgin. (Physik. Zeiischr. der
Sowietunion, No. 1, Vol. 7, 1935, pp. 99—
107 : in German.)

The writers find that curves free from any
selective maximum are obtained, for alkali and
other usual metals, if the observed intensity of
photoeftect at various wavelengths, angles of
incidence, and conditions of polarisation are re-
ferred to the values of electromagnetic energy
density below the metal surface, as calculated
from the values of » and 4 (indices of refraction
and absorption).

1986. THE EwIssIoN oF ILECTRONS UNDER THE
INFLUENCE OF CHEMICAL ACTION. PART
V—Tue THEORY ofF THE CHEMICAL ELEcC-
TRON EmIssioN AND ITS APPLICATION ToO
CERTAIN REACTIONS INVOLVING HALOIDS
[including Values of Total Potential Barriers
of Alkali Metals].—A. K. Denisoff and O. W.

Richardson. (Proc. Roy. Soc., Series A,
15th Feb. 1935, Vol. 148, No. 865, pp.
533-564.)

1987. MODELS or TitE SUPERPOSITION AND INTER-
PENETRATION OF COMPONENTS IN Gas Mix-
TURES ADSORBED UPoX THERMIONIC, PHOTO-
ELECTRIC, AND CATALYTIC SURFACES [Forma-
tion of Surface Layers] : PART I, [Theoreti-
cal] PrincirLes.—M. C. Johnson. (Proc.
Phvs. Soc., 1st March, 1935, Vol. 47, Part 2,
No. 259, pp. 287-305.)

1988, [PHOTOELECTRIC EFrFECT IN A LAYER OF
SILVER DEPOSITED ON NICKEL.——N. Iedeneft.
(Physik. Zeitschr. der Sowielunion, No. 1,
Vol. 7, 1935, pp. 55-65: in French.)

The work function, measured by the method of
retarding potential, increases with the thickness of
the silver layer till it reaches a maximum at a thick-
ness just above that of a monomolecular layer, and
then falls to a value corresponding to pure silver.

1989. CURRENT-VOLTAGE RELATIONS IN BLOCKING
Laver ProtocErrs.—I.. A. Wood. (Phys.
Reiiew, 15th Teb. 1935, Series 2, Vol. 47,
No. 4, p. 337 : abstract only.)

E 2
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1990. BARRIER-LAYER PHOTOELECTRIC ETFECT IN

SeM1-CoxDUCTOR COMBINED WITH ARTI-
FICIAL BARRIER LAVER.—Jusé. (See 2048.)

1991. THe CRrRYSTAL PHOTOEFFECT WITH SINGLE
CrvystaLs oF CUPRITE [New Measurements].
R. Deaglio.  (Phystk. Zeitschr., 15th

Feb. 1935, Vol. 36, No. 4, pp. T44-146.)

A description of experiments in support of Deag-
lio’s theory of the electrolvtic nature of the crystal
photoetfect. The results agree with those of the
previous experiments and the effect cannot be
explained on thermal grounds alone, as suggested
by Teichmann (Abstracts, 1934, p. 160: also
1933, p- 400). The cffect is proportional to the
degree of purity of the crystal; a comparison is
given between crystals from ditferent sources.

1992. THE INFLUENCE OF A MAGNETIC FIELD oON
THE CrystaL ProTorrrect.—G. Groet-
zinger. (Physik. Zeitschv., 1st March, 1933,
Vol. 36, No. 5, pp. 169-173.)

See 1991 and back references. Ixperiments are
described which show that a transverse magnetic
field diminishes the e.m.f. produced by the crystal
photoefiect in the direction of illumination; a
magnetic field produces a component of the e.m.f.
perpendicular to both the direction of the field and
the divection of illumination. This is distinguished
from the Hall effect. For a correction see zbid.,
15th March, 1935, p. 216.

1993. MECHANISMS OF THE PHOTOPOTENTIAL OF

Oxipisedp CorPER ELECTRODES [PPhoto-
electronic versus Water-Photolysis Hypo-
thesis].—R. Roulleau. (Comples Rendus,
11th March, 1935, Vol. 200, No. 11, pp.
920-922.)

““As regards the Decquerel eftect on cu,0

electrodes, it may thus be said that the electronic
effect, alwavs possible, only appears to a per-
ceptible extent if one takes the precaution of
forming a barrier layer at the electrode surface.
In all other cases the photoelectrochemical effect
is predominant. Further, with copper eclectrodes

covererd with cuo the electronic cffect is never

obtained.”

1994. ELECTRICAL AND OvrTicar BEHAVIOUR oOF
Semi-Coxpucrors.  XI. PHOTOELECTRIC

CONDUCTIVITY OF MINERAL LEAD CHROMATE
[Dependence of Thotocurrent on Intensity,
Frequency and DPeriod of Intermittent
Light: Spectral Distribution of Absorbed
Light: Lifc Duration of Photoelectrons].
G. Kapp. (Ann. dev Physik, March, 1935,
Series 5, Vol. 22, No. 3, pp. 257—280.) For
Part X see 2055.

1995. STATISTICS OF THE IMPULSES OF A PHOTON
Cou~TER [of Photoclectrons] 1x THE ULTRA-
VioLET REecioN.—A. Kolin. (Ann. der
Physik, Series 5, No. 8, Vol. 21, 1934/35,
pp. 813-831.)

Registration of radioactive rays was approxi-
mately statistical, but that of photoelectrons was
not statistical; small intervals between impulses
occurred less frequently than they should theoreti-
cally. The form of the curves obtained may be
explained by assuming that the work function is
increased after every impulse. For a qualitative
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description of photon counters see I.ocher, 1933
Abstracts, p. 170.

1996. A NEw TvPE oF PHOTOELECTRIC APPARATUS
FOR THE INVESTIGATION OF LIGHT COUNTERS.
—K. H. Reiss. (Zeitschr. f. Physik, No. 5/6,
Vol. 93, 1935, PpP- 4I1-415.)

A description of an apparatus designed to pro-
duce monochromatic light of known, arbitrarily
small intensity in the range 300 to 500 myu. The
optical arrangement (shown in Fig. 1a) consists of a
monochromator with adjustable slit from which
light falls on a rotatable concave mirror ; by this
means the light is focused either on the slit of a
special bolometer or on that of the experimental
apparatus. The bolometer reading is found to be
a linear funciion of the width of the adjustable
slit (Fig. 2). DMeasurements are also given of
the number of quanta obtained from light counters
with a defined cathode film near the long-wave
limit of the cathode metal (cd).

1997. THE SENSITIVITY oF D’HOoTON COUNTERS [as
used for Radiationsfrom Chemical Reactions].
—R. Audubert. (Compies Rendus, 11th
March, 1935, Vol. 200, No. 11, pp. 918-920.)
See 1934 Abstracts, p. 54.

A NeEw DgsigN or THE GEIGER POINT
COUNTER FOR THE MEASUREMENT OF LIGHT
[Counting TPhotoelectrons] AND EXaMPLES
oF Its AprLicaTioN.—B. Sturm. (Zeiischr. f.
Physik, No. 1/2, Vol. 94, 1935, pp. 85-103 )

1998.

19ag9. 1.oss AND RESTORATION oOF PPHOTO-CON-
DUCTIVITY IN RED MERrcCURIC JODIDE.
—F. C. Nix. (Phvs. Review, 1st Jan. 1935,
Series 2, Vol. 47, No. 1, pp. 72—78))

2000. THE TPPRESENT STATE OF KNOWLEDGE OF
PHOTOELECTRIC PHENOMENA.—J. Dérisch.
(FFunkiech. Monatshefte, March, 1935, No. 3,
pp- 89-91.)

MEASUREMENTS AND STANDARDS

2001. Tar DIRECT MEASUREMENT OF CONDENSER
JosseEs AT HicH FRrREQUENCIES.—M. Boella.
(Alta Frequenza, Tebruary, 1935 Vol. 4,
No. 1, pp. 5-19.)

Author’s summary ' A substitution method of
measuring the losses in condensers employed in
r.f. circuits is described. @ The method has been
evolved to avoid a serious inconvenience in the
ordinary substitution method applied to the higher
frequencies—namely the necessity for knowing
the losses in the variable air condenser used as the
comparison condenser : losses which in such cases
vary with the value of the capacity. The difficulties
met with are described, and the methods by
which these are overcome. Results of loss measure-
ments on three different variable air condensers
are reported, which Dring out the importance,
even at comparatively low frequencies (2 Mc/s),
of the variable losses due to the ohmic resistance of
the metallic parts traversed by current, compared
with the constant losses due to the insulating
materials supporting the parts”” The method
has the further advantage that it eliminates the
effects of the resistance of the connections between
condensers and measuring circuit—a particularly
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uscful fact when the condenser or dielectric sample
is to be tested in a closed space, as when studying
the effect of temperature or humidity. The
difference between the new method and the old
depends on the special design of the comparison
condenser (Fig. 3), which has the effect of con-
verting the equivalent circuit from Fig. 1 to Fig. 2
and the equation for the required loss G, (i.e. the
loss conductance of the condenser urder test) from
equation 3 to equation 3’, which is free from that
term in equation 3 which causes the trouble in
the old method. The two 10 cm plates (the upper
one adjustable) are supported by separate insulating
systems both fixed to an earthed metallic base,
and there is no insulating material in the electric
field between the plates.

2002. ON THE MUEASUREMENT OF IDAMPING (Survey
and Comparison of Methods].—G. Weiss.
(Funktech. Monatshefte, March, 1935, No. 3,
pp- 85-89.)

Tae MIT. Powrr I'acTorR BRIDGE AND
OiL Crrr [and Some Results: Air Conden-
sers may have Power Factors well over
0.000001 : etc.].—Balsbaugh and others.
(Elec.Engineering, March, 1935. Vol. 54, No. 3,
PP. 272-279.) For a companion paper see
1934 Abstracts, p. s5i11.

2003.

A NEW SEMI-ARSOLUTE METHOD OF MEASUR-
ING Larer HiGH-FrREQuUENCY CURRENTS
[2% FError for Currents up to 50 Amperes at
20 m Wavelength] —R. E. Albrandt. (E.T.Z.,
21st March, 1935, Vol. 56, No. 12, pp. 340-
3471.) Short illustrated version of the Russian
paper (517 of l'ebruary.)

2004.

THE EMPLOYMENT OF THERMIONIC VALVES
OR THE MEASUREMENT OF VERY SMALL
CurreNTS.—]J. Thovert. (Jowrn. de Phys.
et le Rad., March, 1935, Series 7, Vol. 6,
No. 3, pp. 89-93.)

VALVE VOLTMETER WITH LLOGARITHMIC SCALE
AXD ITS APPLICATIONS IN ACOUSTICS.—
E. Meyer and L. Keidel. (FE.N.T., February,
1935, Vol. 12, No. 2, pp. 37-46.)

The desirability and difficulties of constructing
measuring instruments with logarithmic scales
for usc in acoustics are discussed in §1 ; §2 describes
the requirements and construction of a logarithmic
rectifier (scheme Fig. 1) on the principle that the
rectified voltage at the output of an amplifier
regulates the adjustment of a potentiometer in
the amplifier. Friction is minimised by using a
liquid electrolytic resistance (tap water is the
electrolyte chosen), graded approximately ex-
ponentially. The calibrating curve of this regulator
is shown in Tig. 2; Iig. 3 gives the resistance
characteristic, Fig. 4 a photograph of the system
and Fig. 5 an oscillogram of the regulating process.

Electroacoustic applications are described in §3.
A condenser microphone and an amplifier were
prefixed to the voltineter. Fig. 6 shows the fre-
quency curve of the whole apparatus for investigat-
ing loudspeakers and microphones, 'igs. 7a and b
the frequency curve of the total radiation from an
electrodynamic and an electromagnetic Joudspeaker
respectively.  The method of investigating the
frequency curve of a microphone is described

2005.

2006.
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and curves are shown in Figs. 8a and b. Applica-
tions to investigations of the acoustic properties
of building materials and music rooms are discussed
in §4; curves of damping by walls are given in
Tigs. gb and ¢, which contrast the etfect of a single
and a double wall. The chief application is, how-
ever, to the investigation of echoes; the method
adopted for this is described and curves of decay
of echoes of pure tones of various frequencies
are shown in Iigs. 10 and 11. A phosphorescent
screen may be used to render these visible. The
decay curve is almost accurately exponential
when the frequency is one of the natural frequencies
of the room and the apparatus is at an antinode
of pressure (Fig. 10c). The voltmeter may also
be used to measure the decay of tuning-fork
vibration (Fig. 12).

2007. A WIDE-RANGE VacuuMm-TuBE VOLTMETER
Circurr [Symmetrical Two-Valve Circuit].
—G. A. Woonton. (Canadian Journ. of Res.,
January, 1933, Vol. 12, No. 1, pp. 1-5.)
Designed for fundamental frequencies ranging
from a few to 100 cycles per second, but “its
design suggests that it should give excellent results
throughout the whole range of audio-frequencies
and well up into the radio-frequency band.”

2008, MEASUREMENT OF ANTENNA POWER BY
Ovama’s RADIOMETER.—Kimparaandothers.
(See 1869.)

A WATTMETER FOR ComMUNICATION CIRCUITS
[Network in which Elements are balanced
with Valve Voltmeter: Direct Reading of
Power IFactor].—K. R. Illdredge. (Elec.
Engineering, March, 1935, Vol. 54, No. 3,
pp. 279-281.) As described, the equipment
1s suitable for 1072 to 107*a and o.5 to
2.0V, at 200 to 3 voo0c/s.

2009.

THE DEVELOPMENT OF A SENSITIVE PRECISION
WATTMETER FOR THE MEASUREMENT OF
VERY SmaLL Powkrs.—N. H. Searby.
(Journ. I.IL.E., February, 19335, Vol. 76,
No. 458, pp. 205-221.)

201I0.

A Victor MEeTER [Direct Reading: for
0.15-150 V and 0.005-5 A: Many Applica-
tions].—(FL.T.Z., 28th March, 19335, Vol. 56,
No. 13, p- 380.)

2011.

TeeE USE OF THE ROTARY VOLTMETER FOR
MEASUREMENTS UP To 830 KiLovorTs.—
Henderson, Goss and Rose.  (Review Scient.
Insty., March, 1935, Vol. 6, No. 3, pp. 63—
65.) TFor previous papers see 1934 Abstracts,
p- 217 (Kirkpatrick).

2012.

A METHOD oF MEASURING Noist LEVELS ON
SHORT-WAaAVE RADIOTELEGRAPH CIRCUITS.—
Peterson.  (See 1819)

2013.

A FIELD-STRENGTH MEASURING SET USING
THERMAL AGITATION Noisg as THE CALI-
BRATING SOURCE.—A. H. Mumford and
P. L. Barker. (P.O. Ilec. Eng. Jowrn.,
April, 1935, Vol. 28, Part I, pp. 40-47.)

The principles used can be applied to sets for
short or ultra-short waves, and to instruments for
measuring (¢.g.) the decrements of tuned circuits
or losses in dielectrics. ‘‘ It can therefore be con-

2014.
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cluded that the possibilities of utilising thermal
agitation noise as a source of em.f. for measure-
ment purposes are very great and are likely to be
developed extensively in the near future.”

2015. Fapixg MrasureEmeExTs [U.R.S.I. Tests].
D. A. Bell. (Wiveless World, 5th April,
1935, Vol. 36, pp. 33%-339)

Discussion of the resuits obtained from the recent
test transmission for the comparison of frequency
standards and for the investigation of fading and
similar effects.

2016. A PORTABLE MEASURING APPARATUS FOR
INVESTIGATING INTERFERENCE FIELDS.—
Dennhardt and Himmler. (See 1820.)

2017. MEASUREMENT OF THE CAPACITY AND Danp-
ING OF A BALLISTIC (GALVANOMETER.—I.
Lucchi. (L’Llettvotec., 10th Jan. 1935, Vol
22, No. 1, pp. 20-22))

2018, THE SELF-CAPACITANCE OF SINGLE-LAYER
CoiLs [Independence of Frequency : Effect
of Radius].—W. Jackson. (Phil. Mag.,
April, 1935, Series 7, Vol. 19, No. 128, pp.
823-835.)

Measurements of the natural frequencies of a
series of coils, with immersion in a liquid of known
diciectric constant, show that the self-capacitance
is independent of frequency, while its ratio to the
radius is independent of the radius for a given coil
shape. The results are compared with existing
theories. The effect of end-connections, wire
diameter, wire covering, and the presence of a coil
former on the effective self-capacitance are also
considered. A few measurements on double- and
treble-layer coils are given.

2019. THE Drsigy, CONSTRUCTION, AND USE OF
REsisTors or CALCULABLE REACTANCE
[1oo—1 000 and 1 000-10000 Ohms: Pri-
mary Standards] —N. F. Astbury. (Journ.
I.L.E., April, 1935, Vol. 76, No. 460, pp.
389-396.)

2020. MEASUREMENT OF THE DIELECTRIC CONSTANT
OF AIR AT Rapio-FREQUENCIES [9o0 ke/s :
Result agrees with Low-Frequency Value].
—IL. G. Hector and H. L. Schultz. (Phys.
Review, 15th Feb. 1935, Series 2, Vol ‘47,
No. 4, p. 327: abstract only.)

2021. A METHOD FOR DETERMINING THE DIKLEC-
TRIC CONSTANT OF CONDUCTING SOLUTIONS.
W. M. Mazee. (Physik. Zeivschr., 1st

March, 1935, Vol. 36, No. 5, pp. 177-180.)
The principle of the method depends on measuring
the maximum resonance of a circuit. Details of
the circuit (Fig. 1) and of the liquid resistance
(Fig. 2) are given, and the experimental procedure

is described.

2022. Low-T"REQUENCY [500 ¢/s] CONDUCTIVITY OF
MIXTURES OF AQUEOUS SOLUTIONS OF
TELECTROLYTES [Measurements and Dis-
cussion of Theoryj-—A. Deubner and A.
Dobenzig. (Physik. Zeitschv., 15th Feb.
1935, Vol. 36, No. 4, pp- 139-142.)
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2023. INTERNATIONAL I'REQUENCY COMPARISONS
BY Mraxs oF STANDARD RaD1o-FREQUENCY
Emissions [Method, Accuracy and Results
of Measurements].—1IL.. Essen. (Proc. Roy.
Soc., Series A, roth April, 1935 Vol. 149,
No. 868, pp. 506-510.)

2024. RADIOELECTRIC I'REQUENCY METER [Loud-
speaker acting on Sensitive Flame whose
Striations are observed Stroboscopically].
Z. Carriere. (Journ. de Phvys. et le Rad.,
November, 1934, Series 7, Vol. 5, No. 11,
pPpP- 571-574.) A frequency of 10 000cC¢/s
gives striae spaced onc millimetre.
5. Thr UskE oF A Triopk 1x B.-K. CONNECTION
As  OscrLration  WAVEMETER.—Ieyshon.
(See 1804.)

. THE QUESTION OF THE NATURAL FREQUEN-
CIES OF PIEZOELECTRIC QUARTZ PLATES
ExCITED TRANSVERSALLY [Optical Measure-
ments show that Overtone Frequencies
{ollow True Harmonic Law, though Measured
and Extrapolated Fundamentals disagree].
—I.. Bergmann. (Ann. der Physik, Series
5, No. 6, Vol. 21, 1935, pp. 553-563.) See
also 1934 Abstracts, pp. 332 (Bergmann)
and 569 (Asbach and others).

Ox THE LAws OF THE IDISENGAGEMENT OF
ELncTriciTy BY TorsioN 1N Quartz [Dis-
crepancy between Authors’ Formula and
That of Tawil].-——Ny Tsi-Ze and T. Ling-
Chao : Tawil. (Comptes Rendus, 25th Feb.
1935, Vol. 200, No. 9, pp. 732-733.) See
505 of l'ebruary, and 2028, below.
CONSIDERATIONS ON THE DISENGAGEMENT
oF ELECTRICITY BY TORSION OF QUARTZ.
E. P. Tawil. (Comptes Rendus, 25th March,
1935, Vol. 200, No. 13, pp. 1088-1090.)
See 2027.

. Tue DISPERSION oF THE OPTICAL ACTIVITY
oF OUARTZ IN DIRECTIONS INCLINED ARBI-
TRARILY TO THE OPTICAL AXIs [Direction
with No Dispersion : Use in Optical Instru-
ments].—C. Minster and G. Szivessy.
(Phystk. Zeitschr., 1st Feb. 1935, Vol. 30.
No. 3, pp. 101-106.)

THr PRACTICAL APPLICATION OF DIFFRAC-
TioN or LIGHT BY SUPERsoNIC WAVES
[including Study of Piezoquartz Crystals].
S. J. Sokoloft. (Phvsik. Zeitschr., 15th Feb.
1935, Vol. 36, No. 4. pp. 142—-144.)

Cf. Hiedemann and others, 195 and 247 of
Januaryv. Short notes are made of the effect on
the diffraction spectra of an oscillating crystal
produced by different directions of cut, surrounding
media, temperatures, electrode arrangements and
oscillation frequencies.

2031. ThE THERMODYNAMICS OF MAGNETISATION
[including Magnetostriction Relations].
E. C. Stoner. (Phil. Mag., March, 1935,
Sceries 7, Vol. 19, No. 127, pp. 565-5%8.)

““ MEASURING PRACTICE

2027.

2028.

2030.

2032. (Technisches Mes-

sen)” [No. 10 of ‘" Bildwort-Englisch " :
Book Review).—(Zeitschr. f. tech. Phys.,
No. 3, Vol. 16, 1935, pp. 87-88) For

previous reference to this series see 646 of
I'ebruary.
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SUBSIDIARY APPARATUS AND MATERIALS

2033. CONCERNING THE FL.UCTUATIONS OF CURRENT
N A HigH Resistance [Metaliised Resistors
cause Fluctuations analogous to Shot Effect :
Measurement of Apparent Multiple Elec-
tronic Charge on Molecular Aggregates]. —
G. W. Barnes. (Journ. Franklin Insi,
January, 1935, Vol. 219, No. 1, pp. 100-107.)

Introduction of metallic resistors (films on glass)

into the anode circuits of amplifiers used for measur-
ing cosmic ray ionisation causes short period
Huctuations of the same type as thcse due to the
shot effect in valves. Tf conduction takes place
by communication of clectricity between molecular
aggregates, the apparent unit of charge should be
much larger than that on the electron ; the object
of the experiments described here was to verify
this. The variation of the fluctuation with the
total current through the resistor was investigated.
The circuit diagram is given ; in this the resistance
to be studied was arranged in a Wheatstone bridge
circuit and the fluctuations were indicated by a
short-period  galvanometer. Samples of traces
obtained and the theory of the interpretation are
given. Trom the experimental results, the value
of the multiple charge seemed to be about 72 times
that of one electron.

2034. MODIFICATIONS OF THE €0OLD-CATHODE
CaTHODE-Rav TUBE Metal Discharge Tube
fused into Sealed-Off Hard-Glass Tube:
Multiple-Ray Tubes : etc.].—Szegho. (Journ.
Roy. Tech. College, Glasgow, January, 1933,
Vol. .3, Part 3, pp. 475-480.)

Other points are: cathode carried on steatite
insulation : fine ray produced without use of
aperture (anode opening 2cm diam. instead of
0.5 mm) : use as rectifier : multiple-ray tubes with
single spherical cathode: with single anode as
well (ray directed alternately into two deflecting
systems) : and a self-renewing cathode (thin wire
burning away like candle).

CATHODE-RAY OSCI.LLOGRAPHS—DPAPFRS AND
DEMONSTRATIONS AT THE INSTITUTION OF
ErLEcTrRICAL  ENGINELRS —A  H.V. Gas-
FiLrep CoLp-CatHoDE EQUIPMENT.—Mac-
Gregor Morris and Henley : Parker Smith,
Seegré and Bradshaw. (Flectrician, 11th
Jan. 1935, Vol. 114, No. 2954, pp- 33-34)

2035.

A ComplLiTE PoORTABLE CATHODE-RAY
OScILLOGRAPH [weighing 38 lbs, with 3-
inch Tube : A.C.-Operated!.—Diehl. (Proc.
Inst. Rad. I'ng., February, 1935, Vol. 23,

No. 2, p. 99 : summary only)

2036.

Svrvaxia CartHope-Ray Tuse RATINGS
[Modifications to Datal.—(Rad. Lngineeving,
March, 1935, Vol. 15, No. 3, p. 22.) See 1619
of May.

2037.

Tue FocusiING oOF Narrow ELECTRON
BeauMs i Vacuo [Derivation of Simple
Formulae : Application to ‘ Einzellinse ”
and Other Converging Systems].—Bouwers.
(Physica, March, 1935, Vol. 2, No. 3, pp. 145~
154 : in English))

2038.

WIRELESS ENGINEER

347

2039. Tur PorexTiaL oF SLITS axD CIRCULAR
Stops [in Electron Microscopes : Calculations
and Diagrams]—Henneberg. (Zeilschr. f.
Physik, No. 1/2, Vol. 94, 1935, pp. 22-27.)

TiMe-MARKING A CATHODE-Ray Oscirro-
GrAPH By Hanrnmonics [Oscillograph acts as
Triode, giving Retroaction in Tuned Circuit :
Harmonic Selected and Applied to Wehnelt
Cylinder].-—Richardson. (Proc. Phys. Soc.,
1st March, 1935, Vol. 47, Part 2, No. 259,
pp. 258-262.)

E1.ecTRONIC COMMUTATOR FOR CATHODE-RAY
TuBE ([giving Simultaneous Observation
of Two Waves].—Du Mont. (ILlectronics,
March, 1935, p. I0I.)

2040.

2041.

EXCITATION SPECTRA OF THE LUMINESCENCE
orF SoLip SOLUTIONS OF RHODULINE [in
Sugar: Identity of Fluorescence and
Phosphorescence Spectra].——Goloub. (Physik.
Zeitschy. dev Sowietunion, No. 1, Vol. 7,
1935, pp. 49-57: in French.)

Ture AuTtoMaTic OsciLLOGRAPH [for recording
Transient Conditions]. — MacAffer.  (Gen.
Ilec. Review, March, 1935, Vol. 38, No. 3,
pp. 146-151.)

Tar  Six-StriNG  OscitLoGraPH.—Curtis.
(Bell Lab. Record, January, 1935, Vol. 13,
No. 5, pp. 145-150)

NoTE oN AN OPTICAL SYSTEM FOR SHADOW
RECORDING WITH OSCILLOGRAPHS [simplify-
ing the Methods of obtaining Time and
Amplitude Rulings].—Woonton and Pye.
(Canadian Journ. of Res., February, 1935,
Vol. 12, No. 2, pp. 261—264 and Plates.)

2042.

2043.

2044.

2045.

DETERMINATION OF THE NATURAL
AND DaMPING oOF OSCILLO-
rroM THEIR FREQUENCY
(Ilektrot. w. Masch:baw,
See also

THE
FREQUENCY
GrAaPH  Loors
CurvESs.—Sochting.
No. 33, Vol. 52, 1934, pp- 381384}
1933 Abstracts, p. 165, 1-h col.

2046.

LECTRONIC DIsCHARGE TURE WITH LENGTH
oF LuvIiNous COLUMN VARYING WITH
AMoUNT oF CURRENT PASSING.—Thomson-
Houston Company. (French Pat. 775 774,
pub. 9.1.1935: Rev. Gén. de I'Elec., 3oth
March, 1935, Vol. 37, No. 13, pp. 105-106 D.)

2047.

SoME REsuLTs oN THE WORKING MECH-
ANISM oF Dry-PrLaTe ELEcTRONIC RECTI-
FIER [and a New Type with Artificial Barrier
Layer].-—Jusé. (Phvsik. Zeitschy. dev
Sowietunion, No. 1, Vol. 7, 1935, pp. 1-18:
in German.)

For a preliminary letter see 1933 Abstracts, p.
636. Author's summary .—'° A method has been
found of constructing a new type of dry-plate
rectifier from cu,o with an artificial barrier-layer
composed of a poorly conducting substance (sio,,
B,0,, Nacl, s, glass, or bakelite). The rectifying
coefficient reaches 100 (at 1 velt). The voit
ampere characteristics of such rectifiers—with a
barrier-layer thickness of 1 X 107% to 5 X 107%cm
——are measured in the range up to 20 volts, the
electrical field being switched on for times up to
7 = 0.8 X 107*sec. It is found that in the case

2048.
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of a wedge-shaped barrier layer the maximum
rectifying coefficient occurs for a thickness of
2 X 107% to 1 X 107%cm, but rectification still
occurs for a thickness of 1 X 107tcm. The in-
fluence of temperature, from - 50° to —100°C,
on the rectifying coefficient is examined. It is
found that a barrier-laver photo-effect can be
obtained if an artificial barrier layer with high
internal photo-effect is applied to an electronic
semi-conductor.”

2049. ‘* CONTRIBUTION TO THE STUDY OF CONTACT
REecTIFIcATION "’ [Notice of Publication as
Supplement to L’Onde FElec.].—Cayrel.
(L’Onde Elec., February, 1935, Vol. 14, No.
158, p. 128)

A JMETHOD ALLOWING THE RECTIFYING
ActioN or THE Two CoNTacTs or A RECTI-
FIER TO BE STUDIED SEPARATELY, THE
AcTION OF ONE BEING COMPLETELY SUP-
PRESSED . APPLICATION To THE LocCALISA-
TION oF B RECTIFIcATION [Metal/Semi-
Conductor] 1N CoPPER SULPHIDE DETECTORS.

Cayrel. (Comples Rendus, 21st Jan. 1935,
Vol. 200, No. 4, pp. 303--304 : extract only.)

2050.

2057. THE ELECTRICAL RESISTANCES AT THE
ConTact or Two SeEMI-CONDUCTING SUB-
STANCES.—Dé¢chéne. (Comptes Rendus, 18th
Feb. 1935, Vol. 200, No. 8, pp. 648 651.)

‘" All the results indicated in this work are similar
to those observed at the contact between a semi-
conducting substance and a metal. The inter-
pretation is the same: the passage of electrical
centres (ions or electrons) across the surface bound-
ing a semi-conducting substance requires the pro-
duction of an intense electrical ficld on this surface.”

PAPERS ON DETECTORS.—Geismann : David.

(See 1837, 1838.)

. PROGRESS IN THE APPLICATION OF SELENIUM
Dry-PLaTE REeCTIFIERS.— Maier. (E.T.Z.,
28th Feb. 1935, Vol. 56, No. 9, pp. 237-238)

. Tue ErLEcTtrRicAL CONDUCTIVITY OF ELEC-
TRONIC SEMI-CONDUCTORS.—Gudden. (E.T.Z.,
21st Feb. 1035, Vol. 56, No. 8, p. 213:
summary only.)

2052.

. ELECTRICAL AND OprTicaL BEHAVIOUR OF
SEMI-CoxDpUCTORS. X. LELECTRICAL MEAS-
UREMENTS WITH ZiNc Oxipe. —Fritsch.
(Anm. der Physik, March, 1935, Series 3,
Vol. 22, No. 3, pp. 375-401.) For Part XI
see 1994.

[Theoretical and Experimental Considerations
on| MECHaNICAL RECTIFIERS 1OR LABORA-
TORY MEASUREMENTS.—Pianta. (L’ Elettrotec.,
25th Feb. 1935, Vol. 22, No. 4, pp. 127-134))

2056.

Hot-CaTHODE MERCURY RECTIFIER TUBES
rFoR  HigH-PowER Broapcast TRANS-
MITTERS [Radiotron RCA-870, wused at
WLW].—Steiner.  (Proc. Insi. Rad. Ing.,
February, 19335, Vol. 23, No. 2, pp. 103—
III.)

2057.

2058. THE GRID-CONTROLLED RECTIFIER WITH
ZERO-POINT ANODE.—Babat. (Journ. I.E F.,

April, 1935, Vol. 76, No. 460, pp. 397—406.)
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2063.

2064.

2065.
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2067.

2068.

20069.
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THE MutaTor: USEruL INNOVATION IN
ELectricaAL  TERMINOLOGY. — (Electrician,
25th Jan. 1935, Vol. 114, No. 2956, p. 132.)
For severe criticism see Rev. Gén. de Z’Elec.,
16th Feb. 1935, Vol. 37, No. 7, p. 202.

AN ELECTRONIC VOLTAGE REGULATOR [with
External-Grid Rectifier—'* Kathetron "].—
Craig and Sanford. (Elec. Engineeving,
February, 1935, Vol. 54, No. 2, pp. 166—
170.) See also Abstracts, 1933, p. 339,
and 1934,'p. 394.

True STATIC TRANSFORMATION OF D.C. INTO
A.C. BY MAGNETIC CONTROL OF THE MER-
CURY-VAPOUR ARrRc.—Savagnone. (L’Elet-
trotec., 5th Dec. 1934, Vol. 21, No. 34, pp-
789-803.)

Quick PrnotograrHs [One Millionth of a
Second]| POssIBLE WITH NEwW IGNITRON
TuBE.—{Sci. News Letter, 16th Feb. 1933,
Vol. 27, No. 723, pp. 102-103.)

A RADIO-FREQUENCY HiGH - VOLTAGE
GENERATOR [Resonance Transformer pro-
duces Voltage entirely inside Tank for
X-Ray Production and Positive lon Ac-
celcration].—D. H. Sloan. (Phys. Review,
1st Jan. 1935, Series 2, Vol. 47, No. 1,
pp. 62-71.) See also 1885.

A NEw SoURCE oF * KiLocycLE KILOWATTS ”’

[the ‘“ Arc Oscillator Tube,” generating
Power at 1 to 100 kc/s].—Miles. (Elec.
Engineering, March, 1935, Vol. 54, No. 3,
pp. 305-307.)

MAINS ADAPTOR WITH GLOW-DISCHARGE
VOLTAGE-DIVIDER AS SUBSTITUTE FOR BAT-
TERY [for Laboratory and other uses:
an Improved Bridge-Circuit Iiquipment].
Meyer. (Bull. Assoc. suisse des Elec.,
No. 19, Vol. 25, 1934, pp. 516-519.)

NeoN Lamp 1N THE REGIME OF COUNTER.—
Valle and Rossi. (Nwovo Cimento, December,
1934, Vol. 11, No. 10, pp. 708-716.)

OSCILLOGRAPH PROBE MEASUREMENTS [of
Potential and Electron Temperature] IN
MoviNGg LAYERS OF THE PosITIVE COLUMN
or NoBLE Gasks [Dischargein Argon].—Pupp.
(Physik. Zeilschy., 15th Jan. 1935, Vol. 36,
No. 2, pp. 61-66)

Tue Grow DISCHARGE [in Air and Argon]
N A HigH-VELocity Gas CURRENT [Delay
in Starting removed by Current: Effect of
Change of Space-Charge Distribution].-

Maier. (Zeitschy. f. Phystk, No. 1/2, Vol. 93
1934, pp. 65-85.)

THE InpucTiVE GLOW DISCHARGE OSCILLA-
Tor.—Kock. (See 1906.)

THE MERCURY-SUPER-HIGH-IPRESSURE LaMP,
A NEW MERCURY-VAPOUR [LAMP WITH VERY
Hicu Pressurk.—Halbertsma. (Elektvot. u.
Masch - bau, No. 16, Vol. 53, 1935, Supp.

PP 1-3)
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‘" GASENTLADUNGS - TABELLEX " [Tables,
IFformulae and Graphs pertaining to Physics
of FElectrons and Ions: Book Review].—
Knoll and others. (Gen. Ilec. Review,
March, 1935, Vol. 38, No. 3, 0. 157.)

CURRENT TRANSFORMER ForR Hica FRE-
QUENCIES [e.g. for Stepping-Down Large
Aerial Currents for Measuring Purposes].—
MacGahan. (Flekivot. u. Masch:bau, No. 43,
Vol. 52, 1934, p. 508 : summary only.)

2072.

THEORY OF TRANSIENT PHENOMENA ON
HomoGeENEoUs ConbpbucTtors [Method of
Estimating Loss, if Loss-Less Solution is
known].—Kosten. (E.N.T., I'ebruary, 1935,
Vol. 12, No. 2, pp. 60-68.)

2073.

EXPERIMENTAL STuDY ON HIGH-I'REQUENCY
Ixpuctance Coirs.—Kanazawa.  (Journ.
I.EE. Japan, January, 1935, Vol. 55 [No. 1],
No. 558 pp. 17-20: English summary
p- 4.). The full paper, in Japanese, a
summary of which was dealt with in 1205
of April.

2074.

HicH-FrREQUENCY CoIlL WITH ‘ SIRUFER "’
[Powdered Iron] CorEe [l.osses, I‘orms and
Materials, Inductance Adjustment].—Weis.
(E.N.T., February, 1935, Vol. 12, No. 2,
pPP. 47-53.)

§A. Losses in iron-cored coils are due to the
iron (hysteresis, eddy currents, magnetic inertia),
the dielectric and the copper. These are discussed
for coils with “ Sirufer” cores. Figs. 3 and 4
show the influence on the quality of the coil of
the effective permeability of the core and the
stranding [‘“Litzenaufbau’’] of the wire respectively.
§B considers the material and form of the core
(typical forms in Fig. 5). The H-core in Fig. s5a
is the most suitable one possible ; its advantages
are described. § C describes inductance adjustment
by means of a disc introduced into the field of a coil
(Fig. 6) or by alteration of the effective diameter
of the core (Iig. 7). §D mentions various uses to
which these coils may be put.

2075.

2076. NEw TvypE IroN-CorEp CorL.—Boucke.
(Wiveless World, s5th April, 1935, Vol. 36,
p- 341)

The same iron core is used for both medium and
long wave windings which are wound at right angles
to each other : the total assembly is more compact
and is therefore smaller relatively to a screening
container of given size, thus giving reduced eddy-
current losses. Other advantages are claimed.
For a rather {fuller version see Fumktech. Monats-
hefte, January, 1935, pp. 41—44.

2077. THE HomeE ConsTrUcCTION OF H.F. IrRON-
Corep ~ CorLs.—(Funkiech.  Monatshefte,
January, 1935, No. 1, pp. 44-45.)

2078. IMPROVEMENTS IN PowbDERED-IRON CORES
ror R.F. CoiLs: Repucrtiox ofF Enppy-
CURRENT Loss: METHOD OF ADJUSTMENT
oF INDUCTANCE.—Nissen. (French Pat.

773 066, pub. 10.11.1934: Rev. Gén. de
'Elec., 23rd Feb. 1935, Vol. 37, No. 8, pp.
61-62 D.)
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2079. MAGNETIC PROPERTIES AND ORIENTATION
oF FERROMAGNETIC PARTICLES [Alignment
increases Magnetisation and Remanence :
Coercive Force Unaffected].—Davis. (Phy-
sics, March, 1935, Vol. 6, No. 3, pp. 96-99.)

FERROMAGNETIC ALLOYS AND THE Laws
GOVERNING THEIR PROPERTIES.—Kussmann.
(Chemikey-Zeit., 6th April, 1935, Vol. 59,
No. 28, pp. 285-287.)

2080.

A SURVEY oOF MAGNETIC MATERIALS IN
RELATION TO STRUCTURE.—Ellis and Schu-
macher. (Bell S. Tech. Jowrn., January,
1935, Vol. 14, No. 1, pp. 8-43.)

Eppy CuURRENT loss IN TUBE IN AXIAL
ALTERNATING MacgNETIC Fierp  {Theory
Applicable to Tubes of Any Thickness:
Application to Effect of Solenoid Core].—
McLachlan and Meyers. (Phil. Mag., April,
1935, Series 7, Vol. 19, No. 128, pp. 846-849.)
For previous work see 287 of January.

2081.

2082.

SuperiMPosED D.C. aNp A.C. 1N IrON-
CoRED TRANSFORMERS AND CHOKEs: IN-
VESTIGATIONS WITH A CATHODE-Ray Oscir-
LOGRAPH.—Cosens. (Wireless  Ingineer,
April, Vol. 12, No. 139, pp. 190 193.)

2083.

INTERRELATION BETWEEN TIME OF OPERA-
TION OF ELECTRO-MAGNETIC RELAYS, NUM-
BER OF TURNS ON MAGNET COIL, AND AMPERE
TURNS FOR STEADY STATE [and the Effect of
Inductance and Resistance in Series with
Winding].—Kovalenkov. (Tzvestia  I-lek-
troprom. Slab. Toka, December, 1934, No. 10,
Pp- 29-55.)

THE RATE or HEATING oF A METALLIC CON-
TacT [with Current Variation: Formulae
and Curves showing Variation with Time,
Contact Surface and Material].—Holm. (Avch.
f. Elektrot., 12th March, 1935, Vol. 29, No. 3,
pp- 207-210.)

MEASUREMENTS ON COMMERCIAL SoLiD Iw-
SULATING MATERIALS AT 3 X 10% TO 7.5 X 107
CvcrLes/Seconp.—Kessler. (Hochf:tech. u.
Elek:akus., March, 1935, Vol. 45, No. 3,
PP. 91-100.)

Author’s summary : —‘ The dielectric constants
and loss angles of random samples of 40 ceramic and
organic substances have been measured by the
resonance method in the short-wave region between
4m and toom. The loss angles for 4m and 8m
were measured by a method in which the wavelength
of the test oscillator was varied ” [the resonance
curve being plotted with the sample in place in one
of two condensers in series; the sample was then
removed and the empty condenser increased in
capacity till the circuit’ was again in tune with
the middle wave, and finally the resonance curve
was plotted with the new circunit in the absence of
the sample. By this method the two resonance
curves were plotted with only one change of con-
denser in the sensitive circuit].

‘At 4m [4.20m] the dielectric constant was
measured by comparison with liquids [whosedi-
electric constants were predetermined by a
Lecher-wire system fused into a 4 m long glass tube,
a A/4 length of the system projecting for coupling

2084.

2085.

2086.
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to the detector]. In the wave-range investigated
the dielectric constant is constant; .. no absorp-
tion region occurs. For a few organic liquids
[table 4] the dielectric constants at 4m were
determined, some of them for the first time. With
an eye to television, the dielectric constant of
purified nitrobenzol was also measured at this wave-
length ** [value 32.7 at 20°).

““With the solid materials the damping increases
as the wavelength is decreased, as a rule regularly,
in the case of the ceramic materials ; but for the
organic materials on the other hand a maximum of
damping occurs at 1om [see curves of Fig. 11]:
this maximum however does not exceed 0.07. (This
damping region corresponds to the phenomenon
observed by Beck in insulating oils at the same wave-
length [Abstracts, 1934, p. 52, r-h column]). An
explanation of this region is not attempted. Pre-
liminary measurements were carried out regarding
the intluence of atmospheric moisture on the damp-
ing and regarding the destruction of the prepared
surface in layered materials and a consequent
increase in damping [e.g. sand-papered Pertinax :
the effect is insignificant]. The damping was meas-
ured at 60°C for a series of solid materials [table
5: with oo m and 50 m wavelengths. The marked
increase of damping with the organic materials
agrees with the results of Miiller and Zinke, 1934, p.
509 : the decrease with the ceramic materials may
be explained by decreased moisture]. Mixed
materials of high dielectric constant were composed
[prompted by the new substances such as Kerafar :
the writer employed aluminium bronze and Canada
balsam and obtained dielectric constants of 16 and
23] and the damping determined as a function of the
mixing ratio’’ fat various wavelengths from 4m
to 7o0m : table 6]. The writer points out that for
most of the materials only one sample was avail-
able, so that too definite conclusions as to the re-
lative merits of the various substances should not be
drawn : the results were, however, reproducible
after intervals of weeks. Table 2 shows how the
writer’s loss-angle measurements on Trolitul,
Bakelite, etc., differ from the results obtained by
Rohde and Schwarz (1934, pp. 509 510). It 1s
suggested that the samples may have come from
different sources and may have varied considerably :
also that the different conditions of mounting may
have an effect. Unexplained results on a sample of
Calan are discussed at the beginning of p. 97:
the dielectric constant value of 6.4, first found, fell
to about 4.3 when the original surface was removed,
and this lower value was again found for particles
in a fluid mixture.

2087. Dirore RoraTioN 1IN Sorip Non-Cry-
STALLINE  MaTErIALS  [Solid Dielectrics :
Applicability of Dipole Theory].—Gemant.
(Phil. Mag., April, 19335, Series 7, Vol. 19,
No. 128, pp. 746-758))

2088. Two Tvypes or DIELECTRIC POLARISATION
Studies of Temperature Variation of Dielec-
tric Loss showing Possibility of Differentia-
ting between Types due to Heterogeneous
Structure (¢.¢. Halowax and Paper) and to
Polar Molecules (e.g. Glycerine)].—Morgan.
(Bell Tel. S. Tech. Pub., Monograph B-828,
8 pp)
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208g. Guass as a DierrcTric [Summarising Dis-
cussion].-—Morey.  (Journ. Franklin [nst.,
March, 1935, Vol. 219, No. 3, pp. 315-330.)

SoME FELECTRICAL PROPERTIES OF CERESIN
Wax Use as  Insulator] —Wikstrom.
{Physics, March, 1935, Vol. 6, No. 3, pp.
86—92.)

THE THERMAL BREAKDOWN OF BAKELITE
InsuraTors [at Voltages only just over
Working Voltage : Agreement with Thermal
Breakdown Theory].—Zalessky. (Elektrot.
u. Masch:bau, 10oth March, 1935, Vol. 53,
No. 10, pp. 112-116.)

2090.

2091.

ESTERIFIED  FIBROUS  INSULATING  Ma-
TERIALs [especially ' Cotopa” and ** Cres-
tol "'].—New. (Flec. Communication, Jan-
uary, 1935, Vol. 13, No. 3, pp. 216-225))

2092.

THe Tur~NING, GRINDING AND POLISHING
oF ARTIFICIAL RESIN MOULDING MATERIALS
AND SIMILAR INsULATORS. — Mchdorn.
(Zeitschr. V.D.I., 16th March, 1935 Vol
79, No. IT, pp. 347-350.)

Parers o~ InsuraTing Mourping Ma
TERIALS [Leipzig FFair Addresses]—(E.T.7.,
7th March, 1935, Vol. 56, No. 10, pp. 269-
291.)

NoN-INFLAMMABLE AND NoN-EXPLOSIVE IxN-
SULATING Liguins [Pyranonl, Inerteen, etc.].
—Bolsterli. (Bull. Assoc. suisse des Elec.,
No. 8, Vol. 26, 1935, pp. 185-188.)

2093.

2094.

2095.

MEASURING THE ARC-RESISTANCE oOF Ixn-
SULATING MATERIALS IN AIR.—Race and
Warner. (Gen. [Elec. Review, TFebruary,
1935, Vol. 38, No. 2, pp. 97-102.)

INVESTIGATION OF THE RADIO-INTERFERENCE
AcTtoN oF Higu-TENSION INSULATORS.
Dick. (See 1833.)

A Vacuum TUBE AMPLIFIER FOR SMALL
Direct VorTages [D.C. Voltage connected
in Series with A.C. Voltage and passed
through Rectitier]. —Razek. (Journ. Frank-
lin Inst., February, 1935, Vol. 219, No. 2,
Pp- 137-7155)

The copper-oxide rectifier suppresses one part
of the cycle, to a degree depending on the magnitude
of the direct voltage; a conventional amplifier
may then be used to amplify the resulting fluctua-
ting voltage. The method has been used to amplify
the output from a thermocouple and as a galvano-
meter power multiplier.

20g96.

2097.

2098.

2099. Vacuum TUBE AMPLIFIER FOR THERMO-
courLE EMF. [Magnetic Energy, stored in
Transformer in Series with Voltage Source,
Balancing Voltage and Cam-Driven Contact,
delivers Voltage Pulse to Grid when Re-
leased].—Johnson, Bell and Nottingham.
(Phvs. Review, 1st March, 1935, Series 2,
Vol. 47, No. 5, pp. 426—427 : abstract only.)

2100. A New Barancep CircuiT For [lPortable
Instruments] RESISTANCE THERMOMETERS,
CoMmBUSTIBLE GAS INDICATORS, ETC.— Jacob-
son. (Phys. Review, 15th Feb. 1035, Series
2, Vol. 47, No. 4, p. 336 : abstract only.)
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2101.

2102.

2103.

2104.

2105.

2100.

A New Tvpe Buzzer (giving Constant
Alternating EM.I. with Varying Load, and
with Other Advantages]-—Osida and Hashi-
moto. (Rep.of Rad. Res. in japan, October,
1934, Vol. 4, No. 3, Abstracts p. 48 : sum-
mary only, in English.)

STaBILISING RESISTANCES ForR D.C. AND
UNIVERSAL RECEIVERS [particularly the
Urdox and Iron-Urdox  Barretters].—
Schwandt. (Funkliech. Monatshefte, March,
1935. No. 3, pp. 93 96.)

PROTECTING THE Brass BiNnING PosTs AND
SOLDERED JOINTS OF AN ACCUMULATOR
aGainsT COrRRosION [by a Short Sleeve of
Zinc, Marble, etc., intercepting the Creeping
Acid|.—Seitz. (Zeitschr. {. tech. Phys., No. 1,
Vol. 16, 1935, pp. 12-13.)

THr DysioN ol Resistance Paps [Simple
Formulae and Curves].—Nordica.  (Rad.
Engineeving, December, 1934, Vol. 14, No.
12, pp. 12—-15.)

A UseruL MxTHOD OF GraPH PLOTTING
[avoiding Several Separate Calibration
Sheets or Overlapping and Crossing of

Several Curves on Same Sheet].—Horgan.
(Journ. Scient. Instr., April, 1935, Vol. 12,
No. 4, pp- 123-124.)
Tar . CircLe NomoGraM [with Rotating
Disc] AND ITs ADVANTAGES OVER THE
“ Movixg LLiNE " TABLE [Alignment Chart].
Maass. (Radio, B., F. fiir Alle, February,
1935, No. 2, pp. 28-30))

STATIONS, DESIGN AND OPERATION

2107.

2108.

2109.

2110.

2I11.

2112,

INVESTIGATION OF THE QUALITY oF BrOAD-
CASTING SERvICES [Report to French
Ministry of P.T.T.].—Adam. (Rev. Gén. de
I'flec., 20th April, 1935, Vol. 37, No. 16,
PpP. 519-520.)

RADIO AT THE Paris AVIATION EXHIBITION.
(L’Onde I'lec., Jan. and Teb. 1935, Vol. 14,
Nos. 157 and 158, pp. 39-49 and 111-116.)

THE STANDARD CARRIER BROADCAST SYSTEM
[over Open-Wire Lines witkout interfering
with Existing Facilities: Czechoslovakian
Test Results].—Hodgson, Ralph and Jacob-
sen. (Elec. Communication, January, 1935,
Vol. 13, No. 3, pp. 197-205.) .

A B.B.C. Dramatic CoxtrROL UNIT.
Colborn and Mitchell.  (Wireless World,
26th April, 1935, Vol. 36, pp. 408-412.)

Tie B.B.C’s FLyiNG Souap [Mobile Re-
cording Unit].-— (Wirscless World, 19th April,
1935, Vol. 36, pp. 380-387.)

GENERAL PHYSICAL ARTICLES

Papers oN THE NEw FIELD THEORY. —
Born and Schrodinger : Hoffmann : Pryce:
Feenberg. (Nature, 2nd March, 1935, p. 342 :
Proc. Roy. Soc., Series A, 1st Feb. 1933,
PP- 353-3064: Proc. Camb. Phil. Soc.,
January, 1935, pp. 50-068: Phys. Review,
15th Jan. 1935, pp. 148-157.)
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2113. THE CoNNECTING LINK BETWEEN CLASSICAL
ELECTROMAGNETIC THEORY AND WAVE
MuciaNics via A DERIVATION OF THE
SCHRODINGER LEQUATIONS AS A BOUNDARY
VaLUE ProsLEM oN THE Atom.—DeVore.
(Phys. Review, 15th Feb. 1935, Series z,
Vol. 47, No. 4, pp. 333 : abstract only.)

“ J.LECTrONS (- and —), ProTONS, PHOTONS,
NruTrRONS, axD Cosmic Ravs’” [Book
Review]. Millikan. (Journ. Scient. Instr.,
April, 1935, Vol. 12, No. 4, pp. 135 136.)

MISCELLANEOUS
2115. TALK oF INTERESTING NEW DiVELOPMENTS.
— (Flectronics, March, 1935, p. 77.)

Photographs transmitted in 8 1o minutes by
ordinary long-distance telephone call: binaural
recordings both in one groove : cellophane " sound-
strings’’—cheap continuous sound-recording medium
(from Germany) : intense cold light from new
fluorescent materials bombarded by cathode rays:
pocket transceivers on floor of Stock lixchange.

2114.

THE APPLICATION OF A GENERAL PRINCIPLE,
FOR THE DEVELOPMENT OF THE FUNCTIONS
OF A VARIABLE, TO SERIES OF BESSEL
Functions. —Delsarte.  (Comptes Rendus,
25th March, 1935, Vol. 200, No. 13, pp.
1084-1086.)

2116.

SoME EXPANSIONS ASSOCIATED WITiH BESSEL
Funcrions.—Bateman and Rice.  (Proc.
Natl. Acad. Sci., March, 1935, Vol. 21, No. 3,
PP 173-179)

STANDARD NOMOGRAPHIC FORMS FOR EQUA-
Tioxs 1~ THREE  VariaBLES.—\Wood.
(Canadian Jouwrn. of Res., January, 1935,
Vol. 12, No. 1, Pp. 14-40.)

2117.

2118.

THE GrapHICAL TRANSFORMATION OF CURVES
INTO STRAIGHT LINES AND THE CONSTRUCTION
OF ALIGNMENT CHAaRTS. — Wertheimer.
(Journ. Franklin Inst., March, 19335, Vol. 219,
No. 3. pp- 343-363)

A SEMI-DETERMINATE CaM TPROBLEM RE-
QUIRING UNUSUAL MATHEMATICAL TREAT-
mexT.—FEdison. (Jourm. [Iranklin  Inst..
March, 1935, Vol. 219, No. 3, pp. 331-342.)

SIMILARITY RELATIONS IN  ELECTRICAL
ENGINEERING [and the Application of Dimen-
sional Analysis and Model Experiments].
—Brainerd and Neufeld. (filec. Engineering,
March, 1935, Vol. 54, No. 3, pp. 208-272.)

Molina.
Vol. 54,

2119.

2120.

2I2I.

ENGINEERING.
April, 1935,

PROBABILITY  IN
(flec. I'ngineering,
No. 4, Pp. 423427
INTERNATIONAL UNION OF PURE AND APPLIED
Puysics. Rerort oF THE COMMISSION OF
SyMeoLrs, UNITs AND NOMENCLATURE [Reso-
Jutions and Remarks].—(Nature, 16th March,
1935, Vol. 135, pp. 419-420.)
MISCELLANEOUS Papers.—Pedersen.  (In-
geniérvidenskabelige Skrift., BNo. 12, 104 pp.)
Not on new work in Radio. One paper discusses
the possibility of applying scientific-technical
methods to other fields of research such as economics.

2122.

2123.

2124.
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A list is given of papers, etc., published by the
writer.

2125.

2127.

2128.

2129.

2130.

2131.

2132.

2133.

2134.

2135.

2136.

2137.

. THE

AN ApvancEp COURSE IN ENGINEERING
[General Electric Company’s Three-Year
Course].—Stevenson and Howard. (Elec.
Engineering, March, 1935, Vol. 54, No. 3,
pp. 265—268.)

. AX ELECTRONICS [.ABORATORY FOR TECHNICAL

STUDENTS [Massachusetts Institute of Tech-
nology].—(Electronics, March, 1935, pp.
86-87 and 89.)

THE *“ RAVAG " JUBILEE IN AUSTRIA [Survey
of Miscellaneous Accomplishments].—(FElek-
trof. u. Masch:bau, No. 47, Vol. 52, 1934,
PP- 553-357.)

REVIEW oF PROGRESS : RaDIO-TELEGRAPHY
AND RADIO-TELEPHONY.-—Angwin. (fourn.
[.I:. ., February, 1935, Vol. 76, No. 458,
Pp- 177-184.)

SPECIAL ANNUAL REview TFEATURES [in-
cluding Radio Research, Phototelegraphy,
etc.].—(Flectrician, 25th Jan. 1935, Vol. 114,
No. 2956, pp. 86-126.)

DEVELOPMENTS IN THE LELkCTRICAL IN-
DUSTRY DURING 1934 [including Lightning
Investigation, u.s.w. Police Radio, etc.].—
(Gen. Ilec. Review, January, 1935, Vol. 38,
No. 1, pp. 5-62.)

* ELECTROMAGNETISM ~*  [Book Review].—
H. M. Macdonald. (Wireless Engineer, April,
1935, Vol. 12, No. 139, p. 200.)

“ Rapto Rounp THE WoRLD” [Book Re-
view|.—Haslett. (P.0. Elec. Eng. Jowrn.,
April, 1935, Vol. 28, Part I, p. 76.)
PravsicaL SocIETY's EXHIBITION : RESEARCH
AND EXPERIMENTAL SrcTION.—(Electrician,
11th Jan. 1935, Vol. 114, No. 2954, pp.
39-41.)

“ LEs ONDES COURTES ET ULTRACOURTES
[Book Review].—Hémardinquer and Piraux.
(Rev. Gén. de I'Llec., 13th April, 1935, Vol.
37, No. 15, p. 472)

KiLrinGg INsECTS BY SHorT [and Ultra-Short]
WavEs [Greenhouse Rescarches at Rutgers
University].—(Electronics, October, 1934,
p. 309.)

THE STERILISATION [Destruction of Moths,
etc.] or I'Lour AND GraIN BY CORONA
DiscuarGeE.—(E.T.Z, 7th Feb. 1935, Vol. 56,
No. 6, p. 133.)

THE APPLICATION OF THE DIELECTRIC CoON-
STANT TO DPRACTICAL MEASUREMENTS [of
Thickness of Wires and Bands: Purity of
Liquids : Permeability to Water : Moisture
Content : Grain Size : etc.].—Bill.
(Zeitschr. V.D.I., 2nd Feb. 1935, Vol. 79,
No. 5, pp. 133-137.)

' DIELKOMETER "’ FOR DIELECTRIC CON-
STANT DMEASUREMENTS OF LIQUIDS FOR
ANaLvTICAL PURPOSES.—Ebert and Wald-
schmidt. (Elektrot. w. Masch:bau, No. 43,
Vol. 52, 1934, p. 508 : summary only.)

»

2139.

2140.

2141

2142.

2143.

2144.

2145.

2146.

2147.

2148.

2149.

2150.
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AuT0-RADI0—AN AID TO GEOLOGIC MAPPING.
—Cloos.  (Trans. Am. Geophys. Union,
June, 1934, Part I, p. 176 : abstract only.)

ELECTRON-TUBE VOLTAGE CONTROL FOR
PuoroMmETRY.—Kilpatrick and Bernhardt.
(Electronics, November, 1934, pp. 352-353.)

DETECTS METAL PARTICLES IN [F'ooD Manu-
FACTURE [and Conccaled Weapons on
Arrested Persons].-—(Electronics, November,
1934, P. 355 : no description.)

CRYSTAL DMICROPHONE AND NrON-Lamp
STROBOSCOPE FOR DIAGNOSING DEFECTS IN
WATCHES AND FOR RAPID REGULATION.—
(Electronics, January, 1935, p. 21.) For
another method see 1934 Abstracts, p. 449
(Tamm).

AN AcousTiCc [Stretched String] TorsioN
METER FOR THE DETERMINATION OF SHAFT
Loaps [for Ships, etc.].—Krapf. (Llektrot.
u. Masch:bau, No. 41, Vol. 52, 1934, pp. 485~
486.) See also 1291 of April.

A NEw METHOD AND APPARATUS FOR THE
PropuctioNn oF HiGHLY DispErsEp CoN-
pITioNs [Emulsions and Colloidal Solutions
by use of Piezoelectric Quartz].—Claus.
(Zeitschr. f. tech. Plhys., No. 3, Vol. 16,
1935, pp. 80-82.)

THE PIEZOELECTRIC VIBROGRAPH-ACCELERO-
GRAPH.—Gondet and Beaudouin. (Reu.
Gén. de I’Elec., 20th April, 1935, Vol. 37, No.
16, pp. 499-508.) Following on Langevin's
survey (1286 of April).

ON THE ELECTRICAL METHOD OF MEASURING
SMALL VIBRATIONS, AND ITS APPLICATION
TO THE MEASUREMENT OF VIBRATIONS OF
AIRSCREW BLADEs.—Obata, Morita and
Yoshida. (Jap. Journ. of Phys., 17th Feb.
1935, Vol. 10, No. 1, Abstracts p. 9g.) Im-
provements to the method referred to in
1934 Abstracts, p. 516.

MEASUREMENT OF THE SPEED oOF MARINE,

SUBMARINE, AND AIR CRAFT By CoM-
PENSATED THErMocoupLEs.—Egal. (Comp-
tes Rendus, 4th March, 19335, Vol. 200,

No. 10, pp. 812-814.) See also Génie Civil,
23rd March; 1935, Vol. 106, No. 12, pp. 286--
287.

Cuprox [Rectifier] Discs as HEAT RELAYS.
Siroksky and  Teitel. (Elektritchestvo,
January, 1935, pp. 6-7: in Russian.)

AN ELECTRONIC VOLTMETER FOR D.C. Arc
WELDING.-—Richter. (Electronics, March,

1935, pp. 82-83.)

On THE UsE oF Rap1o BroaDcasT CARRIERS
rOR CoNSTANT HicH FrREQUENCY CURRENTS
[Removal of Modulation by Special Type
of Amplifying Circuit delivering Equal
Pulses of Power to Low-Loss Resonant
Circuit].—Schultz and lector. (Phys.
Review, 15th Feb. 1935, Series 2, Vol. 47,
No. 4, p. 327: abstract only.)
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Some Recent Patents

The following abstracis ave preparved, with the permission of the Controller of H.M. Stationevy Office, from
Specifications obtainable ai ithe Patent Office, 25, Southampton Buildings, London, W.C.2, price 1/- each

CALLING-UP ARRANGEMENTS
Application date, 11th April, 1933. No. 417725
In order to ““ call up ™ certain selected receivers,

the carrier wave is interrupted at a frequency which
corresponds to that allotted to the particular sub-
scribers.  The calling frequency can be varied as
~equired so as to change the group of receivers

concerned.
i

»

b (]

No. 417725.

The receiving set is of the super-regenerative
type. As shown in the drawing, the first valve V1
is back-coupled to a frame aerial 4 at L, and is
quenched at a frequency determined by the
coupled circuits C, Ct. The output transformer is
tuned by a condenser to a fixed frequency, which,
when it corresponds to the ** call”” sent out from the
transmitting station, operates a relay R in the
output circuit of a valve 172. The relay gives an
audible or visible warning of the incoming call.

Patent issued to G. Monteavaro.

TRANSMITTING VALVES

Convention date (Germanv), 3th May, 1933.
No. 417837

The cooling-fluid used for the anodes of high-
powered amplifiers is frequently fed through a
spirallv-wound conduit of porcelain or stoneware,
which for reasons of space must be connected
through a pipe-line to the distant reserveir. Since
the pipe-line carvies both D.C. and H.F. voltages,
it is liable to act as an aerial and so give rise to
undesirable radiation, particularly at harmonic
frequencies of the working wavelength. In order
to overcome this difticulty, the stoneware conduit
is shunted by a high-frequency choke coil which,
whilst maintaining a D.C. connection with the
anode of the amplifier, blocks out H.I'. energy
from the pipe-line. The low-potential end of the
choke is connected to carth through a condenser.

Patent issued to Telefunken Ges, fiir drahtlose
Telegraphie m.b.h.

CATHODE-RAY TUBES

Convention dates (Germany), 10lh, 18th and

24th March, and 4th April, 1932. No. 417850

A gas-filled cathode-ray tube is fitted with an
indirectly heated cathode and a control grid in the
form of a perforated diaphragm arranged at a
distance not greater than 2 mm. from the cathode.
Both electrodesare surrounded byaWehneltcylinder.
It is stated that at this short distance from the
emissive surface there are none—or very few—free
ions, so that the conditions favour a ‘‘free”
electron discharge, even when the tube contains a
gas filling. A highly-sensitive control can accord-
inglv be obtained swith voltages less than those
required for tubes of the evacuated type.

Patent issued to Radio Akt. D. S. Loewe.

GRAMOPHONE PICK-UPS
Applicatron dale, 8th March, 1933.

In order to control the pressure of the needle on
the record, the pick-up arm is made in two parts,
one pivoted to the other. Mounted on the common
pivot is an independent lever, one end of which
carries a sliding weight, whilst the other end engages
with a pin projecting from the needle-carrying arm.
The upward thrust on this pin from the weighted
lever opposes the normal pressure of the needle on
the record, and is controlled by the distance of the
sliding weight from the common pivot.

Patent issued to H. A. H. Schuler.

No. 417927

TELEVISION SYSTEMS

Convention date (Gevimany), 6th April, 1932.
No. 417932

The line-scanning frequency used at the receiving
end is automatically derived from the picture-
repetition frequency sent out from the trans-
mitter. This comparatively low single frequency
is passed at the receiving end through a frequency-
multiplier comprising a number of difterently-
biased full-wave rectifiers which are arranged so
that, as the input voltage increases, the output
develops evenly-spaced " peaks ”’ corresponding to
the required higher or line-scanning frequency.
Alternatively the frequency-multiplier may consist
of differently-saturated inductances combined with
rectifiers which convert all the ‘“ peaks” to the
same polarity. One advantage of the arrangement
is that the two scanning frequencies have always
the same fixed ratio.

Patent issued to Telefunken Ges. fiir drahtlose
Telegraphie m.b.h.

RADIOGRAMS

Conuvention date (Germany), 11/h Mav, 1933.
No. 418117

In a combined superhet and radiogram, the local
oscillator is made ineffective, when the set is being
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used for gramophone reproductions, and the signal
input circuits are simultaneously de-tuned so as to
prevent interference from any station operating
i a wavelength near that of the intermediate-
frequency circuits. The set utilises an clectron-
coupled *“ mixer’’ valve, the mixing grid of which
is earthed when the set is switched over to the
gramophone pick-up, so that the normal back-
coupling coil 1s short-circuited and the local oscil-
lator put out of action. Simultaneously the primary
side of the input circuit is switched over to the
‘“long-wave ™ setting and the secondary side to the
‘“ short-wave "’ setting, thus preventing any H.T.
signals from getting through to the L.F. circuits of
the set.

Patent issued to Telefunken Ges. fiir drahtlose
Telegraphie m.b.h.

MULTI-GRID VALVES

Convention date (Gevmawny), 11th February, 1932.
No. 418132

In addition to the ordinary control grid, two
other grids are arranged in close proximity to the
cathode, in order to obtain what is termed a
“ virtual cathode’ of regulatable electron density
and velocity. The grid nearest the cathode carries
a fixed positive bias, which does not vary with the
signal frequency, but is used to control the density
of the clectron stream. The second auxiliary grid
similarly carries an unvarying positive bias, and is
used to control the velocity with which the electrons
move forward. A screening grid may be interposed
between the two last-mentioned grids in order to
allow each to function independently of the other.
Also a further screening grid may occupy its usual
position between the control grid and the anode.
The valve may be of the gas-filled type and may also
be provided with an auxiliary magnetic field at
right-angles to the path of the discharge stream.

The cathode-regulating grids enable the discharge
stream to be controlled so that it consists either of a
small number of high-speed electrons or of a large
number of low-speed electrons.

Patent issued to Telefunken Ges. fiir drahtlose
Telegraphie m.b.h.

VALVE ELECTRODES

Application date, 30th May, 1933.

Instead of using the usual spring or resilient
metal strip for tensioning the filament wire of a
thermionic valve, the loop of the tilament is threaded
through a hook carried by a flexed strip of mica,
which is bridged across the top of the supporting
posts for the electrode structure.

Patent issued to A. E. I'. Thomas and C. E.
Thomas.

No. 418238

Convention date (Germany), 6th February, 1933.
No. 418412

To hold the electrodes as rigidly as is necessary
to avoid microphonic tendencies, whilst at the same
time allowing sufticient play to accommodate
temperature variations, the supporting wires for the
elecirodes are mounted so that they can move
slightly in the longitudinal direction, but not
laterally. This is effected by forming holes in the
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mounting-member larger than the diameter of the
supporting wires, and spring-pressing the latter in
each hole, so that whilst it 1s free to expand up or
down it is held firmly against any sideway
movement.

Patent issued to Telefunken Ges. fiir drahtlose
Telegraphie m.b.h.

VALVE AMPLIFIERS

Convenlion dates (Germany), 18th March and
27th, 29th and 31st October, 1932 No. 418435

In order to avoid ‘‘ overtones” caused by valve
curvature or to the presence of iron-cored induct-
ances, etc., particularly in
multi-channel carrier sys-
tems, the inherent distor.
tion is counteracted by
applving an equal and
opposite distortion derived
from the falling mu-factor
grid-voltage characteris-
tic of one or more of the
valves.  Within certain
limits this result can he
obtained with standard
valves, but preferably
special “ counter-control ”’ valves are used when a
wide range of control is desired. In such valves the
cathode K is located between the anode .1 and the
grid or control electrode G, the anode circuit being
coupled to the grid through a tapping on a
resistance R in shunt with the load L.

Patent issued to Siemens and Halske Akt.

No. 418435.

MODULATING SYSTEMS

Application date, 27th April, 1933. No. 418596

Amplitude moculation is effected by first pro-
ducing phase-modulated energy of constant ampli-
tude. This is then fed to two amplifiers through
input circuits which, in one case, include a phase-
retarding and, in the other, a phase-advancing
network, the combined output from the amplifiers
being wholly amgplitude-modulated. The method
combines the known advantage of phase modulation

so far as higher valve-etficiency is concerned—
with the practical utility of amplitude modulation,
particularly for broadcasting work.

Patent issued to Marconi’s Wireless Telegraph
Co., Ltd., and W. T. Ditcham.

MAINS-DRIVEN RECEIVERS

Application date, 29ih Novembey, 1933.
No. 418711

Tn a mains-driven set, excessive potentials may
be developed in the supply-unit in the interval
when the valves are warming-up. In order to avoid
damage from this cause, a fixed resistance is
shunted across the leads, so that it acts as an arti-
ficial “ load " when the set is switched on, and until
such time as the valves begin to pass their normal
anode current. s soon as this point is rcached,
a relay inserted in the H.T. positive or negative lead
automatically operates an armature to disconnect
the load resistance.

Patent issued to D. P. Davies.



