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Oscillations obtained by Coupling a Secondary
Circuit with a Continuous Wave Valve
Oscillator.*

By Prof. §. S. TOWNSEND, M.A., F.R.S.

(1) When two oscillatory circuits of small resistance are coupled by mutual
induction between the coils the frequencies of the free oscillations are given
by the equation

(L0 0% — 1) (LyCop® — 1) = M2C,Cp* . . . . . (D)
L, and L, being the self-inductions of the two circuits, €} and C, the capacities,

M the mutual inductlon between the two coils and p/2s the frequency.
If y be substituted for 1/p® the quadratic equation (2) is obtained

(L — o) (Lol — ) =M2C,C, . . . . . . . (3

the two roots being proportional to the squares of the wavelengths of the
two free oscillations.

4

Fig. 1.

The effect of changing the oscillation constant LyC, of one of the circuits

¥ Paper received November 15th, 1919,
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by means of an adjustable inductance L, = x may be seen by constructing
the hyperbola (Fig. 1) represented by the equation

LG — ) (Cr—y=MCC, . . . . . . . . ()
The two lines L0, = y and Cyz = y are the asymptotes, and the two branches
of the curve correspond to the oscillations of long and short wavelength.

Thus for any valﬂe OP of the inductance Ly, the ordinates PA and PB are
proportional to the squares of the wavelengths of the two free oscillations
when the circuits are coupled, and Pa and Pb are proportional to the squares
of the wavelengths of the two independent circuits (M = 0).

(2) Let oscillations of constant amplitude be maintained in the first circuit
by connecting it to a three-electrode valve, and let the current in the second
circuit be maintained by the induction between the two coils, as in a trans-
former (see Fig. 2). For any given value 2 of the self-induction L, of the
secondary circuit, there are two possible modes of oscillation and the squares
of the corresponding wavelengths are given by the points A and B on the
branches of the hyperbola.

c C,
—ujy---uje = I “ =
L,
: ) ™
Fic. 2.

In practice two oscillations of different wavelengths very seldom occur
simultaneously and the mode in which the system tends to oscillate is the
one in which the wavelength is nearest to that of the primary circuit L,C;.

The ratio of the amplitudes of the currents in the two circuits, for each
mode of oscillation, may be found geometrically as follows :

Let R, and R, be the resistances of the two circuits, ¢; and 1, the oscillatory
currents in the coils.

The equation for the current 1, is

Lz%%_j_}e,iz:—ﬂ!%l—wﬂ N

where v, is the potential difference between the terminals of the condenser C,.
The current 1, and the potential v, are connected by the relations

dv,

iﬂzﬂﬂd—t"ﬁ
d, d2p,
and fzﬂﬂﬁzﬂ=ﬂ_}ﬁcﬂvﬁ
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so that v, may be eliminated from equation (4) and the relation between the
currents becomes

G STC— 4
| () B Ba=—MF .. .. O
In the cases to be considered, M is supposed to be constant and com-

paratively large so that (Lafp — 01—?) is large compared with R,, and the

relation between the amplitudes I; and I, of the two currents is found,

approximately, by omitting the term Ryi, in equation (5).

MGy,

- LCy—y

‘:F}Fhejn the system is oscillating with the longer wavelength and L, = OP
fig. 1),

Thus I,

Lﬂ'ﬂﬁ i Pb:
and y = PA. .
In this case I, =Mfﬁfl, G oW W % B e a v e (D)

and if L, be increased the length Ab diminishes continuously as L, passes
through the value OQ corresponding to resonance. Thus if I, were to remain
constant I, would not reach a maximum at the point of resonance but
would increase with L, as long as the system continued to oscillate with the
longer wavelength.

When the oscillations are of the shorter wavelength

MC,I
IE=T%J - . R T = = & . w (7)

The length Bb increases as L, is increased, and in this case I, diminishes and
becomes very small when L, is greater than 0Q.

The maxima values of I, which are obtained near the point of resonance,
are due to the fact that the wavelength changes abruptly from the long
wavelength represented by the upper branch of the hyPerbDla to the
short wavelength represented by the lower branch as L, is increased from
OP to OP".

(3) In order to explain the change of wavelength it is necessary to consider
the effective resistance of the oscillating system. The secondary circuit adds
to the resistance, and its effect is the same as if a resistance r, were introduced
in series with the inductance and condenser of the primary circuit which
would bring the resistance of the valve circuit to the value (B; 4 ry).

It is seen from equation (5) that the effect of the condenser in the secondary
circuit is the same as if the secondary were a continuous circuit of resis-

tance R, and the self-induction reduced to [, = L, — %}}2 Hence as in an

GG 2
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ordinary transformer the reaction of the secondary has the effect of increasing
the resistance of the primary by the amount

T M;
R _
As R,? is small compared with Lp® the value of 7, becomes approximately

C, L,0,p?—1 R,
C, LCyp*—1°

Gﬂ L101_
{j‘;-

y
oy B - - ®

where y is one of the ordinates PA or PB of the hyperbola corresponding to
the inductance L, = OP. ’
When the system oscillates with the longer wavelength the resistance r, is

A
n=g g @

which is comparatively small when L, is less than OQ since Aa is then less
than Ab. But when L, is increased above the value OQ the ratio Aa/Ab
becomes very large and the oscillation of the longer wavelength would not
be maintained by the valve as the effective resistance of the valve circuit
becomes so large.

When the system oscillates with the shorter wavelength r, is

C, B
’1=ET'B_‘E*R=' N ¢ 1))

which is comparatively small when L, is large. But when L, is reduced
below the value OQ, the value of 7, (equation (10) ) becomes very large and
the oscillations of short wavelength are not maintained.

i
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(4) The effects observed by making continuous changes in the inductance
L, of a circuit closely coupled with a valve oscillator are easily explained by
means of the hyperbola.

There are two cases which may be considered, depending on the arrange-
ment of the valve circuit.

When the circuit L,C, is connected as in Fig. 2 so that valve reaction
slightly exceeds the value required to start oscillations, a large oscillating
current I, is obtained with the circuit LyC; uncoupled, but a small increase
in the resistance R, makes a large decrease in I;. When the second circuit
1s coupled with the valve circuit and the inductance L, is increased from a
small value to the point corresponding to resonance the ratio Aa/Ab (Fig. 1)
increases and the additional resistance 7, (equation (9)) reduces the oscil-
lating current I;,, This current may become zero before the inductance
reaches the point of resonance. After passing the resonance point the
oscillations start again but the wavelength is now represented by the lower
branch of the hyperbola corresponding to the smaller resistance 7, (equa-
tion (10) ) wh:ch ecreases continuously as L, increases.

C, Cs

1 £

L || —=
L,

|

FiG. 4.

The variations in the currents thus obtained are represented in Fig. 3.

The current I, has a minimum value and may become zero near the point
of resonance L, = OQ.

With the ema]ler inductances L, the ratio of the currents I,/I, is given by
equation (6) which shows that Iﬂ is very small when L, is small. As L,
increases I, increases and attains a maximum wvalue below the point of
resonance,

After passing through a minimum value with I, and an abrupt change of
wavelength [, attains another maximum and as shown by equation (7)
becomes very small with large values of L,.

(5) When the valve reactance is increased as in Fig. 4, the current I; with
the circuit L,C; uncoupled is reduced but it is not so much eEeeted by
variations in the resistance R,, and the oscillations will be maintained when
the effective resistance of the circuit is considerably increased.

When the second circuit is coupled to the valve circuit and the induc-
tance L, increased from a small value, the oscillations which begin on the
longer wavelength persist but the amplitude I, diminishes as L, passes

LINIVERSITY OF MICHIGAN LINIVERSITY OF MICHIGAN
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through the point of resonance. At a point A; (Fig. 5) the additional
resistance 7, due to the secondary circuit becomes so large that these oscilla-

tions cease and the oscillations of shorter wavelength B, for which 7, 1s com-

paratively small take place instead. At the same time an abrupt increase
takes place in the current I, and a corresponding reduction in the current I,

y-LC Cam =y

ClL-=y
L.
1 — - s ol
|’z 1
)
>~ | ==
; L
. — L
o ] Q L,
Fic. 6.

These changes in I, and I, are re%resented by the curves (Fig. 6), the
arrows indicating the direction in which L, is changed. When L, is reduced
from a large to a small value the oscillations of the shorter wavelength persist
until a point B, (Fig. 5) below the point of resonance is obtained, the wave-
length then changing from B, to A, A corresponding abrupt increase in I,
and reduction in I, is obtained at the same time as shown by the curves

(Fig. 6) with the arrows pointing to the left. _
" When the coupling is reduced a single maximum value of I, is obtained

and the change of wavelength in passing through the point of resonance is
not noticeable.
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Damped Oscillations in Coupled Circuits.
By G. BRAMWELL EHRENBORG.
(Continued from page 336.)

Before going any further with the integration of equations (9) it is desirable
to consider another matter closely related to what has been said about
Aa, Ap, etc. If we compare equations (9) with equations (1), from which they
are derived, we see that they have certain features in common. In each
equation there are three terms involving only one of the dependent variables
and a fourth term involving only the other. That being so, there is no
apparent reason why we should not be able to integrate equations (1) as
they stand, if only k is small enough, instead of going to the trouble of
transforming to  and y, for when k is small the correspondence between the
two sets of equations seems to be very close. The difficulties appear when we
proceed to the second approximation. |

Consider the case where u; = u, and R,C, = Ry(,. If we put RE:UI = 2
1

and Ei_ = 5%, equations (1) then become
1

(D2 + 29D + s®) v, + ki’%ﬂﬂuﬂ' =0
1

k :;1 D2p," 4+ (D? 4 29D+ s% v," = 0, and consequently
2

-{{I}E + 29D + 532 — k2DA) v, =0

When k is small, the first approximation to one of the particular solutions
of this equation isv,’ = e nt+itva—nI = ¢ sag. When we proceed to the
second ap?mximatian and no longer neglect &% the solution in question
becomes €'* + A7, we calculate the value of Ag on the assumption that its
square may be neglected. We obtain

{o* + 2o + 8+ 2 (o + ) Az} 2—k* (0* + 46®A0) =0,
and since o2 + 290 + s = 0, this reduces to

Ao 1

e

o . 4’

Hence the second approximation differs from the first by 25 per cent., so
that if we wish to obtain any results worth having by this method, we must
work out the third approximation at the very least, and probably several
more. When ¥, # u, and R,C,5 R,C, the algebra becomes very involved,
so we infer that equations (1) as they stand are quite unsuitable for
integration.

To return to equations (9); writing ¥/ p*—a?=7p" and V¢?— B2 =¢"
for brevity, we have seen that when £ is not too small, particular solutions
are obtained by equating z to one or other of the quantities e~ ip't

UNIVERSITY OF MICHIGAN LUNIVERSITY OF MICHIGAN
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e~ Bl Jf we had eliminated # instead of y from (9), equation (13)
would have been reproduced though of course y would have appeared as
the dependent variable instead of z; consequently equations (9) are satisfied
if we equate y to any of the above four exponentials. If the ratio of the

constants 4 and C'is properly chosen, the following pair of values will satisfy
the equations :

g =Ade~ TP, ¢y = Ce—nt+1,

What that ratio must be we can determine by substituting these values in
the second of equations (9).

g(e — ip’)
We fnd 0 = Gy —98a i) + ¢
o O 20— + alp —g) + it G —g)
4 (?* — 992+ 4 (aq® — Bp®) (e — §)

In order to simplify the determination of the integration constants as
much as possible we will neglf:ct all quantities which contain R,C;—R,C,
as a factor (such as f, g, ag?—Bp?) if thﬂ}r contain another remstance as a
further factor, or in other words, we will neglect all quantities which contain

the factor (g—g — l)a2 where @ has the same meaning as on Figs. 1—6.

This entails little more labour than if we were to neglect all quantities without
distinction vhich contain a® and gives us the advantage of getting a solution
which is exact when R,C;=R,C,, and not a mere approximation.

That being the case, we see that

C ip’
A7
Proceeding in a similar manner, we find three other pairs of values which
satisfy equations (9), namely

7 = Be— of — it Y= —gq

—_fi? —F
-;.ﬁr _ 5 . B
s Ke— Bt — it — Ke— 8t — it
.f_:p — y

- Be— ot — ipt

P E’
— B+t g — [e— B+ it

Equations (9) are therefore also satisfied by

cat it g Be—ot—ipt _ YT T i
g = Ae u:+1:ﬂ_]_BE al ;ul__j} '_L]'H ﬁ#+1ﬂ,|_PE_EEHE Bt — gt
=81 tgpr A —af +ipt __ ‘Eﬂp BE‘_‘! ip't ‘E‘ H’E— B 4 gt + KE_ B = igl
TrE—g T
As this solution contains four arbitrary constants, it is evidently the

complete integral.
Transforming imaginary exponentials to sines and cosines,

LINIVERSITY OF MICHIGAN UMIVERSITY OF MICHIGAN



May, 1920, EHRENBORG: CourrLEp CircuiTs 377

@ =€ *{C cosp't + Dsinp't | — \
ff_ﬂ ’ ! ' L] f

%E—gﬂ {!:EF'I";? ) cos g't —-(gF—ﬁG}qu#}

qE_“E ) ¥ F = ¥
y = E;E_EEJEEG‘E"_’P ﬂ} L‘DE_‘F!—{?} fj— ﬂ,ﬂ}ﬂﬂpt} +
E—ﬂ{Fmsg’ﬁ+ ( sin q't})

To determine the integration constants we shall assume that when £ = 0,
vy ="V, vy =1 =1, =0. Since 4, = — (9, and i, = — C,d,, we find by (7)
‘h‘lpl . M T = y —

L YT VI,

)

that this is equivalent to z =

By differentiating (17),
& =—e~*{(al — p'D)cos p't + (p'C + aD) sin p't} +

2
pﬂfi E:'E{F cos¢'t + G sin q"ﬁ}e‘ At

—af
g =— ';?:i gﬂlﬂ'c::}s p't + Dsin p’t} -
e~P{(BF —¢'G) cos ¢'t + (¢'F + pG) sin q't}

Hence, when t=0,
fe' ku, V4
U _ = {; _—
pr—g PV L,
gp’ ku, V,

PE o gﬂ + F qﬂ'ﬁxL]_
— all -f"j?rﬂ +p2fq_3g2 F=10 .
— Ff}fqﬁﬂ—ﬁf’—l-g'{? =0

These equations are easily solved to the degree of accuracy required, and
the solutions are

_ fu ¥y _ hwV, (@ fp
U,_iﬂ’w’L_l D_Pgﬁi(:ﬂ’ (ﬁ“*—&'“})
ku, ¥V ku,V, (B qq

=—11J.. =, 1_1__ p—
F q* &/ L, @ q“«le(g +(pﬂ—q“‘})

Having determined the values of the integration constants, we now
substitute  and y in equations (8) and find after some easy algebra,

R,C, —R,C

FI(_LEHI)E‘“‘ ’Vccm*p’t +4-

1—
-

g% 9

LUNIVERSITY OF MICHIGAN UNIVERSITY OF MICHIGAN
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%-}' 2 (gg ) o I’sm q f]

1
£ M e‘ﬂ‘[cns q't+

1 2
¢ P ("_ﬁ_ﬂ)
L, V,ku a
ﬂ2=—,\/%:-—1—51 T et cnspt—l— IF—-(H]_-—HQ—L EE smp.! 4
Eﬁ_ﬁﬂ . [ q __)
L, Viku, _ B RIU —
-1 LE]._LH::II. Rt cnsg:+1fg—,—- smg: H
¢ -7

, Glrl(é:”l)? p R0, —R,C
B rd[ﬁ'ﬂnf’rﬂfﬂ(u‘ pz)'(i_lgjﬂcuSPt:l+

P Plp7
1
" G1F1£ﬁ1 : ﬂ) q{_ﬂ i: i t_;frﬁ _ 9 (5& _ 1) R {}; —.Eiz 2cos g i]
a7 (g “)

iy = Eﬂ]&k%ﬂe—“—ﬂ sin 't + (i —isg}R fi —=2—"2 cos p i|
¢ L P(3—5)

- \/%.%EI‘E_?EE—H I_ﬂgi_j sing't + (u; — R & R U _‘

¢ F L *(f ~

Itis at once evident that when ¢ = 0 we havev, = ¥, and Uy =y =14y =0,
To check the accuracy of our work we may sutsutute the above values in
the equations from which we started. It is easy to verify that they are
satisfied to the required degree of accuracy if we make use of equations
(4) and (D). The work is particularly simple if B,C| = R,C,, when it is
found that the solution is exact.

As a rule it is more important to know what is happenmg in the
secondary circuit than in the primary, so we will give some further

R Ul — fi C'g

=)

(uy — @Ml_d;gg' = tan ¢, we find, always remembering the degree
f(g—a j ;ﬂ)

of accuracy at which we are aiming,

attention to v, and %, If we put (y; — u) = tan §# and
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LYk [ 7 R
vy = L cos (}Jt—[—ﬁ tan » ~+
¢ P

+ Eg;rﬂ* cos (g’t + ¢ — tan_lf’) ] |

; 2 : 2
by = L&m —E —agin (p't + 8) + 1 e=Ptsin {g't—l—g&):l
Ih1 1 P q
¢ P
Each of v, and 7, are seen to consist of two terms, one with the frequency

f

%,- and the other with g—ﬂ_ These two terms are often referred to as the
principal or normal modes of oscillation of vy (Or tg, a8 the case may be) and
the change of variables from v, and v, to # and y is called in dynamics

“ reduction to normal co-ordinates.”

2

In most Pra-::ucal applications we may of course neglect j}-a and BE
comparison with unity, so that we ma ut—P,= E,= 1, E = — and '3 - LE
P Y YP q P :F" g.i 7

The angles tan—li—g and tan—l-:g- may be readily found from Figs. 1—4,

and & and ¢ from Fig. 6.
It is of interest to know how the constant factors in the expression for 7y

vary as the ratio " alters. To express them as functions of this ratio we

must make some assumption as to how the inductances and capacities
involved in %, and wy vary; it will be assumed here that L L, and (' remain
constant and that C, alone varies Then we may write 4 in the form

_\jL Fl( )E‘“‘Sin(p’t—l—ﬂ)-}-

?__

E \/L ( i )E‘” sin ('t + )
7

% V), a quantity of the dimensions of a current, is independent of
/Uy, 50 we get the information we require by plotting the factors inside the
brackets (which are mere numbers without dimensions) against u,/u,. This
has been done in Fig. 7. When u; nearly = u, there is not much difference
between the ordinates of the various curves, so that at first sight one would
be tempted to conclude that at resonance the response of the secondary to

the primary is not much affected by the coupling. This is only apparent,
however, for when the oscillation begins the principal modes are in opposition,
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and when the coupling is loose they almost cancel. As the frequencies are
almost equal when k is small, it is some time before the principal modes
come into phase, and then e * and e ® have diminished to such an
extent that the total current is small. With loose couplings, therefore, the
instantaneous value of the current is never large.

2
k=75 |
" *—-'--.-.h
F‘ﬂ'.-‘
o .-
..li"'
J*
oS i
o
#
#
&
s £
#
Fa
,- I RS NS T
» —
o ;. o
Fl ,
pu .r"' o
L ‘;" L e
A & ,"'F o
[ & e S
g ! d -"f" Fa Y i,
P * £ % |
.-"r & h‘ﬁ:
* F T
0% g A 7
" T
.r" ..-"r \\k [
3 4 . L
¢ iy
o,
.rf \ ‘-.._‘_-h
2 — u_.::“'--t*'m
i
JoTTED CuRvES" .
-JF' "‘-IEE_Q_
81 k
o I.“_L ' wak
Ik HE I I

Fia. 7.

When making practical applications of the expressions we have derived,
due regard must be taken to their limitations, Strictly speaking, this paper
only concerns itself with the integration of a certain pair of differential
equations with constant coefficients, and if the results are applied to circuits
with coefficients that are functions of the time (e.z. circuits with spark
gaps) or circuits which can only approximately be represented by con-
centrated resistance, inductance and capacity in series (£.g. antennz and
telegraph cables), nothing more than an approximate agreement with
experiment is to be expected. .

he method we have used can obviously be applied to circuits with electro-
static or mixed coupling ; in fact, to any pair of differential equations where
the damping terms are small. If the damping terms are on an equality with
the others, that is in aperiodic cases, no special benefit is obtained from its
use. If the un-transformed equations contain more than one cross term
each, the algebra naturally becomes rather more complicated.
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The Upper Atmosphere and Radio-Telegraphy.
By THE EDITOR.

Although it has long been known that the electrical condition of the
upper atmosphere has a more or less beneficial effect on long distance
radio-telegraphy, results obtained during the last two or three years have
shown conclusively that the effect is far more pronounced than was previously
suspected, Whatever differences there have been between the results
obtained by the various mathematicians who have studied the problem of
the transmission of electromagnetic waves around the earth, these results
have all tended to prove with a cumulative degree of certainty that the
signals actually received at great distances are much stronger than can
% ssibly be explained without calling in the aid of the upper atmosphere.

hen again the variations in signal strength from hour to hour especially at
sunrise and sunset indicate very conclusively that something subjected to
much greater changes of electrical condition than are the earth or lower
atmosphere must be concerned in the transmission. More recently the large
and unexpected discrepancies which are observed in the apparent bearing
of a distant fixed station have shown that the upper atmosphere plays a
very impﬂrtant part even in the transmission over relatively short distances,
When the PDEIUﬂ-H of a fixed station less than 200 miles away appears to
change about go® in a few minutes without any apparent cause, it is fairly
obvious that the signals being received are almost, if not entirely, controlled
by conditions external to the earth and to that part of the atmosphere of
which we have any exact knowledge. It shows, moreover, that these
conditions are subjected to rapid changes.

In the experiments with reception over long distances conducted before
the war by the U.S. Navy, it was found that consistent results could be
obtained only during the day, the night signals, although generally stronger,
being very erratic. Similar results are obtained in d1re-:u-:sn -finding. During
the day the waves come in a direct line from the transmitting station with
very little trace of variation, but during the night, the direction is very
variable, and the waves sometimes arrive at the receiving station by two
different routes with such a phase difference that no resultant direction can
be found. If the waves came with equal intensity from two directions at
right-angles and had qo® phase difference they would produce a pure rotating
field and the signals wc}uld be unchanged as the coil of the receiving station
was rotated.

All these Phenﬂmena leave no room for doubt that the upper atmosphere
plays a very important réle in radio-telegraphic transmission over all but the
shortest distances, but what the exact nature of this rdle may be is still far
from clear. Near the surface of the earth the atmosphere always contains a
number of free ions and the number increases rapidly as one ascends. The
presence of these ions makes the atmosphere CﬂI]EFLlEtiI]g, the electric current
being merely the convection of these free ions in the electric field. This
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conductivity is undoubtedly very considerable at heights between ten and
one hundred miles, the luminous effects known as the Aurora Borealis being
associated with this conductivity. Of the constitution of the upper atmo-
sphere little is known with certainty, but the rare gases, whatever they may
be, are subjected during the day to the radiation from the sun which is
undoubtedly very rich in ultra-viclet energy of great ionising power. This
results in the ionisation not only of the upper atmosphere, but also to a
lesser extent of the lower atmosphere. Owing to the absorption of the ultra-
violet energy the ionising power is gradually decreased as the light penetrates
the atmosphere, There may be, however, well defined surfaces of separation
between g flerent gases, with sudden changes in the conductivity. It is
generally assumed that during the night, the ionising cause having been
removed, the lower atmosphere loses its conductivity and the sudden fluctua-
tions of signal strength observed at sunset suggest that the recombination or
removal of the ions takes place quickly. It is usually believed that the
surface of separation between the conducting and non-conducting atmosphere
recedes to a higher level and that above this the conductivity persists during
the hours of darkness. At this point there are several alternative theories
all more or less unsatisfactory. On meeting a sharply defined change of
conductivity, the waves may be reflected just as light is reflected at a polished
metal surface. The condition that the change must be sharply defined
must be interpreted in terms of the wavelength, a thousandth of a millimetre
in the case of light being equivalent to several kilometres in radio-telegraphy.
Any difference in the results obtained with long and short waves may be
due to this effect. It may be that clouds of ionisation can have as sharply
defined boundaries as ordinary water clouds. If the change of conductivity
1s gradual the wave will pass without reflection, but will suffer absorption
in the conducting medium. If the wave travels faster in the upper medium
than in the lower it will gradually bend down towards the earth and thus
give a result somewhat similar to that produced by reflection. The upper
medium being conductive, however, the wave should travel more slowly
through it than through the lower atmosphere. An ingenious suggestion
in this connection was made by Dr. Eccles, namely, that the movement of
the ions in the alternating electric field may be 180° out of phase with the
displacement current and thus cause an apparent decrease of the specific
inductive capacity. Since the velocity of wave propagation is inversely
proportional to the square root of this constant of the medium, it would
appear that the velocity should be greater than in free space. Many facts,
however, lead us to regard the velocity of electromagnetic waves in free
space as an absolutely impassable maximum, and one instinctively distrusts
a theory which leads to a higher velocity. It may be that a more rigorous
investigation would show that the scattering due to the absorption of energy
by the ions and its re-radiation in all directions would be sufficient to counter-
act the effect of the apparent decrease of the specific inductive capacity.
The reflection theory is free from this difficulty and the work of Professor
G. N. Watson has shown that a very slight conductivity would suffice to
give the observed strength of signals over long distances. Assuming then
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that the upper atmosphere acts as a conducting geflector, what is the ex-
planation of the difference between the day and night effects ? During the -
night the signals are stronger but erratic in strength and direction. The
increased height of the reflecting layer would tend rather to weaken than to
strengthen the signals. The most reasonable suggestion is that the surface
is more sharply defined by the removal of the ionization from the lower
strata when the sunlight is withdrawn. The wave is thus enabled to reach
an efficient reflecting surface without passing through an absorptive medium.
The irregularities in the signals at night suggest that the reflecting layer is
subjected to large changes of contour. It is not easy to see, however, why
the signals during the day should be so much more uniform. Is the ionisation
produced by the sunlight more stable in degree and in distribution than that
which persists during the night,

These are questions which we hope will be brought nearer solution by the
collection and correlation of data with respect to the reception of signals at
various distances from the numerous high-powered continuous wave stations.

~ = -
-

— -
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Duplex Wireless Telephony: Some Experiments on its
Application to Aireraft.

By Capt. P. P. ECKERSLEY
(Continued from p. 340.)

The use of two aerials on aircraft presents some difficulty but they have
been employed on American machines in the form of two single wire aerials
trailed from the wing tips.

The divided earth circuit using a single aerial and two different wavelengths
was extremely simple and lent itself very readily to application to aircraft.
The arrangement is indicated in Fig. 3. In this diagram X represents the
earth terminal of a standard type of wireless telephone transmitter, but
instead of being connected directly to earth it is joined thereto through the
two branch circuits L, C; and L; C;.  The former is tuned to the transmitter
wavelength and the latter to the wavelength of the received signals. The
coil L, is coupled to the receiver. The values of Ly and Cy must be adjusted
so that X remains a potential node, as this reduces the tendency for current
to flow through the other branch L;C; In order to prevent the power
valve V, from generating oscillations of both the transmitter and receiver
frequencies (on account of the double tuning of the aerial), it is desirable that
its grid circuit L, should be tuned by the condenser C, to the frequency of
the waves to be transmitted. It is better to make Ly small and C, large and
L, large and C, small to obtain good results. By introducing tuned stopping
circuits into the two earth paths the frequency difference may be reduced
to 10 per cent., whereas without stoppers it must be increased to at least
20 per cent,
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« (4) Partiar Durrex.

By the use of an “ augmented oscillation transmitter * in which a small
steady oscillation is maintained, in combination with a receiver protected
wholly from the small oscillation, but with imperfect protection for larger
amplitudes, a partial duplex arrangement is possible, Such a system would
represent a considerable advance over the present switch operated arrange-
ments and should be very easy to handle.

(5) SuBsipiary PrROBLEMS.

A number of such problems are ::unmdered in the paper, one of the most
important being the question of the
type of receiver to be used. Inall the
arrangements described above low
frequency amplifiers in connection
with the reaction valve were used.
They have certain advantages for this
type of work as they are not sensitive
to feeble oscillations, and therefore it
is possible to work when the receiver
is not perfectly protected. Such
arrangements however are not par-
ticularly sensitive and high frequency
amplifiers are better, although diffi-
culties are then experienced owing to
“wipe-out ” effects arising from
reaction from the transmitter. The
best compromise between high and
low frequency amplification remains
to be found by experiment.

An appendix to the paper discusses
the new nomenclature which has arisen
in connection with this subject. This
is briefly as follows :—

= E True Durrex Wireress TrererHONY

= includes all circuits which protect the receiver
from the most intense oscillations generated
by the transmitter, so that “ chipping in " is
always possible.

Parriar DurLex WirgLEss TELEPHONY Includes circuits in which the receiver is protected
from a small permanent oscillation generated in the transmitter, this oscillation being increased
in value when 3peal:mg, proportionately with the intensity of 'the voice. With this arrange-
ment “ chipping in " is not always possible,

AvTtomaTic DurLEx WireLess TerLEPHONY Includes circuits in which the transmitter only
produces oscillations when speaking, which automatically paralyse the receiver meanwhile so
that the system resembles only an automatic switching system.

Any type of transmitter can be used with true duplex telephony, The name AUGMENTED
OSCILLATION TRANSMITTER has been given to the transmitter used with partial duplex systems 3

and the name QUIESCENT AERIAL TRANSMITTER has been given to the one used with the
automatic duplex system.

Fia. 1.
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In the discussion attention was drawn to the advantages which had undoubtedly accrued
owing to the great number of brilliant young scientists who had been led by the necessities
of the war to concentrate their energies on problems connected with radio-telegraphy and
telephony. It required considerable optimism to attempt to obtain good speech by means
of the quiescent aerial systems described in the paper. Contrary to the impression gathered
from a perusal of the technical journals of other countries since the armustice, it is made
abundantly clear by this paper, and by the other papers recently read before the Institution,
that research work of the highest order was carried out in this country and that in the design
and application of wireless apg:r*atus to meet the novel conditions continually arising, the
scientific workers attached to the varions branches of the services were second to none.

Harmonics in C.W. Transmission.*
By Capt. L. A. T. BROADWOOD, A.M.LE.E.

This paper summarised the results of some experiments carried out in
France in December, 1916, on C.W. Transmitters. They were funda-
mentally concerned with measuring the efficiency of the transmitter, by
determining the effective resistance of the aerial using a substitution dummy
aerial circuit. The aerial capacity was measured by means of a charge-
and-discharge commutator and the dummy aerial capacity given the value
determined in this way. The effective resistance of the aerial was then
determined at various wavelengths by adjusting the resistance of the dummy
circuit until the same current was obtained as in the actual aerial. The
curve of resistance was found to exhibit peaks at various wavelengths .
which were exact multiples of the fundamental wavelength of the aerial,
and the efficiency curve likewise showed similar peaks (Fig. 1).

The paper concluded with
a grapﬁical construction for an0 ATH
obtaining the waveform of v ',I
the plate current from the ‘l— 7 = 7

\
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static characteristic of the A i
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oscillating tube, The wave
was found to be flat-topped
and unsymmetrical for the
case considered in the paper.
The harmonics in the plate N
current, which in the direct- AMETRES

coupled transmitter flow
through the aerial tuning
inductance, excite the natural harmonics which are found in the aerial
circuit itself by reason of its distributed capacity and inductance.
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Fic. 1.

In the discussion a simple method was described for detecting the presence of an unsym-
metrical wave in the transmitter, by coupling it to a tuned wavemeter circuit across which
was shunted a crystal detector and galvanometer, By reversing the coupling a different
deflection will be obtained on the galvanometer if the waveform is unsymmetrical,

* Paper read before the Wireless Society of London on March 26th, 1920,

HH
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Review of Radio Literature.
1. Articles and Patents.

325. THEORETICAL INVESTIGATION oOF THE RADIATION FROM
ANTENNA SysteEms. M. Abraham. (Archiv fiir Elcktro-
technik, 8, p. 92, 191Q.)

A study of the radiatmn from two neighbouring antennz oscillating in
synchronism and of the effect on the radiation resistance and frequency of
each due to the other with various degrees of coupling. A study of the effect
both in sending and receiving antennaz of erecting in the neighbourhood
an auxiliary unexcited but tuned antenna, which by its absorption and
radiation produces screening and reflection effects.

See also Rapro Review Abstract No. gI.

326, Tue ErecTro-Dynamics oF Rapiation Circurts. K. W.
Wagner. (Archiv fiir Elektrotechnik, 8, p. 145, 1919.)
This is mainly concerned with arrangements of inductances, capacities
and resistances to produce an artificial aerial.

327. AN INVEsTIGATION OF So-caLLED QUENCHED Sparks. V.
Pieck. (Fabrbuch der Drabtlosen Telegraphie, 15, pp. 40—67,
January, 1920. See also Gittinger Diss. and Annalen,
54, p- 197, 1917. Technical Review, 6, p. 225, March 2nd,
1920. }

An experimental investigation of the effect on the quenching phenomenon
of the material of the electrodes, of the nature of the gas and of its pressure,
of the shape of the electrodes, of the frequency and of the amplitude of the
current. This is followed by a theoretical study of the phenomenon of
quenching, following the theory of Roschansky. The spark is treated as an
electric arc and oscillograph records are given of low frequency arc pheno-

mena. It is shown that the spark discharge can be completely explained
in this manner.

323, Tue ManpeLsTAM METHOD OF AzsoLuTE MEASUREMENT OF
Frequency orF ELecTricaL OsciiraTions. J. Tykocinski-
Tykociner. (Philosophical Magazine, 39, pp. 289-z04,
March, 1920.)

Describes the method used for calibrating wavemeters devised by Dr.
Mandelstam of the Russian Siemens and Halske Works in Petrograd. A
buzzer B (Fig. 1) excites an aperiodic circuit (a) thus providing a source of
oscillations of a wide range of frequencies owing to the non-sinusoidal
character of the current waveform. Oscillations, the frequencies of which
are exact multiples of the buzzer frequency have the largest amplitudes.
The circuit (b) the frequency of which is to be measured is coupled with the
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aperiodic circuit and also with the detector circuit (c) which is used for
indicating resonancein (b). If#is theinterrupter freguenc}r and s the number
of maxima observed between two settings of the condenser C,, corresponding

C,

o = va ey SLALE

to natural frequencies v, and », of circuit (b) it is shown that

(2—)

s

Thus the frequency for one setting of Cy can be determined if ;ﬂ is known,
1

& . b & =
It is found most convenient to make f—a whole number. This is done by
1

adjusting a continuous wave generator (d)—arc or triode—so that v; and »,
are the frequencies of known harmonics of the generator. The interrupter
frequency is determined by measuring the wavelength of the sound wave
emitted by a telephone T in the circuit. The telephone is fixed at the end
of a tube F and the positions of the piston P for maximum sound intensity
in the earpiece H are determined, from which the wavelength can be found.
An accuracy of o'§ per cent. is claimed.

329. THE CarcuratioN oF THE SeLF-Inpuctance orF Murti-
LavyeEr Coins. A. Esau. (Fabrbuch der Drabtlosen Tele-
graphie, 15, pp. 2—26, January, 1920.)

Unlike previous methods this is not based on the assumption of a uniform

current distribution over the whole space occupied by the coil, but upon the
H H 2
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self and mutual inductance of the several turns. The result is expressed in
the form of L = 4armn(S;+ S,) for a coil of m layers, each of » turns,
and of mean radius . 8, and ;§= are complicated functions of r, m, n, the
radius of the wires and the pitch of the turns. Tables and curves are given
whereby S, and S, can be determined with sufficient accuracy for all practical
purposes. With the help of numerical examples the new formula is compared

with the previously known approximate formule of Maxwell, Perry, Wein-
stein and Stefan.

330. ExreriMENTS witH Loor AwntENnz. C. L. Whitney.
(Radio Amateur News, 1, p. 283, December, 1919.)

The experiments were carried out aboard ship about 600 miles from Nauen.

Various siapad loops were tested, and best results were obtained on a tri-

angular loop with apex vertical about 4o feet above the deck and with both
ends earthed.

331. MEasureEMENT AxD Comparison oF SieNAL INTENsITIES
in  Wireress Receivers. H. de Bellescize. (Revue
Générale de PElectricité, 7, pp. 325-328, March 7th,,
1920.)

A mtti?::-d of comparing the intensity of the signals from a distant con-
tinuous wave station with those of a local calibrated triode emitter is
described. The local source is wholly enclosed in a Faraday cage F, (Fig. 2)
with the exception of the coil | (of variable self-inductance) which is included
in the oscillatory circuit of the triode emitter. The effect of J on the receiver

ah--ap-
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is proportional to the current I through the coil ( is found to be approxi-
mately proportional to the anode battery voltage).

A chronographic arrangement for alternatmg the signals of the distant
station and of the local station (each being heard ten seconds at a time) is
used, The final adjustment to equality is not made by altering the value
of I but by means of non-inductive shunts R; and R, across the telephones T.
If the values of these two shunts for the two cases of distant and local signals
are respectively R, and R, and N is the number of turns of the coil | included
in the ﬂsm]lamr}r circuit of the local emitter, then the signal intensity I, is
given by «xINR,/R; where  is approximately constant. The resistance R
is of the order of 2,000 ohms so that the variations of R; and R, make little
variation in the total resistance of the telephone circuit. To reduce as much
as possible the effect of external disturbances the receiver is enclosed in an
earthed cage F,.

A method of determining the amplifying power of any triode arrangement
15 described, the intensities of the signals being determined with and without
the amplifying assembly included.

332. IMPROVEMENTS RELATING TO RADIOTELEGRAPHIC TRANS-
MITTERS. A. Taylor. (British Patent 135111, April 4th,
1919. Patent accepted, November zoth, 1919.)

In connection with the well-known method of controlling the output from
an arc transmitter by short-circuiting with the sending key a loop of wire
inductively coupled to the aerial circuit,® provision is made in the case of high
power stations for the splitting up of this loop into a number of separate
segments each arranged to be short-circuited by electromagnetically operated
l{eys For obtaining a definite group frequency for the transmitted waves

interrupters may be connected in series or shunt with each pair of relay
contacts.

333. TransmrtrTERs. A. Taylor. (French Patent 497798, April
3rd, 1919. Published Ducember 17th, 1919.)

The spec:ﬁcatmn describes a system of radiotelegraphic transmission.
For further particulars, see British Patent No. 136059.}

334. RaproreLEGcrapHic TrAnsmission Systems. A. Taylor.
(British Patent 136059, March 25th, 1919. Patent accepted,
December 11th, 1919.)

In a system of wireless mgna]lmg the emission of radiation from the aernal
is controlled by an auxiliary circuit. In Fig. 3 the aerial is supplied by the
arc A, fed from the D.C, generator G. The auxiliary circuit includes the
condenser C, the inductance L and a winding L, on an iron core T. This iron

* Cf. Rapio Review Abstracts Nos. 114, 189.
T Rapio ReEview Abstract No. 334.
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core is also provided with a second winding Ly through which direct current
flows when the signalling key K is in the position of rest. This current is
arranged to saturate the iron core and oscillations will then take place in the

Ii}E--MI—-

= E

FiG. 1.

auxiliary circuit CL L, to the exclusion of the aerial circuit. When the key
is pressed the direct current is interrupted and the large hysteresis loss which
then occurs in the iron core chokes back the high frequency current from the
auxiliary circuit. Choke coils L, may be inserted in the direct current circuit

to prevent the flow of high frcquency current in that circuit. The iron core
may be water or oil cooled.

335. ConTinuous Wave Transmirrers. L. F. Fuller. (French
Patent 496096, February 21st, 1919. Published October
25th, 1919.)

The invention described in this specification consists of an oscillation
generator of the arc type. A cathode, for example of carbon, and an anode
of less width than the cathode are both enclosed in a casing so that the arc
may be produced in an atmosphere of hydrogen, and the poles of a magnet
extend into the said casing to produce a magnetic flux in the gap between
the anode and the r:athﬂde The distance between the anode and the
poles is greater than the distance between the cathode and the poles, and is
also greater than the distance between the anode and the cathode.

336. InpDucTor ALTERNATORS. E. F. W. Alexanderson. (British
Patent 134830, October 28th, 1919. Convention date
November 4th, 1918. Patent not yet accepted but open
to inspection.) |

Special constructional details for the inductor of an Alexanderson type
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high-frequency alternator are described in this patent. Two circumferential
rows of radial slots filled with non-magnetic material are provided for.

337. ImprovEMENTS IN FrEQUENCY TraNsrorMaTION. General
Electric Company, U.S.A.  (British Patent 134045, October,

1918. Patent accepted, October 29th, 1919.)
A radiotelephone transmitter is described using a high-frequency alternator

as the source of oscillations. In Fig. 4, the current from the alternator G
is deformed by the coil Ly so that a higher harmonic may be used in the aerial

= E

Fic. 4.

circuit. The condenser C; compensates for the internal inductance of the
alternator G. Condenser C, compensates for the inductance of coil Ly, and
condenser C, for that of L,. In order to prevent current of fundamental
frequency flowing in the aerial circuit the upper point X of the coil L, is
arranged to be approximately at earth potential. The aerial circuit is tuned
to the higher harmonic. For controlling the amplitude of the continuous
wave radiation, multiple microphones M; M, My (all under the influence of a
single mouthpiece) are arranged as shown to modify the magnetic saturation
of the iron core inductances L, L; which are supplied from the direct current
generator D. These two inductances therefore act as a variable shunt to
the aerial circuit. Condenser Cj is arranged to offer a low impedance to the
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high-frequency currents. F, F, Fg represent the divided field windings of
the alternator G and serve mainly as steadying inductances in series with
the microphones.

338. Tue MopuraTion oF Hicu-FrEQuENcy OscILLATIONS.
Western Electric Company, U.S.A. (British Patent 133366,

June, 1918. Patent accepted, October 16th, 1919.)
A wireless telephone transmitter is arranged so that the modulation
current from the microphone M (Fig. 5) is amplified by the valve V; which
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is joined across the high tension battery B, and the choke inductance L
which form part of the plate circuit of the oscillation generating valve V,.
The voltage supply to the plate circuit of the generating valve Vj is
thus varied in accordance with the speech signals from M. The circuits of
V, for generating the oscillations may be arranged in the well-known
manner indicated—L L' C being the oscillation circuit,

339. Lieuip MicropHonEs. 8. G. Brown. (British Patent

134865, August 13th, 1918. Patent accepted, November
13th, 1919.)

In one form of the liquid microphone described in this specification, the
containing vessel is divided horizontally into two portions by an insulating
_barrier. The centre of this insulating partition is pierced with a small hole
over which a valve is arranged in such a manner that the effective opening
between the two parts of the containing vessel is varied by the motion of the
diaphragm to which the valve is coupled. In Fig. 6, A is the containing
vessel, D the diaphragm, B the insulating partition, H the small hole through
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this partition and V the valve con-
nected as shown to the diaphragm,

D. E,and E, are the two electrodes | D
of the microphone. Other modifica-

tions are described in the original— _fﬁﬁﬁ%
L

in one of these the diaphragm forms
one wall of a narrow passage through
which the electrolyte passes, so that A~
its effective cross sectional area

is varied by the motion of the ] _: ' _J—GGGG\"
diaphragm. = = E,s
I
H

340. ArraraTUus For Con-
TROLLING ELEcTRICAL Fic. 6.
ENERGY IN SIGNALLING
Systems. C. D. Ehret. (British Patent 134725, February
20th, 1919. Patent accepted, November 13th, 1919.)

One of the arrangements described is illustrated diagrammatically in
Fig. 7. The microphone M is arranged to contrel the output of the valve

|

i i
1

-

Fia, 7.

amplifier V by controlling simultaneously its grid potential (through the
transformer T;) and its filament current. In the arrangement indicated no
reaction is provided between the plate and grid circuits in order to cause the
valves to set up oscillations, but a source of high frequency fluctuating or
alternating current is impressed upon the grid circuit at G. Various other
modifications of this idea are described, including a very similar arrangement
suitable for use when reaction coupling in the valve is employed.

341. TeLEpHONE TRANSMITTERS. E.S. Pridham and P. L. Jensen.
(British Patent 133365, June, 1918. Patent accepted,
October 16th, 1919.)

Telephone transmitters for use on aeroplanes and in other noisy situations
have their diaphragm exposed on both sides to the noise vibrations, whereas
the speech vibrations act only on one side. By suitably adjusting the
distance between the instrument and the speaker’s mouth the effect of the
undesired noises may be reduced to a minimum.
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342. TELepHONE TraNnsmiTTERs. A. Marr. (British Patent

133527, November 1918. Patent accepted, October 16th,
1919.)
The constructional features are described of a telephone transmitter in
which the vibrations of the diaphragm are transmitted to the movable
electrode of the microphone through a confined layer of air,

343. TELEPHONE TransmiTTERS. E. M. C. Tigerstedt. (British
Patent 135183, November 1oth, 1919. Convention date
November 8th, 1918. Patent not yet accepted but open
to inspection.)

In one of the forms of microphone transmitter described, the electrodes are
in the form of circular discs between which are placed layers of insulating
cloth. The discs are connected alternately to the two terminals of the
instrument. The edges of the disc are surrounded by a thin layer of granular
microphonic material held against the electrodes by a flexible covering which
is operated upon by the speech waves, so as to vary the pressure upon the
granules. Other modifications are described, for example one in which the
electrodes are in the form of annular rings separated from one another by the
insulating cloth and with the layer of granules pressing against one set of
edges of the rings.

344. TELEPHONE TraNsMITTERS AND REeceivers. Western
Electric Company, U.S.A. (British Patent 134872, Sep-
tember 2oth, 1918. Patent aﬂcepted November 13th,
1919.)

In order to increase the natural period of wbratmn of the diaphragm of a
telephone transmitter or receiver, or of similar acoustic apparatus, a broad
flat surface is rigidly mounted at a distance of not more than 24 mils,
(0-0025 inches) behind the vibrating diaphragm. The layer of air between the
diaphragm and the flat surface increases the damping of the diaphragm.

345. WirerLEss TereEpHONY. Al Meissncr. (Telegraphen- und
Fernsprech-Technik, 8, pp. 45—48, July, 1919.)

A brief review of the subject, more especially of methods used by the
Telefunken Company. As generators of the high-frequency current alter-
nators can be used for large powers and large wavelengths, arcs and valves
for medium and small powers. The arc can only be used for waves above
2,000 metres. The future belongs to the thermionic valve. The precautions
necessary to make a number of microphones work in parallel are described.
The microphone current can be made to affect the iron of the frequency
doubling transformers inserted between the alternator and the aerial (diagram
given in original). Two methods of using thermionic generators are described,
one suitable for small powers with the microphone in the aerial, and the
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other for large powers with the microphone acting on the grid. A three
valve amplifier is shown for insertion between the receiving end of a telephone
line and the control of the wireless transmitter. Two-way working by

means of two separated aerials tuned to slightly different frequencies is
discussed.

346. IMPROVEMENTS CONNECTED WITH THE VALVEsS oF WIRELEsS
Transmission Svystems. C. E. Hiatt. (British Patent
131668, July, 1918. Patent accepted, September 4th,
1919.)

A special arrangement of spring is described for maintaining the tension
on the filaments of valves. the spring is constructed of platinum-coated

nickel steel and should be freed from gas in the same manner as the other
parts of the valve,

347. IMPROVEMENTS RELATING TO THE MANUFACTURE oF Erkc-
TRICAL VALVE Tuses. L. Robinovitch. (British Patent
131670, July, 1918. Patent accepted, September 4th,

19I1q.

To imp?ni}mﬂ vacuum some or all of the metal parts are provided with a
film of oxide or other compound with the metal of which the parts are con-
structed, or with a film of gas capable of chemical combination with such
parts. The plate or grid may, for instance, be heated in oxygen, dry air,
chlorine, sulphur dioxide, or it may be tlectrnlytlcally coated with a film of
oxygen in dilute acid or with chlorine in brine. After sealing off the tube,
the anode is again brought to a dull red heat for a few seconds. Prﬂlﬂnged
ageing to remove the residual gas is unnecessary.

348. Vacuum Tuses. C. E. Hiatt. (British Patent, 133181,
October, 1918. Patent accepted, October gth, 1919)

The grid and anode of a vacuum tube for use in wireless consist of wires
stretched across the tube and anchored into the walls by fusion of the

glass,

349. THE ConstructioNn oF Vacuum Tusrs. R. S. Hawkins.
(Radio Amateur News, 1, pp. 278—279, December, 1919.)

A general description of the manufa::turmg methods of vacuum tubes
particularly of the Moorehead Tube.

350. IMPROVEMENTS IN ELEcTRICAL DiscHARGE DEviceEs. Cutler-
Hammer Manufacturing Company, U.S.A. (British Patent
133783, October 1918. Patent accepted, October 17th,
1919.)

This patent deals with a particular construction of three-electrode vacuum
tube with double flat anodes. The grid electrode consists of a fine wire
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“closely wound over two transverse springs mounted in the plane of the
filament, the grid wires being held out on each side of the filament by one or
more flexible transverse wire bridges. The grid wire should be fine and closely
wound.

351. IMmprovEMENTS IN THREE-ErLEcTRODE VAcuum TusEs.
J. Erskine-Murray. (British Patent 133413, October, 1918,
Patent accepted, October 6th, 1919.)

The particular feature of the valve described is the arrangement of the
Eﬂﬂitiﬂn of the grid electrode, so that an increase in its potential causes a

ecrease in the current passing between the anode and cathode, and vice
versa.

352. OsciLraTioN CHARACTERISTICS OF THREE-ELECTRODE
Lames useD As GENERATORS OF SusTAINED OSCILLATIONS.

A. Blondel. (Comptes Rendus, 169, pp. 676—680, October,
1919.)

The ordinary method of studying the oscillations set up 3-electrode
valves based on a consideration of the straight part of the cﬂara::teristil:a
does not take into account the limitation of the amplitude of the oscillations
by the curvature of the characteristics. The author shows that a more
general method of treatment may be based upon the * oscillation charac-
teristics ”’ of the valve, and it is shown how the ordinary static curves may
be transformed graphically to give the dynamic curves. These curves are
preferably plotted with plate current asabscissz and platevoltage asordinates
thus resembling the dynamic characteristics of oscillating arcs.

If U'; = the normal plate voltage without oscillations,

Fl the normal grid voltage without oscillations,

I, = the normal plate current without ﬂscﬂlatmns,
these three values determine the co-ordinates of one point upon the complete
system of curves for the valve. If then the establishment of oscillations
causes a variation ¢ in the plate current (this variation being approximately
sinusoidal), there will be a corresponding variation # in the potential at the
terminals of the plate circuit. By reason of the reaction provided between
the plate and gri:f circuits this change u will give rise to a voltage variation v
which will be superimposed upon the steady voltage V in the grid circuit.
Hence a new point upon the “ oscillation characteristic * has co-ordinates of
(I + %), (Vy+ v), and (U + u). By giving various values to ¢ throughout
the cycle, the complete curve may be delineated.,

Three cases are considered in the paper :—

I. Inductive coupling, for which v = — au = — (M/L)u where M = the
mutual inductance between plate and grid circuits and L = inductance in
plate circuit, at the terminals of which the voltage variation « takes place—
assuming that the resistance of L is negligible. @ = a constant of propor-
tionality = M/L in this case.

II. Resistance or *“ potentiometric *’ coupling in which the grid voltage is
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derived from the change in p.d. at the terminals of a resistance in the plate
eircuit,*

For this case v = 4 bi, where b is some constant,

III. The general case for which v = ¢(u, 9) including the special case which
combines I. and II. for which the function ¢ is linear—viz., v = + au + bi.

353. THEorY oF THE OPERATION OF THE AubpioN DETECTOR,
F. Carbenay. (Revue Générale de I Electricité, 6, pp. 579—
583, November, 1919.)

A mathematical article dealing particularly with the use of a triode valve
as a detector of high-frequency oscillations. The sections covered by the
paper are as follows :—

(1) The semi-empirical equations of the valve.

{2} Arrangement of audion detector and equation of the grid potential.

(3) Reception of trains of sustained waves.

(4) Reception of wave trains of any type.

(5) The use of an auxiliary oscillation generator (heterodyne).
(6) Low-frequency power output in the plate circuit,

(7) The response (output) of the audion detector.

354. A SimpLIFIED THEORY OoF THE VALVE AMpLIFIER. E. Mallett.
(Post Office Electrical Engineers’ Fournal, 12, pp. 134—137,
October, 1919.)

The theory given is based on the assumptions that over the range used,
the plate current—grid voltage, and plate current—plate voltage curves, are
straight lines. The author then shows that the total change in plate current
is the sum of the changes due to the voltage impressed on the grid and to
the consequent changes in plate voltage. Hence the voltage amplification
. pZ tan § slope of grid voltage—plate current curve
E , where p = = >

By+ Z tan¢  slope of plate voltage—plate current curve

Ry = the internal impedance of the valve, and Z = external plate-circuit
impedance,

355. Tue Desicy oF MurtipLE-STacE AmprirFiers. C. L. For-
tescue. (Electrical Review, 85, pp. 700—701, November
1919Q.)

See RA%IERE\FIEW, I, pp. 83—88, 134—143.

356. THE MEETING OF THE BriTisH AssociaTioN : DiscussioN oN
Tuermionie Vavves. (Electrician; 83, pp. 306—307.
Electrical Review, 85, pp. 380—382, September, 1919.
Engineering, 128, p. 357, Abstract. Radio Review, 1, p. 26
—38, October, 1919.)

* See also Rapio ReEviEw Abstracts Nos. 236 and 237,
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357. TrioDE AmMPLIFICATIONS AND DETECcTOR SENsITIVITY. A.
Press. (Electrician, 84, pp. 35—36, January gth, 1920.)

This article is designed to remove the confusion between the formulz used

by L. B. Turner* and those employed in discussions at the Institute of

Radio Engineers. Formulz for the potential and current magnifications,

and for the detector sensitivity, are evolved from the relation ¢, = f (v, v,).

[t = anode current, ¥, = anode voltage, and v, = grid voltage.] It is
shown that the potential magnification is given by
o,
==
dv, —R, )
dv — 1+ RQ™ e
1+ R %

where B = resistance in anode circuit, B, = resistance in grid circuit, and

1 ; ; ; .
~ = O1a/0v, = the internal plate-filament conductance determined with

Q
vy constant. The current amplification is given by d‘i:" = g .
di, — 1 + B/Q — Rwgg'

where w = the internal grid-filament resistance determined with v, constant,
g = 01,f0v, = mutual conductance, and ¢’ = 8i,/dv, = the conjugate mutual
conductance, and is much smaller than ¢g. The detector sensitivity,

; e 1 g
§=duldn=—0" TrERTI= T Q"

358. WAVEFORM OBTAINED FrROM THE ALuMINIUM RECTIFIER.

N. H. Williams and J. M. Cork. (Electrical World, 74,
PP- 937—938, November, 1919.)

The use of several rectifying cells in series, to enable voltages up to 2,200
to be rectified, is dealt with in this article. Some oscillograms are given
of the waveforms of the voltage and current showing the smoothing

effect of capacity in parallel
ooy with the D.C. load, and of
inductance in series with the
load. The special arrangement
of double rectifier and smoothing
condenser indicated in Fig. 8 is

| AE Sty ! also described. This arrange-
I ment 1s attributed to Schultz
* Electrician, 83, pp. 4—5, 34—35, July 4th and 11th, 1g19.

and it enables D.C. voltages to
be obtained up to about two and

t An analogous arrangement using valve rectifiers was described in Rapio REVIEW
Abstract No. 119.

p—e
e ———

a half times the R.M.S. alternat-
Fic. 8. ing voltage.}
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359. WrreLEss DirectioNn Finbine. N. P. Hinton. (British
Patent 134644, November 22nd, 1918. Patent accepted,
November 13th, 1919.)

The direction of a wireless transmitting station is determined by employ-
ing three, five, or more immovable directive aerials and comparing signals
received when the aerials are connected in series in various orders, or when
the aerials are placed in circuit singlyin turn. Thearrangement particularly
described has three aerial systems crossing one another at angles of 60°.
These may either be joined up in series in various combinations or any one of
the three may be connected in turn to the receiving apparatus. The circuit
of the three aerials is completed through the movable coil of a special type
of radiogoniometer having the same number and arrangement of fixed
windings as there are receiving aerial systems. These fixed windings are
connected to the receiver proper, and they are arranged in the same com-
bination as are the external aerials. The change over of the connections for
the various combinations is effected simultaneously for the aerial systems and
for the radiogoniometer coils. In taking a reading of direction the two aerials
which give the loudest signals are used and the connections are changed
over from one to the other while the position of the radiogoniometer search
coil is adjusted until equal intensity of signal strength is obtained in the two
positions. The pointer attached to the moving coil then indicates the direc-
tion of the waves.

360. Tue U.S. Navy Rapio Comreass. (Everyday Engincering
Magazine, 8, pp. 10g—I111, November, 1919.)

This article describes in general terms the directive action of a loop aerial,
and then gives the combined antenna and loop aerial arrangement used to
obtain the absolute direction instead of two alternative directions as given
by the simple loop. In Fig. 9 A, is an ordinary elevated aerial and A, is
a frame aerial inserted in the tuned secondary circuit coupled to A,. V is

AY

Ay

Fia. g.
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any usual form of valve detector. The inductance Ly is made equal to that
of A, so that the wavelength of the circuit L, C, remains unchanged when
the loop is cut out of this circuit by the switch S. Signals are first picked
up on !El and carefully tuned with A, cut out. The loop A, is then inserted
in the circuit, and the absolute dlrectmn determined apprﬂ:ﬂmatal}' The
ordinary aerial A, is then cut out and the directional line of the incoming
waves determined exactly, using the sharper minimum positions on the
receiving loop. Further details are to follow in a subsequent article.

361. How AErorLANES ARE NavicaTED BY WirkLEss. R. Keen,
(Wireless World, 7, pp. 389—393, October, 1919.)

An elementary das::rlptmn of the use of the radiogoniometer, and of
D.F. working between aircraft and ground stations.

362. ON THE GoNiomETRIC FUNCTIONS APPLICABLE To DIRECTIVE
Aeriais. A. E. Blondel. (Radio Review, 1, pp. I—I0 ;
58—66 ; 110—123, 191Q.)

363. Tue TransmissioN oF ErecrroMAGNETIC WAVES AROUND
THE EarTH. G. W.O. Howe. (Radio Review, 1, pp. 78—280,
November, 1919.)

364. RabloTELEGRAPHIC INVESTIGATIONS—REPORT OF BRITISH
Association Commirree. (Elecirician, 83, pp. 311—312,
September, 1919. Radio Review, 1, pp. 24—26, October,

1919.)

365. TuerMioNic AmpririErs. Siemens and Halske, Akt.-Ges.
(British Patent 134832, October 3oth, 1919. = Convention
date May 22nd, 1918. Patent not yet accepted but open
to inspection.)

When several amplifying valves are used to form a cascade amplifier with
the filaments connected in series, provision is made for suitably determining
the grid potential of each valve by connecting the grids to different points
on the common filament battery, or to different points on a potentiometer
resistance shunted across that battery.

366. REMARKABLE AwMPLIFICATION. (Scientific American, 121,
p. 457, November, 1919.) ;
Mentions the use of 19-stage multivalve amplifiers by the British Navy
for intercepting buzzer signals over long distances.

367. IMPROVEMENTS RELATING To AMPLIFYING ApPArATUs. M.
Latour. (British Patent 132668, November, 1917. Patent
accepted, September 25th, 1919.)

An addition to British Patent No. 130103. In the multivalve amplifier

—
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described, the plate circuits are supplied from a common high tension source
B, (Fig. 10) and two of the valves are used for amplifying both the high and
the low-frequency currents. The in-
coming signal is supplied to terminals ¥
T, T and is amplified by the wvalves
Vi Vo, V; which are connected together
through high-frequency transformers T,
T,. V, serves as a detector and its low-
frequency output circuit is joined in
series with the grid circuit of valve V,
through low-frequency transformer T,
and the secondary winding of T, as
indicated. The low-frequency current
is thus further amplified by V, and V,
coupled by the low-frequency intervalve
transformer T, and finally led to ter-
minals T', T'. The windings of T, are
shunted by condensers as shown in
order to provide a bye-path for the high-
frequency currents wh_i::E are passed from
Vy to Vg through the high-frequency
transformer T,.

Fi16. 10.

368. A THERMIONIC AMPLIFIER FOR
Low-Anope Vorraces. E.

Riichardt. (Fabrbuch der
Drabtlosen  Telegraphie, 15,

Pp- 27—39, January, 1920.
Technical Review, 6, p. 225,
March 2nd, 1920.)

A record of some extremely interesting
experiments carried out at Wirzburg
under the direction of W. Wien for the
Army and Navy authorities, with the
object of designing an amplifier which
would operate with an anode voltage of
10 volts or less. In one form the filament
is placed between two parallel plates
about 2 mm. apart one acting as anode
and the other as grid. With an anode
voltage of 10 the steepness of the charac-
teristic was only o+6 of that of a normal T
go volt amplifier and gave only o4 to = e
o-5 of the amplification. Attempts to bring
the control electrode nearer the filament introduced difficulties owing
to the distances changing when the supports became heated. This led

T T Coadeu i IEDCTT rokabeLT A
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to several new types of construction helﬂg tried. Fig. 11 represents
the form finally adopted; the filament is- held taut between two springs -
of ~coppered steel wire which act as leads. The anode and control
plate are angle plates carried on the glass stem. In Fig. 12, curve 1

TN

WOLTS.
Fig. 11, F1G. 12.

refers to the earlier type mentioned above, curve 2 (dotted) shows the normal
steepness of a go volt amplifier and curves 3, 4 and § are the characteristics
of the new type at voltages of 6-5, 13 and 20 volts respectively. Many of
the troubles were traced to bad tungsten filaments amf were overcome by
using the so-called crystal wire made by Pmtsch With inferior filaments
good results were only obtained by ﬂverrunmng the filament,

The steepness of the characteristic is greater than in the 9o volt case, in
one case three times as steep, but the internal resistance is much lower, viz.,
about a tenth, that is oI, [0E; is greater, and 0F,[él, is much 1&53, and
therefore the voltage amplification dF,[0E, is less than in the ordinary case.

Several connections are given for two valve amplifiers, and some 1tgen-
ments over a range of frequencies (400 to 1,100) showing resonance effects
at 600 to 8co.

369. A HeTERODYNING WAVEMETER. [. Scott-Taggart. (Elec-
trician, 83, p. 243, September, 1919.)

A description is given of the usual type of C.W. wavemeter containing an
oscillating valve, with telephones in the anode circuit. Measurements are
made by adjusting the instrument until the beat frequency obtained by the
interference of the wavemeter oscillations with the usccilatmns to be measured,
becomes zero. The required wavelength is the midpoint of the silent or
“dead ” space.

370. HETErOoDYNE REcerTiON. H. Salinger. (Physikalische
Zeitschrift, 20, pp. 488—490, November, 1919.)

- This method 1s not suited to the determination of the component oscilla-
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tions in the received wave, since, owing to the curved characteristic of the
detector, various combination tones arise so that audible beats are obtained
even when the two composed oscillations are pure harmonics of very different
frequencies if one is a multiple of the other. Thus if the received signal has
A; = 8750 metres, then audible notes are obtained when the superposed
oscillation has the following wavelengths, A, = 1675—1750; 2060—2190;
2750—3000; 3900—4600; 7500—I0400 metres, In the experiments
filters were used to ensure purity of the oscillations.

371. IMPROVEMENTS RELATING TO WIRELESS SIGNALLING
SysTEms. General Electric Company U.S.A. (British

Patent 134585, October 4th, 1918. Patent accepted,
November 4th, 1919.)

In order to minimise the effect of static disturbances on the receiving
instruments, amplitude pulsations of inaudible frequency are produced either
by the generation in the transmitting aerial of oscillations of two frequencies,
or by supplying the second frequency from a local source at the receiving
station. The currents of inaudible frequency are accumulated in a resonant
circuit at the recetving station, and are detected by heterodyning from a low
frequency generator or otherwise. In the transmitting arrangement
described, the output of a high frequency alternator is controlled by two
magnetic modulators of the Alexanderson type through which alternating
currents are sent of frequencies of the order of 5,000~. Thewindings of these
modulators are so arranged that during one half cycle the reactance of one of
them,is a minimum and that of the other is a maximum, The aerial is doubly
tuned to two frequencies namely, the main oscillation frequency + the
local oscillation frenzluency (which in this case is taken as 5,000).

The Fig. 13 indicates an arrangement of receiving apparatus with a

|a|ajn]a|n|uf-—0]o}
B,

doubly tuned aerial suitable for picking up the wave emitted from a trans-
mitter of the above type. The two branches of the aerial circuit C,L; and

1z
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Cgl,y are tuned respectively to the two frequencies. The valve amplifier V,
magnifies the pulsations of inaudible frequency and the circuit LgL,C, is
tuned to this frequency. The oscillations are heterodyned by the local

generator G of slightly different frequency to the difference between the two
frequencies emitted by the transmitter and are then detected by the valve V,

and the telephones T. Alternatively a highly damped or aperiodic aerial cir-
cuit may be used in place of the branched duuhl}r—tuned aerial indicated in

the figure. Fig. 14 indicates an arrangement of receiving apparatus adapted

\/ A

tf--4)s| IEIII

otk
TO DETECTOR

Fic. 14.

to receive waves of a single radio frequency only, the amplitude pulsations
of inaudible frequency being produced by beats with a local high-frequency
generator G. The circuit L,C is partly screened from the effects of static
disturbances by the inter-position of the two iron-cored transformers T,T,
which are provided with regulating windings L L, excited from a battery B.
These transformers serve to limit the voltage that can be transmitted to the
circuit L,C as excessive shocks due to atmospherics produce saturation in the
iron cores, Other slight modifications are also described in the original.

372. TransmirTERs. Compagnie Francaise pour I’Exploitation
des Procédés Thomson-Houston. (French Patent 497446,
March 22nd, 1919. Published December 5th, 1919.)

The invention mlates to systems for gem:raung oscillations. For further
particulars, see British Patent No. 134585.*

373- WIRELESS SIGNALLING. Siemens and Halske, Akt.-Ges.
(British Patent 135177, November 7th, 1919. Convention

date June 18th, 1918. Patent not yet accepted but open
to inspection.)
The arrangement described is shown diagrammatically in Fig. 15. The

* Rapio ReEview Abstract No. 371.
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incoming oscillations from the aerial circuit AL,E are heterodyned to a
supersonic beat frequency by the local source of oscillations H which is

AN/

K
-

coupled to the secondary circuit L,D, by the small transformer T,. The
supersonic beat currents are rectified 13}' the detector D; and pass through
the tuned circuits C,L, and C,L, to the amplifier V. Amplified supersonic
beat currents are rectified by the detector D, and are thence passed to the
receiving telephones T.

:—rc--
] =v++bT

r-ﬂ
c
Ls La D, 3

FiG. 135.

374. WIRELESs REcEIvING ApraraTus. E. F. W. Alexanderson.
(British Patent 133965, October, 1918. Abridgment
published December 17th, 1919.)

This receiver is par- _
ticularly arranged for
detecting signals from >
one station and at the

same time cutting out
signals from a second
(interfering) station.

The essential features

h f 10- .
e o T P HEHE
£ . G Ce G & l

A,

each connected to a

phase rotator consis-
ting of two branches
in parallel, through &=

one of which the cur-
rent lags and through
the other it leads
with respect to the As
impressed E.M.F. The Fi1G. 16,

UMIVERSITY OF MICHIGAN UMIVERSITY OF MICHIGAN



406 THE RADIO REVIEW Voi. 1.

circuit diagram is that of the “ Barrage Receiver ” dealt with in Rapio
Review Abstract No. 75 (Fig. 4).

An arrangement is also described for varging the effective direction of a
pair of horizontal aerials A}, A, (Fig. 16) by connecting them to different
points on a distributed capacity circuit joining the earthed aerials A, A,
mounted geographically at right angles to the main aerials A; A,. Such a
crcuit 18 indicated at E;ACC, . . . CC,AE, The arrangement is
flt‘:atﬂd‘ to be useful for neutralising atmospherics coming from any particular

irection,

375. REcervErs ror WireLess Terecrapny. C. S. Franklin.
(British Patent 134246, June 28th, 1918, Patent accepted,
October 28th, 1919.)

A wireless receiver specially adapted for short waves is arranged as indi-
cated in Fig. 17 so that the variations in potential produced by the received
wave cause the potential of the filaments relative to its windings to vary more
than the potential of the other electrodes. The diagram shows the connec-

L,

Fic. 17.

tions of a two-electrode valve receiver in which the two leads from the
filament battery B, to the valve filament are wound together to form the
secondary of the coupling jigger. The connections from the ends of these
double windings to the Eatter}? B, are made through the choke coils L.
The secondary tuning condenser is in two parts C,C, across the two windings.
By this means the capacity at the filament end of the secondary winding is
reduced to a minimum.

376. AeriarL CownsrtructioN. J. Bethenod. (French Patent
497313, April zoth, 1918. Published December 3rd, 1919.)
This specification describes a new system of aerials for the emission of

electric waves of long wavelength produced either by a high-frequency
alternator or by an arc, and it consists in the combination of two aerials
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at right angles and submitted to impulses which are out of phase with each
other.

377. IMPROVEMENTS RELATING To WIRELESS SIGNALLING SYsTEMS.
J. H. Rogers and H. H. Lyon. (British Patent 133083,
November, 1916. Patent accepted October gth, 1919.)

The radiating and receiving conductors of a wireless signalling system are

placed on, or beneath, the surface of the earth, or water, and in electrical
mnta-::t therewith, For directive or multiplex wcsrlung it is proposed that
several such conductors should be used arranged in different directions with
the provision of suitable switches for using one or more of these aerials as
requlslte

378. UnpErRGROUND RADIO MADE POSSIBLE FOR AMATEURS.
E. T. Jones. (Radio Amateur News, 1, pp. 274—275,
December, 1919.)

The arrangement described aims at eliminating the long trenches required
for the usual type of “ ground aerials.” The two horizontal aerial wires
which are normally stretched out along or under the ground surface are in the
arrangement described wound up into two coils of from 2z to 4 feet diameter
each. The coils are sunk in water from 4 to 15 feet or buried in damp earth.
One end of each coil is insulated and the other brought up to the ordinary
valve receiving set. In the experiments described good signals were appa-
rently received from a number of stations at a considerable distance and work-
ing on various wavelengths. The signal strength increased with the distance
between the coils up to about 30 feet. About fourteen turns of cable were
used on the 4-foot coils, and it is stated that practically no signals were
received on them until they were lowered into the water or buried in the damp
soil. When using the ordinary straight wire ground aerials, receiving on short
wavelengths requires the use of a critical length of wire to obtain best results,
but with the coils used in these experiments the length of wire did not
materially affect the reception unless it was greater than about 500 feet on
each coil.

379. THE WirELEss EQUIPMENT oF EX-GERMAN SUBMARINES.

E. Harper. (Post Office Electrical Engineers’ Fournal, 12,
pp. 155—169, October, 1919.)

An illustrated description of the Telefunken apparatus installed in those
vessels. In the standard sets a quenched sParlf transmitter with zincite-
bornite crystal receiver was used. The discs of the quenched spark were an
alloy of 8o per cent. silver and 2o per cent. copper.

In some sets two or three valve low-frequency amplifiers were added ta
the above to increase the range. A few of the submarines were provided
with an additional box of apparatus containing three valves. These could
be used for heterodyne reception or for short-range C.W. transmission. Some
particulars of the windings, etc.,, are given in the paper together with
characteristic curves of the valves and photographs of the apparatus.
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380. Grear WirEeLEss Stations: Towywn. (Wireless World, 7,

. Pp- 433—437, November, 1919.) L +
An illustrated description of the Towyn Trans-Atlantic Receiving Station,

381. Tne NEw Brunswick Rapio Srtation. (Radio Amateur
News, 1, p. 276, December, 1919.)

A short description with illustrations of some of the machines.

382. Tue Larce FrencH WIRELESS STATIONS DURING THE WAR.

(La Nature, 47, pp. 374—384, December, 1919.)

This article is divided into five sections describing in a general way the
war-time work and developments of the wireless stations at the Eiffel Tower,
Lyons, Nantes, Bordeaux, and in the French Colonies. The first arc sets
installed at the Eiffel Tower yielded 40 kw. in the aerial. Later this was
increased to 100 kw. An extensive scheme of listening stations was arranged
around Paris for the interception of all messages sent from enemy or neutral
stations. Throughout the war these stations intercepted some 50,000,000
words, while the Eiffel Tower station itself sent about 1,500,000, It was
even found possible to decipher messages from German stations when these
were sent with a Hughes transmitter, by running an appropriate receiver in
synchronism. The Lyons station was entirely erected during the war, and
commenced work with a 150-kw. spark-set putting 50 kw. into the aerial.
Later an arc was installed giving 70 Ew, in the aerial, which was subsequently
increased to 100 kw. by improvementsin the arrangements, Theeight 4oo0feet
towers first installed were increased in height (two to 675 feet and six to
6oo feet) to ensure reliable communication with America. This station has
been heard in Central Africa, Shanghai, the Philippines, and New Zealand.
Arcs giving 200 kw, are also to be installed. A 200-kw. 20,000 ~ alternator
was installed in July, 1919, and gives better signals in America than the
200-kw. arcs, The Nantes station erected by the French naval authorities
has 30- and 150-kw. spark sets and three arc sets similar to that at the Eiffel
Tower. The Bordeaux station is to contain a joo-kw. arc, a §oo-kw. arc,
and two 5oo-kw. alternators, to work on 20,000 metres wavelength. The
aerial is 820 feet high and 5,000 feet long. A station is to be erected in
Indo-China having similar equipment.

383. TugE TecunicalL Procress IN Larce WIrELEss StaTions.
(La Nature, 47, pp. 387—389, December, 1919.)

A brief description is given of the mode of operation of the Goldschmidt
alternator, and of the various means of producing undamped waves. The
chief lines of progress have been the substitution of undamped for damped
wave transmission, the use of automatic transmitters, the use of amplifiers
tnahﬁnﬁ reccgtiun to be effected with frame aerials, improvements in anti-
atmospheric devices, automatic reception, and the use of frame aerials for
duplex working. A brief account is also given of Levy’s anti-atmospheric
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arrangement using a double heterodyne—the first to 10,000 ~ and the second
to an audible note.*

384. Naven anND Count Arco. (Elekirotechnische Zeitschrift, 40,
p. 653, December, 1919.)

The high-power station at Nauen is being rebuilt and fitted with new
equipment. The history of Nauen is described in a special number of the
Telefunken Zeitung issued in honour of Count Arco’s fiftieth birthday. The
articles deal with the various branches of the wireless plant, including duplex
working.

385. SomE Foreicy Apparatus., F. M. Gill. (Radio Amateur
News, 1, p. 282, Dzcember, 1919.)

Circuit diagrams are given of the various French amplifier, wireless tele-
graph and telephone, and aeroplane sets also of a French spark transmitter
for trench use and the French wavemeters which were supplied to the U.S.
Signal Corps.

386. TransmiTTERs. H. Thuret and L. Louvel. (French Patent

497299, March 19th, 1919. Published December 2nd,
1919.)

The invention described in this specification consists of an automatic
keyboard sender which may be used in sending Morse or other signals in
wireless telegraphy. For each key a rotating shaft, whose speed may be
regulated, is disposed transversely to and above the keys. A disc of insu-
lating material is loosely mounted on the shaft and carries conducting
segments. Two conducting members arranged to bear against the disc are
connected to the transmitting circuit and means are provided to connect
each disc automatically to the shaft by depressing its controlling key,
whereby the said disc rotates and signals are produced.

387. NEw Rapio Dvywnamic Controrrineg System. W. R.
Coventry. (Radio Amateur News, 1, p. 293, December,
1919.) .
Two synchronously rotating contact drums are used and the contacts are
controlled by signals sent at the appropriate instant.

388. OsciLLaTory MERCURY ¢ MAKE aND Break ” ApparRaTUS
FoR WireLEss TEevLEcraPHY. M. Compare. (British
Patent 134297, October 29th, 1918. Patent accepted,
October 2gth, 1919.)

The relay described is for use in wireless control systems and is arranged
to be responsive only to impulses of a particular frequency. It consists of a
vertical column of mercury or other liquid partly filling a tube having a sealed
upper end with a magnetic float on the surface of the mercury. This float is

* BSee also Rapio REview Abstracts Nos. 190 and 191.
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under the influence of a solenoid which encloses the tube and through which
the received currents are passed. The lower end of the tube dips into a con-
taining vessel in which two contacts are mounted above the surface of the
mercury. When impulses of the correct frequency are passed through the
solenoid winding an oscillation is set up in the mercury column which increases
in amplitude unuI the contacts are closed.

389. Rapro Prosrems v Aviation. E. R. Doyle. (Electrical
Experimenter, ?,g 543, October, 1919.)

The mblems c:nnmdere are: (1) Directional control of transmitted
signals ; (2) wavelength adjustment Df incoming and outgoing signals ; and
(3) transmitting ranges and sensitivity of receiving apparatus.

. Ox TE Forum oF THE TrarLine Asriar. H. C. Plummer.
(Philosophical Magazine, 38, pp. 732—736, December,
1919.)
A mathematical treatment of the form taken up by a wire aerial hung
from an aeroplane in flight.

391. ELecTtric SwitcHEs spEciaLLy SurTABLE For UsSE IN
WireLEss SigNaLLING. M. D. Scott and P. P. Eckersley.
(British Patent 134590, October 26th, 1919. Patent
accepted, November 13th, 1919g.)

This relates to electromagnetic switches specially su1tabl¢ for use on air-
craft for changing over from wireless reception to transmission and vice versa.
The switch is particularly adapted for use with thermionic valve transmitters,
and is arranged to dim the filaments of the transmitting valves when the
receiver is connected to the aerial. The generation of oscillations by the trans-
mitting valves is thus stopped during reception. By this means the complete

change over from transmission to reception can be effected with a small local
switch or push button,

- 392. AMEeTHOD OF DEMONSTRATING THE EpnI1soN EFrecT. (dnnales
des Postes, Télégraphes et Téléphones, 8, p. 551, September,
1919.)

A telephone joined between the earth and a band of tinfoil wrapped round

an ordinary electric lamp indicates the passage of a current due to the Edison
effect. This current passes through the warm glass.

393. WIrELEss Rainway Sienavs. (Electrical Review, 85, p. 721,
December, 1919.)
Brief mention of an apparatus operated by radio to give a warning in the
engine cab when a train passes a danger signal,
304. WIRELESS OStaTioNs As ComperiTors witH LiNE TELE-
GRAPHY AND TELEPHONY. E. Nesper. (Fabrbuch der
Drabtlosen Telegraphie, 15, pp. 69—72, January, 1920.)

An article drawing attention to the advantages of wireless telegraphy and
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the possibility of relieving the present congestion and cheapening com-
munication.

395. WireELEss Press Service. Communicated by the Gesell-
schaft fiir Drahtlosen Telegraphie (Fabrbuch der Drabhi-
losen Telegraphie, 15, pp. 72—76, January, 1920.)
A plea to the German authorities for the establishment of a system of
distribution of news from wireless stations.

2. Books.

La TaforiE Er 1A PraTiOUE DEs RADIOCOMMUNICATIONS.
Vol. 1. InTropuctioN A L’ETupE DEs Raplocommuxica-
TioNs. By Léon Bouthillon, (Parts: Librairie Delagrave

Pp. ix. 4 193. Price 20 fr. paper covers; cloth, 25 fr.)

This volume is the first of a series of eight dealing with the whole subject
of radiotelegraphy, both in its theoretical and its practical aspects. The
author states in his preface that he has come to the conclusion that it is
more satisfactory to publish such a work in a series of volumes, each dealing
with one particular branch of the subject, than to attempt to include
everything in a single volume, unwieldy in size and prohibitive in price.

He also expresses a doubt whether such a book is needed when there are
already so many in existence; but this volume seems to show that there
should be a place for his work which is not quite filled by any author. During
the war, owing to the necessities of the case, the practical side of radio-
telegraphy made enormous advances; but these advances were hardly
paralleled on the theoretical side, and the urgent need of the moment is a
consideration of the more abstract side of the subject, in order to obtain
the full value of the practical results already obtained. '

For the ordinary operator or erecting engineer, the mathematical side
of the subject is not of such great importance, and for men of this type
there are many small handbooks in existence suitable to their pgrticular
needs ; but it 1s absolutely indispensable for any worker who wishes to deal
with fundamentals. In many books on radiotelegraphy there is a tendency
to sacrifice either the theoretical or the practical side, generally the theoretical,
as this is the side which appeals to fewer readers. Hence anybody who
wishes to study first principles is usually obliged to refer to original papers
dealing with the mathematics of the subject, or to a condensed edition of .
them.

In such editions, not only in books on this subject but in many others,
portions of a mathematical discussion are frequently left out, and this
renders it very difficult for the argument to be followed.  Hence it follows ”
may be made to cover several pages of close mathematical reasoning, and
one 1s at times driven to the conclusion that such cuts have been made with
greater vigour than discrimination. Ewven ordinary papers require editing
in view of the special requirements of their subject which may not have
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appeared of immediate importance to the author at the time he wrote his
work. For instance, Maxwell knew nothing of, and had no direct interest
in radio communications. He was entirely concerned in the development
of his theory of electrical actions in material space. Consequently, when his
work is applied to radio communications, the relative order of importance
of his results may differ considerably from that in which he placed them
himself. Such editing has been particularly well carried out in this work;
the mathematical reasoning, without being prolix, is presented in a form
which makes the argument very easy to fﬂﬁuw, and gives the definite
impression that the author is fully at home with the mathematics of his
subject,

He himself would probably be the last to claim originality for most of the
work in this volume. He has taken the results of the classical researches
on the subject, and has arranged and prepared them to form a continuous
whole leading directly to the results he has in view. This particular volume,
of course, demands of its readers considerable familiarity with the mechanical
processes involved in the handling of differential equations, and immediate
recognition of the standard forms of equations dealing with wave-motion,
and the physical interpretation of the symbols that occur, This amount
of mathematical skill is unfortunately very infrequent among radio engineers
in this country and the subject suffers considerably therefrom. Experimental
work of the * hit and miss ” type is far too common, and the idea of basing
it on a mathematical foundation is looked on as impracticable by many
experimenters.

The first chapter deals almost entirely with Maxwell’s equations and their
derivatives, special attention being given to the case in which the electro-
magnetic field is symmetrical about one axis, 1.¢., a field of revolution ; and
to the case in which the frequencies involved are of the order used in radio

work. In particular, a full discussion is given of vector potential. This
is probably one of the most difficult points in the mathematics of the subject,
From the purely mathematical standpoint, the vector potential appears as
an abstract arbitrary function, whose chief Eurpﬂse is to effect a symbolic
reduction of the equations to a more workable form. It is thus primarily
defined by a mathematical substitution in the original equations, but the
conditions it has to satisfy for this purpose do not define it uniquely, and
so there is one other independent condition available. By postulating this -
condition differently, Maxwell, Hertz and Lorenz have each arrived at a
different function to suit the particular case they had under consideration.
Poynting’s theorem and the problem of the diffusion of electromagnetic
effects into a conductor are also briefly discussed.

The second chapter occupies most of the book. The first part of it deals
with the form taken by Maxwell’s equations for a perfect dielectric, and is,
therefore, of primary importance in radiotelegraphy. Throughout the
chapter only two cases are considered in detail, first the field of revolution,
in’ order to deal with the radiation from a source on the axis, and the
effects in its immediate neighbourhood ; and secondly the case of a plane
wave front, which is the condition that holds for reception at a considerable
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distance from the source, The method of Hertz for obtaining the graphs
of the lines of force radiating from an undamped oscillator at various phase
times is given in detail with a great many diagrams, and there are also full
references to the works of Professor Karl Pearson and Miss Lee, and also to
that of A. E. H. Love dealing with damped oscillations,

In the latter part of the chapter the problems of transmission and reception
from both closed and open aerials are discussed. The special object in the
case of transmission is to obtain an expression for the power radiated under
given conditions, and the efficiency of such radiation ; and in the case of
reception to determine the power absorbed from the dielectric by the recﬂwmg
system and its efficiency. The results are given in two tables, which
these efficiencies both for the general case and also for cases in which speclal
relations exist between the various constants of the aerial. The results for
reception are based on the assumption that the atmosphere is a perfect
dielectric; and a table is given showing for different wavelengths the power
which must be radiated to _give a power of four microwatts in the receiver.
Of course, on this assumption, no account is taken of the actual conditions
which arise in practice, such as reflection from an ionised upper layer of the
atmosphere or losses due to the resistance of the surface of the earth. Hence
the results are very different from actunal results which would be obtained
in practice. For example, the table shows that with a radiated power of
16 kw. at a wavelength of 2,000 metres, the power mentioned above, 4 X 1078
watts can be received at a distance of 15,040 km. Experience, especially
with continuous ‘waves, tends to show that these distances are excessive
and also that it is probable that the power received is not proportional to
the inverse square of the distance, as is assumed in these calculations, so that
care should be used in applying them to a practical case.

The third chapter discusses the mathematics of radiation over a plane
perfectly-conducting surface ; the ideal case of transmission over the surface
of the earth. A few special cases of simple aerial forms are discussed; but
as the author lnmselfp says this is approaching the practical side of the
question, and so a full discussion of it is left to a later volume. This is the
only weak point of the system by which a different volume is allotted to each
branch of the subject, namely, that it is difficult to draw a sharp line of
distinction between the theoretical and the practical side of the problem.
This disadvantage is, however, far outweighed by the advantages of the
system.

A comparative table is given of the reception of the same signal by open
aerials and closed coils of various dimensions, showing the range and the
efficiency obtained in each case. These are, of course, open to the same
objections as the table referred to above, namely that these figures would
probably not be substantiated in actual working, although the relatve
values may be correct.

In the fourth chapter the results of the rest of the volume are summarised
and at the end of each chapter a bibliography is given of the references to the
original papers from which the results have been taken.

J. HoLrincworTH.
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MESURES PraTioues EN Raproactivite. W. Makower and
H. Geiger. Translated from the English by E. Philippi.
(Paris : Gauthier-Villars et Cie. 1919. Pp. vii. + 181,

Price 12 fr.)

We welcome the translation of Makower and Geiger’s ““ Practical Measure-
ments in Radioactivity  as an earnest of the resumption of Anglo-French
publishing relations, rudely arrested by the war. Doubtless owing to the
difficulties of the times, the translation bears no marks of any attempt to
incorporate the results of work published subsequent to 1912—the date the
book first appeared in this country.

Radioactivity, as a subject, has now been added to the syllabus of instruc-
tion of most of the physical laboratories in this country—certainly in the
case of students contemplating a medical career. The authors of the present
volume can fairly claim a large share of the credit for bringing this about,
They clearly demonstrate that a laboratory course in radioactivity requires
only simple and inexpensive apparatus. With the assistance of many
excellent diagrams they set out the main points which are likely to worry
the novice or for the matter of that the more knowledgeable student. Here
and there the treatment is perhaps meagre, and now and again unexpectedly
complete, probably owing to the fact that the authors have not been able to
fall back on the crop of graded text-books common to other branches of
physics.

The French edition follows precisely the English one in its sequence of
chapters dealing in logical order with electrometers and electroscopes (string-
electrometers should receive better treatment), the alpha, beta and gamma
rays of radinum, methods of measuring ionisation as the basis of standard
measurements, etc.

We notice a small slip on p. 101 where in equation 39, P should read Q.
The book concludes with some useful tables of constants and an index which
leaves a good deal of room for improvement. The translator appears to have
done his work well.

We know of no other work which seeks to impart the technique of radio-
activity to the student. The book may fairly be recommended to the reader
who wishes to know some of the details of the methods employed in a subject

which has profoundly affected the fundamentals of physics.
G. W. C. Kave.

Books Received.

Lzcons pE Prysioue GENEraLE. By |. Chappuis and A. Berget. Vol. II. Eiecrriciry
AND MagnETIsSM. Revised by J. Chappuis and M. Lamotte. (Paris: Gauthier Villars et Cie.
Third Edition. 1g920. Pp. 623. Price 45 fr.)

Mawvar or RapioTeLeGrarny. By Captain S. Robison, U.S.N. Revised by Captain
D. W. Todd and Commander S. C. Hooper. (Annapolis, U.S.A. : The United States Naval
Institute. London: §. Remtell & Co. Fifth Edition. 1g919. Pp. 307. Price 105, net.)

TerErHONIC TRANsMIssiON, Theoretical and Applied. By J. G. Hill. (London: Long-
mans, Green & Co. 1920. Pp. xvi + 398, Price 215, net.)
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ANNUAIRE POUR L'AN Ig20. By Le Bureau des Longitudes. (Paris: Gauthier Fillars et
Cie. 19zo. Pp. viii + 708 + A. 27 + B. 64 4 C. 70. Price 4 fr. 50 net.) _

This Annual contains in addition to extensive astronomical information, physical and
chemical particulars arranged mostly in tabular form for reference purposes, as well as a num-
ber of electrical constants, etc. An appendix contains an article by C. Lallemand setting out
full particulars of the new metric system units legalised in France.

La Tereronia sEnza Fiio. By Umberto Bianchi, (Milan: Ulrico Hoepli. 1920,
Pp. viii 4 296. Price L. 10.) )

RerorT of THE CHIEF S1GNAL Orricer (General G. O. Squier) To THE SECRETARY OF WaR,
U.S.A., 1g91g. (Washington : Government Printing Office. 1919. Pp. 547.)

Rapio EncingeriNG Principres. By H. Lauer, B.S., and H. L. Brown, BEE. (New
York : McGraw-Hill Book Co., Inc. London: Hill Publishing Co., Ltd. 1920. Pp. xv +
300, Price 215. net.)

Tue “ Pracricar Enciveer "' Erectricar Pocxer Boox anp Diary, 1920. (London:
The Technical Publisbing Co., Ltd. Pp. clxiv + 592 + §6 (Diary). Price 15. 6d. net ; best
cloth binding, 25. net.)

— = =

Correspondence.
WIRELESS DIRECTION FINDING,

To e Eprror oF ToE “ Rapio Review.”

Sir,—In No. 5 and 6 of the Rabpio Review Captain Robinson describes
a maximum method of direction finding with crossed coils.

Methods of direction finding using crossed coils were experimented with
and developed at the National Physical Laboratory in the winter of 1914,
and it may be of interest to describe two of these methods. In one method
two direction finder coils A and B are wound at right angles to each other

o c

b

and are capable of being rotated together about a vertical axis, The coils
are similar and are used independently, each in turn. being placed in circuit
with the tuning condenser C by means of the switch 5. If the coils A and B
are exactly at 45° to the direction of the incoming signals the intensities of
the received signals will be equal. |

If the coil A be at an angle 45° 4 d@ to the incoming signals then the ratio
of the E.M.F.’s in the two coils is equal to 1— 2 sind#f, and the ratio of the
difference of EM.F. to the mean E.M.F. is 2sindf. This ratio is identical
with that obtained with Captain Robinson’s system if he uses two similar
coils.

It may be urged that this 45° system is nevertheless at a disadvantage,
for apparently the maximum intensity of the received signals is less. In
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practice, however, this is not the case. In Captain Robinson’s method the
two coils are in series; in the 45° method each coil is used independently,
and for the same values of the capacity and diameter of coils the inductances
must be the same. That 1s, there will be approximately 4/2 times as many

turns on each of the coils A and B as on a Robinson coil, with a corresponding
increase in the E.M.F. However, in the one case a coil 15 at 45° to the direc-
tion of the incoming signals and in the other case at 0° which results in the

E.M.F.’s for similar coils being in the proportion 1: 4/2, Allowing for the
difference of turns the final result is therefore that the E.M.F.’s are equal.
The effective resistance of the circuit of an A or B coil will however be less
than for the Robinson coils which is a slight advantage.

Obviously it is not possible with this method as it is with Captain Robin-
son’s to vary the diameter of one of the coils and s::n obtain a greater ratio
of the difference of E.M.F. to the mean E.M.F. ractice, however, it
must be possible to rotate the coil systems and hence W};la'[t;‘:'i"ﬂ' the size may
be of Captain Robinson’s auxiliary coil it is possible for each of the coils
A and B to be of equal diagneter. It follows therefore that with the auxiliary
coil system it is not possible to obtain a greater di ﬁ'fr.mcf of EM.F. for a
small variation dfl from the desired position but it 1s possible to add this
difference to a smaller E.M.F. than in the method of 45°. Two questions
immediately arise :—(1) What is the smallest change of intensity which the
ear can detect ! and (2) Is the ear more or less sensitive to a change of inten-
sity when the change is Supf_‘rpﬂﬂﬂd on another note of the same frequency ?
In general I believe the ear is more sensitive when there is no added note.
Assuming this to be so, the most sensitive coil system is that of a single coil
and the writer has ﬂbtained some remarkably consistent results when the
signals were of sufficient intensity to necessitate an angular movement of a
few degrees only. One disadvantage lies in the necessity to rotate the coil
to compare the two notes, and it was with a view to overcoming this difh-
culty that the second method of crossed coils, now to be described, was
devised. In practice the system is not equivalent to that of a single coil but
in sensitiveness it appears to be equivalent to the Robinson method with a
main and an auxiliary coil. If arrangements are made to alter the angle
between the coils it appears to be ejuivalent to the Robinson system plus
the advantage which would result if the main coil of the latter could be
arranged to have its “ area-turns * varied without altering the inductance.

The two coils are equal and similar as before but instead of being crossed
at 90° the angle between the coils is smaller, for example 20°. Observations
can be made with the system when its mean plane (each coil being 10° from
the plane) iz (2) at right angles to the direction of the incoming signals
and () in the direction of the signals. A switch similar to that emplcyed in
the previous method may be used to compare the intensities,

In the case where the angle is 20° and the displacement from the correct
minimum position is df the ratio of the E.MM.F.’s in the two coils is equal to
1 — 114 sin df, and the ratio of the difference of E.M.F. to the mean E.M.F.
is 2 tan80°, sindf = 114 sindf. The latter ratio depends on the angle
between the coils and may be varied to suit special cases.

-
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With such a crossed coils system the intensity of the incoming waves may
not be sufficiently great for the latter to be detectable when the plane of a
coil is 80° from the maximum position and in such a case the metEﬂd would
fail. It may be pointed out, however, that for similar signals and for a
similar ratio of difference of EM.F. to mean E.M.F. the Robinson system
of small main coil and auxiliary coil would also fail. To obtain the ratio
of 114 sin df the ratio of the area turns of the auxiliary coil to those of the
main coil would have to be 5:T (this is b/a = & in Captain Robinson’s nota-
tion) and since the area turns of each of the 80° coils can be equal to the area
turns of the auxiliary coil it follows that the E.M.F. produced in such a coil
80° from the maximum position is 5-7 cos 80° (= 1) times that of Captain
Robinson’s main coil in the maximum position. That is, the E.M.F.’s are
equal and if one system fails to pick up signals the other will also. The
obvious remedy is to use the auxiliary coil as the main coil and work in the
maximum position. This of course sacrifices sensitiveness, Similarly with
such a system as I have termed an 80° system ; when the mean plane is near
the ‘“ maximum * position the displacement being df, the ratio of the
E.M.F.s in the two coils will be equal to 1— 0-35 sind#f and the ratio of
the difference of E.M.F. to the mean E.M.F. is 2 tan 10° sin df = 0-35sin d6.

It will I hope be clear that in designing any D.F. coil system the all-
important question is that of the intensity of the received signals. The
80° system as I have called it was experimented with but little, but I did
observe some slight interaction between the coils. This interaction did not
influence the accuracy of the results but there was evidence of a small
reduction in the intensity. For general work I am inclined to prefer two
equal coils crossed at right angles used either independently or as a Robinson
maximum system. In aircraft work it is essential to have considerable
intensity, and the minimum method using a single coil, is therefore disadvan-
tageous. I would like to point out that the disadvantages of a single coil
were brought to my notice by an officer of the R.N.A.S. (there was no R.A.F.
then) in 1916. At this time what I believe to be the first D.F. coil ever
taken in the air in this country was being made at the National Physical
Laboratory and I proceeded at once to devise “intensity and difference ”
methods instead of minimum intensity methods. These methods I am now
at liberty to describe and I hope they will be of some interest to your readers,

F. E. Smrrn.
The National Physical Laboratory,
Teddington, Middlesex,
March 1115, 1g920.

TRIODE NOMENCLATURE AND SYMBOLS.

To e Epitor orf tue * Rapio Review.”

Str,—With reference to Mr. L. B. Turner’s letter in your last number, I
am very glad to see that the question of symbols and nomenclature for use
with thermionic valves and the associated circuits is being discussed.

E K
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The %, ks, ks, and k, of my paper were chosen provisionally in 19135, after
careful consideration of other possibilities. The letter g being in wvery
general use for conductance was naturally the first suggestion. But there
were certain objections to this choice. In the first place the slopes of the
characteristics are not exactly conductances. Again, there are in the
associated circuits true conductances, for which the g is required in its
usual sense.

With regard to the use of &, this was to some extent justified by the fact
that the slopes of the characteristics are constants in most problems. The
values are only altered by alterations of the batteries or controlling resis-
tances. They are not affected by the functioning of the valve itself.

For each of these reasons therefore the choice of the letter k& seemed
to be justified.

The question of distinguishing subscript numbers or letters then arose.
If letters were to be used it would have meant that two subscript letters
would have been required if they were to have indicated the particular slopes
referred to. Consequently the numbers 1, 2, 3, and 4 were chosen and applied
to the slopes in the order of their respective importance.

This notation has proved quite satisfactory in practice.

The letter k without subscript could be used for the slope of the *“ lumped
characteristic,” if this is required.

For the voltage ratio of the tube, 7.z, the ratio k,/k; in my notation, the
letter m was chosen at the same time as the k,, etc. There is some risk
of confusion here with m or M for mutual inductance and an alterna-
tive is desirable. Dr. Eccles’ g is not good, as confusion with con-
ductance is likely. Mr. Turner’s v is very inconvenient to write and a
change from m to p might meet the case as confusion with per-
meability is scarcely possible.

With regard to Mr. Turner’s proposals for names for the slopes, these seem
to be quite sound and might well be generally adopted.

Dr. Eccles has recently introduced the term “lumped characteristic,”
used above., Cannot this name be improved uponi? Why not simply
“ ghe characteristic ” or the “ total characteristic.” Or again, would it be a
misplaced compliment to call it the * Langmuir characteristic ”’ ?

C. L. ForTEscuE.

Royal Naval College,

Greenwich.
March 17th, 1920.

“TEXT-BOOK ON WIRELESS TELEGRAPHY.”

To Ttue Epitor ofF THE “ Rapio Review.”

Sir,—A very fair review of my “ Text-Book on Wireless Telegraphy,”
Vol. II., by Dr. Whiddington appeared in your February issue, and I have
never before replied to criticism. Dr. Whiddington, however, takes me to
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task for giving so much credit to the French military service and so little to
the work carried on under the auspices of the British services; perhaps
you will therefore afford me a little space to explain my attitude.

I was intimately connected with the British Army wireless service for
four and a half years and my experience was that our home establishments
produced very little of an original nature. For example, right up to the end
of the war, the French valve was our favourite at the front, and for all
round adaptability nothing better than it was produced by our home depart-
ment. Apart from the excellent range of valves introduced by the Marconi
Co. we must admit that the French service deserves most of the credit for
valve work, and it may be noted that even the Germans copied the French
arrangement of hard valve in 1918, The valves brought over by the American
army service were excellent in robustness of design and in characteristic.

In oscillation amplifiers we in France were acquainted with no design
except those of the French service and of the Marconi Co. ; if the British
establishments discovered any improvements in such apparatus they cer-
tainly did not produce anything which could be of service in the field.

In L.F. amplifiers I think the patent records show that most of the honours
should go to Latour and the French wireless service. We were using French
amplifiers in February, 1916, and for almost two years the home establish-
ment produced amplifiers which were not so flexible as the French ones,
and of which the design was more applicable for dressing jewellers’ windows
than for use in the trenches, It was not until 1918 when the influence of
German portable designs had at last penetrated tl?at we obtained amplifiers
from home of really serviceable construction.

Of C.W. Sets the less said the better ; we in France started clamouring
for serviceable Sets in 1916 but it was 1918 before we got a field pattern in
which there was nothing original, and in which there was much faulty design.

The only evolutions of real importance and utility from our home establish-
ment were the excellent C.W. Set designed by Mons. Matthieu, a Belgian,
and the Loop Set of Captain L. B. Turner; had the war been further pro-
longed I believe also that Captain Turner’s Wireless Telephone Trench Set
would have been most useful.

I could not describe Mons. Matthieu’s C.W. Set nor Captain Turner’s
Loop Set in my text-book because they are standard sets in the Army at

resent.

Dr. Whiddington says that “ no one relying entirely on the text-book
for information would for a moment suspect that any research or design had
been carried out by the British Government along lines parallel to the
French.” If that is so I have been happily successful in my intention, for
the difficulty of getting any serviceable design out of our home establishments
was heart-breaking to every responsible wireless officer in the field. Far
from being on paralle]l lines the productions of our home establishments
werdﬂ very much behind those of the French service, both in originality and
in date.

As regards the Navy my information was that Dr. de Forest’s circuits were
largely employed ; it was impossible to publish details of the Air Service
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apparatus, and in any case I have not dealt with air radio-practice in the
text-book.

I was not aware that the Fullerphone had revolutionised earth signalling ;
the Fullerphone was employed in the field as an alternative method of
line signalling. Dr. Whiddington thinks that in connection with L.F.
amplifiers my use-of the terms * amplifier ” and “ relay ” may lead to some
confusion ; I can only say that I have taught some hundreds of operators
and found it necessary to call on their previous knowledge of * relay ™
action in order to get them to really understand the simple theory of
amplification,

RupERT STANLEY.

Municipal Technical Institute,

Belfast.
March 15th, 1920,

The above letter has been submitted to Professor Whiddington, who bas replied
as followws »—

To tHE Eprror orF TtHE * Rapio Review.”

Str,—In a letter to the Rapio Review criticising my review of his book
Mr. Stanley conveys an impression which I feel bound to correct.

Far from taking him * to task for giving so much credit to the French
military service,” I actually commended him most warmly for so doing.
I also took the opportunity of recording my own deep appreciation of the
great work done ]Ly the excellent scientific staff of the French military
service,

What I did call attention to was the fact that Mr. Stanley had omitted
all reference to British official design—an omission which I stated detracted
from the value of his book,

It is interesting in this connection to learn from Mr, Stanley’s letter
that (leaving out of account the Navy and Air Force) there were in his
opinion two sets designed in the Army establishment which were definitely
useful and a third which might have been; if the war had lasted !

R. WHIDDINGTON.
The University, Leeds,
March 29th, 19z0.
. (We regret that owing to pressure on our space some correspondence has
been unavoidably held over to the next issue.—ED.)

ERRATUM.
o

Page 318, footnote. The expression for a should read: a = A
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