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The Calculation of Loads in Guy
Ropes for Masts or Towers.*

By C. 1. G-HOOPER, A.M.I.Mech.E.

N selecting a suitable guy rope for staying any structure such

as a tower or mast, experience is a very valuable guide ; but

occasions may arise in which either conditions are so altered as
to render past experience of doubtful value, or, the cost of the
ropes being a considerable item, it may be desired to design them
as economically as possible, that is, to supply ropes of no larger
diameter than is consistent with the greatest loads they are likely
to incur under working conditions.

For instance, the guy ropes staying the masts which support
the aerial wire of a wireless telegraph station frequently have
their continuity broken by means of insulators in order to lessen
the risk of leakage to earth of the high-frequency current in the
aerial. These insulators are necessarily of porcelain or other
material of low tensile strength and consequently it is important
that the load they will be called upon to bear should be known
within fairly close limits.

The following are some simple rules, deduced from first prin-
ciples, for ascertaining the tension likely to occur in any rope
used for staying towers or masts. Six general cases have been
taken, but the principles may be applied to almost any system
of rope support.

The cases considered are :— .

1. Mast stayed by ropes attached to top.
2. Mast stayed by ropes attached to intermediate point.

3. Mast stayed at two points, one being the top.

* Paper received June, 1919.
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4. Mast stayed at two points, neither being at the top.

5. Mast stayed at more than two points.

6. When guy ropes are duplicated and form an angle with
each other.

In the first five cases it has been assumed that the heaviest
load 1s taken by a rope (or ropes in cases 3, 4 and 3) when its
vertical plane is the plane of the wind pressure acting, and that
no support is given by the other ropes, they being assumed to be
redundant for the time being.

The general assumption has also been made that the lc}wer
end of the tower or mast is fixed or encastré and that deflection
is completely restrained there. In dealing with masts this is a
condition which holds in practice, and it 1s therefore considered
that the above assumption is justified and that it will mtrnducf:
no appreciable error into the calculations.

The nomenclature adopted is as follows :—

A = Length of rope in plan in feet.
C = Constant for wind pressure = p lbs. per sq. foot.
d = Mean outside diameter of mast in feet.
H = Height of mast in feet.
L = Length of rope.
fi = Angle between rope and vertical.
T = Tension in rope in lbs.
W = Total load on mast due to wind = CdH 1bs.
w = Load per foot run due to wind = Cd Ibs.

Other symbols as given in the text.

The results arrived at will hold good only for structures of
circular cross-section which present an unbroken surface to the
wind. The tensions induced in the guy ropes of a lattice tower
or mast cannot be calculated directly from the formulz given, as
the wind loads, theoretically at least, will be less than those
imposed on a plated or solid structure of the same dimensions.
It is, however, a simple matter to apply the same method of
calculation to all similar erections of whatever cross-section
provided that the terms W and d are correctly dealt with.

CaseE 1.—MasT sTAYED BY ROPES ATTACHED TO ToOP.

(Fig. 1.)

A mast is rarely guyed by means of ropes attached to its
extreme end, but occasionally it has to be done in order that the

HUNIVERSITY OOF MICHIGAN INIVERSITY OF MICHIGAN
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ropes may avoid obstructions such as buildings, etc., and as it
presents the simplest case it will be considered first.

1'

Fig. 1.

A mast supported as
shown in Fig. 1 is under
the same conditions as
a cantilever with a
uniformly distributed
load and propped at
its free end. It can be
easily proved by equat-
ing the deflection at the
end of a cantilever, due
to a uniformly distri-
buted load, to that due
to a concentrated load
at the same point, that
the single force re-
quired to resist the
deflection of the uni-
formly loaded canti-

lever is g W, where W

is the total superim-
posed load. That is
to say, the reaction at
the propped end is ?%F
and consequently the
reaction at the built-in

5W

end will be —. In

8
our case W= CdH, and
at the built-in end
there is also a hxing
CdH?
8
if we take moments
about O, we get

moment =

, and

Py CH® _ CaH* _ 3CAH"

2 8

8
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__ 38CdH? - _AH
= "‘By'" buty = A cos# T
=L e L= vETT 28
P — B8CAHVH? + A*
o 84

Yor. 1.

)

When T has been multiplied by a factor of safety a suitable

~ Tope can be selected.

Case 2.—MAsT sTAYED BY ROPES ATTACHED To INTERMEDIATE

Point. (Fig. 2.).

Next considering a mast having a considerable portion of its
length above the points to which the ropes are attached, such as

Fic. 2.
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Tasie L. that shown in Fig., 2, It will be
o seen that this is an example of
# 1 E | P=E¥ | momets. | a uniformly loaded cantilever

propped at some point other than
10 [ 0-375 {0376 W | 0600 W |  its free end.

9 la : _ If X the height of the point
e iﬂﬁﬁ 0445 W | 0855 W of attachment be expressed as a

0-8 | 0637|0537 W |0625 W| function of H, the total height,
say as kH, then the value of the
07 | 0659|0669 W |0-T14 W | horizontal reaction P (which 1s
the horizontal component of the
0610825 |0825W |0833W | tension T in tha]-? rope) may
05 | 1-062 | 1062 W | 1000 w| DPe calculated from the equa-
Prk*H® _ WH3k* (6 — 4k + k?)
S8EI ~ 24EI
(where E and I have their usual meaning in deflection formulz),
the left-hand side of the equation being the expression for the
deflection of the mast at the point of attachment of the ropes
under the concentrated load P, and the right-hand side represent-
ing the deflection at the same point due to the uniformly distributed

tion

load FI—E, lbs. per foot run.

By cancelling we get
P ;_% (6 — 4k + k?) and making

P= WK = KCdH
In Table I., K has been calculated for all integer values of k
between 0'5 and 1'0, and intermediate values may be estimated
by taking the mean of the two nearest readings of k.
In order, therefore, to find the horizontal force P for any length
of mast or tower stayed in the manner shown it is only necessary

6 — ak + k? _
i

to obtain the ratio k=§anﬂ against this ratio (expressed as a

decimal) will be found the corresponding value of P in terms of W.
P must now be resolved in the direction of the rope, and from
the triangle of forces,

P KW __KCdH

]-————l—l—-

sinf sinf  sinf
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B}.1t5i|:1t5I=""‘E
;. T=KU§HL= KO&HT‘;XE+A3 .. @

If the mast had been considered as a beam uniformly loaded
and simply supported at its base and at the point of attachment
of the ropes, and the force P calculated by taking moments, the
results would have been as shown in the column marked “ P by

moments ** in Table 1. and it will be observed that as the ratin%

decreases the values obtained thus and those calculated by the
deflection formula more nearly agree.

Therefore for values of k& between, say, 07 and 05, P could be
caléulated quite accurately enough by ignoring the “ built-in ”
effect at the mast base, and taking moments, thus :—

WH __ CdH? and

P=9x=9x
p_ CdH* _ CdHL _ CdH® X 4? (922)
9Xsin 6 24X 24X )

The expression for the tension T' given above in (2) could also
have been arrived at by the method adopted in the previous case,
by taking moments about the point O, thus if T'. y is the moment
of the tension about that point, and as the fixing moment at the

base = “UL _ KoaH . X = caH (2 - EX),
CdH? H
then T.y=2%%— caH( - KX)
= CdHKX and as y= A cosf = AI;:{
I'= KGjHL = the expression arrived at in (2).

Case 3.—MasT STAYED AT Two POINTS, ONE BEING AT

THE Tor. (Fig. 3.)

If we next take the case of a mast stayed at two different
points on its length as in Fig. 3, the method of treatment will
depend on the relative positions in plan of ropes such as g and b.

1 T T L 1 3 1 I T I id & 1 ¥
I | Il | ..|| Kl |I|| |.| 1 il 1 Hl 1
Rl T U LA L chard T U I iaA



Jan,, 1920. HOOPER : Loaps in Guy Ropes 167

For instance, if there be some angle between g and b as in Fig.
3 (11.) it may be assumed that if the wind pressure acts in the plane
of the rope a no assistance will be given by b and vice versi. There-
fore the loads in these ropes can be estimated by means of the
two previous formule—

R
L viz..—a@ by means of
tormula (1) and b by for-

mula (2). This is, of course

Rp not strictly correct, but will

-

give results on the safe
side.

X
3 e
N w

(i)

Fie. 3.

If, however, these two ropes are in the same vertical plane as
in Fig. 3 (i.), it is obvious that deflection will be restrained at two
points, by the tension T, in the rope @ of which Ry is the horizontal
component, and the tension T'; in b of which Rp is the horizontal
component. But it should be understood that unless the ropes
a and b are both perfectly taut it will not be possible to estimate
the reactions Ry and Ep accurately—so unless some means of
tensioning these ropes be provided, such as rigging screws, it
would be safer to design them with the two preceding formule (1)
and (z), that is to say by ignoring the help given by a to b and

PICE VETSA.
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Assuming, however, Tasce II.
that means are provided [ , | 4 K |Bp=EW| Rpemiw
for giving some slight |
initial tension to the |[0-95|1:898 |— 1381|1898 W —1381W

ropes, the mast would
then be under the same |09 | 107D —0b39 (1076 W |— 0B39O W

conditions as a con- : _ :
tinuous beam t’;arr}ring 08 | 0683 | —0105/0683 W |— 0106 W

a uniformly distributed |o-7 | 0-577 |4 0:05 |0-577 W |4 0-050 W
load, having one end built | i
in and two further sup- |06 | 0551 |+ 0:137 0551 W |+ 0137 W

ports, one being at the
free end. There are three |05 | 0571 |+ 0:196|0-571 W |+ 0-196 W

reactions to be deter-
mined, By, Bp, By, and if

M, = the bending moment at Q
p = the bending moment at P
My = the bending moment at R = 0.

The walues of the reactions can be calculated from the general
equation of the Theorem of Three Moments, namely *

4H
and, as one end is built in, we have the additional equation
oM, ="X"_
O="g P

If, as in the last case, we express X as a function of H, say kH,
by substituting this in the above equations we arrive at the
following general expressions, for the bending moments and
reactions at the points of support, viz. :—

* This equation has been altered to suit the nomenclature -used,, and is more usually
expressed as

Mol +2Mp (4 + L)+ Moly—3 (0,12 + o¥)= 0, and in the above case :

My= M

M_ﬂ: H_p
=
L Jr X

W
H

wy and wy = @ =
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M,,:FFH (Bk — k2 — 1)

7y
g 2__ I3
M=V H (2= 6k + 62— i)
re=Y (O )
Re=" (g ) =VWE=CAHE where K=po o’
Ra—y (S STl ) —WR'—caHE’

6—12k-+6k2—k3
16—20k—+4Kk2
The two last reactions R, and Ry are those with which we are
chiefly concerned, and they have been calculated for values of
k from 05 to 095 (see Table IL.). It will be observed that
between the points k = 0'7 and k = 0+8 the sign of the reaction By
changes, that is to say, there is an intermediate point at which
R; = 0, and by equating the above expression for this reaction to
zero this value of k will be found to be 074. Thus, when the value
of k (= ratio %) is between 0'5 and 0-T4 the reactions at P and R
will act in the same direction ; but if k be greater than 0-74 these
reactions will be in opposite directions.
If Ty and T'p are the tensions in ropes @ and b respectively, then

where K'=

T — By =RHL=K’GJHL_K'GdHJEﬁ+AE 8)
47" sin B A A R A :
_ Ry _ R, KCdH VX2 AR
Tﬂ — EiIlE' — A = A, - = s w (33}

Where 6', L, and A’ have the meanings assigned in Fig. 3.

CasE 4.—MasT STAYED AT Two POINTS, NEITHER BEING
THE Top. (Fig. 4.)

If, in the previous case, the rope a had been attached to a point
some distance below the top of the mast, it would have presented
a common example of the arrangement of guy ropes. As in the
previous case, regarding the mast as a beam with one end built in
and two further supports P and R, the reactions at these supports
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Fig. 4.

can be calculated as before from the equation of the Theorem of
Three Moments :—

MX + 2MpH + Mz(H — X) = g {Xﬂ—]-(H— X)3 } and the
equations due to the particular end conditions, viz. :—

wX? ,
2M, = T M for the end encastré, and

2
My = % for the overhanging end.
The prefix “M” denoting “ bending moment at? and “R”
denoting “ reaction at  as before,
The bending moment M, at the point P can be expressed

generally :—
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Mp= lﬁf X (2H® — 6H2X — 6HX — X% — 4¢2H + 4¢2X)

and the remaining bending moments and reactions can be ex-
pressed in terms of Mp thus :(—

_“’XE_MP
M= 8 D)
Rq = 8 9
RP::mX{XE—4ﬂ2—5XH+éLH2)—4MP{X—3H}
8X (H— X)
5 (H—X+e*— M,
Rﬁ_= H—X oI m(H+E)_Rq_RP-

These expressions for Rq, Ep and Ry have been obtained by
taking moments about the points P, R and the free end respec-
tively, the corresponding equations being,

Xﬂ
—RX + =5~ + Me=M;

' 2
‘_RP(H_th‘RqH+ﬂ-%+MQ=ME

— Ry.¢e—Rp(H—X-+6)—Ry(H+e) +”(Hﬁfrﬂ}2.{_mq=u.

R, and Ry are the reactions we require, and having obtained
them the tensions in the ropes a and b will be given by

B, _R.L_RNHET A°

Ti=ga=>7 5 I |
R, R,L' RNVX2+ A"
Tyns = = T i owow @ o@m ow a LaE)

CasE §.—MAST STAYED AT MORE THAN TWo PoOINTS.

A mast stayed at any number of places on its length can be
dealt with by the method adopted in the last two cases, that is,
by the Theorem of Three Moments. It is simply the case of
finding the reactions at the points of attachment of the ropes.
Having obtained these, they are then resolved in the direction
of the rope, as in all the previous examples.

HKTUEDTT C oL R k] 1t o Fir = - —
INIVERSITY UF MICHIGAN UNIVERSHTY OF MILRIGAN
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CasE 6.—WHuEN Guy Rores ARE DUPLICATED AND FORM
AN AxcrLe witH EAcH Otuer. (Fig. 5.)

All the previous cases considered have been those in which a
single rope has been considered as supplying the reaction at the
point of attachment to the mast. In practice, however, two ropes
are sometimes used, both being fixed to a common point on the

mast, as shown in Flg 5.
If at this point, R is the reaction as calculated by means of any

of the fﬂrmulae given in the text for P, Ry, or Rg, the tension in
each of the two ropes will be given by
p_BYXEL A2+ P2
24

where f has the meaning given in Fig. s.
This formula is obtained by resolving the reaction R in the two

directions, and it may be noted that the factor +/X2% 4 A% 4 f2
is the true length of the

gn calculating the tension
by any of the preceding
formule it should be remem-
bered that the result will
only be correct when the
whole length of the mast is
exposed to the wind, and
when the pointof attachment
of the ropes to the ground
7 is in the same horizontal
plane as the base of the
mast.

Should the latter be resting
on a foundation Z feet high,
above the horizontal level at
which the guy ropes are
anchored, as in Fig. 6a; or
if the pmnt of anchﬂrage be
Z feet below the level of the
mast base as in Fig. 6b,
it will be mnecessary to
substitute—

FiG. s.
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- AH
HiZ for 4 in the formulz (1), (3) and (4).

AX for 4 in the formule (2) and (2a), and

X+ 7

A'X ’
X1z for 4’ in the formul= (3a) and (4a).

=

(a) (b)
Fic. 6.
I, on the other hand, the point of anchorage is Z feet above the

base of the mast, as in Fig. 6c, the expressions E%’ ;—{i_%

4'X must be used in place of 4 and 4’ in the respective

nd ¥ —7

formulz.

—

A Variable Liquid Resistance.
By F. W. FORDAN, B.Sc.

N many experiments in electrical laboratories a smoothly vari-
able resistance of fairly large value is frequently required.
Such resistances are becoming very desirable in high-fre-

quency work, especially in connection w1tﬁ cascade amplifiers.

The accompanying diagram describes very fully the con-
struction of a variable resistance which has proved very useful in
certain researches with triode valves. It consists of a glass U-tube
with large open ends which act as reservoirs, solid glass rods
sliding in the limbs of the U, and two electrodes. Each of the
electrodes is formed by wmdlng bare copper wire into an annulus
which fits inside one of the large open ends of the U. The electrodes
are fixed in position, and when in use the glass tube 1s filled with

dilute copper sulphate solution.
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Vor. 1.

The resistance between the electrodes is varied by sliding more

or less of the vertical solid glass rods into the tube.

The glass

rods are held in position by clamping the brass rods which support
them. This construction has the advantage of fixed electrodes,

free from soldered joints.
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The Relative Advantages of
Elevated Antennze, Loop Aerials,
and Underground Wires for the

Reception of Radio-Signals.
By THE EDITOR.

NE of the results of the development of the thermionic

amplifier has been the greatly increased employment of

relatlvel}r small loops as receiving aerials. This is a return
to the earliest method on record for detecting electromagnetic
waves, since Hertz used a loop receiving aerial in his classic
experiments The detectors now in use, however, are of a sensi-
tiveness undreamt of even ten years ago. There are at the present
time three types of aerials in use, viz., the elevated antenna, the
closed loop, and the horizontal undergmund wire, and a number
of papers have been published during the last few months dealing
with various aspects of the relative advantages of these various
methods of detecting radio-signals. Apart from mechanical,
financial, or military considerations the discussion must centre
round two points, firstly, their sensitiveness and secondly their
freedom from atmospheric disturbance. To any one acquainted
with the delay and inconvenience caused at present in long dis-
tance transmission by ‘ atmospherics ” it will not be surprising
if more stress 1s laid on the latter consideration. If an aerial can
be employed of a type which discriminates to an increased degree
between the desired signal and the atmosphenc disturbance, one
s prepared to sacrifice much in sensitiveness, since, if necessary,
the signal can be amplified up to the requisite strength. In many
cases the signal is quite audible but unreadable because of “ atmo-
spherics.” Both underground wires and loops appear to be
superior to the elevated antenna in this discriminating property.
This is due to a large extent to the directiveness of the former,
since they do not pick up atmospherics at their full intensity
unless these come in the same direction as the signal. There
seems to be no doubt, however, that the discrimination goes.
further than this and that both the loop and the underground wire
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give a larger ratio of signal to static—to use the American phrase
—than does the elevated antenna, even when the signal and static
come from the same point of the compass.

The electromagnetic waves emanating from a transmitting
station and travelling over the earth’s surface are associated with
radial alternating currents in the upper layers of the earth’s crust,
which are poor conductors especially the surface layer. If a lﬂng
copper cable be buried in a direction radial to the transmitting
station, this alternating current will flow through it in preference
to the surrounding soil, especially if several cables are arranged
T-shape or fan-shape, coming together at the receiving station
and then spreading out again. In this way the current which
would otherwise flow over a considerable area is concentrated on
the receiver. The cables should preferably be buried below the
very dry upper layer, the better to collect the current. If well
insulated cables are used, the system can be sharply tuned ; there
is then no conducting connection between the copper core and the
earth, but the insulation of the cable acts as the dielectric of a
condenser. The velocity of an electromagnetic wave along such a
cable is less than the velocity through space in the ratio of the square
root of the specific inductive capacity of the dielectric. Its wave-
length for a given frequency will be correspondingly reduced. If
the total length of the cable is a half the wavelength or one and a
half wavelengths, it will be in resonance to the received wave with
a current maximum at the centre. Many interesting experiments
with buried insulated wires are described by A. H. Taylor in
the August number of the Proceedings of the Inmstitute of
Radio Eﬂgmfer:, and strllnng examples given of the reception of
distant stations when ‘ atmospherics ” made this impossible on
ordinary antennz. There is, however, room for much further
research along the lines indicated above.

If it be granted that atmospheric disturbances are propagated
by electromagnetic waves of the same general character as the
signal waves, they also will be associated with earth currents and
if the direction of propagation is the same, any discrimination on
the part of the underground receiving system must be due to the
different characteristics of the two waves as regards frequency and
decrement. Any difference between the underground wires and
an antenna in theu' discriminating power must be due, however,

* Rapio Review, Abstract No. 140.

LINIVERSITY OF MICHIGAN LINIVERSITY OF MICHIGAN
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to their different characteristics when regarded as oscillatory
circuits. The same is true with respect to coil or loop aerials.

Two papers of interest have recently been published dealing with
the loop aerial, one by Max Abraham of the Telefunken Company
(until recently Professor at Strassburg) treating the problem from
a purely academic point of view, and the other by Captain Blatter-
man of the U.S. Signal Corps of a more practical nature. It was
known that the maximum amount of energy that a given type of
antenna can abstract from an electromagnetic wave and deliver to
the detector is theoretically independent of its height and is depen-
dent only on the amplitude of the wave and on the wavelength.
The condition to be fulfilled to obtain this maximum is that, of the
three resistances—viz. (I) the radiation resistance, (2) the loss
resistance due to wires, earth, imperfect dielectrics, etc., and
(3) the useful resistance that is, the detector resistance reduced to
its equivalent value in the aerial—the second should be negligible
and the third should be equal to the first. The radiation resistance
of an antenna being proportional to the square of the height, 1t
follows that if the detector resistance in a 10-foot antenna is
reduced to a hundredth part of that in a 100-foot antenna, and if
moreover the loss resistance is reduced in the same proportion,
both of these aerials will, if tuned to the same electromagnetic
wave, collect from the ether and deliver to the detector the same
amount of energy. Now Abraham shows that a loop is able to
supply exactly the same amount of energy to its detector under
the same conditions, but that on account of its small radiation
resistance, the conditions are practically impossible to attain since
it is impossible to reduce the loss resistance in the necessary pro-
portion. It is useful, however, to bear this fact in mind when
designing loops and their detecting arrangements.

To make a circuit respond readily to impulses to which it is
tuned, and but slightly to aperiodic or low-frequency impulses it
is necessary to reduce the damping of the circuit as much as pos-
sible. Abraham comes to the conclusion that the superiority of
the loop is largely due to the fact that its damping ratio R/2L is
usually smaller than in an elevated antenna. A further reason is
to be found, however, in the fact that to waves of a greater length
than those of the signals or to aperiodic disturbances of small
decrement, the phase angle represented by the distance between
the two vertical sides of the loop 1s relatively less and that therefore
for a given electromotive force induced in each side, the resultant

LUNIVERSITY OF MICHIGAN LINIVERSITY OF MICHIGAN
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electromotive force in the whole coil is smaller. Since atmospheric
disturbances always appear to have much longer wavelengths than
those employed in telegraphy this may be an important factor in
reducing their effect on a loop. The paper by Captain Blatterman
records and analyses a great amount of valuaEh: experimental
work in comparing the results obtained with loops of various sizes
and numbers of turns. Since all loops are equally effective if their
resistances are suitably reduced and their detectors properly
adjusted, 1t follows that the choice of a proper design is largely a

uestion of the ratio of the three resistances enumerated above.

latterman gives much valuable data with respect to the resist-
ances actually found in loops of wvarious designs at different

f rf:quen[:ies.

The Design of Multiple-Stage Amplifiers Using Three
Electrode Thermionic Valves. |
By PROFESSOR C. L. FORTESCUE.

(Abstract of paper read before the Wireless Section of the Institution of
Electrical Engineers on Wednesday, November 19th, 1919.)

E methods given in this paper were developed in the course of working
out the design of valve amplifiers for use for naval wireless telegraphy
llzurpc-ses, and permission to publish this paper has been specially given

by the Admiralty. The author is indebted to various co-workers for
numerous suggestions which led, finally, to the form given. A vast amount
of experimental work on the subject was carried out at H.M. Signal School,
Portsmouth, by Lieutenant J. K. Catterson-Smith, R.N.V.R,, and Lieutenant
W. A. Appleton, RN.V.R. Many suggestions were made at different times
by Mr. H. A. Madge and Mr. Gossling of the Signal School, Portsmouth, and
by Captain H, J. Round of the Marconi Company.

The paper is divided into four main sections :—

(A) Description. .

(B) Reaction Effects and the Tendency for Alternating Currents to be

Maintained in the Circuits connected to the Tubes,

(C) Other Limitations to the Effective Amplification.

(D) Theoretical Treatment.

In the first section general descriptions are given of four main arrange-
ments :(— :

(1) The simple case of a single valve used as a resistance amplifier ;

(2) The use of tuned circuits instead of resistances ;

(3) Selective and non-selective amplifying ; and

(4) Cascade amplifying.
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The action of an amplifying system, electrical, mechanical, and otherwise
is strongly affected by any transfer of energy back from the output end of
the system to the input end, by any form of return coupling. If this coupling
is such that the changes at the input end are accentuated it follows that
changes of a given amplitude can be maintained by a smaller power supply.
In the extreme case the coupling may be strong enough to do more than
maintain the changes at the input end. The s sttem is then unstable and
oscillations are generally set up and maintained. If the coupling between
the ends of the system tends to oppose the changes at the input end the
effective amplification 1s reduced. 'Fhe return coupling may be a capacity
coupling, a mutual inductance, or a combination of tie two or resistance
coupling may also be employed in conjunction with either capacity or
inductive coupling. Capacity coupling is always present to some extent,
In practice it is desirabi} to reduce this unavmdaglc coupling as much as

ossible.
£ The tendency towards the generation of oscillations may in practice be
controlled by varying the grid voltage of the valves. By making the grid
mnrhe positive, the grid damping is increased and the valve becomes more
stable.

There are several limitations to the effective amplification of the set.
Amongst these may be mentioned :—

(1) External interference of the same nature as the P.D. variation to be
amplified.

(2) Minute irregularities in the behaviour of the valves themselves.

(3) Constancy of the batteries used ; bad contacts, etc.

The theoretical treatment of the problem is based on the slopes of the
straight parts of the four characteristic curves of the valve, viz :—

_ & _di k _di k _di
I“dﬂ!: E"E}r H-_d'vl':l 4—H.
W]].E;I‘E v = anode voltage;

= grid voltage; & =

anude current, and i’ =
grid current; and the
assumption is made that
the static characteristic of
the valve i1s followed at
high frequencies.

For the complete case
for a single valve (see
Fig. 1) it is shown that
the amplification

k

v s ky, — jaC”
&' T ge(C,+C)+ &+ 1B, +joL,)
where €', 0 , L,, and R, have the meanings shown in the Fig. From

r2z
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this equation it is evident that the internal capacity of the valve (indicated
by (") affects both the resonant frequency and the sharpness of the resonance.
The sharpness of resonance depends also in the relative values of the terms
1/(wL,) and w(C, + C') as compared with k,. If they are small then
resonance is not marked. This is the prevailing condition when C, is the
self-capacity only of the winding L.

The exact conditions for resonance are given by

(Cat €) = LJ(R 2+ 0PL Y
and under these conditions the maximum voltage step-up is
ky — joC’
ky + R.m"' (R,f + WELAZJ'

The effect of the valve capacity is to throw an extra load upon the input
circuit—represented by the alternator D in Fig. 1. This leads to additional
damping of that circuit, and shows that there will be no tendency to
generate oscillations af the resonant frequency. At other frequencies this
will not necessarily be the case.

When dealing with more than one valve, it is assumed that the valve
characteristics are identical and that the circuits are identical, and equations
are developed similar to the above for the amplification and for the power
taken, drawn from that circuit, for the cases of two and three valves
while general equations are also indicated for any number of valves,

Professor G. W. O. Howe opened the discussion, and suggested that the
difference between the static and dynamic characteristics mentioned in the
paper, might arise through changes in the temperature of the filament brought
about by changes in the anode current. When taking the static curve the
filament temperature would be able to follow changes in the anode current,
but with the valve oscillating it would not be able to do so.

Mr, L. B. TurnER described an arrangement of two valves with resistance
coupling only, making use of the retroactive coupling to secure amplification.
This arrangement he termed a ““ Kallirotron.” He claimed to have main-
tained a voltage amplification of 2,000 using only two valves.

Mr. CarrersoN-SmiTH described the difference between the amplification
obtainable with resistance-coupled amplifiers and that with transformer-
coupled ones. With the former the amplification increased steadily with the
wavelength, whereas with the latter Lﬁcre was usually a sharp maximum
of amplification at some particular wavelength. = Transformer coupling was
therefore best for short wavelengths, He also described colloidal platinum
and carbonised cellulose resistances for use with multi-vale amplifiers,

Captain H. J. Rounp spoke about “ valve-noises,” and pointed out that
they were least troublesome with short wavelengths. He had obtained a
voltage magnification of o-5 x 10% using twenty-two valves in cascade on
short wavelengths without trouble from valve noises,

Major Ersxine Murray referred to the difference between the static
and dynamic characteristics obtained with power valves as used in
the R.AF.; and Captain Siee dealt with the noises in amplifiers arising
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through bad contacts and irregularities in the H.T. batteries, while Mr,
Scorr-Taccart and Dr. W, H. EccirEs also contributed a few remarks.

Mr. B. 5. Gossrinc quoted some calculations he had made relative to
valve noises being due to the deposition of positive ions from the residual
gas upon the valve filaments ang showed that to coat the filament with a
single layer only of ions would require about 100 seconds. This therefore
could not be the cause of the noises, although this time agreed closely with
the rate of slow variation of anode current noticed when a valve was first
switched on to circuit,

Professor ForTEscuE reserved the bulk of his reply to the discussion for
communication to the Institution Journal.

A System for the Reception of Continuous Waves.
By F. SCOTT-TAGGART.

(Abstract of paper read before the Wireless Society of London on November

26th, 1919,)
HE arrangement described is of interest largely because it solves
in one way the problem of producing a continuous-wave wireless
receiving circuit capable of * standby” and “ tuned” adjustment
combining ease of manipulation and high selectivity. In addition the
circuits may be adjusted so as to reduce radiation to a negligible value. The
complete arrangement was designed by the author, and used for certain
special artillery communications during 1917 and 1918. As evidenced by
reports it proved of exceptional value in battle and overcame the difficulty,
previously experienced, of interference h}r neighbouring “ spark * stations.

The arrangement may be divided into three essential circuits: (A),
(B), and (C). (Fig. 1.) The circuit (B) is of the usual type. An aperiodic
retroactor coil L, is vanably coupled to a variable inductance Ly, for the
purpose of causing the circuit (B) to generate oscillations if required. The
frequency of these oscillations is determined chiefly by the value of the
condenser C,. The filament of the vacuum tube F is heated by a 6-volt
accumulamr B, through a rheostat R, of about j ‘ohms resistance, The
plate battery BE' of about 60 volts and the primary T, of a Ett up trans-
former T, T, are connected as shown, a i.fi:n:miJ condenser C, of about 0-0003
mfd. being connected across By’ and T, to by-pass the hzgh—frequm-:y
component of the plate current of V,.

The ElI‘C'ult (A) 1s exactly the same as (B) except that no aerial or earth
connection is made, and the filament of V, is ﬁeated from the common
battery B, A double-throw change-over switch S enables the receiver (C)
to be mnnected to either T, or T,, This circuit (C) comprises a * note-

magnifier ” V3 V; and the receiving telephnnes T,

The circuit (A) is placed near to the circuit (B) and their distance apart
should preferably be variable. For eliminating interference (A) may be
placed as much as six feet away from (B) although one to two feet is more
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usual. For listening in on the * standby ** position the circuit (B) is used
as a self-heterodyne, and in this connection it should be noted that for a beat
note to be produced, the aerial circuit must be slightly mistuned. The
incoming waves are, therefore, forced into the aerial circuit in spite of the
fact that the latter is out of resonance, so that there is a consequent loss in
signal strength. An important disadvantage of the self-heterodyne circuit
1s that it radiates while receiving and may give rise to interference at other
stations.

The disadvantage of excessive jamming may be largely overcome by tuning
the oscillating (B) circuit to the silent point, decreasing the coupling between
L; and L, or decreasing the filament current of V; so as to prevent V, from
oscillating, and then switching S over to the left and re-tuning on the (A)
circuit which is then made to oscillate. Owing to the very loose coupling
between L; and L, spark signals suffer in amplitude to a much greater extent
than C,W. signals, while the energy radiated from the aerial is considerably
weakened. A further development which leads to much louder signals is
to adjust the (B) circuit to the pre-oscillatory or subgenerative condition
immediately preceding self-oscillation, by increasing the coupling of the
retroactor coil L, or the magnitude of the filament current, which latter
adjustment is preferable, the incoming continuous waves are now retro-
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actively amplified, with the result that louder signals are obtained in the
telephones T,

Tﬁe ratio between the amplitude of the local and incoming oscillations 1s
of great importance. Suppose that the amP]itude of the local heterodyne
oscillations 1s L and that of the incoming signals is [, then the amplitude
of the beats will vary from a maximum of L + I to a minimum of the
difference between L and I. When L is greater than I the average beat
current, when rectified, will be proportional to

(L+D—@—1) _
2

that is, the signal strength will be proportional to the amplitude of the
incoming signals. Hence a nearby station would drown a distant station.
If the amplitude of the local oscillations is less than that of the incoming
waves the average rectified beat current will be proportional to

b D——1 _
2 =L

that is, the signal strength is proportional to the amplitude of the local
current. Under these conditions a very high power station would not give
any louder signals than a weak distant station. This effect has been found
in practice to be very useful to prevent excessive interference.

The discussion was opened by Dr. J. Erskine-Murray who thought
that the arrangement described might be very useful for ground stations
but would probably be too complicated for aircraft work. He also expressed
interest in the explanation given of the effect of the relative magnitude of
the local and heterodyne oscillations.

Major N. Hamirron, Mr. Basin Binvon, Mr. Puiuir R. Coursey,
Mr. R. C. CuinkEer, and Mr. Broapwoobn discussed the radiation from such
circuits from various points of view. The question was also raised as to the
relative magnification of a heterodyne note and a spark signal note by the
note magnifier of the (C) circuit. In connection with the measurement of
the frequency of continuous waves Mr. R. C. CrLinkER described the double
click method recently outlined by Dr. L. W. Austin. Mr. Broaowoop
_suggested that it might be possible to use the receiving valve only as a
detector and then to pass on the rectified energy from this valve to react
with a separate circuit which may be made to oscillate at an acoustic
frequency, and thus obtain a species of low-frequency heterodyne. Such an
arrangement might avoid some of the difficulties of the heterodyne
radiation, :

Mr. Scorr-TacGarT in reply pointed out that the circuit described was
not intended to eliminate heterodyne radiation but merely to reduce it, and
dealt with the relative merits of self-heterodyne and separate heterodyne
arrangements.

He also outlined a slight modification of the circuits with a view to lessening
the number of separate batteries required.

I
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Review of Radio Literature.

1. Abstracts of Articles.

88. Tue CarcuratioN oF AnTeEnNA Caracrry. L. W. Austin.

(Fournal, Washington Academy of Sciences, 9, pp. 393—396,
August, 1919.) .

The predetermination of antenna capacity has until recently been a matter
of great uncertainty. The author refers to the most important contributions
to the subject, and then deals with the results of recent measurements on
various forms of aerials. It was discovered empirically that the capacities
of all antennas not too elongated in shape and having their wires not too
widely spaced can be very approximately represented by the formula :

C= (4 ya-+ 088afh) X 10—, mids.,
where @ = area of aerial ; and A = its mean height, both in metres. When

the length I of the aerial is more than eight times its breadth 4, an elongation
factor must be introduced into the above formula :

C= (4 va+ 0088afh) (1 + 0:015}/b) X 10-%, mfds.

These equations are really the sum of the usual expressions for the capacity
of a disc in space and that for a two-plate condenser, disregarding the edge
effect. Results correct to 10 per cent. for the antenna top. Capacity of
downleads etc. must be added. Formulz assume that wires are sufficiently
close to obtain nearly full capacity for the flat top of the aerial. Com-
parisons of calculated and observed capacities are given.

89. THE CALCUL&TIGH oF THE NATURAL W&?ELENGTH OF

Aeriars. A. Meissner. (Fabrbuch der Drahtlosen Tele-
graphie, 14, pp. 26g—270, August, 19I9.)

The author maintains that Howe’s method is too complicated and
lengthy for practice and does not give accurate results. He prefers the
cruder method of multiplying the length measured along the wire from earth
to extremity of aerial by a coefficient found by experiment for different types

of aerials,

Examples : Vertical wire : ; v . 4i—4-11
Horizontal wire, 1 metre above ground 5l
Broader aerials . \ . . bl—Tl
Old Nauen T aerial ; ; . 5Bl
Small T (ships) . : : . 45501
New Nauen T (broad) . : . b8l
T (breadth = I, height = /2 to [/3) 9I—101
Umbrella ; : . 61—8l

Ditto, low, v.:i'r_h many u.:ires . . 81—101
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go. AirrLANE ANTENNZE Constants, J. M. Cork. (Bureau of
Standards, Scientific Paper, No. 341, September, 19I1Q.
Fournal of the Franklin Institute, 188, pp. 556—557,

Abstract.)

The purpose of this experimental investigation was to devise a method
for measuring the constants of various forms of aerials on aeroplanes. All
the measurements were made under conditions of actual flight. The principle
of the method involves the use of a continuous-wave wvalve oscillation
generator for exciting the aerial directly and then substituting for the
antenna a variable calibrated condenser and a variable calibrated non-
inductive resistance. By this means the effective capacity and effective
resistance are obtained. From these results the true capacity, inductance
and natural wavelength are found graphically. Results were obtained for
varions forms of fixed wires and for one, two, and four trailing wires of
various lengths. The results are summarised in a series of curves. An
interesting result of these investigations is that under no circumstances was
any rise in effective resistance of the aerial found with increasing wavelength,
as compared with the results for aerials on the ground where the total resist-
ance of the aerial first decreases rapidly and then rises again with increasing
wavelength. This rise of resistance must therefore be due to the effect
of imperfect dielectrics near the aerial such as the earth, etc., which are not
present in the case of aeroplane aerials. The effect of covering the wings
of the aeroplane with wire network with a view to improving the counter-
capacity of the aeroplane was investigated, but the results were not so good
as when the counterpoise connection was made to the ordinary metallic frame
of the machine.

The method for finding the directional transmitting effect of various aerials
is also described in the paper. In order to compare the amounts of energy
received, a detector valve with a three-stage low-frequency amplifier was
used. A transformer was placed in the plate circuit of the last valve, and its
secondary connected to the heater coil of a thermo-couple joined to a D.C.
microammeter, This receiving arrangement was found to be free from many
of the uncertainties of ordinary audibility meters. A typical directional
transmission curve for a trailing wire aerial is included in the paper.

g1. Rapiarion rFrom Comrounp AwnTeEnNNz. M. Abraham.
(Archives fir Elektrotechnik, 8, pp. 42—45, July, 1919.
Technical Review, 5, p. 80, October, 1919, Abstract.)
Assuming that two antennea radiating synchronously and having their
capacity to earth mainly concentrated in the horizontal portions are erected
in close proximity, each will induce currents in the other and the energy
required to maintain them in oscillation is greater than the sum of the
amounts required to maintain each of them individually in oscillation. There
is an increased radiation from the antennz resulting from the superposition
of their fields. This increase vanishes when the oscillations of the antennz
are displaced in phase by a quarter of a period. A general expression is
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worked out for the sum of the radiations for any phase displacement between
the oscillations of the component antennz, both for the radiations along the
earth’s surface and also for the total radiation. The case is also considered
of two antennz one of which is excited by the transmitter while the other
one is entirely separate but tuned to the same frequency. This shows that
if the secondary antenna has a certain resistance and is at a given distance
from the primary antenna a complete shadow is thrown by the auxiliary
antenna, while radiation from the main antenna is increased in the opposite
direction by a species of mirror action. Such a secondary antenna may also
be used at a receiving station to screen the main aerial from undesired
radiations. The conditions for such screening to be effective are worked
out. Two secondary antennz closely coupled together by their fields and
situated at such a distance from a single primary antenna as not to react
upon it appreciably, produce the same effect az a single secondary antenna
of twice the radiation resistance.

g2. RerLiaBLE METHOD FOR THE APPROXIMATE DETERMINATION
oF THE TrRUE ANTENNA Constants. A. Hund. (Elec-
trician, 83, p. 470, October, 1919.)
The procedure described was based on the measurement of the wavelengths
A and A’ for the unloaded and coil loaded antenna. The inductance added
at the base of the aerial must be sufficient to increase its wavelength to at
least twice the fundamental value. The true or static antenna constants
are calculated from the formulz
. JmrtA® 10— 32
L = yo5m — sz Lo henrys. @, = --%_ : T mfds.

where 4 is in metres and Ly in henrys.

This formulz applies more rigidly as the value of the loading inductance
is increased. Many measurements show that this formulz holds for almost
all commercial antennz to a very close approximation. A table of some
typical results is given showing errors not greater than about 2 to 3 per cent.
as compared with the theoretical calculated constants.

93. InpucTancg, CapaciTy AND Resistance oF CoiLs AT Rapio
Frequency. L. E. Whittemore and J. Breit. (Physical
Review, 14, pp. 170—172, August, 1919, Abstract of Paper
read before the American Physical Society.)

Inductances used in radio circuits may usually be considered as pure
inductances shunted by a capacity representing the distributed capacity of
the coil. The pure inductances can most conveniently be determined from
the values of the apparent inductance as obtained from the capacity which
1s required to give resonance at certain frequencies. The pure inductance

and distributed capacity of the coil may be obtained from the data used for
plotting the apparent inductances curve by the use of the following formule :
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(ECY (24, — {311"} (2014,
—NZ® + (G107

0-2814 [N24,* — (31,97]
— (30, (GAD) + N0 A2

Co and C; being txpressed in micromicrofarads, L, in microhenries, and
A in metres. N is the total number of observations from which and L,

are calculated. C, and A, are corresponding values of the capacity in series
with the coil and the resonant wavelength It is assumed for the derivation
of these formule that the error in the capacity measurement is constant,
and that the percentage of accuracy in the wavelength measurements
is also constant. If the coil whose capacity is to be obtained is immersed
in a liquid of dielectric constant K, the capacity of the coil (} is

Cp, = ?_l:‘_%
K—1

where ('; and Cy are the capacities required to tune the coil to resonance
with a certain frequency before and after the coil is immersed in the liquid.
The capacity of a coil to earth is important in many cases. If two condensers
C, and () are joined in series with a coil and the point of connection between
the condensers is earthed then for 2 symmetrical coil its capacity to earth
is given by the txprtsﬂiﬂn :

4[ﬂ1+£’3‘= ) —  (min) :|

The maximum is obtained when ) = U Thf: minimum value of
C,Cs /(Cy + Cy) is obtained when either C; or O is short-circuited.  The
fulluwmg empirical expression was found to rtprr:ﬁent the curve connecting
the high frequency resistance of the coil and the wavelength

B
B=4+ gy —
Where R is the resistance at wavelength A, and where 4, B, and A,
are constants of the coil.

Co=

t'j1 ﬂn

94. Stunpy oF ErecTrosTATICcALLY CourrLED Circuits. W. O.

Lytle. (Proceedings of the Institute of Radio Engineers, 7,
PP- 427—444, August, 1919.)

This paper deals with the mathematical theory of eim:trnstancall}r coupled
circuits as worked out by L. E. Whittemore of the Physics Department of
the University of Kansas The solution of the Pmblem is worked out by
treating the circuits in the same manner as is done with ordinary alternating
current problems using the vectorial notation. Two conditions of the
circuit are dealt with (1) when they are tuned together after coupling and
(2) when they are tuned before coupling together. In the former case it
is shown that as the coupling is increased one of the resultant wavelengths
approaches infinity and the other approaches zero but in the case when the
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circuits are tuned together before coupling one wavelength always remains
constant while the second approaches infinity with a steadily reducing
energy. This latter case is considered as an ideal condition since it enables
a large proportion of the primary energy of a coupled transmitter to be
transferred to the secondary and yet to retain in effect a radiation of a single
wavelength only. The results of the mathematical investigation were
confirmed by means of oscillograms taken with a Braun tube oscillograph
using. an oscillating arc as generator. The type of coupling employed is

e LT e

||
I
|

Fi16. 1.

indicated in Fig. 1 and couplings up to 92 per cent. were obtainable. The
curve of the current in the secondary circuit plotted against percentage
coupling as obtained in one of these tests is given in Fig. 2 from which

=00 A :
\

400 g i

-

Scale Beading of Secondary Circuit Ammeter.
—

P
100 ',/
b =
10 20 30 0 50 1) 70 BO 100
Per Cent. Coupling.
FiG. 2.

it will be seen that three current maxima were found. The first at 6o per
cent, coupling was found to correspond with the case when the ratio of the
second “ coupling wavelengths ¥ was 2z to 1; the second at 8o per cent.
coupling corresponds to a wavelength ratio of 3 to 1 and the third at g2 per
cent, with a ratio of § to 1. That is to say when the ratio of the two resultant
frequencies is an integer the secondary current reaches a maximum value.
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It is concluded from the experiments that electrostatic coupling should be
given a place in practical radio work, firstly because a high percentage
coupling can be easily obtained and secondly because when such close
coupling is used there is practically only one wavelength in the circuit.
A useful application of electrostatic coupling that is mentioned in the paper
is that of transmitting on a short wave harmonic on a large aerial without
unduly reducing the radiated energy.

95. IMprovEMENTS 1IN Precision MeasureMeENTs AT Rapio
Frequencies. J. H. Dellinger. (Physical Review, 14,
pp. 181—183, August, 1919, Abstract of Paper read before

the American Physical Society.)
This paper briefly reviews, without great detail, the wartime work of
the Bureaun of Standards on various methods of high frequency measurements,

96. Hicn FreQuENcY MacNETISATION—THE OLD AND THE NEW
Point or View. H. Fassbender. (Fabrbuch der Drabt-
losen Telegraphie, 14, pp. 222—243, August, 1919.)

After reviewing earlier work dealing with the well-known fact that at high
frequencies iron appears to have a very low permeability, the author states
that the mistaken idea that this is due to molecular inertia or viscosity is not
altogether extinct, although magnetic skin effect was investigated by
Heaviside in 1892, and by J. J. Thomson in 1893, Fassbender and Hupka
have made a number of tests of sheet-iron rings magnetised with high fre-
quency current, and magnetisation curves obtained with a cathode ray
oscillograph are reproduced. Owing to eddy currents in the iron neither
H nor B are uniform throughout the iron and the B—H curves obtained
are meaningless. The author calculates the effective values of H and B
throughout the iron in several cases and finds agreement with experimental
results. Some of Alexanderson’s results at f= 200,000 ~ are reproduced
and reference is made to recent work by Kiihn, Osnos, McLachlan and
Arkadieff. At radio frequencies there is no appreciable decrease in the
actual permeability of iron, any apparent decrease being due to the demag-
netising effect of eddy currents. At considerably higher frequencies, however,
the author believes that there is evidence of a considerable decrease,

97. ACTIVITIES OF THE REICHSANSTALT DURING 1918. (Elekiro-
technische Zeitschrift, 40, p. 498, October, 1919.)

The only reference to radiotelegraphy is in connection with the introduction
of new standards of wavelength due to the greater accuracy demanded
since the introduction of thermionic generators. The basis consists of a
number of oscillating circuits with fixed inductance and capacity; from
the measured inductance and capacity the wavelength is calculated. These
together with the harmonics give fixed points on other wave meters with
variable condensers.

UNIVERSITY OF MICRIGAN UNIVERSITY OF MICHIGAN



190 THE RADIO REVIEW Vot. 1.

98. Means ror DeTEcTING SMALL ELECTRIC CURRENTS. J. S. E.
Townsend. (British Patent 130429, February, 1918,
Patent accepted, August 7th, 1919.)

An incandescent lamp used as a current indicator for a wave meter is
rendered more sensitive to small currents by priming with a small direct
current, so as to bring the lamp nearly to the point where incandescence
commences.

99. AN ARRANGEMENT FOR SETTING UP OSCILLATIONS OF SINGLE
FreEQuENcY onLy. E.

Bellini. (French Patent

493249, January, I19I6.
Published August 2nd,
1919.)

A number of arrangements are

XH
c . :
¢ described for the use of a combined
electric and magnetic coupling
between two circuits. One of
L,
- C

. o

c

e
| —
Qs
¢, these circuits may be the trans-
mitting or receiving aerial circuit.
£ It is claimed that oscillations of
a single frequency only may be set
up by this means. One arrange-
ment for transmitting is indicated
in Fig. 3. An analogous arrange-
ment may be used for receiving.
Fig. 3. See also Rapio Review, Abstract
No. 22.*

100, ELECT?LDDT‘I:!&PIIE AMMETER For ArL Frequencies. Com-
pagnie Générale de Radiotélégraphie. (French Patent
493297, March, 1916. Published August 5th, 1919.)

T01. THERMAL ARRANGEMENT FOR THE ACCURATE MEASUREMENT
oF CURRENTS oF Hicl or Low FreQueNncy. D. du Rousset.
E;‘ :;n).-:b Patent 493456, July, 1916, Published August gth,

A special construction of thermal ammeter.

102. THE INDUCTANCE oF SINGLE Laver Recrancurar CoiLs.

G. W. O. Howe. (Radio Revi o -
ber, 1919.) (Radio Review, 1, pp. 124—126, Decem

* Some e 1 i PO W . :
Alicieast N‘:P;Emmtﬂl investigations of these circuits are described in Rapio Review
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103. SimpLIFIED INDUcTANCE CALCULATIONS WITH SPECIAL
Rererence To THick Corus. P. R. Coursey. (Wireless
World, 7, pp. 380—385, October, 1919.)

Abstract of paper read before the Physical Society of London, giving
an extension of Nagaoka’s formula for single layer solenoids in the form of

a set of curves applicable to thick and multilayer coils.

104. A NoTeE oN THE CoMPARISON OF INDUCTANCE, OR OF AN
Inpuctance anp A Caracity, BY AN ELECTROMETER

Mernon. A. W. Smith. (Physical Review, 14, pp. 356—
360, October, 1919.)

This method makes use of an electrometer whose quadrants are connected
across a condenser in series with the inductance to be measured and whose
needle is joined to the centre point of a high non-inductive resistance shunting
the condenser and inductance. It is shown that the deflection of the electro-
meter is proportional to the inductance, to the square of the current and
inversely Pmpurtmnal to the capacity. E}zpenmental verification of these
relations is given. The mﬂthﬂdp is most sensitive when working near the
resonant frequency of the capacity-inductance circuit, but the results are
independent of the frequency and wave form of the A.C. supply. The results
were found to be in agreement with measurements on an K C. bridge.

105. A Hicu Erriciency 1 KW. Transmirrer. (Everyday

Engineering Magazune, 7, pp. 360—362, September, 1919.)

This paper describes a new quenched gap set constructed by the Inter-

national Radio Telegraph Company. Views of the instruments are given.
The efficiency measured on an 8-ohm aerial 1s §1-2 per cent.

106. RaproreLecrarHic AND TELEPHONIC STATIONS. T. G. Simp-
son. (French Patent 492850, December, 1916. Published
July 19th, 1919.)

The claims cover a transmitting apparatus for radioc communication com-
prising an oscillating circuit, an aerial and earth connection, and a charging
circuit for the spark gap, the connections of which are made at nodal points
in the oscillating circuits. Alternatively the connections may be made
near the nodal points so that the oscillating currents have a small tendency
to traverse the spark gap.

107. ImprovEMENTs 1IN HicuH-FrEQUENCcY OscirraTion GENERA-
Tors. V. Bouchardon. (French Patent 493222, November,
1918. Published August znd, 1919.)

The object of the invention is to combine the advantages of C.W. trans-
mission with those of spark systems. It consists in the use of the same
generating apparatus for feeding the two transmitting arrangements using
sparks or three-electrode valves. A polyphase supply may be employed
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with the same number of valves as phases. The change from damped to
C.W. transmission can be effected rapidly by suitable switches.

108. PropucinG ErLecTric OscinraTions. J. Bethenod. (British

Patent 126019, November, 1915.)

Electric oscillations are produced by means of a vacuum tube having a
cathode, two anodes, and two auxiliary plate electrodes for oscillating the
cathode-ray beam from one anode to the other by means of an alternating
electrostatic field. The alternating electric field is produced by the action
of the tube itself, and is derived from a secondary circuit coupled with the
discharge circuits through the two anodes. The frequency of 't.lfe oscillations
is determined by the natural oscillation frequency of this secondary circuit,

109. SPARK Gar For Hicr FreqQuEncy. Compagnie Générale de
Radiotélégraphie. (French Patent 493336, March, 1916.
Published August 6th, 1919.)

A rotary spark gap arrangement.

110. LoweNsTEIN’S QUENCHED Gapr. (Wireless Age, 6, p. 19,
September, 1919.)
An illustrated description of a quenched gap due to F. Lowenstein, of
which each unit takes the form of two concentric metallic cylinders. The
spark gap is between the inner and outer cylindrical surfaces.

111. IMprOVEMENTS IN RaploTELEGRAPHIC ApPArAaTUs. L. M.
Cockaday. (French Patent 493433, November, 1918.
Published August 8th, 1919. Wireless Age, 7, p. 31,
October, 1919.)

The arrangement consists of a transformer with its primary connected to

a supply circuit (preferably D.C.) through a make-and-break contact. The

spark gap fed from the secondary of this transformer is preferably mechani-

cally coupled to the make-and-break.

112. Low Porentiar Rapio Frequency Arc. C. W. Noller.
(Radio Amateur News, 1, pp. 70—71, August, 1919.)

A special arc apparatus for low power short wave work and suitable for
use on a 110-volt supply circuit. The arc consists of two tungsten electrodes
operating in a liquid consisting of alcohol or petrol, mixed with a 10 per cent.
solution (by volume) of ammonia. Two or more shunt oscillation circuits
are connected across the arc tuned to lower frequency harmonics of the
required oscillation frequency. Wavelengths down to 100 metres with a
power of 80 watts upwards are possible, Great steadiness is claimed. The
complete arc is mounted in a metal container with cooling flanges, and the
normal p.d. between the electrodes is 55 volts when operating in a 110-volt
circuit. Overall efficiency to aerial circuit = 24 per cent.
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113. A NEw STRIKING ARRANGEMENT FOR Arc OscILLATION
GenNERrRATORS. D. du Rousset. (French Patent 493366,
March, 1916. Published August 7th, 1919.)

114. THE DEVELOPMENT 0F Arc Rapio Trawsmirrers. A. L.
Anderson and H. F. Elliott. (Electrical World, 74, pp- 452
—4506, August, 1919.)

A general description is given of the types of arc apparatus manufactured
by the Federal Telegraph Co., with illustrations of a 5-kw. and a zoo-kw. arc.
The usual sizes that are manufactured are 5, 20, 30, 60, 100, 200, 350, 500,
and 1,000 kw., the rating being reckoned on the D.C. input. "The efficiencies
of these sets range between 33 per cent. and 50 per cent. For ship work
sizes up to 3o kw. are customarily used with wavelengths between 1,000 and
5,000 metres ; while the larger sizes are reserved for large land stations,
working on wavelcngths of 2,000 to 15,000 metres. The arcs are ]-:::mr:d
directly in the aerial circuit, and are usually fed with direct current at §oo
to 600 volts. The requisite strength of the magnetic field is a function of
the power, frequency and nature of gaseous atmosphere surrounding the arc,
and it is stated that definite mathematical * design ” relations exist between
these factors although they are not given in the article. With the smaller
arcs (<<1oo kw.) open magnetic circuits are used, but for the largest sizes
closed cores are employed to obtain the necessary magnetic field strength.
For the smaller arcs alcohol is usually employed to provide the hydrocarbon
atmosphere ; but in the larger sizes and to obtain considerable power on
short wavelengths kerosene is used. This material increases the aerial
current when the magnetic field is weak, but is apt to give a deposit of soot
in the arc chamber. Coal gas is preferable.

Three types of signalling arrangements are described. (1) the compensa-
tion method, in which the signalling key short-circuits a few turns of the
aerial inductance; (2) the coupled compensation method, in which the key
short-circuits a small loop cr:rupled to the aerial 1nductanc¢, and (3) the
ignition key signalling system, in which the arc is mechanically short-
circuited through a resistance between the signalling periods. The second
method is the most preferable ; with small powers (5 kw.) one loop and short
circuiting key is used, for larger sizes several loops are employed, each fitted
with an electro- magnetl-::all}r operated short circuiting key. For a 100-kw.
arc twelve such loops and keys are required. The third method is only
suitable for very small power units.

115. Arc Lamp For THE PropuctioNn oF ErecTricAaL OscirrLa-
tionNs. L. Mauclaire, A. Garbarini, G. Gautier. (French
Patent 493769, December, 1916. Published August 21st,
1919.)

In the arrangement of arc described a central electrode of carbon or

other good conducting material is surrounded by a hollow metallic ring form-
ing the second electrode through which a cooling liquid is circulated.
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116. Rectiryine Hicu-TEnsion ArTtErnaTiNe CUurreNTs. S.

Cohen. (Electrical World, 74, pp. 573—575, September,
1919.)

A practical application of the rectifying properties of a point-plate spark
gap for obtaining high-tension direct current. Best results with Copper-
Aluminium or Iron-Aluminium electrodes, with a jet of gas through the centre
of the copper or iron electrode. The effect of various gases on efficiency is

s i
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Efficiency of Rectification

Fic. 4.

shown in Fig. 4. 'The use of a rotating disc for the aluminium-electrode
increases the stability.

117. THE GENERATION OoF Hicu-TEnsion Direct Current. M.
Schenkel. (Elektrotechnische Zeitschrift, 40, pp. 333—334»

July, 1919 ; also German Patent 310356.)
A special arrangement of cascaded valve rectifiers is described for obtaining
H.T. direct current from an A.C. supply. The arrangement is sketched in
Fig. 5. The first valve V, rectifies the A.C. supply and charges up the
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condenser C; to approximately 1:4 K volts D.C., In the reverse half-cycle
when no current passes through the valve, the supply voltage E is added
to the voltage of condenser C, across the valve terminals. This voltage is
applied to valve V, and condenser C, so that the latter is charged to a voltage
of 28 F, and so on for the other valves, With five valves as shown the
D.C. voltage between T,T, becomes 7.0 £. The maximum voltage
obtainable in this manner is limited solely by the insulation of the system.
The capacity of the condensers must be proportioned to the working voltage
of each and to the output current to be obtained from the system.

118. ARRANGEMENTS FOR RECTIFYING ALTERNATING CURRENTS
BY MEANS oF VALvEs. M. Latour. (French Patent 493662,
August, 1917. Published August 19th, 1919.)

This refers to the use of A.C. for heating the filaments of rectifying

valves. (See also Abstract No. 119.)

119. REcTiFvinGg AvTERNaTING CURRENTS. M. Latour. (British
Patent 131697, August, 1917. Patent accepted, Septem-
ber 4th, 1919.)

_ For rectifying an A.C. supply the secondary winding L, of transformer T

is connected to two valves V, V, in opposite directions, condensers C; C,

T
00 (00) (000000
Ls L. L
e Vi
o e
T= T [ + - + Il - Va2
cl . O —
T T
FiG. 6.

being included in the circuits as shown, The valve filaments are heated
by auxiliary winding L, Lg on the same transformer. The D.C. circuit is
joined to T; T, so that the D.C. supply is drawn from the two condensers
C, C, in series.

Q2
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120. Propucine Evectric Oscirrations. G. Bethenod. (British

Patent 130614. July, 1918.)

An addition to British Patent 128575 (Rapio Review Abstract No. 23)
providing for: the connection of the secondaries of the separate coupling
transformers in parallel or in series-parallel instead of in series, the connection
of all the alternator windings and transformer primaries in a simple series
circuit, and the earthing of the mid-points of the alternator windings and
transformer primaries,

121. IMPROVEMENTS IN RaDIo Sicvarting Systems. L. de Forest.
(British Patent 131361, June, 1917. Patent accepted,
+ August 28th, 1919.)

An arrangement of 3-electrode valve for transmission, as indicated in
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————
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Fic. 7.

Fig. 7. The signalling arrangement is joined in seiies with the grid-circuit
resistance R.

122. ARRANGEMENTS FOR RADIOTELEGRAPHIC AND RADIOTELE-
pHONIC TraNsMITTERs usiNG HiGr-FrREQUENCY AwmpLri-
FIERS. Société Francaise Radioélectrique. (French Patent

493821, August, 1916. Published August 22nd, 1919.)

An arrangement of transmitter in which the oscillations are generated
either in one or in a group of three-electrode valves and subsequently amplified
i::[.?v additional valve amplifiers before connection to the transmitting aerial.

ransformers or other couplings may be used between the valves., Provision
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is made for the use of the same set of valves for either transmission or recep-
tion purposes by means of a suitable switch for effecting the necessary

changes of connection.

123. A RELAY ARRANGEMENT FOR INDICATING THE FAILURE oOF
Vacuum TuBe Fruaments. M. Latour. (Fremnch Patent
493204, October, 1917. Published July 29th, 1919.)

A differential relay is used of which one winding is connected in series
with the valve filament and the other with a shunt circuit connected across
the supply battery.

124. AN ARRANGEMENT ForR THE Usk oF Two or morE Oscit-
LaTioN GENErRaTORS FOR UnpampEp Waves. D. du

Rousset. (French Patent 493458, July, 1916. Published
August gth, 1919.)

125. THE Priotron Oscirrator. W. C. White. (Electrical
Experimenter, 7, p. 232, July, 1919.)
Describes two uses of the pliotron oscillator. (1) For the production of
relatively large current, and (2) the production of relatively large voltage,
the energy involved in each case being of the order of 150 watts or less.

126. “Hevrro, Eurore! "—via Rapio. C. M. Ripley. (Electrical
Experimenter, 7, p. 210, July, 1919.)

A detailed description of the New Erunswicl?, N.]J., wireless station.

127. IMPROVEMENTS RELATING To ELECcTRON DiscHARGE DEvVICES.
The General Electric Co., U.S.A. (British Patent 130400,
February, 1918. Patent accepted, August 7th, 1919.)

In a high-vacuum tube acting as a “‘ negative resistance,” the stream of
electrons is subjected to a magnetic field, so as to vary the number impinging
on the third electrode. The magnetic field is provided by a coil surroundin
the tube and coaxial with the filament, Varying currents passed thmugﬁ
this coil are amplified by the device. The tube may serve as a radiotelephone
transmitter, by employing its “ negative resistance > to set up oscillations
in the usual manner, and modulating these by speech currents passed through
the outer coil,

123. IMPROVEMENTS RELATING To WIRELESS SIGNALLING SYSTEMS.
The General Electric Co., U.S.A. (British Patent 130369,
February, 1918. Patent accepted, August 7th, 1919.)

A wireless transmitting apparatus employing modulated continuous waves
has the aerial tuned to a frequency equal to the sum or difference of the wave
frequency and the modulating or amplitude pulsation frequency, and the
circuit of the source of oscillations tuned to the frequency of the source.
When several modulating frequencies are employed (see Rapro Review
Abstract No. 30) the aerial is tuned to the wave frequency plus the highest
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modulating frequency. For speech currents the aerial is tuned to the wave
frequency plus the mean speech frequency (800 to 1,000~).

129. IMPROVEMENTS RELATING To Hicu-FrEQUENcY ELEcTRrIC
InstaLLaTIONS. G. A. Beauvais. (British Patent 131018,

March, 1918. Patent accepted, August 21st, 1919.)
In a system for producing electric oscillations using a three-electrode valve,

a resistance shunted by a condenser is placed in the grid circuit of the valve,
and the potential at
the terminals of the
resistance is varied
by the action of a
microphone or by
an independent os-
cillating circuit. The

[ modulations  pro-
'H. c B I]'I - | duced by the mil::ru-

' 3
‘ ;;;} | = ' phone may be first
T = \ amplified by an
1| B additional  valve
'TF,‘]H before they are
3 applied to control
e the p.d. on the grid
circuit resistance of the oscillating valve. One arrangement is shownin Fig. 8.
V is the oscillation valve and R the resistance in its grid circuit. K represents
the amplifier between the microphone M and the resistance R. C, C; are
c blocking condensers. In alter-

s ; : .
=24l native arrangements the resis-
[-“ | Il__“_l I-F!AE_ tance R is replaced by the
= UL
ol L
18 shunted by the condenser C,,

£ just as the resistance R (Fig E)
is similarly shunted. Addl-
tional intermediate valve
MRy
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Pressed. This second valve (V)

“ internal - resistance ” of a

'um second valve, Vy, Fig. 9, upon
Vs the grid of whl-:h the micro-

amplifiers may also be used.

For telegraphic purposes this

second ‘“ control ”’ valve may

phone modulations are im-
Fic. g.
be arranged to generate oscillations of musical frequency.

130. CoNTINUOUS CURRENT MACHINES SPECIALLY APPLICABLE TO
WireLEss TerLernony. ]. Bethenod. (Fremch Patent
493492, August, 1916. Published August gth, 1919.)
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131. A New MopuraTioN ARRANGEMENT FOR WIRELESS TELE-
pHoNY. D. du Rousset. (Fremnch Paient 493457, July,
1916. Published August gth, 1919.)

For the modulation of the transmitting antenna current a number of
separate microphones are emPln}red each connected to a small loop coupled
to the aerial circuit. The microphones are all arranged to be influenced by
a common mouthpiece.

132. IMPROVEMENTS RELATING TO RADIOTELEPHONE TRANS-
MmissioN SvsTEMsS. General Electric Company (U.S.A.).
(British Patent 131553, March, 1919. Patent accepted,
August 28th, 1919.)

A radiotelephone transmitter is described for which the oscillatory energy
is generated in a single valve V,, Fig. 10, and thence passes through three

- e —or
Ly = J |

w5

Fic. 1o.

amplifying valves in parallel V, V4V, before coupling to the aerial. Modula-
tions from the microphone M are amplified by the valve V; and impressed.
upon the grid circuit of the modulating valve Vg The plate circuit of this
valve is connected to the secondary of the transformer serving also to
couple the oscillation valve with the main amplifiers. Circuit L C is tuned
to the oscillation frequency of V,;. The resistance R between the secondary
of T, and the amplifying valves V, V, V, serves to prevent these amplifiers
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setting up sustained oscillations. The choke coils L; L, Ly L, L are to
prevent the passage of high-frequency currents into the low-frequency
circuits. They are adjusted so that their natural frequencies are as nearly
as possible the same as the high-frequency oscillations, so that they offer
increased impedence to the passage of the currents of this frequency.

133. DEvELopmENTS 1IN WireLEss TerLermony. F. B. Jewett.
(Radio Amateur News, 1, p. 71, August, 1919.)

A general article summarising recent progress.

134. REcENT Procress 1N RapioTerepmony. C. Schmitt.
(L’Electricien, 49, pp. 187—188, October, 1918.)
A short article reviewing tEe various types of transmitters available for
radiotelephony, including the various arrangements of spark gaps suitable
for very high frequencies. '

135. TransatLanTic WireLEss Terernony. J. A. Fleming.
(Electrician, 83, p. 463, October, 1919, Abstract. Wireless
World, 7, pp. 499—501.)

Report of a lecture describing recent achievements.

136. A Review oF RaproreEvepHONY. (Electrical Experimenter,
7, P- 326, August, 1919.)
A very brief historical account of radiotelephonic development. Diagrams
are given of a U.5. battleship set and a U.S. signal corps set.

137. IMPROVEMENTS RELATING TO AUDION AMPLIFYING APPARA-
tus. M. Latour. (British Patent 131362, October, 1917.
Patent accepted, August 28th, 1919.)

In a cascade amplifier using three-electrode valves—particularly for
radiotelephone transmission purposes, for amplifying the speech currents—
each successive stage either has larger valves or has a greater number of
valves in parallel. Higher anode voltages may also be used on successive
stages. It is recommended that the microphone should be connected in one
arm of a balanced bridge, across one diagonal of which the H.F. source is
joined, while across the other diagonal a transformer is connected for coupling
to the input grid circuit of the above cascade amplifier.

138. WireLEss TeELeErHONY oOVER 140 KivromeTrEs. (Elcktro-
technische Zeitschrift, 40, p. 512, October, 1919.)
The Telefunken Company reg?rt that telephonic communication was main-
tained between a station in Nuremberg and an airship up to a distance
of 140 km.

139. THE Auto RaprornonNe. A. H. Grebe. (Radio Amateur
News, 1, pp. 58—59, August, 1919.)

Radiotelephone apparatus used on a motor car, which carries its own aerial
structure enabling the set to be used while in motion.
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140. IMPROVEMENTs RELATING TO ELEcTROMAGNETIC WAVE Sic-
NALLING SysTEms. N. Lea. (British Patent 130520,
November, 1918. Patent accepted, August 7th, 1919.)

The proposed ar-

rangement for a wire- "{,‘,

less telephone trans-

mitter is indicated in

Fig.11. Thepotential | L,

on the grid leak R of

the oscillating valve

V,is used to determine

the mean grid poten-

tial of the control valve

Vo, Transformer T is "

used to apply the c,

modulating potential

to the grid circuit of V,

from a transmitting

microphone or other

control circuit. Vot 1
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141. CoPPER CoNDUCTORS FOR LAMPS AND oTHER Vacuum TUBES.
Société Nihon Denki Kogyo Kabushiki Kaischa. (French
Patent 492967, November, 1918. Published July, 1919.)

A thin tube of copper is sealed through the glass for connection purposes.

142. Tue DEsicy, Pumpine anD TEsTiNG oF Aubpion Tuses.
C. Murray. (Electrical Experimenter, 7, p. 235, July, 1919.)

143. ImprovEMENTS IN THE ConsTrUcTION OF VAacuum Tusgs.
Société Francaise Radioélectrique. (Fremch Patent 493258,
February, 1916. Published August 5th, 1919.)

The invention consists in placing the tube during exhaustion in a high-
frequency alternating magnetic field so that the lines of magnetic force are
as nearly as possible perpendicular to the surface of the electrodes. In
this manner the electrodes behave as short-circuited secondaries to the coil
producing the magnetic field, so that they are rapidly heated by the currents
induced in them.

144. THEORY AND PrAcTicAL ATTAINMENTS IN THE DESIGN AND
Use oF Rapio Direcrion-FINDING APPARATUS USING
CroseEp Coin AnteEnnz. A. S. Blatterman. (Fournal of
the Franklin Institute, 188, pp. 289—36", September, 1919.)

A very comprehensive paper of seventy-three pages, recording a large
amount of experimental work and discussion of results. The points investi-
gated are :—
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(1) Best size of loop and number of turns for given wavelength,
(2) Effect of spacing the turns.

(3) Effect of size and kind of wire.

(4) Effect of insulation.

5) Best size of tuning condenser.

6) Effect of walls of building.

(7) Effect of dead turns on coil.

The voltage across the tuning condenser, 1.e., the voltage acting on the
detector, is inversely proportional to the effective resistance of the coil, other
things being equal ; therefore this resistance was determined in all cases by
exciting the loop circuit which included a thermo-galvanometer from an
undamped tuned circuit and inserting known resistances. From the
effective resistance R the “ reception factor” NAL[A®R was calculated ;
N = turns, A = area, L = inductance, A = wavelength, Both R and the
reception factor are plotted against the wavelength for a great number of
coils from 3 feet 6 inches up to 15 feet square, from 5 to 8o turns, and from
1 inch up to 1} inch spacing. There is a value of 4 for which the reception
factor is a maximum ; for shorter wavelengths R increases so rapidly that
AR increases. Curves and tables are given from which one can decide upon
the best design for any given wavelength.

The second part of the paper is devoted to the directional characteristics
of é;he. loops. The deviation of the polar curve from the simple double circle
1§ due to (—

(1) the displacement current effect,
(2) the antenna effect, and
(3) the shape effect.

(1) Owing to displacement currents from turn to turn there is a P.D.
across the tuning condenser when the plane of the coil is normal to the
signalling direction. The polar curve therefore has no zero value but
merely two minimum points,

(2) The: whole coil acts like an antenna, and, owing to one side having a
lower capar:lt}r to earth than the other, vid the filament battery and the
operator’s body, a P.D. is produced across the tuning condenser. Since this
effect is unaffected by rotating the coil, it makes the two loops unsymmetrical
and enables the operator to decide not only the line but the point of the
compass from which the signal is coming.

(3) The so-called shape effect is merely the effect of the shape of the coil
on the antenna effect.

For accurate work these various effects should be kept as small as possible.
Pancake type coils have never such a sharp minimum as coils of the solenoid
type. The results were checked by a number of experiments in the field.
Beneficial results were obtained by arranging wires above the coil and using
them as an earthed electrostatic shield. This improved the sharpness and
symmetry without noticeably diminishing the strength of the signals. This
1s unnecessary if the loop and apparatus are raised 15 or 2o feet above the
ground. The grounded shield reduced certain kinds of atmospherics,
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In conclusion it is mentioned that in their seven-bulb amplifiers the T.S.
Signal Corps use iron-core intervalve transformers even in the radio frequency
stages, the iron is stated to be o-0015 inch thick.

145. IMPROVEMENTS IN RECEIVING ARRANGEMENTS FOR WIRELESS
Direction Finpine. Société Francaise Radioélectrique.

(French Patent 493453, July, 1916. Published August gth,
1919.)

Improvements in receiving arrangements for wireless direction finding
comprise the use of a rectangular aerial with perpendicular diagonals which
can be turned around a vertical diagonal. The turns of wire in this loop
aerial are arranged parallel to one another and at least 2 cm. apart. It is
recommended that all the apparatus as well as the operator should be very
carefully insulated from one another and from the ground and that their
relative positions should remain unchanged during a measurement.

146. IMmPROVEMENTS IN REFLEcTORS IN WIrELESs TELEGRAPHY
AND TELEPHONY. C. S. Franklin and Marconi’s Wireless
Telegraph Company. (British Patent 128665, August,
1917. ]i:'atent accepted July 3rd, 1919.)

Electromagnetic waves are transmitted in, or received from, a desired
direction, by parabolic reflectors comprising two or more sets of rods, strips,
or wires arranged on the parabolic surface around the aerial as focus, each
rod being tuned to the aerial. The focal distance is preferably one-quarter
of the wavelength. The length of each rod is preferably about a half wave-
length, but may be greater or less if a condenser or inductance is inserted.
For short waves, no earth connections are necessary ; but for long waves the
aerial and lower rods of the reflector are preferably earthed.

147. DirEcTioN Finpinc By WireLEss TeLeEcrapuy. H. R.
Sankey. (Electrical Review, 85, pp. 509—512, 539—540,
October, 1919. FEngineer, 128, pp. 388—391.)

An abstract of a lecture delivered at the Shipping and Engineering Exhibi-
tion, Olympia, dealing in a general manner with D.F. apparatus, with
illustrations of recent Marconi-Bellini-Tosi apparatus. A map of D.F.
stations open for public service in the British Isles is given.

148. ApPARATUS FOR THE CoNCENTRATION OF ErLEcTRIC WAVES

IN A SINGLE DirecTiON OR UPON A Fixep Point. L. Rota

and E. Binetti. (British Patent 131392, June, 1918.
Patent accepted, August 28th, 1919.)

An addition to British patent 128624,* describing certain constructional

details relative to the inner and outer cylinders referred to in that
specification,

* Rapio REview Abstract No. 42.
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149. Suort Wave Recerrion anp Transmission on GrouND
Wires (SUBTERRANEAN AND SuBmarINE). A. H.

Taylor. (Proceedings of the Institute of Radio Engineers,
7> PP- 337—302, August, 1919.)

This paper gives an historical review of the work of the U.S. Navy Research
artment on the possibility of effective long distance reception with
underground aerials. The most important property of these aerials demon-
strated in the course of these experiments is the much greater ratio of signal
strength to X-strength than is obtained with ordinary elevated aerals.
These aerial systems were found to be markedly directional towards waves
travelling in line with the length of the wires. The best length of wire was
found to be independent of the direction from which signals impinged on the
receiving station, and independent of the nature of the surrounding soil
providing that it is reasonably damp. The best length also depends inversely
upon the capacity per unit length of the wire used. Wire lengths from
100 10 2,000 feet were experimented with., The importance of very good
insulation of the wires is particularly emphasised as tending to eliminate
atmospheric interference. To such an extent is this the case that with very
od insulation it has been found quite practicable to receive through strong
local thunder storms. Reception is found to be enormously superior when
the wires are buried in fresh water or wet soil than when suspended above the
ground. Reception on these buried wires was found to follow the same law
of diurnal and seasonal variation as is found on ordinary aerials. Signal
strength fell off very rapidly after immersion of the wires in salt water, but
in fresh water on long wavelengths no measurable decrease in signal strength
was found down to a depth of 6o feet. Earthing of the wires at the outer
ends reduced the signal strength by approximately 50 per cent. Continuous
wave transmission from these aerials over a range of thirty-six miles was

found possible using only 08 of an ampere in the buried aerial.

150. IMprOVEMENTS IN WIRELESs SiGNALLING SysTEms. J. H.
Rogers, H. H. Lyon, F. S. Hill. (French Patent 493539
and 493540, November, 1917. Published August 1zth,
191Q.)

This relates to low horizontal * earth ” antenna placed either close to or
just below the surface of the earth or water.

151. SomE MoperN Vacuum Tuse Circurrs aAND THEIR OPERA-
TioN. J. Scott-Taggart. (Wireless Age, 7, pp. 25—27,
October, 1919.)

The circuits described are :—

(1) A “ standby » and “ tuned ”’ continuous wave receiver ;

(2) A circuit for general reception ;

(3) A highly-selective receiving circuit ;

(4) A simple continuous-wave transmitter and wireless telephone.
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For descriptions of (1) and (2) see Rabpio Review, 1, pp. 181—183, and
Abstract No. 170, January, 1920, respectively.

(3) is a two-valve amplifier, each valve having regenerative coupling with
each circuit tuned.

(4) is a simple direct-coupled transmitter using a single valve, with anode
and grid inductances in series in the aerial circuit,

152, THE Six-StrinG EinTHOVEN GALVANOMETER. (Engincering,
108, p. 255, August, 191q.)

An illustrated description.

153. AMPLIFIER DETECTOR FOR WIRELESs TELEGRAPHY. L. N.
Brillouin and G. A. Beauvais. (French Patent 493332,
March, 1916. Published August 6th, 1919.)

The leading features of this amplifier are: (1) that each valve simul-
taneously acts as amplifier and detector; (2) that the amplification is inde-
pendent of the wavelength since no resonance is involved ; (3) atmospherics
and similar disturbances as well as extra strong signals are amplified less than
weak signals. The circuits shown are those of an ordinary resistance-capacity
coupled amplifier with a condenser in the grid circuit of the first valve.

154. TuE EpisoNn Errect AND THE AuptoN. (Telegraph and Tele-
phone Age, p. 483, October, 1919.)

Refers to early experiments on the Edison effect and on flame conductivity.

155. TuE TuErMioNic DETECTOR. H. J. van der Bijl. (Popular
Science Monthly, 95, pp. 132—140, October, 1919.)

A popular account of the uses of the valve.

156. AupioN-CrysTAL RECEIVER For DEestrovERs. (Everyday
Engineering Magazine, 8, pp. 40—42, October, 1919.)

A description with illustrations of a receiver used on U.S. dES‘tIl}}'EIE,

adapted for reception of spark signals on a crystal, or on a single detecting
(three-electrode) valve and provided with return-coupling for l’l\%{'. reception,

157. Barreesuir Type REeceiver. (Radio Amateur News, 1,
pp- 56—57, August, 1919.)
Iustrations and cirenit diagrams of valve receiving apparatus.
158. MurtipLE ConicAL Loose CourLer. J.G. Merne. (Radio
Amateur News, 1, pp. 67—68, August, 1919.)
A receiving tuner with the primary and secondary on coaxial conical
formers.

159. How Rapio “ S165.”” ARE PnorocrarueD. (Electrical Experi-
menter, 7, p- 231, July, 1919.)

Describes an invention due to C. A. Hoxie, for the phﬂtc:-graphc reception
and recording of wireless messages at 60o-words per minute.
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160. “B” Barreries For Vacuum Tuses. W. P. Schulte.
(Everyday Engineering Magazine, 7, pp. 364—365,
September, 1919.)

Tests are described and curves given for the U.S. Navy type and Signal

Corps type of H.T. batteries for use with valve receivers.

161. Tue ProBrLEMS oF Vacuum Tuse Circulrs. L. M. Clement.
(Everyday Engineering Magazine, 7, pp. 367—369, Septem-
ber, 1919.)
A continuation of the previous articles describing multi-valve amplifiers.
Views of Western Electric Company’s instruments are given.

162. IMPROVEMENTS RELATING TOo Avupions, Lamp ReLAYs, or
AmrLiFYING ApparaTus. M. Latour. (British Patent
129660, October, 1916. Patent accepted July 24th, 1919.)

A further addition to Patent No. 127318, in which the receiving apparatus
described in that patent is modified by first amplifying the received oscilla-
tions by means of a series of three electrode vacuum tubes with their circuits
coupled through transformers with iron cores, then rectifying the amplified
oscillations by any known apparatus, and finally amplifying the resulting
low frequency current by a second series of three electrode vacuum tubes.

163. IMPROVEMENTS RELATING To Aupions, Lamp RELAYs, oRr
AmprLiryING ArpparaTus. M. Latour. (British Patent

129661, October, 1916. Patent accepted July 24th, 1919.)
A further addition to Patent No. 127318. High frequency iron core
transformers, employed in connection with vacuum tube amplifiers have
the cross section of the iron in the parts of the core external to the coils
greater than the cross section of the iron inside the coils. The coils described
are wound in several layers with considerable spacing between the layers.
The turns on each layer may further be spaced apart when necessary. This
arrangement of the coils is adopted to reduce the electrostatic or capacity
effects in the transformer windings.

164. IMPROVEMENTS RELATING To Aupions, Lamp REeravs, or
AmprirviNe ArpparaTus. M. Latour. (British Patent
130103, April, 1916. Patent accepted July 31st, 1919.)

Vacuum tube relay apparatus of the kind described in British Patent
127318, comprising a series of valves for amplifying in successive stages, is
provided with a common battery for supplying the plate filament circuits
of the various tubes, and a separate common battery for heating the filaments.
The currents to be ampliﬁﬂflpare supplied through an iron-cored transformer
to the grid of the first valve. The plate circuit of this valve acts through
the second transformer on to the grid of the second tube, and so on. The

plate circuit of the last tube acts through a transformer on to the output
circuit,
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165. IMPROVEMENTS RELATING To Aupions, Lamp RELAYS, OR
AmprLirviNe Apparatus. M. Latour. (British Patent

130012, November, 1916. Patent accepted July j3ist,
191Q.)

The reii‘i.?iﬂg apparatus for wireless telegraphy and telephony comprises
one or more three-electrode valves for high frequency amplification, a valve
for rectifying or detecting the argplified oscillations, and one or more
additional valves for amplifying the resulting low frequency current. The
plates of all the tubes are connected to a common high tension battery. The
specification describes the use of iron core transformers for all stages, radio
frequency as well as low frequency. The grid circuit of the detecting valve
includes a condenser shunted by a high resistance leak in the usual manner.
The connection of a condenser between the grid and the filament of the last
low frequency valve is claimed to reduce the tendency to arcing in the valve,

166. IMP‘RDVEMEHTE RELATING TO ﬂUDIUHE, LA.MF RELAYE, OR
AmprLiryiNG ArpparaTus. M. Latour. (British Patent
130022, December, 1916. Patent accepted July j3iIst,
1919,

A further addition to British Patent 127318, dealing with a series of vacuum
valve amplifiers connected in cascade with iron core inter-valve transformers.
A tuned circuit is provided at each stage with the object of increasing the
selectivity. The transformer cores are provided with air gaps, and the
secondary of each inter-valve transformer is shunted by a condenser to give
resonance to the desired frequency. The receiving aerial is not tuned to this
frequency, so that oscillations set up therein by atmospherics are not rein-
forced by the amplifiers. A similar arrangement may be used for low
frequency amplification by tuning the transformer secondary circuits to the
note frequency instead of to the radio frequency.

167. A NEw InsTRUMENT FOR PropUcTION OF UNDAMPED WAVES,
(Everyday Engineering Magazine, 7, p. 366, September,
1919.)

An oscillating valve apparatus for 200 to 25,000 metres wavelength.

168. CrysTAL DETEcTORS. Société Frangaise Radioélectrique.
(French Patent 493454, July, 1916. Published August gth,

1919.)

16). IMmPrRoVvEMENTS IN RerLay AwmpLIFIERS FOR RADIOTELE-
crarHIC AND TELEPHONIC RECEPTION. A, ]. B. Tauleigne.
(French Patent 493489, July, 1916. Published August gth,
1919.)

An electromagnetically operated microphonic relay magnifier.
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170. A Non-Rapiating WireELEss REcEiving CIRcUIT FOR THE
RecepTiON oF DaMPED AND UnpAMPED WavEs. ]. Scott-

Taggart. (Llectrical Review, 85, p. 614, November, 1919.)

In the receiving arrangement described two three-electrode valves are
used. The first of these serves merely as a high-frequency amplifier and the
second as a detector (Fig. 12). A return coupling is provided between the
anode circuit of the second valve and its grid circuit for use in C.W.

Lq L:

Fic. 12.

reception. For rece%vtmu of spark signals the tuned circuit C; L, is replaced
by a resistance R hen the arrangement is used for hﬂtn:mdg,rnf: reception
mﬂ the valve ‘VE should be oscillating while V, should prevent the return
of GE{:l]lﬂtﬂI}T energy to the receiving aerial circuit A, E.

171. REcEIvING APPARATUS FOR WIRELESS TELEPHONY. Société
Francaise Radioélectrique. (French Patent 493924, Feb-
ruary, 1917. Published August 26th, 1919.)

For the reception of speech in a wireless tele hﬂ'ﬂﬂ installation a local
source of oscillation is used as in the usual manner of heterodyne reception.
In order to avoid disturbance of the speech by the beat frequency the wave-
length of the local oscillations shmuldp be adjusted to coincide as nearly as

possible with that of the incoming signals. Best results are obtained when
the two wavelengths are exactl}r the same.

172. RECEIVING ARRANGEMENT ¥OR WIRELESS TELEGRAPHY.
Société Francaise Radioélectrique. (French Patent 493820,
August, 1916. Published August 22nd, 1919.)

A wireless receiving arrangement in which the cnuphng between the
detector and aerial circuits is effected by means of an iron-cored transformer.
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173. AN AERIAL ARRANGEMENT FOR WIRELESS TELEGRAPHY AND
TerLerHoNY. M. Latour. (French Patent 493063, October,
1919 ; published July 3oth, 1919. British Patent 132101,
October, 1917 ; published September 11th, 1919.)
The antenna current is divided between a number of earth plates by
means of appropriate connections between these plates and the aerial circuit.
e connections from the earth plates may be made to various points on the
inductance in the aerial circuit or alternatively separate inductances may
be joined in each earth lead. The object of the arrangement is to
reduce the ohmic losses of the earth connection.

174. THE DistanT CoNTROL OF ELECTRICAL APPARATUS BY WIRE-

LEsS TeELEcraPHY. E. H. and K. A. Widegren. (French
Patent 492928, December, 1916. Published July 25th,
1919.)

This control involves the continuous transmission of groups of electro-
magnetic waves in which the ratio of the length of the various groups to
the intervals between them is variable at will in order to produce different
effects at the receiver.

175. Hica-FreqQuency CurreENTs oN Wires. J.O. Mauborgne
(Signal Corps, U.S.A.). (Fournal Franklin Institute, 188,
PP- 91—93, July, 1919. English Mechanic, 110, p. 26,
August, 1919, Abstract. Post Office Electrical Engineers’
Journal, 12, pp. 153—155.)

The application of standard radio apparatus to multiplex wire telephony
has been necessitated by the large number of wireless sets ordered for war-
time requirements that are now lying idle. Using apparatus designed for
ground stations of aircraft type for communication with aeroplanes, successful
speech over existing telephone lines has been secured over sixty miles, using
an input high-frequency current to the line of 60 milliamperes at 600,000 ~
(500 m. wavelength). The normal “ radio ” range of these sets was about
ten miles.

176. THE TurEE-ELECTRODE VALVE AND RADIO COMMUNICATIONS.
(La Nature, 47, pp. 103—110, August, 1919.)

A general well-illustrated account of the various uses of a three-electrode
valve for radio work. The general principle of its mode of operation is given,
leading up to its employment as a detector, oscillation generator, amplifier.
heterodyne receiver—or wireless telephone transmitter.

177. THE SPEED oF Erkctricity. A. E. Kennelly. (Wireless
Age, 6, p. 11, August, 1919.)

A general account of Maxwell’s theory, and dealing with the speeds of

propagation of free electromagnetic waves, and of waves guided along wires

or along the conducting surfaces of the earth or sea.
R
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178. On THE TransMissioN oF SpeEecH BY Licur. A. O. Ran-
kine. (Proceedings of the Physical Society of London,
31, pp. 242—268, August, 1919. Electrical Review, 83,
p. 81, Abstract.)

This 1;:1 er describes a lengthy research carried out for the Admiralty
Board of Invention and Research. It deals chiefly with the modulation of
a fixed beam of light in accordance with the sound or speech waves to be
transmitted. The transmitter specially developed in this research consists
in principle of two parallel grids throngh which the light is passed. Between
the two grids the beam is reflected at a small mirror mechanically connected
to the transmitting diaphragm. In this manner the image of the first grid
1s moved over the second so that more or less light is emitted from the second
grid in accordance with the speech form. The grids were 7 inches diameter
and the bars and spaces each 4% inch wide. A selenium receiver was used,
and a speaking range of 1} miles has been secured. The articulation is
partimﬂa:(lﬂ good.

In the discussion on the paper other methods of modulation were dealt
with, together with some considerations of the efficiency of the method.

179. On THE Usk oF THE TrioDE VALVE IN MAINTAINING THE
VieraTtion oF A Tuwnine Fork. W. H. Eccles. (Pro-
ceedings of the Physical Society of Lomdom, 31, p. 260,
August, 191q.)

2. Review of Books.

A GuipeE To THE StUuDY OF THE lonic VALVE, showing its
development and application to Wireless Telegraphy and

Telephony. By W. D. Owen, AM.LLE.E. (London :
Sir Isaac Pitman S Sons, Ltd. Pp.vii.+ 59. Price 2s. 6d.
net. ;

This little %Jl}ﬂ-lilet is a series of brief notes upon the various aspects of the
valve, and upon the various uses to which the valve may be put, and is
admitted to be such by the author who states in the Preface that they
“ were originally compiled for the guidance of a little circle of enthusiasts
whose interest in the ionic valve was stimulated by repeated references in
the technical Press to its numerous applications and wonderful achieve-
ments.” To any one unacquainted with wireless work, but engaged in other
branches of electrical or physical science and therefore familiar with ordinary
electrical nomenclature this booklet may appeal, but to the true seeker after
knowledge of valve work its scope is too limited and the treatment far too
brief. In short its function is to state simply what a valve is and what it
can do rather than to contribute new matter to the knowledge of the subject
—as an instance, the whole fields of *“ Continuous Wave Telegraphy * and of

fo . 4 . . . :
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“ Reception of Continuous Waves,” are discussed in two *‘ chapters ” of about
175 words each. The title of the booklet appears to be rather too ambitious
and comprehensive.

A few criticisms may be made against the clarity of some of the statements
—for example on pp. 3, 19, 30, 35 and 38, but otherwise the treatment is
clear, and a useful feature is a number of references to fuller literature on

the subject.
P. R. C,

ALTERNATING CURRENT Work : An Outline for Students of
Wireless Telegraphy. By A. Shore, AM.I.LE.E. (London :
The Wireless Press, Ltd, Pp. ix. + 163. Price 3s. 6d, net.)

Correspondence.
THE OSCILLATING TRIODE,

To e Eprror, THE “ Rapio Review.”

Sir,—Mr. R. C. Clinker in his letter to you of the 1st inst. does not call
into question the truth of the expression I used, but merely prefers to throw
it into a slightly different form.

There are of course two ways of regarding the amplification produced by
a valve—from either the standpoint of E.M.F. or current. The latter is the
simpler at first sight, though for many purposes the former is preferable.

As Mr, Clinker points out it is the current factor of amplification which is
implied in my remarks.

R. WHiDDINGTON.

The University, Leeds,

November 20th, 1919,

To tue Eprtor, THE “ Rapio Review.”

Sir,—Permit me to support Mr. R, C, Clinker’s plea that the amplification
arameter of a triode should be expressed as the simple ratio of the E.M.F,
berated in the anode circuit to that applied in the grid circuit in the ordinary
mode of employment. I urge this, not only because it gives a figure of merit
that is independent of the nature of the apparatus connected to the elec-
trodes of the tube, but also because it is nearer the physics of the matter.
The physics may, I think, be summarised as follows :—R‘Jhen one applies say
100 volts between the hot filament and the anode of a small triode the
moving electrons between cathode and anode create by their mutual repul-
sion a back E.M.F. of, say, 50 volts which is rather analogous to the back
E.M.F. of polarisation in electrolysis ; if now one increases the potential of the
rid relative to the filament by say 1 volt one finds that, say, 10 volts of the
iack E.M.F. are cancelled. Therefore 10 volts of the anode battery are
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liberated for propelling current. The number 10 is in this case the volta
factor of the tube, sometimes called the amplification factor. I prefer the
term “ voltage factor ” because we may some day find step-down tubes
useful, thnugi at present only step-up tuges are widely used. Amplification
is a word only applicable strictly to step-up triodes.

While writing I should like to refer to the choice of a symbol for the
voltage factor. Langmuir used k, but as in wireless literature %k has always
been used for the co-efficient of coupling I have myself used the letter g.
Sometimes m is used but, again, m is the universal symbol for the mass of
an electron and therefore appears in that sense in the theory of all ionic
tubes. The International Electrotechnical Commission have suggested
that mere numbers should be represented by lower-case Greek letters.
Almost the only Greek letters not allocated by the Electrotechnical Com-
mission or the Physical Society of London to important electrical quantities
l'n;fﬂ UIEﬁ.ﬂﬂ}n, capital (T), and lower case (v), Xi, lower case (£), Nu (v), and

itau (@ ).

It would be interesting to have your readers’ views upon the best symbol
for this most important parameter of the triode.

W. H. EccLes.

City and Guilds Technical College,
Finsbury, E.C. 2.
December gth, 191g.

ERRATA.

(Note.—Any notices of errata that may be found wecessary from time
to time will always be inserted in this position in the REview.)

Page 77 (November), line 2, the formula should read,
Oig _ Dia
deg e
Page 104, line 24, for © positive electrons * read * positive ions.”
Page 104, line 32, for * high cathode ” read “ high temperature cathode.”

Page 122 (December). Fig. 13. The ordinate scale should be marked yg
not y ; and the formula bencath this figure shouldjread,
yg ="tan—1] [tan ¢ . tanh ¢
Page 132, line 3,%should read,
dig 3

Y |
i A'yet.
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