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Editorial.

The paper by Commander Pession of the Italian Navy which we publish
in this issue is closely allied with that by his colleague Professor Vallauri
which was completed in our last issue. The two form a valuable contri-
bution to our knowledge of the subject of radiation measurement. Doubt-
less measurements of a similar character will be made on all transmitting
stations of any importance. Although not yet published we know that.
much work of a similar nature has been done by utEer workers. In 1913 we
determined the effective resistance of the aerial at the City and Guilds
Engineering College by means of a Duddell thermogalvanometer and
inserted resistance, using long dashes from the Eiffel Tower as the source of
power. We also worked out and communicated to the International Com-
mittee at Brussels the field strength of the Eiffel Tower signals in London,
assuming effective heights for the two aerials.

The Effect of the Heaviside Layer.—In the current issue we publish
the concluding portion of Mr. Eckersley’s paper on this subject, the first part
of which appeared in the February issue. In our opinion this paper con-
stitutes one of the most important contributions yet made to this difficult
but interesting subject. It goes far to explain the abnormal phenomena
observed in connection with direction finding by means of wireless telegraphy
and makes it highly desirable to carry out s stematic experiments to check
Mr. Eckersley’s conclusions. In justice to the author, and to those readers
who would have welcomed a more detailed mathematical investigation of
the points raised, we should mention that at our request Mr. Eckersley has
omitted a considerable portion of the more mathematical part of the paper.

The Solar Eclipse.—During the recent solar eclipse, observations of the
strength of signals and atmospherics were made by a number of stations
under the direction of the Post Office. We are pleased to be able to publish
the result of these observations in this issue. The general effect seems to
have been a partial return to night conditions. It would be of interest to
learn if any other observers, especially those engaged in long distance work,
noted any changes in signal strength.

Increase in Price of the ** Radio Review.'""—When the Rapio Review
was first published the cost of everything connected with printing and
publishing was very high, but it was anticipated that we had then reached
the peak of the curve and that costs would gradually fall. These hopes have
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unfortunately been falsified and costs have continued to rise. We are there-
fore reluctantly compelled to increase the price of the Rapio Review. We
feel sure however that after due consideration and a cumpansnn of present
and pre-war values our readers will agree that the increase is not an un-
reasonable one. The new price will take effect with the June issue.

Nauen and Togoland.—Although the article with this title, the transla-
tion of which we complete in this issue, deals largely with the brief but
striking history of the Togoland Station of Kamina, it contains much of
wider interest. The German plans for the development of an imperial
chain and the details of the financial arrangements made between the
German Government and the Telefunken Company for the erection of the
stations are discussed with apparent frankness. It is stated in the current
number of Radioélectricité that the tropical vegetation has all but obliterated
the traces of the Kamina Station.

Eclipse of the Sun, April 8th, 1921.

Effects Produced at Wireless Stations.
By F. ADDEY, B.Sc.

In order to observe if any abnormal phenomena were produced during the
eclipse, arrangements were made for a special watch to be kept at certain
of the wireless stations under the control of the Post Office. The stations
concerned were Wick, Stonehaven, Cullercoats, Caister, North Foreland,
Niton, Lands End, Fishguard, Seaforth and Devizes.

The total eru:u:l of the :n:hpse at Greenwich, was from 7.35 a.m. to
10.5 a.m., G.M.T. The maximum occurred there at 8.47 a.m. At other
places the times of first and last contact and of maximum were different, but
these differences were so small that as far as the observations recorded below
are concerned, they may be neglected.

At most of the stations dealing with the ordinary ship-and-shore com-
munication on 600 metres, no change, either in the strength of signals or in
the strength or frequency of atmospherics, was observed. At Fishguard,
however, between 8.28 a.m. and 9.36 a.m,, signals improved both in clearness
and strength. This effect was more pronounced with the signals from distant
stations than with those from nearer stations.

At Wick, although no unusual daytime ranges were observed, there was
during the period of the eclipse a pronounced under-current of faint signals
which is not normally present during the day.

At Devizes the r:-::rntfltmna observed dunng the eclipse were practically
identical with those usual during the night. With a receiver consisting of one
high frequency amplifier, a rectifying valve, and two note magnifying valves,
the average strength of signals from Warsaw during the day is 7. Warsaw
works on a wavelength of 2,100 metres, using spark transmission. During the
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eclipse these signals increased to maximum strength, which is the usual night
condition, and after the eclipse they returned to their normal daylight
strength.

Devizes also observed an increase in the strength of signals received from
various French military wireless stations. These stations were working on a
wavelength of about 2,000 metres, using continuous waves.

l{ln increase in atmospherics was observed at several stations during the
eclipse.

Map showing Positions of the Stations and Path of the Eclipse.

Before the eclipse atmospherics were practically absent at all the observing
stations. At F islilguard slight atmospherics were observed between 8.20 a.m.
and 9.36 a.m. At Devizes atmospherics came on at the commencement of
the eclipse, and ceased when the eclipse was over.

At Wick atmospherics gradually became louder and more numerous during
the eclipse till at about 8.56 a.m. there was a continuous crackle. This then
decreased and after the eclipse the atmospherics disappeared.

A similar growth in the number and strength of atmospherics was observed
at Caister, and there also the atmospherics disappeared after the eclipse.

5 2
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The Measurement of the Effective Height of
Aerials: a Special Case.

By Commander G. PESSION.

1. In the practice of radiotelegraphy the determination of the effective
height of an aerial must now be regarded as a normal measurement. Such
measurements are valuable for the rational design and modification of the
aerial with respect to the characteristics of the H.F. generating plant, and, if
repeated perinSicaIl}'. afford a control of the condition of the station.

To make the determination one measures the current received in a coil
aerial of known dimensions, situated at a certain distance from the trans-
mitting aerial. This distance should be such that absorption effects are
negligible, but not so small that direct induction is appreciable.

From the theory of Hertz we have

=t BB e s
I 120
in which & = effective height of transmitting aerial in kilometres.
= effective height of receiving aerial in kilometres.
= distance between stations in kilometres.

= wavelength in kilometres.

L}

= current in transmitting aerial in amperes.
= current in receiving aerial in amperes.

= total resistance of receiving circuit in ohms.
In a frame or coil aerial we can put

.l BN

hy = 2= ‘i—" COS &

where S, = total effective area of receiving coil in m?2

I

a = angle between the vertical plane of the coil and the vertical

plane through the two stations.
Substituting this in (1) we get

1, dR\?
b=F SimScoa - ®

Equations (1) and (2) refer to the now general case of undamped waves.

The measurement of I, can be made with a thermogalvanometer or with a
thermocouple connected to a suitable galvanometer.

2. To verify the effective height of the Italian Naval Station at Rome, I
have used a simple method which I think is worthy of description since it
may be found very useful when one has a sufficient number of stations in the
vicinity. This will generally be the case at a naval base, where there are
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always several ships furnished with wireless apparatus and usually a powerful

coast station.
If one has three stations A, B, C, and if the suffixes a, b, ¢, be used to

distinguish symbols referring to the respective stations, we have
when A transmits to B

1 Adda Ry
hhy = [ 877 * oottt (3)
when B transmits to C
_ L iR,
hohe = S I (4)
and when C transmits to A
I, AduR,
hohy = 7" 377 s § oW oo w & u )

From these three equations we can determine the three unknowns ks, ks, he.
3. With the power and distance of the Rome Station the measurements
can be made very simply by means of a Duddell thermogalvanometer.
The measurement of the resistance was made by introducing step by step
into the accurately tuned aerial a known resistance R’ ; then
f ¥
P/ L ¢ Al
Ir = Ir’
in which I, is the received current without the inserted resistance R’ and I,
that with it.

A
4
¥
4 c
8
Fic.

L.

A &0m
o

)

2

1T

Fic. 4. Fic. §.

Fig. 1 shows the distances between the three aerials (measured to their
centres), while Figs. 2, 3, 4 and 5 show their construction and principal

dimensions.
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18t Test.—Transmitting from B to A.
I, = 9510-3 A, I =180A. . A=32km.
R = 12-72 ohms. d = 6-67 km. hzhy = 0-0038.
The following series of readings shows the reliability of the readings.

I, 1!
95-3 781
95-5 177 R = 2:-83.
950 780 _—
95-2 778 R = 283 173 = 12:72
950 T7-6
94-8 777
94.7 T7-5
Means : 95-1 -'i."'r'_E

2nd Test.—Transmitting from C to A.

I, = 491032 A. I = 10-6 A, A = 3-15 km.
R = 12-90 ohms, d = 517 km. ks = 0-00257.
3rd Test, —Transmitting from C to B.
I, = 24-5- 103 A, I =130 A, A = 1-8 km.
R = 10-30 ohms. d = 568 km. hkhy = 0-000526.
From which
ha = 136 m ; hy = 279 m; he = 18-8 m.

It is interesting to note that Station C has a T aerial erected above a large
factory, the actual height of the horizontal portion above the roof being about
20 metres. Station B has two aerials, a large and a small ; the measurements
were made on the small one. A fourth test using the large aerial gave the
following results : —

hy' = 40-3 m with the small aerial insulated.
hy' = 356 m with the small aerial put to earth.

4. Another test was made after the small B aerial had been modified.
Station C was not employed, but a temporary aerial was erected with a length
of about 200 metres and a height of about 10 metres ; it was situated at a
distance

d = 196 km from A
and d' = 24:T km from B.
A Duddell thermogalvanometer was employed with the following results :—
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Transmitting from A
I=54A; I, =021210*A; R =5850hms; A = 608 km.
Transmitting from B
I'=20A; I/ =0-1428102A; R = 1550hms; A = 2-40 km.

The above values of R were obtained with a 100 ohm heater and in the case
of A, an additional 400 chms was inserted to reduce the current.
From the above it can be seen that

ha _ I1I'Ad R _ 414
he — IThd' " R’ '
By transmitting from B to A the following results were obtained : —
r=92102A; I =18A; d = 667 km.
R = 1540hms; A =315km; Ak, = 000439 km?,
Hence ks = 135 m and hy = 32:6 m.

In this test a resistance of 3 ohms was inserted in the A aerial to reduce
the received current ; the real value of the antenna resistance was therefore
124 ohms which agrees very well with the value 12-T ohms previously
determined. The difference is to ba attributed to the different inductances
employed for tuning in the two tests, which moreover toock place with an
interval of four months. In these tests a Duddell thermogalvanometer with
a heater of 1:77 ohms was inserted in the antenna. One sees that as a con-
sequence of the alterations to aerial B its effective height has been increased.

he two determinations of ks are in perfect agreement and correspond
closely with the value of 138 m determined three years ago by Prof. Va]iﬂuri
by direct measurement on a coil aerial,

The Effect of the Heaviside Layer on the
Apparent Direction of Electromagnetic Waves.

By T. L. ECKERSLEY, B.A., B.Sc.
(Concluded from page 65 of February issue.)

We will choose rectangular axes, the axis of z perpendicular to the plane
of the earth, the axis of 2 in the direction of the ray, and the axis of y in the
horizontal plane perpendicular to the ray. The following symbols will
. be used throughout the paper :—

X)
Y} = Electric forces in the z, y, z directions respectively.

Z)

o
.81 = Magnetic forces in the 2, ¥, z directions respectively.

y)
a = Re-combination constant,

UNINERSETY UF SILRIGAN
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l’j d]_ = Direction cosines of the normals to the wavefronts of rays (z),
' n)  (3)and(4).
E = E.M.F. induced in a closed circuit.
K' = Specific inductive capacity of earth.
p = Permeability of earth,

[

o = Conductivity of earth,

v = 2m/A.

A = Wavelength.

¢ = Velocity of light.

p = 2m X frequency of the electric
waves.

The suffixes are explained in the course
of the paper.

The following rays are considered
(Fig. 4), and for convenience are named Fic. 4.
as follows :—

No. (1) is called the “ direct ray.”

No. (2) is called the * incident ray.”

No. (3) is called the “ reflected ray * (at the surface of the earth).
No. (4) is called the “ refracted ray " (in the earth).

A wave is to be considered as polarised in the plane of its electric force.
In general there will be two waves polarised in perpendicular planes :

(a) With the electric force in a vertical plane perpendicular to the earth,
in which casea =y =Y = 0.

(b) With the electric force parallel to the surface of the earth, in which
case B, X and Z are all zero.

Case (a) may be excluded from consideration as @ = 0, which means
that there is no magnetic force in the direction of the ray.

In general there will be only three rays to consider at the receiving station :
(1) the incident ray, (2) the reflected ray, and (3) the refracted ray.

These are:—

Incident ray. Reflected ray. Refracted ray.
Y = }’util'ﬂlﬂ tne=oc Y — ]?'Ejrm —nt—d)] Y — Yz +nr—a
o = Eﬂ{.fr“f + nz — ot} g = Mfﬂlt - Az — o) o = m"i_ir*ﬂ': + n's — d) - “}
y = ?nffplh + nz — dj 3 = .}_.rE,:llr[h: -2 = el) y = ?*Ejr*tl’r + n'e — al

Now in the upper medium, 1., the air above the surface of the earth, the
total electric force 1s :—

Y = egmis—o) I:Yn e | ¥, e~ j-rn:}
or ¥ = M= {(¥y+ ¥y) cosvnz 4 j (Yo — ¥)sinwmz} . . ()

PRI ATl T C A& ki
LININERS Y U ML R1AM
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Now an application of the laws of metallic reflection shows that in this case

S , 38 -
2¥ —,+ -

(Yo + Yr]—'—'E“Y"'- ; Emﬂ':J-"+|:—Yr}-=‘—m(lu F) (3)
“_}_{S_i_-?i!- (’J+§+J_S)
' r FJ’ Fj F Pf F'

Where
o~ 1 | ¥y 4

§ =— 7[R+ (WK —1}+n’}*. A
. 1 ¢ - )
S -—-—V;-E-I—IR—{FK —l} —H.F s &+ = . [5}

I R

u' permeability of the earth.

K' specific inductive capacity of the earth.

o specific conductivity of the earth.
Now

_F%%ZE% =ehlt—al{ (Y, + ¥ )wmsinvnz+ j(¥,—Y,)»mcoswmz}. (T)

remembering the values of (¥, 4 Y,) and (¥, — ¥,) we see that when n is
small the latter term is the most important, the former being of the order n®
and the latter of the order vn. In any case the expression vanishes with n
so that when the wave is propagated parallel to the surface of the earth
there is no flux « and no E.M.F. induceg in a loop in the yz plane (as before
stated).

We may therefore infer from the experimental existence of this E.M.F. that
“a " is not zero (excluding the ray reflected in the horizontal plane for the
reasons before stated), f.c., that there is a ray which makes an appreciable
angle with the surface of the earth. The argument of course only refers to
plane waves propagated over a plane surface, but the argument is obviously
true to the first order where the radius curvature of the wave front is large
compared with the wavelength (and such are all the cases met with in practice).

ExperiMENTAL TEsT For THE Ray REFLECTED 1N A VERTICAL PLANE,
AND Porarisep v HomizontarL PLANE,

The experiment consists in isolating this ray and comparing its intensity
with that of the direct ray, at the same time noting the error in the bearing,
In order to do this a closed horizontal receiving aerial was used.

It follows from the previous analysis (and Sommerfeld’s more general
analysis *) that for a ray propagated over the surface of the earthy the vertical
magnetic force is zero, and therefore there is no flux linked with a closed
aerial in a horizontal plane, and no E.M.F. can be induced in it by such a
ray. But for the ray reflected in the vertical plane (which for the sake of

- —_— ESE— —— —

* Annalen der F;y:i.i, _13, P- Eﬁs,_:gv-n-g.
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brevity we shall now call the indirect ray) the E.M.F. induced is proportional
to

L S T NS R
. —fu!m
S om, S, 38
{P+#+F1. i s s g 00

so that the E.M.F. induced is proportional to the angle of elevation of the
ray when this is small and to the intensity of the ray itself.
 The arrangements used for this comparison were as follows (Fig. §) :—

TasrLe |.—OBSERVATIONS MADE ON T RANSMITTING STATION AT DAMASCUS.

Date, & tan }4, a tan 6 Remarks,

June 16th | 23° G. 0-42 20° flat. 0-36 Taken at night.

) 20° G. | 036 15° flat. 027 ., i
June 17th | 4° V.G. 007 ¥ 0 Three-day observation.

4 32° G. 0-625 20° G. 0-36 Night.

o 15° V. flat. 0-27 22° F. 0-34 -

2 27° F. 0-51 16° F. 0-20 4

i 21° G. 0-38 @° F. 0-16 -

9 18° G. .* 0-32 8-5° G. 0-11 ;

i 16° V. fla. 029 1°V. flar. | 002 o

@ 19° V. flat. [ 0-34 0° V. fat. | 0 :

10° 0-18 2

" <3 [ V.fiat| o —4° V. flat. | 007 "

: b0 " | i) | 738 i 0° V. flat. | © "

i 20° fair. 0-36 1° V. flat. | 0-02 .

=] i
June 18th | 10°te 32° } | o195 0825 | 9°G. 016 2
varying.

- 24° to 32° | 0-445 to 0-625 | 24-5° flar. | 0-46 " |

= 25° 0-47 11° F. 0-19 .

E 15° G. 0-27 8 F.G. | 010 :

5 6° G. 010 3° V.G. 005 5

" 120 0-21 10° G, 018 &

i °G. - 0-16 3 G. 0-05 i

. 7° G. 0-12 3° G. 0-05 ;

= 5° G. 0-09 2° V.G. 003 5

£ 6° G, 0-10 2° V.,G. 0-03 L

s 8 V.G. 0-09 0° V.G. 0 i

B 45 | { 008 .

» 5004 VG| 1008 05 0-01 .

4 13° flat. 0-23 7° G. 0-12 .

- 15 V. flat. 0-27 11° F. 0-19 -

" = F::t” i 040 10 030 | 17° F. 0-30 "

" ][l.'.l Eal.'. ﬂ"lﬂ' ﬁu G. ﬂ'ﬂ'ﬂ' 1]

" 11“ G. ﬂ*ﬂﬂ .5n G. ﬂ'{m L1
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The vertical loop, consisting of a frame 5 feet 6 inches x 7 feet wound with
twenty turns of bare copper wire, was placed at the centre of a closed
horizontal loop (about 40 yards square and 12 feet above the surface of the
ground). The terminals of the loop and horizontal aerial were each brought
to the terminals of one of the fixed coils of the compass or goniometer, and
the search coil of the compass was connected to the receiving apparatus. A

IHENTLT O Tk,
L

" T
il X

Fic. 5.

reversing switch was placed in the horizontal aerial. If the currents in the
loop circuit and horizontal aerial circuit are in phase the resultant magnetic
field (in the goniometer) will always lie along some fixed direction, and it will
be ‘fossiblc to find a position of the search coil where there is no flux linkage
and no signals.

Thus if 8, is the difference in position of the two minima when the horizontal
aerial 1s reversed

current induced in horizontal aerial
tan 48, =

current induced in lﬂup

In the accompanying table (I.) this quantity 18, (i.e., the measure of the
intensity of the indirect ray) is compared with 8, the error in bearing which
is taken either immediately before or after the measurement of #8,.

The curve (Fig. 6) shows tan 48, plotted against tan # and a glance reveals
the fact that they are roughly proportional, i.., a bad bearing is associated
with strong signals in the horizontal aerial. The points should not necessarily
lie on a single curve as the error in bearing is only a measure of the disturbing
E.M.F. when this is in phase with the main EM.F. (When the EM.F.’s are
not in phase a slight distuning of the horizontal aerial will produce a large
change of phase in the current, so that a suitable readjustment of the tuning
condenser will bring the currents into phase again. The measured current
in the horizontal aerial will then be slightly too small.)

The points marked in Fig. 6 with a full dot “e” are those for which the
minima on the frame and the compass are both well defined. These lie fairly
well on a straight line (see Fig. 7); the slope of this line (i.e,, tan }6,/tan 6)
should be a function of the electrical constants of the horizontal and loop
aerials, and the conductivity, resistivity and inductivity of the earth.

. (10)
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LAY LT
R VANNERY,
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tan g tan &
Fi1G. 6. Fic. 7.

Let E; = the EM.F. induced in the loop when this is paralle] to the direction
of the ray.

E," = the EM.F. induced in the loop when this is perpendicular to the

direction of the ray.
Ey = the E.M.F. induced in the horizontal aerial per unit area.
Ay = area of horizontal frame,
A; = area of loop X number of turns,
EyAy = EMF. induced in horizontal aerial.
E, 4, = maximum E.M.F. induced in loop.
Ry = effective resistance of horizontal aenal.

Rl = effective resistance of horizontal lﬂﬂp.

: _E/
[hen tan @ r--E;- . B )
and at the same time tan 48, = E.:—ﬁ:g: i R & en m o SR
so that tan }8,/tan 8 = E,", ¥ (constant) . . . . . (13)
!

where this constant lIEpEﬂ:dﬂ only on the electrical constants of the circuits.

UNIVERSITY OF MICHIGAN
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Now E, and E,’ depend only on the ray reflected in the vertical plane, in
fact

E“=J:'?;?""""'“‘“
; ]
E1=—“-‘E%I.........{lﬁj

and since the ray polarised in the ¥ plane (¥, a, 3), can only affect these two
aerials the ratio of fy[0t to ta/fdt, g“, can only be dependent on the ratio of
1

the incident and reflected rays, f.¢,, upon the constants of the ground and
the angle of elevation of the incoming ray.

In fact, from (3),

By e w6 s OO
{ﬂ P 1_52 _E_JS,?
p' ot o)
ijnﬂ(ﬁ,—f-jﬂ,—)
By e . am
g S 4 8’
”.LI .u: FrJ
B [
so that —_— = — _ . (18
E 0
ta(54 )
woop
I being practically unity
1 i
where ‘Sz*‘ji{ﬂﬂ'ﬁfﬂj_l}—i—ﬂ!;i
# l f ¥ i

- T
R = [HF'K’ — 1) - n2} 2+ Eﬁ_]

w’, 6, K', n having the same significance as before. If E, and E’ are in phase
(1.e., if a good minimum is obtained with the rotating loop) Ey and E, are
practically 45° out of phase (since § = S’ agpmximately), if then the hori-
zontal aerial is adjusted so as to give a good balance on the compass

1 E 11 1
t f.ftan@ = " h"w(C,=_"_ . . . . (19
pop
11 !
=43>{£nearl}r i B v s ow s w (G0
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Where C is the constant %:g: , the quantity €' can be roughly measured ;
we then get a rough value for § from this last equation.

The value for S so obtained was about 5, and this quantity calculated from
the approximate constants of the earth is about 7, so that agreement of the
right order is obtained. Only a rough agreement can be expected, firstly
because of the uncertainty of phase of the various factors, secondly because
of the difficulty of getting sufficiently well defined minima, and thirdly
because the electrical constants of the earth are not known with any degree
of accuracy.

A slight residual E.M.F. induced in the horizontal aerial remains even in
the daytime. This may be due to slight tilting of the horizontal aerial, or
it may represent a real residual reflection or refraction at the upper layer.
There is evidence that this exists even in the daytime, for the mathematical
researches of G. N. Watson indicate that the pure diffraction of waves round
the earth is not sufficient to account for the observed results of Austin,®
and that it is necessary to assume a reflecting layer in order to bring the
theory into accordance with practical observations.

The values of tan 8 will give us an estimate of the relative intensities of
the reflected rays and horizontal direct ray, '

Fﬁaﬂt n2 (};_S' _!_ -T_S_r)
for tanfd = — - = — f‘,.ﬂ. ;v ow a @ B
% n 8 48" Z
oz PATaaTY
and when n is small compared with § and S’ as it always is, tan @ is very
nearly Y, now Z; includes the electric force Z; in the direct ray and

Z,
the electric force Z, in the indirect incident ray.

(Of course Z, and Z;" may be 180° out of phase so that the effect of the
deviating electric force is accentuated in this case, even a small amount of
energy reflected will produce large effects.)

IfZ," is zero

2nY,

tan § = Z, . (22)
o Zy _ 2n
Y, tand

now n is of the order 0-1 and tan 8 varies between (-2 and 0-3 so that Z, and
Y, are of the same order of magnitude, i.e., the direct ray and indirect ray

are of the same order of intensity at night.
The indirect ray (polarised in the horizontal plane, i.e., with the electric
force horizontal (Y, a,y)) may be produced by radiation from an asymmetrical

* G. N. Watson, Procecdings of the Royal Society, gsa, p. 83, 1918; also Van der Pol,
Philosopbical Magazine, 18, p. 165, September, 1919.
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inverted L type aerial, for the radiation from such an aerial in any direction,
except in the horizontal plane, has a component of the electric force parallel
to the horizontal portion of the aerial, so that if this transmitting aerial has
the horizontal part or a component part of the horizontal part of the aerial
in the yz plane, the indirect ray reflected at the upper conducting layer of
the atmosphere will have a component polarised in the horizontal plane.

If the aerial is symmetrical about a vertical axis as, for instance, an
umbrella type aerial, then the ray will be polarised entirely in the vertical
plane I__'z,a‘.,y; and therefore cannot produce any E.M.F. in the loop when
this is perpendicular to the line joining it to the transmitter.

If, however, the reflecting layer is not horizontal (Fig. 8), reflection will
introduce a component polarised in the horizontal plane.

Again if the conducting layer is molotropic, an effect which might be
produced by the earth’s magnetic field making the conductivity different
in different directions, or if there is a rotation of the plane of polarisation
due to the presence of electrons in this field, this will result in the production
of a reflected ray polarised in the horizontal plane even when the transmitter
is symmetrical and the reflecting layer is sensibly level.

It will be seen that there are two different ways in which the bad night
bearings may be produced :—

(1) An effect due to asymmetry of transmitting aerial.

(2) An effect due to the asymmetry of the Heaviside layer, due to its

being tilted to one side or the other, or to its conductivity being
different in different directions.

\ 4
""'1. n"l\
o LY
'\ %
%
\ Y
"'11. \
NP }’.\ s
w— 7(.%
TRACE OF BAY W f
- FORITONTAL FLAME f- j'
Fic. B. Fic. 9.

These effects may be separated by using a receiver of the following kind.
A receiver is used in which each of the ordinary closed loops of the Bellini-
Tosi aerial is replaced by two loops (in the same plane) connected up so that
the E.M.F.’s induced in the two aerials are nearly in opposition (see Fig. g).
In this case it is obvious that a wave travelling in the plane of AB (in the z
direction) will only produce an E.M.F. in the complete system on account of
the difference in phase of the E.M.F, induced in A and B. A wave travelling
in the yz plane will produce no E.M.F., even when the ray is tilted (as in
Fig. g) for in this case the flux linkage with each loop A and B is the same,

[ TRI roclT (| S M1 .
FE<| i kAL HI
II.Il |._.|| I. 1TTIAOH
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and in the same phase. This system will therefore eliminate the effect o
the ray reflected in the vertical plane (so long as this ray is entirely in the
vertical plane). If, on account of reflection from a tilted reflecting layer,
the ray no longer remains in the vertical plane, the length of the path of the
ray OP to the frame A differs from the length of path of the ray OQ to the
frame B, so that the E.M.F.’s induced at A and B will not be in phase, and
a resulting E.M.F. will ensue, and the system will no longer give true bearings.

The intensity of the ray reflected in the vertical plane may seem at first
sight to be rather too large, but it must be remembered that this indirect
ray is not subject to the same attenuation as the direct ray, which may be
intercepted by mountains or reduced by losses in travelling over the earth.
In this connection the effect of mountains in reducing tie direct ray in
comparison with the indirect ray, and thereby increasing their errors, is
particularly marked, and it is almost impossible to get good bearings in
mountainous countries at night.

Another experiment to prove the existence of
the indirect ray was carried out as follows
(Fig. 10).

hese were made with a direction finding
apparatus consisting of two horizontal aerials
in the place of the wvertical loops. The two
aerials were perpendicular and were at a level
of about 15 feet above the ground, and had a
span of about 120 yards. The bearings were Fic. 10.
compared with those taken on an ordinary
Bellini-Tosi aerial.  The receiving system was situated at Salonika
and the transmitting station chosen for these experiments was the
large power station at Constantinople. The mean day bearing of this
station was 83° (which differs only a fraction of a degree from the true
bearing). The night bearings are rather variable, but have a mean of about
89° or 90°; thus there is a systematic error of 6° or 7°.  When receiving
on the horizontal aerials at night the bearings of Constantinople were
about 62°, Accurate check bearings were taken on other neigﬁhﬂuring
stations at the same time so that the error was not due to instrumental
faults.

We may at once infer from the bearing obtained that there must be a
component of the electric force horizontal and perpendicular to the plane of
propagation. This horizontal force is in the opposite sense to that which
might at first sight have been expected, for it reduces the bearing instead
of increasing it (as on the Bellini-Tosi aerials), but this fact is in accordance
with the theory, for it can be shown by a rough calculation that the two
systems of aerials, i.z., the horizontal aerial and the Bellini-Tosi aerials,
should give deviations in opposite directions.

This calculation can be made as follows :—

As before we will assume that the waves are approximately plane. The
electric forces which are concerned in producing currents in the horizontal

aerial are the following :—
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(1) The horizontal electric force in the direct ray.

This will be in the plane of propagation and its intensity (compared
with the vertical force in the same ray) will depend chiefly on the
conductivity of the ground over which the ray passes according to
the theories of Zenneck and Sommerfeld.

(2) The horizontal electric force in the ray reflected at the upper con-
ducting layer perpendicular to the plane of propagation.

(3) The horizontal electric force in the reflected ray in the plane of
prglf]:]agatiun.

e second is the one which produces the deviation from the true bearing.

In order to get the mean value of the effect of (2) we will neglect the effect
of (3). (1) and (3) may be opposed and give prominence to (2).

As before let the X axis, be the direction in which the waves are advancing,
the plane Z = 0 the surface of the earth, then the electric force we are
concerned with, and which produces the errors, is parallel to the Y axis. The
electric forces in the direct wave are in the X and Z directions and may be
expressed in the form :—

X = Xeirm hvlls — b
Y = Y e e — . above the earth’s surface. . . . (23)

B = By etz —a)

_X = I“,Ej'“" th = ﬂ]’

Y = Y, ¢ ehils — 1| below the earth’s surface . . . (24)
B = B, et eirilx - le

Where v = E—;,A is the wavelength, and ¢ = the velocity of light. [, n, n’
are so chosen as to satisfy the differential equations and the surface condi-
tions.
The components of the incident and reflected waves have already been
expressed in equations (3).
hen using the horizontal aerials the angular deviation 8, from the true
bearing is measured by the ratio of the total electric force in the y direction
to that in the x direction, 1.e.,
tan31=_—}""—;——h. ¢ oGk E & @ W (30
0
when the forces in the z and y directions are in phase.

In this experiment good minima were obtained so that we can infer that

this last condition was satisfied.
The E.M.F.’s induced in the closed loops when their maximum linear
dimensions are small compared with the wavelength are—

() 4 (gg—-%‘g) inthezzloop . . . . . (26)
and (2) %:—’ in the yz loop . . . . (27)

T




242 THE RADIO REVIEW Vor. 11

so that the angle of deviation 8, is given by—

tan 8, =

. (28)
(5= -%)

Now the X and Z forces are in the direct ray transmitted over the surface of
the earth.

We can therefore apgl_v Zenneck’s analysis of the propagation of plane
waves over a semi-conducting medium.

It 1s not difficult to show that

0Z oX\ .l 1 ; 1. )
(e —%2) = i (M4 gp)eosd —5(3 — g )sing) - . . @9
where
. —= (in which the positive
M 3(’; ) = +\x —e . . . . square root must be
V14 m? t::‘ken}
where

v

v 1
m=-- m = tan 2¢ =
o g’ %=
a is the conductivity of the ground.
K is the specific inductive capacity of the air,
K’ is the specific inductive capacity of the earth.

vl to the accuracy we require is 5 where A is the wavelength.

A

Now Y is the component of the electric force in the reflected ray, and we
can derive from equations
o ; ;
‘ F = jun(Y, — Y,)eir = (at the surface of the carth}]

. oL (30)
tflﬂi ET_A[_IE ¥ ]’,Je"'"‘ - @) from (3)

£.8.,

n(Y Y, 38’
now ”“_i_ Y, = #, FO iR BEE s (31)

where S and 8’ have the same significance as in equations (4), (9) and (6),
so that

*_JEJ(S
tan 8 =H—E - . ;
3 Xo) | (M tm ) cusd _j(M M ) A 'f'}

o e
o

; _'-'S) {1,. + Y
m

(32)
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(&4 2)
80 that tan ) = ee——————t el 3¢ tany 6, . (34)

(e

Now in practically every case M is a small quantity, ¢ is nearly 45°, and
S approximately equal to §'

S
so that tan 6, = —li X tan @, = M3v2 X tanf, . . . . (33)

vaM
where M is a positive quantity and S a negative quantity. 6, is therefore
of the opposite sign to #. That is the error when using the horizontal aerial
1s the opposite sign to that found when using the vertical aerials.

Unfortunately it is not possible to make any accurate numerical calcula-
tions, as these involve the electrical constants of the ground in the neighbour-
hood of the receiving station which have not been measured.

The following calculations based on rough values of similar ground show
the approximate magnitude of the deviation to be expected. These do not
vary much with the constants.

ake for example :—

K = 2. N =0133. p = 10 Frequency = 2 X 10% where
p = resistivity in C.G.S. units.

then 8 = —224, %i- = 45, tan 2¢ = 43
§ =—200, =09 $ — 38° 45"
I
cos ¢ = 0780 M = 0328 (H 3§ ;f) cos ¢ = 26
sing = 0626 (M —3;)sing = —164
3 224 + j 200
so that | tan @, = —tan é, . 260 + 7 164
ar tan EI = — D*mﬁﬁ_ﬁ| tan El'
where ¢, = 9° 25’

roughly neglecting the difference in phase 8; = — 0, nearly,
or again take K'=2, p =10* nsmall Frequency =2 x 10%

then 8 =8 =67, 24 =90°very nearly
. 1 1 ;
51“* ='Em¢ =?2'.| M_—' 13‘&5!}&?4’
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in which case tan §; = — tan E‘g;ﬁijggﬂ :;tanﬁ‘
= — 0255
6, = 14° 20’

taking the observed value 21° (= 83 — 62) for 6,.

In both cases the calculated value of 8 is too big. An agreement of the

right order is obtained and there is very little room for doubt that the explana-
tion offered is approximately correct.

RerFLECcTION AND REFRACTION IN A STRATIFIED MEDIUM.

The observed fluctuations in bearings can be accounted for by assuming
that the transition layer, where the cun{iuctivit}' increases, 1s much narrower
and more sharply defined at night than in the daytime, and that, in fact,
in the latter case the ionisation extends practically down to the ground,
while in the former case the lower boundary of the ionised layer is more or
less sharply defined. If this is so transmission will be more or less normal in
the daytime, and the energy will decrease partly on account of the spreading
out of the waves, partly according to the diffraction of waves round the earth
and partly on account of absorption in the earth and ionised air.

At night time longer distances will be traversed because the energy is
more or less confined to the annular space between two conducting spheres.

This agrees with Dr. Fleming's conclusions on transmission over long
distances, and he bases his ideas on a similar theory, 1.e., Dr. Eccles’ theory
of ionic refraction.®

Dr. Eccles has shown that the presence of heavy ions in the air increases
the velocity of propagation so that in a medium in which the ionisation
increases with the height, the ray leaving the earth will tend to curve down-
wards and be refracted to the earth again. The curvature depends on the
rate at which the velocity of the wave increases with the height, 1.e., upon
the rate of change of conductivity with the height, if this latter quantit}'
becomes very great this refraction is practically indistinguishable from
reflection. The theory in this form is just what is required to explain the
fluctuations in bearings at night if it is assumed as well that the transition
layer is narrow at night and broad in the daytime.

The theory as given by Eccles is, however, hardly complete as it is not
given as a solution of the differential equation of propagation in a medium
of varying ionisation. In fact in calculating the path of the ray the effect
of absorption is neglected. For this reason I have attempted to solve the
particular case in which the conductivity varies in proportion to the height
above a given datum,

The work i1s based on Dr. Eccles’ theory of i1onic refraction and the same
assumptions as regards ionisation are involved, There appears at first
sight to be a grave objection to this theory in any form, for it seems to

* ] A Fltmmg. Principles of Electric Wave Telegraphy. Thtrd ﬂi:tmn, p- 842.
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involve the possibility of waves being Erupagattd with a velocity greater
than that of light. Now this theory is based on Maxwell’s equations which
are the appropriate expressions of a system in which effect can only be pro-
pagated with velocities equal or less than that of light ; so that there seems
to be a logical contradiction involved.

This contradiction is removed when we observe that according to Eccles’
theory the velocity of propagation depends
upon the wavelength so that the group velocity
and phase velocity are different, and it can be
shown that the group velocity which is really
the velocity of propagation, is less than that
of light.

I have investigated the case where the
conductivity below a certain height is zero,
and above that height varies in proportion to
any increase in height. It can be shown then that if ¥,/Y, is the ratio of
the reflected to the incident ray at this surface (Fig. 11),

-_— -

Fig. 11.

then

¥ he?

A T R
where A = the rate of increase of the conductivity with the height,.

the charge on the ion or electron,

the mass of the ion or electron.

2w x frequency of the waves.

the frictional force to which an ion or electron is subject when
moving with a uniform velocity v, according to which

% F o
o

8 . :
~ » where X is the electric force on the charge e.

v = 2m/A, A is the wavelength,
and n = cos 0, where @ is the angle the ray makes with the vertical.

”

We see at once from this solution that when %‘ is small the reflected

» # L] 1 - - ]
wave Y, is proportional to & the rate of increase of the conductivity with the
height, 1.2, upon the sharpness of the transition, which confirms the state-
ments already made,

Numerical Results,

The quantity
he®

8(vn)2ny/mept 1+ f2
which is the ratio of the reflected to incident wave must be of the dimensions

of a number. The equations have been expressed in terms of the Heaviside
system of units, so that if we use electromagnetic units the quantity

he?

8(wn)2n v’m‘p_*:i—

=
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must be altered to

hec e ( ec ) . (37)

—_— =h. - | = -
Efpn}lnifm:ﬁ:_i_f: m P""’v’p‘-}-f‘;m‘
First Case, where the mass of the ions is so small that p®m? can be

neglected in comparison with f2,
The quantity becomes

hedc e*eN,

s AL T ganaf, c 0 oo - (38)
if N, is the number of ions at 1 km height, and f, the value of f at this height.
Now the specific conductivity is _-h}lﬂ =gysay . . . . . . . . (39

mfl; 6 = ratio of reflected to incident wave . . . . (40)

If we assume that this ratio has a value of 10 per cent. say, then we shall
have an equation for g,

L 8u% x 105

& =10 " . (41)
Take A = 600 metres say—
(1) Taken = 0-1
8 x 1ﬂ—-(2")' X 10-8 x 10°
then gy = g% . (42)
10 % 3 x 10w
0—16

which is of the order of

(2) Taken = 05

3

a, is of the nrdr:r:; % 107" absolute units

which is of the same order as the conductivity of dry earth and seems a
quite reasonable value to assume.

Schuster has shown that it is necessary to assume a mean conductivity
of this order to account for the diurnal changes of the magnetic elements in
his theory. .

Accuracy of this Estimation.

The accuracy of the asymptotic solution we have used is of the order of
the last term used in the series.

This term 1s
11x5 ¢

]
I='gx3 Xqy 18
Z=0

&Rl . (43)

now r=2 (1 —0B3) =it
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5 ¢
so that Te| 2. .-innl ﬂlﬂijl, . (44)
Y

but Y: = 0-125 p’in‘ so that the accuracy of estimation of ¥,/Y, is prac-
tically equal to its magnitude, in the case we have assumed 10 per cent.

Second Case.—mp and f comparable.

" E n - L] [ L
The quantity —J} - 18 still the mean conductivity for steady electric forces,
1

: he2c
but instead of &n?
hede
we have Wm & & & & & B & @ ("!ﬁ:l
_oe 1

b vind x 108 (1 a2t ’°
and the values of o, before obtained have to be muluphed by the factor
(1 + a®)* which is large compared with unity when mp is large compared
with f.

In the calculation of ¢ we have assumed that f is large compared with

mp. We can get an estimate of the lower limit of the ratio f by assumin
P B mp ¥ E

the ions or electrons have their maximum mobility at the specified pressure.
e and Laby give the maximum mobility of the negative ion produced
gf-ra as 1-7 (cm} X (sec.)™! (volts)—! at normal pressures and tempera-

turcs e mobility at low pressures should increase inversely as the pressure
K, = l‘T X P?ul' P s & 0 & & & ® & m [46)
K 147 P 108
plabs) = - p X

now under a steady electric force

fo=Xe. . . . . . . . . . .0 0. (4]

or e
175
and iﬁzll'?u;:l'%:(ﬂ}
taking p=3x 10¢
ﬂ{;=33-?}°mahaut S W o tew s s 0)

and this is a large quantity so long as P is not less than 1]6‘ say.
0
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At the height of about 100 km If— is of the order of 5 x 105, and for
0

hydrogen and the lighter gases it is even greater than this, so that the condi-

tlun—jf-;— <4 10—° seems to be satisfied under all normal conditions at this
0

height. If the pressure P were so small that the interval between
encounters of electrons and molecules was large compared with the period
of the waves then the absorption of energy, of which f is the measure, is due
to the acceleration of the electrons produced by the electric forces in the
wave

SUMMARY

If the experiments in this paper are considered to be valid then the exist-
ence of a ray reflected at night time from some upper conducting layer of
the atmosphere may be considered to be beyond doubt, and the fact that
this ray is responsible for part of the errors in night bearings may also
be taken as proved. But a doubt still exists if this is the only way in which
errors are produced, and it is still uncertain whether the errors are due to
a ray reflected in a purely vertical plane from a perfectly horizontal con-
ducting layer, or by reflection from a partially tilted layer. Probably both
these causes of error exist.

Expenments as described on p. 239 should determine this point.

The manner in which the ray is reflected is suggested in the later, more
speculative, part of the paper and it seems that a possible explanatmn it
oftered, and that the numerical values of the conductivity and rate of
increase of conductivity with height required by the theory are not impos-
sible.

Many points in connection with this subject have not been touched
upon for instance the apparent systematic swinging of bearings at sunset,
and the variation of bearings taken on radiophare stations as the transmitter
rotates, as observed by Captain Tremellen, and his results on the sunset
variations of the strength of signals from C]Ifdtn all of which might pmhahl}'
be explained on the reflection theory, but the satisfactory result remains
that a rmsunahle explanation of night effects has been offered and confirmed
by experimental results.

Some Acoustical Effects In Wireless.—A paper with this title was read by Capt. J.
Robinson, M.5c., Ph.D., at a meeting of the Wireless Socicty of London on Apnl 4th,
1921. The author pointed out the importance of acoustical effects in wireless, and then
discussed the heterodyne effect and the lag of the ear as a function of the pitch of the
note. When transmission is rapid, dots may be missed if the heterodyne beat note is
made too high. The variation of the oscillation frequency of a valve with the petential
of the anode battery was dealt with, as well as the production of notes by a high-
frequency oscillating valve making use of a grid leak and condenser, and the factors
governing the pitch of this note were discussed.  The application of this arrangement
(termed by Major Prince a " squegger”) to a receiver in which the pitch of the note
heard in the telephones is a function of the strength of the signal, was also described.
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A New Radiomegaphone.

Considerable_interest has been aroused recently in the claims made for a
new receiving apparatus that has been installed in the electrical engineering
laboratories of the College of the City of New York of which Dr. G. N,
Goldsmith, the secretary of the Institute of Radio Engineers, is director.
The development of the receiver to its present pitch of perfection has been
the result of many vears of research work. It involves the use of no essen-
tially new dl-:uw-:r\ but the good results obtained are due to gradual develop-
ment and improvement of the component parts of the amplifier. Ten three-

electrode valves are employed in conjunction with a loud speaking telephone.
The wavelength tuning range of the set includes 600 metres as well as the
long wavelengths used for transatlantic signalling, and it is claimed that the
signals obtained from Nauen (Germany) are almost uncomfortably loud all
over the laboratory. Claims made for the instrument are great ae]mtwu\
in tuning, and distortionless amplification. From the attached illustration
it may be noted that the last valves of the set are of a much larger size to
permit of the handling of more energy for operating the loud speaking
telephone.

UMIVERSITY OF MICHIGAN
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Nauen and Togoland : A Tragedy of Radio-

Telegraphic Development.
By Dr. R. ROSCHER.
(Concluded from page 75 February issue.)

Tue ConstrucTioN oF THE LArcE Wireress Station Kamina (Toco).
Tue Permission To ConsTrRucT LARGE WIRELESS STATIONS IN THE
GErRMAN PROTECTORATES IN AFRICA.

While it was still an open question whether the contemplated large wireless
station uniting the African colonies with the mother country should be
built in Togo or Kamerun, there was much to be said in favour of Kamerun.
It was the larger and more important of the two Protectorates, and the
defence of the station could there be assured, whilst this was not possible in
the narrow Protectorate of Togo, enclosed by French and English territory,
and insecure against possible surprises, owing to the small military forces
at its disposal. On the other hand, difficulties of transporting apparatus
and machines, difficulties of :clegraPhic connection with the coast, stood
in the way of finding a suitable location in Kamerun. After the favourable
results of the preliminary tests in Togo it was therefore resolved not to wait
for the results of further experiments, but to construct at once a fully equipped
large wireless station in Togo in order to establish connection as soon as
E:r]ssihlt. Kamerun would in any case, through the coast wireless station

ala, be joined up with the colonial wireless network via the Togo wireless
station.

Although the capital required, and consequently the economic risk, is
considerably less for wireless telegraphy plant than for cables, it was never-
theless decided not to charge the construction of either the large wireless
stations or the coast stations in Africa directly to the imperial budget. The
problem to be solved in such constructions required a large amount of special
experience. In view of the peculiar nature of wireless telegraphy, unexpected
difficulties in the technical details of construction or operation might occur,
difficulties which a private undertaking, free to move in any direction and
having at 1ts lniis]:n:-s.."ﬁl a staff of trained engineers, could more easily overcome
than the Imperial Government, which did not possess any body of men trained
in the building and operation of large wireless telegraphy establishments
situated in oversea territories.- The private concern coming naturally first
in question was the Telefunken Company. The chief considerations in its
favour were (1) that it had established itself firmly in all parts of the world,
(2) that it had already built a large number of wireless stations abroad, and,
in particular, the establishments in the German Protectorates, (3) that in
doing so, as well as in carrying out the range tests and the preliminary
experiments for bridging the distance between Germany and Central Africa,
it had gathered valuable experience which would be immediately useful for
the present purpose, (4) that iithertu no other company had either guaranteed
or effected such a connection.
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In view of these considerations and of the successful issue of the pre-
liminary tests, the Company on June 12th, 1913, was granted permission to
construct one direct radio-telegraphic connection between Germany and Togo
and one between Togo and German South West Africa and to work them for
a period of twenty years reckoned from the day on which the operation of the
connection should definitely begin. The permission was granted subject to
the following conditions :—

The Cu'mpan}r guarantees, at its Own cost—

(@) To erect at .""‘L'EHI-[PHI‘HE in Kamina (Togo) and to operate for twenty
years a wireless station capable of ::Dmmumcatmg with the station
at Nauen as well as with a station in German South West Africa
and a projected station in German East Africa.

() To enlarge and improve its station at Nauen so that mutual communi-
cation should be possible between that station and the station in
Togo.

(¢) To erect and operate for a period of twenty years a station at Windhoek
(German South West Africa) capable of communicating with the
;;.stahlishment in Togo and with the station projected for East

frica.

At the demand of the Imperial Government, the wireless stations named
in {a), () and (¢) were to communicate with other German and foreign
stations as far as communication was possible. In a general way, daily com-
munication to and fro between the stations in Togo and Nauen for four hours
was to be possible with a minimum speed of seventy-five letters per minute.
If on individual days, in consequence of atmospheric disturbances in Togo,
this minimum could not be attained, it was stipulated that within any five
consecutive days at least 1,200 paid words of ten letters should be trans-
mitted in each direction. For the connection Togo—South West Africa an
assured daily communication of at least four hours with a minimum speed of
seventy-five letters should be practicable. If, in consequence of atmospheric
disturbances, communication were interrupted for more protracted periods,
the imperial subsidy was to be reduced. This subsidy was to be 592,000
marks for the Togo station, and 454,000 marks for the station in South West
Africa; it was to take effect from the day on which the operation of the
stations definitely commenced and should continue for a period of twenty
years. The definitive operation of the Togo—Nauen connection should
begin when, during the test operations, the prescribed minimum had been
reached for at least thirty days. The operation of the Togo—South West
Africa connection should definitively begin when, on eight consecutive days,
400 words of ten letters could be transmitted daily with a speed of seventy-
five letters per minute, The Imperial Government reserved to itself the right
of purchasing at any time the wireless stations in Togo and South West
Africa. The Imperial Government was to pay to the W.T.C. a yearly sum of
111,500 marks for placing its Nauen station at the d:sfPusal of the Government
for communication between Germany and Togo, and for operating this station
with its own employees. There was conceded to the Imperial Government the
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option of purchasing the station at Nauen, which station might be acquired at
any time. The Imperial Government was to receive for the use of its wires the
usual fees paid for telegrams proceeding from or going to Germany and
her interior, or the German Protectorates and their interior, when these tele-
grams had to traverse the wireless telegraphic routes for which this present
permission was granted ; it was also to receive 75 per cent. of the fees payable
for the transmission of telegrams over these wireless routes. The Imperial
Government was empowered at any time temporarily to operate the station
by its own officials. The operation of these wireless routes should be regu-
lated by the International Telegraph Convention, the International Wireless
Telegraph Convention, the various agreements for applying these Conven-
tions and the special imperial decrees for the radiﬂ—te]{legraphic service. The
determination of fees, the conclusion of agreements with other telegraph
administrations concerning the transmission of telegrams, as well as the
conclusion of all agreements with other governments were subject to the

— e T@ R
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approval of the Imperial Government. The fees for telegrams sent or received
by the German Government should be reduced by 50 per cent. The W.T.C.
was bound, at the demand of the Imperial Government, to construct in Ger-
man East Africa during the financial year 1914 the proposed large wireless
station to communicate with the wireless stations in Togo and South West
Africa. Whether the station in East Africa had to fulfil further tasks was
reserved for the decision of the Imperial Government. A subsidy was also
to be paid to the Company for the construction and operation of this latter
station. The Imlifriﬁl Government might cause experiments to be under-
taken by the W.T.C. in order to ascertain whether direct communication
was possible between Nauen on the one hand and the large wireless stations
in South West Africa and East Africa on the other, or by what means such
communication could be attained. Authorisation was given to the Imperial
Post Office to acquaint itself at any time with the circumstances of the
undertaking for which the present authorisation was granted.

T ——— T
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It was laid down by a special agreement that the W.T.C. should possess
no monopoly of radio-telegraphic transmission of telegrams between Germany
and the African Protectorates or between the latter themselves. In respect
of the experimental operation of the stations, it was agreed that this was to
show whether the individual parts, separately as well as collectively, were
able to meet all requirements even when working at high pressure, what
wavelengths were best suited for operation by day and by night, and how the
hours for operation could best be chosen.

The plant at Nauen had to be increased as follows for the communication
with Africa. A quenched spark transmitter of 100 kW antenna power was
installed. A main tower 252 m in height, and five towers each 120 m in
height, were to support the antenna. The transmitting antenna was to
consist of twenty stranded bronze wires 800 m long and 4 mm in diameter.
The receiving antenna of two stranded bronze wires 1,700 m long and 9 mm
in diameter, The arrangement can be seen from Fig. 2.

Thue Descriprion oF TiE LArce WirELEss StaTion AT KaMina.

The large wireless station in Togo, for which the situation decided upon
was that used for the experiments, at Otakpame in Kamina, was arranged
for an antenna power of about 100 kW ; for the connection between this
station and the coast establishment in Lome, supplementary apparatus of
2-5 kW antenna power was contemplated. Three iron frame masts, each
75 m in height, and six, each 120 m in height served to support the antennz;
of the latter masts, four were surmounted by extensions 7 m in height for
the receiving antenna. The transmitting antenna consisted of twenty
stranded bronze wires (3 mm in diameter) 600 m in length, the receiving
antenna, of a brass rope (12 mm) 3,350 m in length, the earthing system of
thirty copper plates, the insulated counter capacity of twenty copper wires
(2-5 mm) and about 1,600 m in length. Besides that, a small transmitting-
receiving antenna was provided for the supplementary wireless station.

To the power station belonged :

(a) The boiler houise with three tube boilers (oneof them as reserve) arranged
for wobd firing. The wood was to be obtained from an afforestation situated
in the Protectorate. Even during the war, firing was done with wood
obtained in the neighbourhood. This mode of working proved quite satis-
factory. The boiler house was equipped with all essential accessories, e.g.,
water and steam gauge, water purifier, ring steam main, economiser and
forced draught. For the cooling of the condensed steam there was a huge
cooling apparatus 30 m high.

() The turbine and steam engine establishment consisting of two steam
turbines of 500 H.P. and two vertical steam engines of 120 H.P. (one of each
as reserve ; in fact all parts of the power station were duplicated).

(¢) The main power plant with the following parts :—

(x) Two alternating-current penerators, each of about 350 kW (one of them

‘as reserve), directly coupled with a steam turbine.
(B) Two continuous current machines each of 75 kW and 220—250 volts
(one as reserve) directly coupled each with one of the 120 H.P.
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steam engines, for exciting the alternating current generator, charging
the storage battery, driving the air pumps.

(¥) One strong battery with 131 cells, 259 ampere hours at the one hour
discharge rate.

(8) One Booster set consisting of continuous current motor and supple-
mentary dynamo of about 15 kW, 20—30 volts.

(¢) One continuous current—alternating current transformer of 10 kW
(for the auxiliary transmitter).

The transmitting plant consisted of the main transmitter (100 kW oscillat-
ing power in the antenna for waves of 3,500, 4,200, 5,500, 7,500, and 9,500 m)
and the auxiliary transmitter. The receiving equipment consisted of three
telephonic receiver sets with a continuous wave range of 200 to 14,000 m
for the large wireless plant, and 300 to 2,500 m for the supplementary one.

The buildings of the wireless station included the transmitting house,
consisting of boiler house, engine house, high frequency room, battery room,
firewood sheds, wurkshup, storeroom, the dwelling house for the manager,
the receiving house, a dwelling house for the telegraphists, as well as one
for the machinists.

A light railway more than 5 km in length was built connecting the village
Agbonu, a station on the Togo hmt:rlang railway, with the wireless station,
in order to convey the iron parts for the supports of the antennz, the
machines, etc. At the railway station of Agbonu stood a crane spanning
the tracks of the Togo railway and the light railway and permitting the
direct transference of goods from the one to the other. The light railway led
through the bush to Kamina alongside the road constructed by the Company.
A branch line connected the wireless station with the place whence was
obtained the sand serving for the manufacture of cement and tiles, which
were always used for the permanent houses. On the building plot were three
deep wells from which water was raised by means of electric centrifugal
pumps into a reservoir 10 m high. From the reservoir the water flowed to
the various points where it was required, the boiler house, the dwelling
house, the brick field, the washhouses, etc. The brick field was near the
reservoir.

The enormous plot, covering an area of four square km, and traversed by
a light railway of 4 km in length and by roads 8 km long, had been conceded
free of charge b{r the administration of the Protectorate. Difficulties of
various kinds had prevented the work of construction from running smoothly :
a fire broke out, and building material was lost in the surf at Lome in an
attempt to extinguish it, etc. A trial ugeratinn of the station was to precede
its definite opening. This trial was begun on June zoth, 1914, but was
discontinued owing to the outbreak of war.

Tue Larce WireELEss Station Kamina puming THE War. It1s
ACHIEVEMENTS.

The war, which put a stop to the creation of a German network of wireless
stations, afforded an opportunity of showing whether the Kamina station
was capable of standing so severe a test. That it did in the fullest measure.




May, 1921. ROSCHER : Nauen anND ToGoOLAND 255

Shortly after England had declared war, and after a proposal to remain
neutral, made by the Governor of the Protectorate Togo, had been rejected
by the Governor of the English Gold Coast Colony, two English messengers
arrived to negotiate with the Governor the surrender of Lome and a part
of the Protectorate. The Governor of Togo found himself obliged to give up
Lome and ordered that the place should be surrendered to the English on
the following day, whilst those Europeans who were capable of military
service should proceed with the police force under his command to Kamina,
in order to deﬁ:nd the wireless station there; such being the instructions
of the Imperial Colonial Office. On the evacuation of Lome and the hinter-
land, during the night of August 6th and 7th, 1914, the coast wireless station
at Lome was destroyed to such an extent that its restoration was made
exceedingly difficult, if not impossible. The tower of the station was over-
thrown.

The large wireless station Kamina rendered extremely valuable service,
although the preliminary tests were not yet ended, and although the estab-
lishment had not yet been taken over and did not yet possess all the equip-
ment destined forit. At first the station was kept ready at any time to receive
from and transmit to the counter establishment at Nauen. Later on, such
hours were fixed for receiving from and transmitting to the stations at Nauen,
Windhoek, Duala, as were found most favourable for the respective stations.
In communicating with Windhoek and Nauen, the wavelength used by day
was 6,000 m and by night 4,500 m. Duala transmitted by day with a wave-
l:ngth of 2,500 m and by mght 1,600 m, Kamina always with the 4,300 m
wave, Especlally important was the connection Kamina-Duala after the
destruction of the coast wireless station at Lome.

The warning issued to the merchant ships lying within the range of Kamina,
and the summons to put into neutral harbours produced good results; it
is well known that but few ships fell into the enemy’s hands. Statistics
drawn up after an inquiry made %y the Scientific Committee of the Prussian
Ministry for War show that the warning signals sent by German wireless
stations saved the country 800,000 tons of shipping. The Hamburg-America
line stated that forty-seven steamers of 287,237 gross tonnage had been
saved by wireless telegraphy and estimates the value of these steamers at
93-3 million marks. 1Ehe overseas German stations, in particular the large
establishments at Kamina and Windhoek, contributed largely to this work
of rescue.

What imparted greatest value to the Kamina wireless station was the fact
that after !E German cable had been cut, the mother country still possessed
independent means of maintaining the impurtﬂnt connection with Eu:r West
African colonies. Even telegrams from Western Europe to Berlin which had
failed to reach their destination owing to the cutting of European connec-
tions, were sent by the circuitous route via Spain-Teneriffe-Monrovia-Lome
(by the cable of the German South American Telegraph Company) and
thence by radiogram v/4 Kamina to Nauen. By agreement with the cable
station Pernambuco, a considerable portion of the communication it normally
carried on between South America and Germany was deflected vid Lome—
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Kamina ; this intercourse would otherwise have been either impossible or
subject to very great delay, after the cutting of the German cable on
August sth, 1914 ; since the fgreign routes which might be used as sub-
stitutes were so fully occupied. It was only ascertained later that a uni-
directional connection Kamina—German East Africa had been achieved.
News from Kamina, including important official telegrams, was received
by an establishment constructed out of equipment taken from wireless
stations on board ships and from the demolished station at Dar es Salem.
For the sake of additional security Windhoek was likewise requested to
transmit the telegrams for German East Africa. From the military and
political point of view as well, a constant connection with Berlin and the
transmission of official news to Duala and Windhoek was a great advantage.
The direction Kamina—Duala worked well, and thus the fears previously
mentioned proved groundless. Also all telegrams from Duala to Kamina
could be received and forwarded to their destination, but often with con-
siderable delays, and at times the signals were very weak or failed to arrive
altogether. The cause of this lay in the heavy load on the sole storage
battery (there was no reserve battery) in consequence of the very frequent
war communication with Fernando Po, the steamer Kamerun lying at the
entrance to the harbour of Duala, the coast wireless station Lome and the
large wireless station Kamina. When messages were sent with the machine,
they were distinctly received in Kamina so long as the motor in Duala was
running evenly ; but so soon as it began to run unevenly, Kamina did not
receive them. Transmission by means of the machine had the further dis-
advantage that in the meantime the battery could not be charged, whilst
the noise of the machine made very difficult or even completely prevented
the receiving of telegrams in the receiving room near by, Inspite of all these
difficulties, from August 1st to August 24th, 1914, 248 telegrams were
transmitted for Kamina and these were all received and deciphered. The
disturbances wilfully created by hostile wireless stations, by the Eiffel Tower
for instance, did not seriously hamper the receiving of the telegrams. The
wireless communication of the Eiffel Tower with French land stations could
often be followed. During the very limited periods of leisure, attempts were
made to disorganise hostile communications, for instance those between
the Eiffel Tower and the wireless establishments on the English battleships,
and those between the enemy’s coast establishments.

The traffic to be coped with by the large Kamina wireless station was
large, considering that generally telegrams in cipher were involved. During
August 152 telegrams of 4,011 words were transmitted from Nauen to
Kamina in 2,938 working minutes and in Nauen seventy-seven telegrams,
of 1,828 words were received,

The hours most suitable for the receiving of telegrams were ascertained
to be 1 am.—4.30 am. and 8 am.—1 p.m. The present writer was
repeatedly one of the listeners and can testify to the clearness with which
messages were received. Apart from a small local disturbance, caused by the
breaking of a connection between the amplifier and the battery, no other
disturbances occurred. The atmospheric influences were at times so strong
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during the hours just described as the most suitable for working, that
operations were difficult.

At the large wireless station of Nauen, which on the outbreak of war was
taken over by the Government and occupied by the military authorities,
the antenna arrangement then consisted of one tower 250 m high, three

" frame towers of iron and one Rendahl mast, each 120 m in height. Between
the towers was suspended an antenna, consisting of twenty wires, and
directed towards Togo (Kamina); its natural wavelength was 4,000 m
and its capacity 16,000 cm. As transmitting apparatus there were a quenched
spark transmitter of 80 kW and a high frequency generator of about 100 kW.

he frequency of the generator was 8,000 cycles, the spark transmitter worked
with waves of 4,800, 6,500, 7,500, and 9,400, and the high frequency generator
with waves of 9,400 and 4,700 m by means of frequency doublers.

Tue Derexce oF THE LArce WIRELEsSs StaTION.

On the arrival of the field troops of the Togo Protectorate at the wireless
station Kamina, it became urgently necessary to link together telegraphically
important points of the defence zone, and to connect them with the probable
main routes of the enemy’s advance. A field telegraph division was formed
for this purpose. Serious difficulties confronted the construction and opera-
tion of a sufficiently extensive and ramified field telegraph network. Trained
men were lacking ; the only ones available were the postal officials of the
Protectorate. Moreover, apparatus and wire were strictly limited. Fortu-
nately, when Lome was evacuated, all the stocks of telegraphic material which
could be seized and transported, had been taken ; this was supplemented
by the post office stocks accessible from Kamina, especially tﬁuse of the
neighbouring Atakpame.

Essential to success was the training of suitable staffs for the construction
and operation of the network. Europeans, whose profession or special
qualities rendered them suitable for the task, were thoroughly trained as
operators and as foremen for the laying of field lines, and coloured men were
trained to do the more menial work ; among the latter were the strong and
industrious Kabure men, brought from the northern hinterland to Kamina
by the Governor as labourers.

The most important strategical centre was located at Kamina, consti-
tuting the headquarters of the system. It was connected with the receiving
house of the large wireless station by utilising a pair of conductors of a cable
previously laid for lighting purposes. The rest of the lines were made of the
excellent bronze wire, 3 mm diameter, belonging to the imperial telegraph
service ; this wire was attached to natural supports (trees, etc., or rude poles),
but in many places it had to lie on the ground. As far as practicable, the
existing network of the postal service of tic railway was usmf along with the
improvised system. The chief technical centre was set up at the railway
station of Agbonu, the terminus of the hinterland railway from Lome, by
utilising an exchange cabinet taken from the equipment of the postal service.
Generally earth return was employed, metallic circuits only being used

o
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where cores were available. Intermediate stations were connected in parallel.
Considerable stretches had in some cases to be linked up. A postal service
with several deliveries daily was established between Kamina and Atakpame,
where the European soldiers were quartered. .

The strategical situation soon necessitated an extension of the network
towards the south-west, from which direction the French might be expected
to approach from Dahomey. The field telegraph station Njamassild served
as point of support for scouting operations in the direction of Dahomey, and
communicated by means of a cyclist corps with the more advanced scout
troops.

Two principles had to be kept steadily in view during the defence: (1) to
hold and operate as long as possible the large wireless station, and (2) when
it had to be surrendered, in no case to let it fall into the enemy’s hands in
working condition—such were the repeated injunctions of the Colonial Office.

Military considerations determined the line of conduct to be adopted in
respect of the former of these two principles. The narrow Protectorate of
Togo, enclosed between English and French possessions, disposed of very
scanty forces (a police troop). For the defence there were available 150
Europeans (many of them not soldiers)—these, in so far as they were not
used for other purposes, were formed into a European company, and the
police troop of the Protectorate, about 400 coloured men, the majority of
whom were reservists or recruits. It was impossible to man a line of defence
round the entire station, including the portion of the aerial absolutely
essential for the working of the station. That would have required 6,000 men.
The Vice-Governor thought to make the power house, the workmen’s house
and the receiving house the last points of defence, and to proceed to the work
of destruction when these buildings became untenable. Thus the destruction
would be deferred as long as possible, but it was very doubtful if it could
then be made complete. Besides, it would be impossible to continue the
working of the station once the enemy had occupied the antenna region
outside these buildings, because he would naturally at once have destroyed
the antenna.

After consultation with the senior officers and the representatives of the
Wireless Telegraph Company, it was decided that the destruction of the
power house and the receiving house would not suffice to render the wireless
station useless ; the towers must not be allowed to remain standing. Other-
wise, by means of transmitter appliances obtained from battleships or else-
where, the enemy might either disturb or intercept the communications of
other German wireless stations (Duala, German merchant vessels and
warships, perhaps even the Nauen—Windhoek traffic) and might obtain
valuable additions to his own means of sending news between Kamina and
English and French wireless stations in West Africa on the one hand, and
England and France on the other. From four to five hours were considered
necessary to destroy the station and throw down the towers. When to begin
the destruction must be determined by the military situation, 1.¢., it had to

be begun when the capture of the wireless station might be expected within
four or five hours.
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The Imperial Colonial Office was asked for instructions. [Its answer of
August 16th ran ‘ Measures left to discretion of men on the spot. Important
station must in no case fall intact into enemy hands.”

After this, the defence methods hitherto adopted had to be changed.
Trench digging was discontinued. The existing network of field telcgraih
stations protected by sentries or larger forces was extended, so that the
Governor, by means of continuous communications received from them at
Kamina, was kept exactly informed of every change in the situation in the
whole of the defence zone.

This change necessitated still greater exertions on the part of the field
telegraph division ; fresh stations had to be added to the network, e.g.,
south of Kamina, on the Chra and in Amuno. For lack of time, bare copper
wire had frequently to be laid on the ground for long stretches. As was to
be expected, the extension of the line eastwards, towards Tscheti, was
extraordinarily dificult. The difficulties began on the way to Awagome, a
resting place on the road from Atakpame to Sakode. The i;{ahur: men used
as wire carriers, weary of their hurSen, had thrown away most of the coils
of wire and fled into the bush. With great pains a sufficient quantity of
wire was sent to Awagome, the starting point of the new line, to begin the
work of construction, This work was attended with all the difficulties such
bush terrain can present. Apart from two white and one coloured post
messenger, told off to run the station, only Kabure men were available,
and these, besides being totally ignorant, had lost their morale through the
uncertainties of the campaign ang displayed but little of the willingness and
zeal with which they are usually credited. The terrain was as unfavourable
for the construction of the line as it possibly could be. Where grass, high
as a mounted rider, did not impede the advance, fallen trees did, or stout
tree roots running across the path, or large stones and pools of water, or
unbridged streams swollen by rains ; it was often impossible to proceed before
the obstacles had been removed or bridged. Such hardships added to the lack
of food and an incessant tropical downpour made the men so disinclined to
work that only extreme rigour could induce them to hold out. If the con-
‘struction were not completed before nightfall, it would be impossible to
count on a sufficient number of men for the next day.

When night fell, the intended terminus had not been réached by several
kilometres. A trial of the line was made at a temporary station in the forest,
and with great delight it was found possible to speak with Kamina, in spite
of the loss of current along the bare wire laid in wet grass, although * ringing
up ”* was not practicable. It was arranged that this new station should be
switched on to the line and announce itself ready to receive news at fixed
intervals, The next day the line was lengthened as far as the village
Agbakovhe. From Agbakovhe cyclists communicated with the post stationed
on the river Monu, whence scouts reconnoitred further in the direction of the
enemy. The new station rendered especially valuable service, as the French
were advancing from this quarter.

The field telegraph system worked satisfactorily throughout the campaign.
Few interruptions occurred and these were quickly remedied. This was

LU |

UNIVERSITY OF MI



260 THE RADIO REVIEW Vor. i1

due to the excellence of the material employed and the zeal of the employees,
whose devotion in their hard task was most praiseworthy, in spite of insuffi-
cient food supplies due to bad roads and the lack of reliable carriers.

Special care had to be exercised in the working of the system in order to
prevent coloured men from communicating damaging news to the enemy,
It was arranged to speak only German on the field lines, to man continuously
the various stations with at least one European and to carry on no private
conversations,

The method of defence adopted proved itself excellent. A systematic
scouting service was arranged and the results speedily announced to the
commander, thus enabling him to dispose of his forces to best advantage and
send his orders immediately to the remotest points. The capitulation of the
large wireless station was in the end inﬂitaElt in view of our inferiority in
men and munitions, but it was delayed until August 27th, 1914, after a
battle had been fought on the Chra (47 km south) inflicting heavy losses
on the enemy and retarding his advance.

Tue DesTrRUCTION OF THE STATION.

After the commander had given orders to destroy the large wireless station,
the work of destruction was carried out as follows : On a signal being g:l\flﬂﬂ
by steam sirens, the members of the thoroughly drilled * blasting division
(employees of the Wireless 'Ielﬂgraph Cnmpany and other Eurﬂpeans and
natives) took up their positions and the “evacuation police” completely
evacuated the endangered terrain; then the director of the operations,
standing near the engineers’ house ‘from which he had an unimpeded view
in all directions, gave the order by telephone to the receiving house (northern
gtay mast of the aerial) and by E}r{:hsts to the post by the southern stay mast
of the aerial : (1) to let down the receiving antenna. As soon as the antenna
had fallen it was to be cut by men detailed for that purpose. Simultaneously
by telephone order was given (2) to destroy the receiving room and (3) to
destroy the power house. Apparatus, rnaf:ﬁmes, auxiliary appliances were
for the most part blown up or broken in pieces, written documents, drawings
etc., were burnt. Then the order was given (4) to destroy the transmitting
antenna. The antenna was loosened at several points and, after it had fallen,
cut through in different places. The men then proceeded (5) to pull down
the towers by loosening the back-stays attached to the stay-wire foundations.
The towers fell with a loud crash fudrlength in the desired direction, some of
them being telescoped. The frame was completely bent. It was told how
the crash of the falling towers could be heard far away in the silent night.

Although the station had to be destroyed during the night and under a
cloudy sky, the work was carried out without untoward incidents. Fortu-
nately there were no discharges of atmospheric electricity, which might
have defied all the care taken to prevent harm to the men involved. An
enemy surprise had to be reckoned with—English officers told the present
writer that scouting parties had been in the immediate neighbourhood
shortly before the towers were pulled down—and consequently the destruc-
tion had to be accelerated as much as possible. It was accomplished in
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four and a half hours, two and a half hours longer than had been anticipated
owing to the difficulties caused by darkness ang the rusting of the back-stay
screws. It has been stated by our enemies (No. 81 of the Wireless World, of
1919) that we ought to have contented ourselves with putting the large
wireless station out of action, but that we ought not to have destroyed
unessential parts. In reply it must be emphasised that the destruction was
an inevitable consequence of the war. OSuch an important instrument of
communication could not be allowed to fall into the hands of the enemy who
could have used it for his own purposes and inflicted great harm with it on
his antagonist. In particular, our enemies would have been able to disturb
the communication between German warships and especially that between
the wireless stations Duala and Windhoek and between E‘llndhnek and Nauen,
If, on the other hand, only important parts had been destroyed, those parts
which had remained intact might have been made workable again by means
of supplementary parts or have been utilised for warlike purposes elsewhere.
In any case they would have increased the armaments of the enemy. As,
moreover, it was the duty of the defender, to keep the station in wnrkmg
order as long as possible, the destruction of the establishment which with its
nine lofty towers occupied an extensive terrain had to proceed with the
utmost dispatch, otherwise it would have been incomplete on the arrival of
the enemy whom the meagre defensive troops might indeed delay, but
could not repulse. For this reason, the destroyers were unable leisurely to
select those parts which the deemed sufficient to prevent the station being
put again in working order in a short time. A further principle guiding the
work of destruction was that valuable technical secrets should not get into
enemy hands, especially seeing that neither English nor French had hitherto
succeeded in establishing reliable wireless communication over such distances
in the tropics.

Had the large wireless station destined to join Germany with her African
colonies been erected in the interior of Kamerun, it is highly probable that
it could have held out longer than the Kamina station, so unfavourably
situated in case of war. Presumably the Kamerun campaign would from the
outset have been carried on more energetically and troops would have been
taken for it from the Togo enterprise, nevertheless it seems certain that
the capture of the station would have been considerably later. Disregarding,
therefore, the above-mentioned important reasons for selecting Togo and
bearing in mind only the course of the military operations, one is compelled
to admit that Kamerun would have been preferable as a situation for the
wireless establishment.

Thus did the first large wireless station to be erected in the tropics fall a
sacrifice to Bellona. Though not yet definitely taken over, Kamina satisfied
the enormous demands made upon it by the circumstances of the war. It
was fortunate that this important station had been completed just before the
outbreak of hostilities ;=m1§5 that, after the destruction of cable connections,
communication with the motherland was still possible. Although an
inauspicious fate cut short the time of its active life, Kamina will ever remain
an important landmark in the development of world traffic.



262 THE RADIO REVIEW Vor. 11.
Notes.

Personal.

Frederick A. Kolster, who is well known as the inventor of a direct reading decremeter, and
for other useful contributions to the radio art, has resigned from the Bureau of Standards,
Washington, D.C., to take up an appointment with the Federal Telegraph Company, California.

[2520]
M. Blondin, the director of the Revue Générale de I Electricité, has been nominated a Chevalier
of the Legion of Honour. [2467]

Mr. Frederick G. Simpson, electrical engineer, formerly chief engineer and general manager
of Kilbourne and Clark Manufacturing Company, and the Ship Owners’ Radio Service, Inc.,
has established offices at the L. C. Smith Building, Seattle, Washington, for the design and
construction of electric plants of all descriptions. [2541]

Dr. Leonard F. Fuller, the designer of the American type high and low power Poulsen
arc transmitters, has entered the service of the Wireless Improvement Company, who have
their works and offices in Jersey City, New Jersey, U.5.A.

Dr. Fuller will have charge of the design, construction, development and research work
in connection with all arc transmitters to be manufactured by this company in the future.

Prior to joining the Wireless Improvement Company, Dr. Fuller's work included the
design of such arcs as the 1,000-kW units installed in the Bordeaux (France) station,
which are the largest in the world, as well as of practically all of the high and low power
stations of the American Navy Department. [25689]

Commercial.

Peruvianw Posts axp Terecmarus.— By agreement with the Peruvian Government,
Marconi's Wireless Telegraph Co., Ltd., will on May 1st take over and operate for a ptnn& of
twenty-five years the whole of the pmtal, ttltg'rapl‘uc and WITEI-::I services of Peru, receiving
as remuneration 5 per cent. of the gross n:'tuph of the services and 5O per cent. of the annual
profits. Sir William Slingo, late Englntrr*m—fhltf of the British Post Office, has accepted
the position of Chief of the Peruvian Postal and _Telegraphic Department. Of the approxi-
mately 9,000 miles of telegraphic communication in Peru some exist at a height of 18 000 fcet,
notably where crossings of the Andes are made.

The concession includcs the sole and exclusive operation of all international wireless telegraph
stations within the Peruvian Republic, and the exclusive right to erect any further wireless
stations that may be considered necessary. [ﬂlﬂ]

Information from Washington indicates that the difficulties which had arisen in connection
with the high-power wireless stations which the American Federal Company was to erect at
Shanghai have yielded to diplomatic pressure. The work of erection is expected to occupy
about eighteen months. Stations are to be crected at a later date at Canton, Pekin and
Kharbin. The putting into operation of the Shanghai station should, it is believed, enable
direct wireless communication across the Pacific without the intervention of relay stations.

(2274]

VewezverLa Rapio Prans.—A definite programme has been established by the Venezuelan
Government for the installation of twenty-two wireless stations including in particular stations
at the following places : Maracay, San Cristobal, Maracaibo, Puerto Cabello, Coro, La Guaira
and Ciudad Bolivar, [2278]

A Higu-rower StaTion ror Warsaw.—It is announced by the Radio Corporation of
America that the new high-power station to be built by them at Warsaw (see Note No. 2368
on p. 205 of our last issue) is to be equipped with Alexanderson' alternators, [2464]

The radio station at Cape Cod, owned by the Radio Corporation of America, has recently
been opened for general public service on wavelengths of 600 and 2,200 metres, using C.W.
or interrupted C.W. transmission. Call letters WCC. Coastal station charges ten cents
per word, no minimum. The receiving station is located at Chatham, Mass.

A spark station has also been opened for general public service at New Brunswick, for
traffic on 300, 450, and 600 metres wavelength. Call letters WYN. Coastal station charges
ten cents per word, no minimum. The receiving apparatus is located at Belmar, N.].
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On and after May 1st, the station rate will be increased to eight cents per word (with no
minimum) for all "-'H.wh controlled by the Radio Corporation of America. Vessels operated

under contract with the U.5. Shipping Board will continue to apply the existing four cents
rate. [2642]

General,

S1scoNsET Rapio STaTioN.—A new radio station has been opened by the International
Radiotelegraph Company at Sisconset, on Nantucket Island, Mass. Current for operating
the plant is obtained from a storage ba“tl‘}’ which 1s chargl:d when necessary by means of a

gasoline-driven generator set. The transmitter is of the spark type and of 2 kW capacity.
[1506]

An American radio record was scored by the U.S. Navy when the Goat Island radio station
reported that messages had been sent within three minutes from Cavite, Plulippine Islands,
te Washington, D.C., a distance of 10,000 miles. [2288)

The radio station on the island Phu-Quoc (Cochin China) was opened for public service in
November last. The tariff for messages to any telegraphic office in Indo-China is 0.05 piastre

per word. [2118]

Terminar Markings ror Evectricar Apramatus.—A Sectional Committee has been
appointed by the Engineering Standards Committee to prepare a systematic plan for the
marking of the terminals of electrical apparatus. This work follows on the meeting of the
Electrotechnical Commission held in Brussels in March, 1g9z20. [2218]

It will be recalled that in the Report issued last ]]unc by the Imperial Wireless Committee
it was recommended that a syatem of Imperial wireless communication should be established
through a chain of stations 2,000 miles apart. It was suggested that the technical details of
the scheme should be worked out by a special commission. The members of this body which
included Lord Milner, Dr. Eccles, Mr. L. B. Turner and Mr. Shaughnessy are, with the excep-
tion of Lord Milner, now engaged in a detailed investigation of the scientific and engineering
problems involved and are expected to make a report during the next two months.  [2275]

Hicn-sPEEp WireLess TEei EGraPHY BETWEEN ALDERsHOT AND CorogNe.—A short
account of special high-speed tests conducted on February gth, 1oth and 11th, at 100 words
per minute, The results showed that B3 per cent. of the messages were received with perfect
slip; of the remaining 17 per cent.,  per cent. had errors which were readily corrected at
sight and due primarily to maladjustment of the apparatus ; and the remaining 8 per cent.
contained errors which necessitated repetition. Short trials were also undertaken at 150
words per minute with good results, The transmitter consisted of a 1{-kW valve ser, while
at the receiver a three-valve H.F. amplifier, Turner valve relay, valve amplifier and double
valve relay were employed all in cascade.— Post Office Electrical Engineers' Fournal, [2619]

The radiotelegraphic branch of the Department of Naval Service, Canada, announces the
opening of a new radiotelegraphic direction finding station near Red Head on the east side of
the entrance to the harbour, and 1-93 miles from Partridge Island Lighthouse. The new
station has been named St. John, N.B., Direction Finding Station and has call letters of VAR.
The wavelength to be used for transmission and reception is B0O metres, [18683]

An announcement was made on March 23rd last by the President of the Radio Corporation

of America to the effect that the United Fruit Company had a:thred a substantial minority
interest in the Radio Corporation of America and that they will be represented on the Board
by Mr. George S. Davis, who has been elected a director of the Corporation. (2568

The A.S. Norsk Marconi Kempani has declared a dividend at the rate of 5 per cent. for 1920,
making with the interim distribution a total of 15 per cent. for the year, [2581]

[n a *“ Notice to Airmen "' recently issued by the Air Ministry instructions are given as to
the employment by aircraft of the wireless direction finding stations established by the
British Navy at nine Pmnt:. along the British coasts, Eﬂﬂﬁ-ﬁ}
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Review of Radio Literature.
1. Abstracts of Articles and Patents.

(A.) Radio Stations and Installations (General and Descriptive Articles).

1755, The Organisation of a Subterranean Wireless Station at Paris during the War (Trocadero
Station). (Radioélectricité, 1, pp. 14—18, June, 1920.)
An illustrated description of the installation at the Palais du Trocadéro, Paris,

1756. H.Sauvé, The Radio Station at Bamako (Soudan). (Radsoélectricité, 1, pp. 348—351,
December, 1g20.)
A brief description with exterior views.

1757. Remote-control Panel for Radio Stations. (Scientific American, 124, p. 123, February
12th, 1921. Tecbnical Review, g, p. 16, April 5th, 1921—Abstract.)
A short note re a new arrangement of distant control panel, but giving no technical details.

1758. Extensions to the Nauen Radio Station. (L'Electricien, 52, p. 133, March 15th, 1921.)
A short note giving some details of the latest installation.

1759. W. Ison. Rome (San Paolo) Station. (Everyday Science, 2, pp. 503—504, January,
1921.)
A short illustrated description.
1760. E. W. Weleh., The Great Pre-War World Wireless Scheme in Germany. (Telegraph
and Telepbone Age, 19, pp. 102—104, March 1st, 1921. St Martin's le Grand, 11,
pp- 24—28, January, 1921.)
An abstract of an article published in the Archiv fiir Post und Telegrapbie. See Rapio
Review Abstract No. 1426, February, 1921 ; also pp. 68—75, February, 1921 ; and pp. 250
—261 in this issue for translation.

1761. Radie from Shanghai to Washington. (Telegrapb and Telepbone Age, 39, p. 104,
March 1st, 1921.)
Reference to the high-power radio stations to be erected by the Federal Telegraph Company
in China for direct communication with San Francisco and Washmgtun See Rapio Review
Note No. 1998, p. 154, March, 1921, and No. 2274, p. 262, in this issue.

1762. The Nauen Radio Station. (Science and Invention, 8, p. 880, December, 1920.)
A general illustrated description,

1763. A. C. Forbes. A 300 kVA Transmitter at Bolinas, California. (Science and Invention,
8, pp. 757 and 780, November, lgm.?
A brief illustrated description of the installation.

1764. Eilvese Radio Station. (Science and Invention, 8, p. 81, December, 1920.)
A short illustrated description.

1765. 8. R, Winters. Radio Stations to Improve Air Mail Service. (Wireless Age, 8, pp. 12—
13, January, 1921.)
A short illustrated note with regard to fifteen radio stations for use in connection with the
U.S. Post Office Air Mail Service.

1766. J. 0. Smith. Thousand-Mile Amatcur Radiophone. (Wireless Age, 8, pp. 11—13,
March, 1g921.)
A detailed ||]ustratﬂi description of an installation at Valley Stream, L.L., U.5.A., which has
communicated by radiotelephony over ranges up to 1,300 miles using an 1ntmn:¢ current of
approximately 3 amperes.

1767. Wireless Telegraphy in the Belgian Congo. (L'Electricité pour Tous, 2, pp 207—213,
September, 1920.)
A general illustrated account of radio developments in the Belgian Congo utr:cted from a
hook with the same title by R. B. Goldschmidt and R. Bralllard.
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1768. Transocean Radiotelegraphy. (L'Electricité pour Tous, 3, pp. 11—13, January, 1921 ;
p- 43—45, February, 1g921.)
An illustrated article describing briefly the Alexanderson machines, and the Towyn wireless
receiving station,

1769. de Boulllane. Wireless and the Mercantile Marine. (Radioélectricité, 1, pp. 280—284,
November ; pp. 325—335, December, 1920; pp. 443—.;4?, February, 1921.)

General illustrated descriptions are given of Marconi and C.G.R, ship installations ; and
also those of the Japanese Annaka Company, the Société des Télégrnphﬂ Multiplex (system
Magunna).

1770. Japanese Transmitting Station, Haranomachi. (World Wide Wireless, 2, p. 3, January,
1921. Elektrotechnische Zeitschrift, 42, p. 161, February, 1921—Abstract.)
A short note illustrating the reinforced concrete mast, 664 fut'gl

1771. Quenched Spark Wireless for Ships. (Times Engineering Supp.’mem, 17, No. 3557,
p. 106, March, 1921.)
A short note with regard to a new pattern of 1§-kW quenched-spark ship type transmitter
manufactured by the Marconi Company.

1772. J. A. Payne. Radiophone Transmitter on the U.S.5. George Wasbingion. (General
.Efﬂ'trl: Review, 23, pp. 804—806, October, 1920.)
A short description of the installation fitted by the General Electric Company, U.5.A., on
th: U.5.5. George Washingion for the use of President Wilson when crossing from Frnnn: to
Amenica after the Peace Conference. See also Rapio Review Abstract No. 1773.

1773 H. H. Beverage. Duplex Radiophone Receiver on U.5.5. George Washington, (General
Electric Review, 23, pp. Bo7—812, October, 1920.)

An illustrated description of the receiving apparatus used on the U.5.5. George Wasbingion
in connection with the transmitting apparatus described in previous abstract. The arrange-
ment of double aerials is described together with the circuit diagram of the apparatus and
amplifiers.

1774. Modern Marine Wireless Apparatus. (Electrician, 86, p. 381, April 1st, 1921.)
A short illustrated description of quenched-spark w:.rtl-:n apparatus manufactired by
Messrs, Siemens Brothers & Co, for marine use,

- — o eE— = e — . ———

1775. E. M. Kinney, Radio Apparatus for Aircraft and Ground Stations. (Proceedings of
the Engineers’ Society of Western Pennsylvania, February, 1920.)

1776. Wireless Telephone for Aeroplane Stations on the London to Paris Line. (The Times,
No. 42,428, p. 13, June 4th, 1920. Elcktrotecbnische Zestscbrift, 41, p. 759, September
23rd, 1g2o0—Abstract.)

1777. Wircless Railroad Signals. (Wireless Age, 8, pp. 10—11, January, 19z1. Electrical
World, 77, p. 554, March sth, 1g21—Abstract.)
A short illustrated description of the method of signalling to railway trains in which a loop
is suspended beneath the locomotive from which oscillating currents are sent by means of a
three-electrode valve. A tuned circuit on the track causes indications to be given in the
cab of the locomotive.

1778. F. Limon and G. Lebaupin. The Reception of Signals on Locomoetives. (L'Electricien,
52, pp. 121—126, March 15th, 1921.)
The Augereau system * is described and illustrated.

1779. L. de Forest. Setting Up an Amateur Station. (Experimental Science, 1, pp. 21—23,
May, 1920.)

. e —— =

* See also Rapio Review Abstract No. 566, July, 1920,
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t780. 8. C. Hooper. Sketch of Present Radio Situation Influence on Tactics and Strategy.
(Proceedings of the U.S. Naval Institute, 46, pp. 12069—1218, August, 1920.
Elektrotecbnische Zetschrift, 42, p. 87, {I:.nu:.r:r 27th, tg21—Abstract. Radio-
electricité, 1, pp. s07—s08, March, 1g21—Abstract.)
A paper presented to the U.S. Naval Institute reviewing the whole wircless system of the
U.5. Navy, including radio compass apparatus.

1781, L. H. Maertens. Radiotclephony in the East Indies. (Radio Niewws, 4, pp. 12—16,
January, 1g921.)

A brief account of tests made with two }-kW Marconi sets.

1782, J. H. C. Harrold. Wireless Telegraphy : Its Application and Value to the Marine
Service. (Nautical Magazine, 105, pp. J09—111, April, 1921.)

Some statistics are given with regard to the value of wireless to the merchant serviee and
the fitting of all lighthouses and buoys with automatic wireless transmitting apparatus is
described. Some special installations send out specified combinations of signals with which
ships can take bearings with their D.F. apparatus,

1783. Wireless Transmission applied to Telegraphy and Telephony by Wire. (Technical
Review, 8, p. 190, February 22nd, 1921. Abstracted from Export and Import Review,
Berlin, October, 1920.)

Deals with the application of triode valves to multiplex telegraphy and telephony along
wires,

1784. A. Hta;n Marine Uses of Radio. (General Electric Review, 24, pp. 187—18g, February,
1911.
A short article describing in a general way the various applications of radiotelegraphy and
telephony, and radio direction and position finding.

1785. The Development and Commercial Application of Radio Communication. (Gemeral
Electric Review, 23, p. 793, October, 1920.)
Editorial comment on the development of C.W. transmitters,

1786. W. H. G. Bullard. The Application of Radio te Navigation Problems. (Fournal of the
Franklin Institute, 190, pp. go31—qo4, December, 1920.)
A short abstract of a lecture delivered before the electrical section of the Franklin Institute,
which summansed the chief marine uses of wireless.

1787. T. C. Harrlson. Some Notes on Wireless Telegraphy. (Practical Engineer, 63, pp. 118
—120, February 24th, 1921.)
A résumé of the histonical developments of wircless telegraphy.

1788. L. M. Dunham. Wireless as a Hobby. (Telegraph and Telepbone Age, 39, pp. 7—5,
January 1st, 1921.)
178g. Origin and Development of Radio Service in America. (Telegraph and Telepbone Age,
19y PP- 54—55, February 1st, 1921, Wireless Age, 8, pp. 13—14, February, 1921.)
A general article summansing the introduction of wireless working into America, and with

Admiral Bullard's part in encouraging the formation of the Radio Corporation of America.

179o. C. G. Crawley. Wircless Communication. (Telegraph and Telepbone Fournal, 7,
pp- 92—93, March, 1921.)

An address delivered before the Telephone and Telegraph Society of London summarising
the various types of wireless communications—between ships, aireraft and fixed stations.
Summaries are given under the headings Naval, Mercantile Marine, Mercantile Operators,
Coast Stations, D.F. Stations, Aircraft Wireless Telephony, Imperial Chain, High-power
Stations. A section is also included comparing wireless and cable communications.

1791. J. H. Dellinger. Long Distance Radio Telephony now Practical. (Electrical World,
77, Pp. 142 —143, January 15th, 1921, Seientific American Montbly, 3, pp. 157—162,
February, 1g21—Abstract.) )

A shorr article summarising recent progress in radiotelephonic transmission and dealing also
with the most important problems at present requiring solution—such as the elimination of
disturbances and interference, the provision of a reliable calling signal and the development of
the maximum possible number of multiplex routes with wire-directed radio transmission,

J
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1792. L. B. Atkinson. Electrical Science and Industry. (Journal of the Institution of Elec-
trical Engineers, 59, pp. 1—20, December, 1920. Electrician, 85, pp. 616—619,
November 26th, 1g20—Abstract.)

The Inaugural Presidential Address to the Institution of Electrical Engincers. In the
course of the Address recent progress in wireless signalling methods is summarised.

1793. Radiotelegraphy and Telephony in 1920 and 1921. (Electrician, 86, pp. 94—95,
January 21st, 1921.)

A general summary arranged under the following headings : The Development of the Therm-
ionic Valve, the Development of High-powered Stations, Progress in Reception, Wireless
Telephony, Progress in Arc and C.W. Stations, Commercial Items, Lines for Future Develop-
ments, the Secrecy Problem, Wireless Control Systems and the Chief Problems for the Future,
In the last section the following items are included as requining development or solution :
An efficient trigger relay, a valve which operates without filament battery, high-power vacuam
tubes, a more reliable form of high-frequency alternater, new limiters and X-eliminators,
methods of eliminating spark interference during C.W. reception.

1794. International Radiotelegraphy. (Electrician, 86, p. 242, February z5th, 1921.)
An editorial note with regard to the activity in establishing high-power radio service in

various countries.

1795. A. N. Goldsmith, Transocean Telephony. (Telegrapb and Telepbone Age, 39, p. 10,
March 1st, 1921.)

A short abstract of a lecture and demonstration at the College of the City of New York, in

which reference was made to recent long distance radiotelegraph and telephone communication.

1796, C. Q. Crawley. Wireless Waves. (S1. Martin's le Grand, 11, pp. 10—113, January, 1921.
Telegraph and Telepbone Age, 19, pp. 128—129, March 16th, 1921 —Abstract.)
A popular article outlining the chief methods of wireless communication. See also Rapro
Review Abstract No. 1738, January, 1gz21.
1797. 4. 0. S8mith. Amateur Spark and C.W. Transmission. (Wireless Age, 8, pp. 11—12,
February, 1921.)
A critical comparison of the two methods of transmission.

—

1798. E. F. W. Alexanderson. Central Stations for Radio Communication. (Telegraph and
Telepbone Age, 19, pp. 2—5, Januvary 1st, 1g21. Electrician, 85, pp. 657—0658, Decem-
ber ird, 1920. Engineer, 121, p. 131, March 25th, 1921.)
An abstract of a paper read before the Institute of Radio Engineers on November 1oth, 1920,
(See also Note No. 1828 on p. g9 of the February issue.)

(B.) Spark Gaps and Spark Transmitting Apparatus.

1799. L. Bouthillon. On the Charging of Condensers by an Alternating E.M.F., and their
Dnscharge through a Spark Gap. An Investigation of the Conditions for the Production
of a Musical Note. (Radioéleciricité, 1, pp. 286—291, November, 1920 ; pp. 4483—454,
February, 1921 ; pp. §33—546, April, 1921.)
A very mathematical discussion not suited for an effective abstract. The original should be
consulted.

1300, New ']]'}'pe of Radio Transmitter. (Telegraph and Telepbone Age, 19, p. 67, February 1st,
1921.

A mwg pattern of radiotelegraph transmitter is briefly described and illustrated. It is
manufactured by the Wireless Speciality Apparatus Company, of Boston, U.5.A., and the
special feature of interest is the provision of a magnetically controlled wave-changing switch,
permitting the complete remote control of the transmitter, and the almost instantancous
change to any one of four wavelengths for which the set is adjusted.

18a1. J. D. Morgan. Impulsive Sparking Voltages in Small Gaps. (Philosopbical Magazine,

41, pp. 462—y69, March, 1921.)
Some experimental curves of sparking voltages are included in the article,



268 THE RADIO REVIEW VoL. 11.

1802, H. E. Hallborg. Seli-cooled Quenched Gap, (W ireless Age, B, pp. 19—20, February,
1gar.)

Constructional arrangements and parts of this gap are described and illustrated.

1303, F.Perrin. On Radio Stations with Synchronous Rotary Spark Gaps. (Radioélectricité,
1, PP- 503—506, March, 1921.)

A mathematical discussion u! the charging and discharging of a condenser synchronously
with the A.C. supply, as with a rotary spark gap having the same number of teeth as there
are pairs of poles on the alternator. Curves are worked out giving the maximum sparking
voltage and the efficiency in terms of the ratio Lw/R, as well as the variation of voltage
across the condenser terminals throughout the charging period.

1804, M. Brossler. Undamped Oscillation Generators. (Radrodlectricite, 1, pp. 115—127,
August ; pp. 175—183, September ; and pp. 225—240, October, Igm}
General descriptions are given of timed spark, arc, H.F. alternator, and valve transmitting
apparatus, with illustrations of installations at some high-power stations.

(C.) Arc Apparatus.

1805. E. W.Stone. The Poulsen Arc. (Proceedings of the U.5. Naval Institute, 46, pp. 1049—
1073, July, 1g20. Technical Review, 7, pp. 357358, December 14th, 1920.)
Gives a résums of the mode of operation of arc osaillation generators, with circuit diagrams
of the arrangements and good illustrations of large arc installations.

18ch. Westinghouse Lamp Company. Continuous Wave Transmitter. (French Patent
505611, October 1st, 1g1g. Published August 3rd, 1920.)
The specification describes an oscillation generator of the arc type which consists of two
main clectrodes and an auxiliary mercury electrode serving for starting the arc. See also
British Patent 115185.%

18~7. The Arc Generator as an Engineering Mechanism, (Electrician, 85, pp. 648—631,
December 3rd, 1920. Science Absiracts, 138, p. 101, Abstract No. 198, March 28th,
1g21—Abstract.)

A short illustrated description of the arc oscillation generators manufactured by C, F, Elwell,

Lid. Ten-kilowatt and 25-kW sets are illustrated together with parts of the latest type of

250-kW apparatus.

1808. L. F. Fuller. Duplex Operation by Two Arcs. (Wireless Age, 8, p. 20, January, 1921.})
An arrangement of two arc generators 1s described, cach connected to its awn scrial system
so that simultaneous operation on different wav tlcngths may be used, or the two sets of
apparatus may be operated together on the same wavelength, an additional cireuit being
rovided for maintaining the oscillations in the two acrial networks in phase with one another.
Signalling is effected by keying in this coupling circuit so that the oscillations in the two aerials
are alternately thrown into and out of phase with one another.

(D.) High-frequency Alternators.

18cg. E. Blake. The Alexanderson High-frequency Alternator. (Wircless Waorld, 8, pp.
702—70§, January Bth, 1921. Telegraph and Telepbone Age, 39, p. 79, February 16th,
1g21—Abstract.)
An illustrated description, covering similar ground to the article referred to in Abstracts
Nos. 1209, December 19205 1333, January 1g921.

1810. M. Latour. The Production of High-frequency Currents by Dyname-electric
Machinery. (Annales des Postes, Télégrapbes et Télépbones, 10, pp. 32—359, March,

1921.)
This paper contains practically the same material as those referred to in Rapio REview
Abstract No. 781, September, 1920. See also Rapio Review, p. 491, July, 1920,

* Rapio Review Abstract No. 4o7, June, 1g20.

UNIVERSITY OF MICHIGAN
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1811. J. Béthenod. On the Self-excitation of Alternators by means of a Capacity, (Radio-
électrscité, 1, pp. 187—188, September, 1920.)
A short mathematical treatment of the subject based on Blondel's theory.

(E.) Static Frequency Raisers.

1812. J. Zenneek. The Theory of the Magnetic Frequency Transformer. [ Jabrbuch Zeit-
scbrift fur drabilose Telegrapbie, 17, pp. 2-—21, January, 1921. )
An abstract of a paper which was read in New York in 1g15. It has appeared in full in
Proceedings of the Insttute of Radio Engineers, 8, pp. 468—492, 1920. (Rapio REview
Abstract No. 1436, February, 1921.)

(F.) Thermionic Valves (and Valve Apparatus).

(1) anp (2) GENERAL DESCRIPTIVE ARTICLES.

1817. L. de Forest. The Audion: lts Action and some Recent Applications. ( Fournal of
the Franklin Instuute, 190, pp. 1—38, July, 1920, Bulletin de la Societé Belge des
Electriciens, 34, pp. 243—245, October, 1gzo0—Abstract. Science Abstracts, 238, p. 496,
Abstract No. g46, October jist, 1gzo—Abstract. Radio News, 2, pp. 208—210,
October, 1920 ; pp. 280—282 and 333—335, November, 1920; and pp. 358—359,
186 and 388, December, 1920.) .

A general historical account of the development of the audion followed by a consideration
of the theory of electronic emission from hot filaments and some of the uses of three-electrode
valve apparatus. Various radio sets using audions are illustrated and also several patterns
of three-electrode tube,

1814. H. J. van der Bijl. Electron Relays as Amplifiers and Ducil]a;nru. (Popular Science
Monbly, 96, pp. 132, 134, 136 and 137, April, 1920 pp. 132, 134, May, 1920 pp. 142
and 144, _|u:1r_, |gm.}
A pnpular descriptive article,
1815. Notes on the Three-electrode Valve. (Meodel Engineer, 43, pp. 406—408, November

18th, 1920 ; pp. 473—474, December gth, 1920.)
A general descriptive article dealing with the various uses of the triode valve,

1816. M. Brossler. The Vacuum Tube in Radiotelegraphy. (Radioélectricité, 1, pp. 19—32,
June ; pp. 82—q1, July, 1920.)
A general account of the multitudinous applications of two- and three-electrode valves,
with illustrations of a number of types of French amplifiers, etc. Different types of valves
are illustrated, with characteristic curves.

1817. Electronic Vacuum Tubes. (L'Electricité pour Tous, 3, pp. 75—77, March, 1921
pp. 107—10g, April, 1921.)

A short general article with illustrations of typical patterns of valves.

1818, Soeclété Frangaise pour I'Exploitation des Prooédés Thomson-Houston. Valve Detector.
( French Pmmr 5{:6594, November 26th, 1914. Pubh:hed August 25th, 1920.)

'r"a.]ve: for receiving wireless signals have thcu‘ anode circuits cn:rgla-:d by the same battery
as is used for heating the filaments—the voltage being preferably about six volts. The anode
1s a metal which is electro- puuhvt to the filament.

There is a corresponding British application, No. 147816, of July gth, 1920, the patent on
which has not yet been granted. (British Thomson-Houston Company, assignees of W. C.
White. Convention date October 11th, 1917.)

181g. P, H, Boucheron. Two New Vacuum Tubes. (Wireless Age, 8, pp. 15—16, February,
1921.  Electrical World, 77, p. 498, February 26ch, 1921—Abstract.)
A description of two new three-electrode vacuum tubes manufactured by the Radio Corpora-
tion of America.® A number of circuit diagrams are also given of various arrangements of
amplifier.

*® See also Rapto Review Note No. 2170, pp. 152 and 154, March- 1g921.
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1820. J. Seott-Taggart. The Use of Vacuum Tubes for Wireless Transmission and Reception
of Continuous Waves. ( Fournal of the Institution of Electrical Engineers, 58, pp. 83—
897, September, 1920.)

The paper is divided into two parts dealing respectively with the use of vacuum tubes for
generating oscillations and a discussion of some modern methods for receiving C.W. signals
by using the heterodyne pnnclplt A second paper is also devoted to the prudumnn of Iugh
vnltngt: for tﬂmmlumn circuits and the use of D.C, dynamaos, inductlon coils and rectified
alternating current is discussed.

(1) TueEory AxD Puvysics oF THErMionic VaLvEs,

1821. 5. L. Ting. Experiments on Electron Emission from Hot Bodies. (Proceedings of the
Reoyal Society, g8a, pp. 374—391, February 2nd, 1921, Chemical News, 120, p. 272,
June 4th, 1920—Abstract, E'I-’arurr, 105, P- 441, June 3rd, 1920—Abstract.)
Experiments are described designed to be a continuation of experiments on the electron
currents from metal discs and filaments made by Professor Richardson in 1907. In 1914
Schottky found a distribution of energy of the electrons from tungsten and carbon filaments
to be in close accordance with Maxwell's law and the present ex periments show that deviations
from Maxwell's law if not general are at any rate quite common. With lime- coated platinum
the emission energy is either exceptionally low or else the method of investigation gives
illusory results. Data are also given showing interesting hysteretic effects in the electron
currents. Possibly such effects indicate the presence of residual gas and the deviations from
Maxwell's law may be in some way connected with such contamination.

1822. H. W. King. * Calculation of the Constants of the Three-clectrode Thermionic Vacuum
Tube. (Physical Review, 15, pp. 256—268, Apnil, 1g20.  Science Abstraces, 214, p. 432,
Abstract No. 1091, August ji1st, 1g20—Abstract.)

This paper has already been abstracted —Rapio Review Abstract No. 423, June, 1920,

1823 L. Langmulr. Fundamental Phenomena in Electron Tubes having Tungsten Cathodes.
(General Electric Review, 23, pp. 503—513, June, 19203 pp. §89—596, July, 1920,
Electrical World, 76, p. 249, July 3ist, 1920, and p. 537, September 1ith, 1920—
Abstract. Techmical Review, 7, p. 221, November 16th, 1gzo—Abstract. Scrence
Abstracts, 23a, p. 585, Abstract No. 1471, November joth, 1g2z0—Abstract. L'Elettro-
tecmica, E pp. 15—16, January, 1921—Abstract.)

The author discusses the fundamental factors including the operation of two and three-
electrode electron tubes—such as the electron emission from the Alament, the effect of space
charge, the disturbances caused by the current passing through the I"il:nml.-nl:l the effects due
to the electrostatic charge upon the walls of the bulb, the effects caused by lack of uniformity
in the temperature of the filament and the effects of external magnetic fields. The second E:rt
of the article discusses primarily the emission of secondary electrons from the walls of the bulb
and from the electrodes. Typical characteristics are given for different conditions of operation
and finally the effect of the grid in a three-electrode valve is considered mathemarically.

1824. A. Blondel. Graphical Theory of Audion Generators and the Calculation of the Ampli-
tude of the Oscillations. (Radioélectricité, 1, pp. 7—13, June, 1920; pp. 63—72, July,

1920 ; also p. 340, December, 1920.)
Covers similar ground to the articles referred to in Abstracts Nos. 352, May ; 418, 419 and
422, June, 1920. '

1825. H. Vogel and M. Wien. Acoustic Tongue Pipes and Triode Oscillations. (Annalen der
Pbysik, 62, pp. 649—665, August 4th, 1920. Fabrbuch Zeitschrift fiir drabtlose Tele-
grapbie, 17, pp. §6—57, January, 1921.)

An experimental study and discussion of the analogous phenomena occurring in tongue
pupu and in triode oscillators with coupled oscillatory circuits. The phenomena known as

* Ziehen," i.e., the occurrence of the sudden phase change at different values of the tuning
condenser according as its capacity is being increased or decreased, is shown to have its exact
analogy in the acoustic experiment,
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1826, F. H. Newman. Absorption of Gases in the Electric Discharge Tube. (Proceedings of
the Pbysical Society of London, 13, pp. 73—32, February 15th, 1921.)
A continuation of previous work. (See Rapio Review Abstract No. 656, August, 1920.)
It is concluded that the absorption is principally chemical in nature, and that it takes place
very rapidly at clean freshly deposited metal surfaces.

(R.) Radio Direction Finding.

1827. R. Mesny. The Diffraction of the Electromagnetic Field by a Cylinder. (Science
Abstracis, 238, p. 495, Abstract No. g4o, October 31st, 1920.)

See Rapio REview, 1, pp. §32—540, August, 1920 ; and pp. §51—3597, September, 1520.

1828. Telephoning over High-tension Lines. (Sciemtific American, 125, p. 544, November
27th, 1920.)

A brief reference to an installation of wired wireless telephony over a 11,000-volt line
between Ocean City and Atlantic City, N.].

1829. W. Burstyn. Wireless Telegraphy in Space. (Jabrbuchk Zeischrift fur drabilose
Telegrapbie, 16, pp. 322-—1337, November, 1g920.)

The problem of transmission between an aeroplane and a ground station is considered.
The trailing aerial of the former is taken as being equivalent to a Hertzian oscillator inclined
at about 20 degrees to the horizontal. Because of this pesition it shows a very strong
directional action which leads to a complicated spacial characteristic. The received current
i also dependent on the aenial arrangement of the ground station. The relation between
the received current and the spacial relations of the aerials is written

| R .
8= k.i.umf.umq

where 8 is the received current, k is a constant, b the distance between the stations, £ the
angle between the axis of the sending oscillator and the direction of radiation, and 5 the
angle between the electric vector and the direction of the receiving Hertzian oscillator.
Various special cases of this characteristic formula are discussed in detail (e.g., the case in
which the aeroplane while sending maintains a constant direction at constant height, or the
case in which the aeroplane turns at an approximately constant distance, ete.). The possi-
bility of errors in taking directional bearings on an aeroplane transmitter of this type is
considered briefly, a further discussion being postponed for a later paper,

1830. J. Hollingworth and B. Hoyle. Local Errors in Radio Direction Finding., (Technical
Review, 7, pp. 427—428, December 28th, 1g20—Abstract.)
See Rapio Review, 1, pp. 644—64g, October, 1920,

1831. G. Ferrie, R. Jouaust, R. Mesny and A. Perot. Radiogoniometric Investigations.
(Comptes Rendus, 172, pp. 44—57, January 3jrd, 1921.)

The results of observations carried out by a special D.F. observing station erected at
Meudon are set out briely. The observations were made on signals from Lyons, Hanover,
Rome, Nantes, ﬁnn:pulis, Clifden and Moscow, and a chart is included summansing some
large vanations in apparent direction from the Hanover station. These variations were

accompanied by bad minima of signal strength and their magnitude varied with the season
_of the year.

1832. J. H. Dellinger. The Radioc Compass. (Radio Amateur News, 1, pp. $00—402,
February, 1920.) ’
A general descriptive article,
1833. The European Direction-finding Stations. (Radioélectricité, 1, pp. 18—19, June, 1920.)
Includes tabular particulars of the principal British, French and German D.F. stations
with a chart showing their positions.

1834. Marine Direction Finding. (Radieélectricité, 1, pp. 33—35, June, 1g20.)
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1835. The Determination of a Ship’s Position by means of Wireless Telegraphy combined
with Submarine Sound Signals. (Radieélectricité, 1, p. 256, October, 1920.)

1876, L. Fave. Marine and Aerial Navigation. (Comptes Remdus, 172, pp. 252—154,

January 3ist, 1921.)
Includes some references to the uses of W/T.

1837. J. Erskine-Murray and J. Robinson. Wireless Direction-finding Apparatus. (Fremch
Patent 505571, October 2gth, 1g1g. Published August and, 1920.) g .
In order to enable vessels and aircraft to determine the direction of a transmitting station,
it is proposed to provide the station with means for sending out signals in pairs at a definite
angle apart, and means to provide that the signals are sent out in pairs in different directions.
See also British Patent 115806, Rap1d Review Abstract No. 5035, July, 1920

(S.) Distant Control by Wireless.

1838. E.T.Jones. Torpedo Controlled by Aeroplane. (Wireless Age, 8, pp. 30—31, October,
1920.) : .
Circuit diagrams of an arrangement due to E, C. Hanson are given. The torpedo carries
an antenna suspended by a balloon.

1839. Radio Control of Naval Units. (Scientific American, 123, p. 442, October joth, 1920.)

1840. Radio Control for Aeroplanes. (Scientific American, 123, p. 402, October 16th, 1G20.)
A short note referring to the use of radio means for controlling pilotless aircrait.

(T.) High Frequency Wire Telegraphy and Telephony.

1841. F. E. Pernot. The Use of Alternating Currents for Submarine Cable Transmission.
(Fournal of the Franklin Institute, 190, pp. 323—371, September, 1g920. Electrical
World, 76, p. 792, October 16th, 1920—Abstract.) s

Experiments with wired wireless communication for the Alaskan submarine cable system
are described. Extended tables of measurements and other data are included together with
curves of capacity attenuation constants and other similar factors.

1842. J. Corver. High Frequency Wire Telephony. (Radio Niewws, 3, pp- 267—270,
September, 1920.)

1843, H. Fll_.lh:llr.lul'. and E. Habann, Circuit
for High Frequency Line Telegraphy. ™ & j

-

(German Patent 312590, September » ¥
z25th, 1918.) 1 L J e )
circuit in which the
=,

B}
J

A “wired wireless "'
transmitter also serves to generate the local

oscillations required for beat reception (sce
Fig. 1). "

1844. J. W. Kean. Wired Wireless Experi- - —
ments in the United States. (Radio Fic. 1.
News, 2, p. 134, September, 1920.) :
A résumé of G. 0. Squler's experiments. (See Rapio Review Abstract No. 854, September,
1920.)

1845. A. Gradenwlitz. Wired Wireless Experiments in Germany. (Radio News, 2, pp. 135
and 164, September, 1920.)
A résumé of Fassbender and Habann's experiments. See Rapio Review Abstracts Nos.
1146 and 1179, November, 1920.
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(U.) Miscellaneous Methods of Communication.

1846. T. W. Case. Thalofide Photoelectric Cell. (Elecirical World, 76, p. 1033, November
2oth, 1920.) Also The Thalofide Cell, a New Photoelectric Substance. (Pbysical
Review, 15, pp. 28g—202, April, 1920. Science Absiracts, 23a, p. 587, Abstract No.
1477, November joth, 1920—Abstract.)

A short note describing experiments on the use of new thalofide cells for photophonic
transmission. An acetylene flame transmitter was employed.

1847. H. Barkhausen and H. Liehte. Quantitative Experiments on Sound under Water.
(Annalen der Physik, 62, pp. 485—s516, July 16th, 1920. Science Abstracts, 23a,
Pp- §77—578, Abstract No. 1456, November joth, 1920—Abstract.)

1848. Leader Cables for Navigation. (Times Engineering Supplement, 17, No. 555, p. 33,
January, 1921.)
An account is given of a demonstration of the apparatus installed at Portsmouth.
1849. E. T. Jones. Convoying Ships by Radio. (Experimental Science, 1, p. 7, May, 1920.)
Apparatus is described for guiding ships by a submerged cable,

(V.) Traffic Particulars of Radio Stations.

1850, The Development of Radio Traffic in Germany. (Annales des Postes, Telégrapbes et
Télépbones, g, p. 593, December,.1920.)
A brief résumé of radio traffic from June, 1919, to June, 1920.
1851, The Reception and Transmission of Meteorological Bulletins for Ships. (Radrodlectricité,
I, Pp- 298-—300, November, 1920.)
Tables are given of the principal stations circulating such reports.
1852. The Programmes of Press Transmission. (La Narure, 48(2), Supplement p. 183,
December 4th, 1920.)
Particulars are given of the leading European high-power stations.

1853, German Wireless Press Service. (Telegraphben- und Fernsprech-Technik, g, pp. 149—150,
December, 1920.)
A description of experiments in the distribution of wireless news by telegraphy and telephon
from Kénigswusterhausen which is fitted with a 1-kW valve transmitter (300 watts in mtenna{

1854. G. Blgourdan. Corrections to the Normal Time Signals transmitted by the Inter-
national Bureau de I'Heure between January 1st and March 1%:111 1gzo. (Compres
Rendus, 171, pp. 6oo—60g, October 4th, and EJ& 641—b645, October 11th, 1920.)

Tables are given of the corrections to the standa endulum by which the transmission
of the time signals is controlled, and also of the errors of the wireless telegraphic transmission.

1855. The Nantes Radio Station. (Radioélectricité, 1, p. 421, January, 1921.)
A short note stating that four new 180-metre towers are to be added to this station, enabling
transmission to be effected with wavelength between 11,000 and 20,000 metres.

1856. Wireless Telephone to Geneva. (The Times, No. 42592, p. 7, December 13th, 1920.)

A report relative to wireless telephone transmission tests between London and Geneva
via Chelmsford radio station. Spt::qu were sent to Geneva by Lord Burnham, Lord Riddell
and Dr, Graham Bell speaking on an ordinary landline telephone instrument.

(W.) Radio Legislation (Agreements, Patents, etc.).

1857. International Communications Conference. (Telegraph and Telepbone Age, 38, pp.
592—593, November 16th, 1920.) '
Reference is made to the visits of the international delegates to the radio plants in the
vicinity of New York.

18¢8. P. Brenot. International Radio Legislation. (Radioélectriciee, 1, pp. 154—165,
August ; pp. z211—216, September, 1920.) _ ‘ _
A summary of the main international laws fixed by the radio conventions, and now in
force.
X
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1859. An International Postal, Telegraphic, and Radiotelegraphic Conference. (Radio-
électricité, 1, pp. 108—u11, July; pp. 168—169, August, 1920.)
A report of a conference held in Pans in July, rgae.

1860. Japanese Regulations concerning the Transmission of Public Correspondence by
Private Telegraph Stations or by Private Radio Stations. (Fowrnal Telégrapbique,
44, pp- 127—130, August 25th, 1920. Radiedlectricité, 1, p. 362, December, 1920;

PP. 41g—420, January, 1921.)

1861. Australian Wireless Restrictions. (Electrical Review, 87, p. 8o, July 16th, 1920.)
Reference is made to the conditions under which wireless telegraph licences are granted.

1862. French Radio Legislation. (Radioélectricité, 1, pp. §2—4§5, June; pp. 102—i104, July,
1g2o ; also p. 165, August, 1g20.)
A detailed statement of the French radio laws at present in force.

1863. British Radio Legislation. (Radioéleciricité, 1, pp. 267—272, October, 1920.)
A summary is given of the laws at present in force.

1864. The Reception of Time Signals and Meteorological Telegrams in France. (Radio-
électricité, 1, pp. 310—312, November, |gzu}
Details of lcglsiarm-n for this class of radio work.

1865. Wireless Telegraphy and Aernal Navigation. (Radioélectricité, 1, pp. 216—217, Sep-
tember, 1920.)
A summary of the French laws bearing on this phase of radio work.

1866. Wireless Telegraphy in Colombia. (Electrical Review, 87, p. 274, August 27th, 1930,)
Reference 1s made to a contract between the Colombian Guvr:rnm:nt and Marconi's Wireless
Telegraph Company for the erection of stations.

1867. Argentine Wireless. (Elektrotechnische Zeitschrift, 42, p. 42, January 13th, 1gz1.
Abstracted from Latesnamerika, (A), pp. 230—231, Igm]

Details of various interests which have obtained concessions for the erection of high-
powered wireless stations in Argentine, but more especially of a German company founded
jointly by Siemens and the A.E.G. under the name of the “ Compania Radiotelegrafica
Transradio ' with the object of liberating South America from the English cable monopoly.

(X.) Biographical and Personal Notes.

1868. D. C. Jackson. Dr. Elihu Thomson—Scientist, Inventor and Educator. (General
Eleciric Review, 23, pp. 983—g84, December, 1920.)
A biographical sketch.

1869. Thomas Thomassen Heltye. (Telefunken Zestung, 4, No. 21, pp. 3—4, July, 1920.)
1870. M. Jules Carpentler. (Radioéleciricité, 1, pp. 5—6, June, 1920.)

1871. Genceral Messimy. (Radioélectricité, 1, pp. 173—174, September, 1920.)
A short biographical notice with portrait,

1872. M. Edouard Branly. (Rﬂd'mdﬂ:mcm.l pp. 277—279, November, tg:r:]
Some biographical notes, including a phntn-graph;: reproduction of a wireless message
received by M. Brandy trnm Mr. Mareoni on March 28th, E

1873. M. E. Brylinskl. (Radiceleciricité, 1, pp. 323—324, December, 1920.)
Biographical notes.

1874. L. Amaduzzl. The Scientific Work of Professor Righl. (Revue Sciemtifigue, 58, pp.
§24—527, September rith, 1920. Scrensia, 28, pp. 467—472, December 10t I'l,'n;tn.ﬁl
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1375. A. Rlghl, (Radioélectricité, 1, pp. 223—z224, October, 1g20. Elekirotechnische Zeit
s:&n'_jlrj'l, 41, p. 598, July 29th, 1920. Compies Rendus, 171, p. 1251, December 20th
1920.
Obituary notices.

1876. M. R. de Valbreuze. (Radioélectricité, 1, p. 240, October, 1g20.)
A note with regard to the nomination of M. de Valbreuze as Chevalice of Legion of Honour.

(Y.) Historical Radio Articles.

1877. A Short History of Primitive Methods of Visual Signalling. (Telegraph and Teleplbone
Age, 38, pp. 568—570, November 1st, 1920.)

1878, Seventy-five Years of Applied Electricity. (Scientific American, 123, pp. 111—131,
October 2nd, 1920.)
Contains a brief review of telegraphic development from 1845 to the high power radio
station of to-day.

1879. Electrical Engineering in 1920. (Engineer, 131, pp. 18-—20, January 7th, 1921.)
A résumé of the most important wireless developments in 1920 is included.

1880. Telegraphy and Telephony (in Germany) Before, During and After the War. (Archiv
fuir Post und Telegrapbie, pp. 1—31, January, |g:1 )
A review containing a section devoted to wircless.

(Z.) Miscellaneous Applications of Radio. Radio Nomenclature, etc.

1881. F. H.Sykes. Civil Aviation and Air Services. (Aeronautical Fournal, 24, pp. §79— 594,
November, 192c. Engineer, 130, pp. 385—386, October 15th, 1g2z0—Abstract. Wire-
less World, 8, p. 575, November 13th, 1920—Abstract.  The Elecirical Review, 87,
pp. 6bo3—604, November sth, 1920.)
Includes some reference to the utility of wircless for aircraft services.

1882, ﬁirpln:u_'ne and Flight Conditions. (Everyday Engineering Magazine, 10, p. 59, October,
1920,
1883. Wireless Time Signals. (Technical Review, 87, p. 755, December 1oth, 1920.)
Wireless telegraph equipment is being installed at the Huddersfield tramway offices, to
pick up the Eiffel Tower (Paris) standard time signals. A governor clock has been ﬁ:n::d
and the tramway clock will be checked each day by the Paris message.

1884. P. Schereschewsky. Wireless and Meteorology. (La Nature, 49, (1), pp. 12—16,
January 1st, 1921.}

A chart is given showing the position of the French meteorological stations and of the
wireless communication routes used therewith ; together with tables of the weather reports
circulated by wireless containing the observations made at these stations. A chart is also
given of the meteorological network for the whole of Europe.

1885. J. Bethenod. An Investigation of the Electrical and Radio Methods of Repeating
Signal Indications on Locomotives. (Radioelectricaté, 1, pp. 29z—297, November ;
PP- 341—347, December, 1920.)

1886. Wircless Telephony as Police Aid.  (Electrical World, 77, p. 6o, January 21st, 1921 ;l

Refers to the use of wircless telephone apparatus in connection with police !quads using
automobiles.

1887. Christiania. (Elekirotechnische Zeitschrift, 42, p. 189, February 24th, 1921.)
A ittttr from W. Dornlg of the Telefunken Company prntutmg against the ad}ectwg
" gross "’ being applied to this station in a recent article, since its antenna power is only
about 15 kW. He also states that it does not represent the best modern practice,

1888. The Bureau of Standards Radio Classification. (Everyday Engineering Magazine,

9, pp- 356—358, July, 1920.)
Full details are given of the proposed classification for information on radio subjects.
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1889. Standardising Radio Nomenclature. (Everyday Engineering Magazine, 10, pp. 66—67,
October, 1g920.)

Suggestions are made for a standardised lettering for the terminals and parts of radio

apparatus. Some of the abbreviations given are also applicable to drawings and references

in articles.

18g0. Ajax Metal Company. Receiving Apparatus. (French Patent 496120, filed July 23rd,
igtg. Dated October 28th, 1919.)

This specification describes a method of induction heating by the use of high frequency
currents as obtained, for example, by a condenscr discharge. The primary winding of the
furnace is shown connected to supply conductors through a condenser in one conductor and
inductances in both conductors. The conductors are shunted by a spark gap arranged between
two pairs of inductances. An arrangement for polyphase working is also shown and it is
stated that the arrangement is applicable to wireless telegraphy.

2. Books.

WireLEss TE1EGRAPHY AND TELEPHONY : An OQutline for Electrical Engincers and Others,
E}F L. B. Tl.ln'ltr1 M.A, M.LE.E. (London: The Cambridge University Press. 1gz1.
8" x si”. Pp. xii + 195. Price 20s. net.)

In this book the author sets out to "' provide for the large class of interested persons occupy-
ing an intermediate position " between * the wireless operator on the one hand and the
specialist wireless engineer on the other.” The subject is a large one and as usual some
compromise has had to be made between the matter to be included and the space available.
Different individuals rarely agree on a compromise of this kind but in the present instance it
is difficult to find any serious fault with the author’s choice. The book 13 one that can be
read by any one who has reachcd the standard of a third year electrical engineering student
and in some chapters one can almost hear the author holding forth to his undergraduates at
Cambridge. The subject-matter is put forward in an accurate and interesting way, parts of
the book reading like an enthralling novel | The very latest and most recent practice in wire-
less is discussed and a good sense of perspective is maintained throughout. Occasionally the
author allows himself to look ahead and to express opinions on the probable lines of future
advance and for this reason the book is one which will appeal to * specialist wireless engineers "
although, as stated previously, it is not primarily intended for them. As is natural, detailed
descriptions of instruments and machinery and matters of a purely practical nature eccupy
but a small Iprnp-nrnnn of the space. The book is well produced and the repetition of Fig. 43
is an example that might well be generally adopted where an intricate line of argument extends
from one page to another. The arrangement of the plates is hardly as convenient as it might
have been but was determined no doubt by considerations of the cost of production.

The book opens with a short intreduction followed by a chapter on Electromagnetic Waves.
The difficulties of this subject are admitted on all hands and perhaps the author is well advised
to approach the subject as he has done, but it must be confessed that the earlier parts of this
chapter are unconvincing and do little beyond restating the difficulties.  The working idea
of, at any rate, the plane electromagnetic wave might have been more fully developed. After
a l:hap-tl'r on the General Theory of Oscillatory Circuits, the Spark, Alternator and Art: methods
of generating oscillatory currents are described in a readable chapter that contains the essentials
of the respective methods without going into excessive detail. The fifth chapter deals with
methods of detecting small oscillatory currents, after which the author can no longer restrain
himself but plunges into his main theme, viz. the Thermionic Tube. An exccllent description
of the two and three-electrode valves 13 followed by a chapter on Amplifiers, the opening of
which seems a little unnecessarily abrupt and is unfortunately marred by a wrong page
reference. The principles and uses of the varmm types of valve amplifier are well deseribed,
but the all-important effects of ** reaction ' are relegated to a later chapter.  The next chnpter
treats of the valve as a rectifier of small currents purely in connection with the reception of
signals. The use of the * Triode as an Oscillation Generator ™ follows in Chapter IX., which
appears to fall somewhat below the standard of those preceding it. The * simplified case "'
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dealt with in the first instance is really of little assistance and, if anything, makes more
difficult the understanding of the actual conditions. The ducuumn of the limits of amplitude
of the oscillation i1s not easy to follow, and it is unfortunate that the family of Ia — Vg curves
is chosen for this purpose instead of the Vg — Vg constant current contours. With the aid of
the latter this apparently rather difficult question becomes quite clear. The chapter ends
with a short account of the circuits as used for I;r:m.rrllttm‘g,r purposes, including a brief
mention of Iugh—puw:r rectifiers. The use of ** reaction ** naturally tollows, and irs application
in receiving circuits and amplifiers is clearly described. A good account of Wireless Telephony
is then given, but the differences between wireless telephony and telegraphy are perhaps rather
over-accentuated. The last chapter is a miscellaneous one_and after discussing tht need of
devising some means of overcoming atmospheric interference the author says, ** When the
fight ig'n.!mt atmosphencs has been won . . . & times the radius of a well-ordered world will

be the maximum range of the stations on it "—-a statement with which no onc will quarrel |
C. L Fortrscuk.
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Correapondenee

ARC FERSUS ALTERNATOR FOR HIGH POWER WORK.

To THE Emitor oF THE " Rapio REviEw."

Sir,—The author has much to say upon the defects of the arc, but nothing,at all to say
upon the defects of the H.F. alternator.

The compensation method of signalling has been almost exclusively used in the past, but
recently a considerable amount of work has been done upon the suppression of the compen-
sation wave and the emission of a single wave. The problem is not insoluble and has not
been seriously attacked sooner because there has been no call for it, due to the small number
of high-power stations in operation. One of the needs of the future is the speeding up of
transmission in order that a given station will occupy the ether for a lesser time interval.
The change of antenna current from maximum te zero at a high rate will probably cause
more interference than the small change of wavelength which it i1s now pﬂaalhrt to use, when
transmitting from arc stations to stations with good receivers. The small difference between
the compensation and telegraph wavelengths from the arc station at Rome should be noted,
and this station handles a minimum of 10,000 words per diem of commercial traffic to
Bucharest, Constantinople, Massowa, Swed:n, England and America.

The I!'I't'l'."l'.‘.!-lill.'}l' of cleaning the arc chamber is true to a certain extent, but it has not been
found necessary heretofore to supply three arcs for this reason, Attention may also be
drawn to a statement containe \:|P in the Report of the Imperial Wireless Telegraphy
Committee, 191g—20: " Any good working electrician can run an arc; a skilled engineer

must be in charge of a high-frequency alternator.” ‘ _
Acenal insulators are now available to take care of the maximum aenal voltages with an

ample factor of safety.

Large arc installations are readily made to give an efficiency of 48 per cent. The auxiliaries
are practically nil, whereas alternators call for vacuum and oil pumps, ete.

The absence of moving parts in an arc generator and the ability to change any part, which
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might prove defective, within the space of an hour or less contrasts favourably with the days
and weeks which must elapse in order to repair a large high-power high-frequency alternator,
especially when considering installations in the remote tropics.

Upwards of 20,000 kW of arc generators are now doing good service in various parts of
the world, and if queatiﬂm of first cost and upkeep are carefully studied the arc generator
1s still able to hold its own.

C. F. EvwrLL

London.

April 1qth, 1921,

ARC FERSUS ALTERNATOR FOR HIGH POWER WORK.

To THE Epitor oF THE " Rapio Review."

Sir,—The author’s suggestion that the arc is becoming obsolete as a high-frequency
generator for use in wircless telegraphy hardly gives a just idea of the situation. The
alternator is still comparatively in an experimental stage and has yet to prove its practical
worth, particularly for work in the colonies. No doubt improvements are to be expected
in the future.

High-power arc transmitters have been in regular service for five to six years. During
this p-&ﬁl:lrd! considerable improvements have been made in their design and are still going on.
Harmonics are being avoided by use of suitable field strength and by the E:nwslun of
absorption circuits. Suitable aerial constants contribute also considerably to the reduction
of harmenics.

The sooting which oceurs with illuminating gas, or kerosene, is greatly reduced when
alcohol, evaporated in a suitable vaporiser, is employed.

The use of the spacing wave, the length of which differs from the signalling wave by less
than 1 per cent. and not 2—3 per cent., is not such a serious disadvantage as the author
suggests, and it is by no means certain that the International Conference will suppress it.
It necessitates the use by a station of a wider (by 1 per cent.) band of allocated wavelengths,
but are transmission without spacing wave is being experimented with for higher powers,
and the problem is not of a kind which is insoluble. If these costly experiments were delayed
in the past, it was because the number of high-power stations was not great enough to render
this problem really important. _

At present, as in the past, the arc is the most reliable H.F. generator. It does not require
highly trained attendance, as the H.F. alternator. It is robust, and there is not the risk of
serious breakdown, which in the case of an alternator may put the machine out of action for
weeks or months.

Two arcs ensure a regular uninterrupted service. It is doubtful whether as much can be
said for the H.F. alternator.

One very important advantage of the arc over the alternator is the wide range of wave-
lengths (from 1l to 4). 1f suitable field strengths be used the reduction of power for the
shorter wavelengths is not very large.

As to the exceptional excess voltages due to the irregularities of the arc, it is to be noted
that, although the voltage across the arc may be irregular, the same does not occur as regards
the vnl:agt across the aerial insulators, and no greater insulator trouble is experienced with
the arc than with the alternator, for the same aerial currents.

The above remarks are based on actual working experience with 200 and 460 kW arc
gencrators,

J. Manrox,

London.

April 13th, 1g921.

A METHOD OF DIRECTION FINDING,

To THE Epitor or THE ' Rapio ReEview.”

Sir,—With reference to Major Erskine-Murray's letter in your last issue.
Ruskin complained of the impossibility of writing even the plainest English that could not
be misconstrued ; careful statement sometimes fails simply by loss of the over-emphasis, to
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which juuma!iam has accustomed us, | trust that my article did not convey to other readers
that I rated * convenience or accuracy " of no account in practical work. A thing may be
secondary, that is, derived, or dependent, without being unimpertant.  For instance, whether

u eat your lunch or not is a primary fact ; whether you digest it is a secondary one, but
failure in the latter sphere of human acnnt}r may be more distressing than failure in the
former |

The term * secondary considerations "' was seriously and accurately meant. The primary
fact is the mathematical nature of the curve of the simple loop ; convenience (for instance, the
preferred use of a comparatively narrow angular swing rud:ng, passing through silence, to a
wider swing passing through louder sound) and accuracy (for instance, the preferred use of a
r:fldly changing portion of the curve) are derived or resulting thtngn—nat ummpurunt but
still derived or secondary. Major Enlr.ln:-]'iiurrar rather misquotes me by omitting the
Mtiﬂ and also the complementary words . . . this constant signal within the limus of
searching . . "'

Priority of results does not really enter into the question. During 1917, before the formation
of the amalgamated Air Force, it was definitely decided at one of the joint meetings, to avoid
overla ping, to leave the develﬂpment of D.F. in aeroplanes to the R.N.A.S. (who were
lptﬂﬂﬁﬂlng in Captain Robinson’s method) and wireless telephony in aeroplanes to the R.A.F.
(who had originated it). It is not surprising, therefore, that the earliest results were got by
the only workers in the field thus left open to them, by the only system which they were
practising.

No undue stress was intended to be laid on the patents mentioned. Major Erskine-Murray
is right in pointing out that they suffer from the fundamental defect of ** 4 degrees of ambi-
guity,” exactly as does the Robinson system ; but is he content thus to dismiss the latter,
under the same condemnation ¢

The substitution of switching for rotation, as in Captain Round's method mentioned on
p- 698, was an old device of D.F, experimenters long ere Captain Robinson's ingenious appli-
cation of it.

I do not think it is a just inference from Captain Round’s L.LE.E. paper, that a ** formidable
train of errors "' arises from the * more cumplicatcd " Bellini circuits.

I find it difficult to analyse my opponent's persistent scorn of the " minimum method."
My whole argument was that both the contrasted systems employed a (why " rough ™ ?)
comparison of signal strength on each side of the minimum, but in different ways. Both use
the minimum ; why kick the poor thing when it's at zero ?

In mnclusmn my critique was not an attack on Captain Robinson's method, but was an
attempt to rtmmre certain current mm:unuptmns about it and to set it in its due pempettwc
with respect to earlier and other work. [ think that the careful and unbiassed reader of
the inventor's exposition, taken in conjunction with my critique, should be in a good
position to form a balanced judgment of its place in this special field of radio work, and of
what it holds both of good and bad, and perhaps it would be best to allow the articles to speak
for themselves, until experiment reveals new facts, or throws some new light on this portion

of a most interesting subject.
C. E. Prince.

L 1

Burchett’s Green, Berks.
April 6eb, 1921.

THE HETERODYNE METHOD OF WIRELESS RECEPTION, ITS
ADVANTAGES, AND ITS FUTURE.

To THE Epitor or THE " Rabpio ReEview.”

Sir,—Mr. Round may well rest assured that the objections he raises have occurred to
myself.

I knew from l:xpcnmmt: that I have made myself that acoustic resonance gives no
appreciable results against atmospherics in the case of reception of damped waves emitted
by a musical spark. The reason of it, in my opinion, is that the lﬂwl’lffd musical spark,
in reality, does not give in the receiving circuit a low-frequency current of a genuinely p.rmm'l.-:
nature and form, As a matter of fact, the tone of the received note is with musical spark

UNIVERSITY OF MICHIGAN
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changed by acoustic resonance. In the case of the heterodyne reception of sustained waves,
on the :-n;ntrarg', the received current at low frequency is really a periodic current in which
the same wavesbape repeats itself and actual acoustic resonance becomes possible. The use
of acoustic resonance allows then the elimination of atmospherics of medium strength to a
remarkable degree. I have built tuned low-frequency amplifiers (see my B.P. 1j0022)
which have shown a noteworthy performance as far as elimination of atmospherics is concerned.

Unfortunately when the atmospherics become strong they themselves assume the same
musical character as the reception and, generally speaking, no real help from acoustic resonance
can then be obtained.

These results of experiments being well established, I believe that, from the theoretical
point of view, Mr. Round makes the following mistakes.

(1) In modulated transmission with reception without heterodyne nothing but the
atmospherics are received during the intervals. [In the heterodyne reception of sustained
waves, on the contrary, it is the reswltant of the heterodyne and the atmospherics which is
received and the two things are not, as Mr. Round thinks, exactlv the same. The action of
the heterodyne on the reception of the atmospherics is such that any oscillating discharge of
long duration caused by an atmospheric produces the same note as the sending station itself.
Undoubtedly the rapid variations of the intensity of these discharges which take place at.
audio frequencies and cause corresponding variations in the intensity of the musical note give
the latter the characteristics of a noise similar to that produced by the atmospherics without
heterodyne, but it is nevertheless true that the heterodyne gives to the atmospherics a musical
character which, although not apparent, seriously diminishes the value of low-frequency
tuning.

Here is a particularly impressive demonstration of the above reasoning.

A complete heterodyne reception being installed ready to receive a C.W. station and
acoustic resonance at Jow frequency being provided, let us assume that the station is not
sending and the atmospherics alone are being listened to.  Every time that the acoustic resonance
i5 adjusted to the musical note that the station 15 supposed to give with the beterodyne, a remarkable
strengthening of the atmospberics is abserved,

It is obvious that if the note were transmitted by the sending station as in the case of
modulated transmission the above phenomenon could not occur.

(2) Regarding the claim of Mr. Round that there is no difference between the heterodyne
reception and the reception with modulated transmission, the following reasoning shows that
Mr. Round is misled by appearances,

When a C.W. station of frequency f; is received with a heterodyne of frequency f, the
reception is naturally tuned to the frequency f;. On the other hand a sending station trans-
mitting two frequencies [; and f; which lie close together (modulated transmission) is received
by tuning to the average frequency f‘%'rt;

In the first case the oscillating discharges of the aerial of frequency fy can very well give
the nate (f; — [;) of the sending station,

L4 T

In the second case the oscillating discharges of frequency =" ! could only give a note

of half the pitch f‘—_,—f!

In conecluding, let me make the remark that while the modulation of the transmission for
the purpose of reducing the atmospherics has been much discussed in the last few years
(Round, Meissner, Lévy, Western Electric Company) the writer has been the first to recommend
that this modulation be carried on at low frequency according to already known diagrams
and not at bigh or inaudible frequencies. In addition when heterodyne reception with low-
frt:}umc}- tuning is used and the frequency of transmission is perfectly constant, it is
preferable to tune the reception to a low pitch note as explained in my article,

_ Marius Latour.
Paris.

April 8ib, 1921,



