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willing and anxiou:s to :share in mining riflkfl. The 
government is good and :stable, and sympathetic to 
pioneer effort, readily making roads and railroadfl. 
The country abound:s in cheap power, in water, and 
in timber; and labour is plentiful and eftioient. 

The Canadian mineral industry will continue to 
develop. Capital will be attracted, and the desire 
of Canadians that more of that capital shall be 
British is both real and honest, springing from the 
fact that, sharing them, they admire llritish ideals 
and British institutions, and highly value the llritish 
connexion. Though much has been done in open
ing out Canada, Canadians realise that much more 
remains to be done and some things to improve, and 
they would have this further development con
ducted so far as possible in harmony with British 
idea !fl. 

On their flide the British visitors, from wherever 
they came, were moved by the warmth of their 
reoeption everywhere, and fltirred to admiration by 
the monument:s of Canadian and 

enterpriRe. In the fellow-feeling and confidence 
therefrom engendered lies the gain to Canada. The 
gain to the visitors lies in having seen what has been 
aecompliRhed in Canada. 

Ler;t it flhould appear that the Imperial note has 
been stresfled unduly, the following concluding 
paragraph of the report on the Congress by there
pre:sentative of the Engineering and Mining Journal 
of New York may be q uoterl. " I was not part of 
the Congres:-;-rnerely an onlooker, a eorre.,pondent, 
reporting what I :saw and heard. I am not even 
British, and thi:-; ha:-; been a Britiflh party. Never
theless I was aocorded every privilege and every 
consideration, wherever we went. Collentively, 
and individually, I have never seen a more intereflt
ing, sociable, and friendly group of people. Po:ssibly 
one reason for this is the fact that mining i:s dir>
tinctly a world-wide industry and that mining 
people have much in common no matter whenc:e 
they come; but behind that is probably the simple 
fact that they are British." S. J. TRUSCOTT. 

Directional Wireless as an Aid to Navigation. 
By Dr. R. L. SMITH-RosE. 

;\l!'TER several years of struggle with a rather 
..t1... conservative race of navigators, the wirele:-;fl 
engineer and scientist are becoming successful in 
the application of directive wireless transmission 
or reception to both aerial and marine navigation; 
and it can now be said with some confidence that 
in a very few years time the wireless direction
finder, or some alternative means of navigation 
by wireless, will be considered as essential as a 
compass on board every ship of any importance. 
Already a considerable number of ships of. all 
nationalities, with thoRe of Great Britain leading 
the way, are fitted with a direotion-finder, an 
in:stmment whieh enable:s a ship to take be;1r·ings 
on wirele:-;:s tran:srnitting :stations and to fix itfl 
po:-;ition with :-;orne aoouraoy at times when all 
other navigational methods fail. 

The application of wireless transmission as an 
aid to navigation is conveniently divisible into two 
part,; according as the directive characteristic is 
applied at the transmitting or the receiving end 
of the wireless link. Although both forms arc 
probably of about the same age, the directive 
receiver has developed the more rapidly and will 
thus be considered first. 

THE DIRECTIONAL RECF.TVER OR DTRF.CTTON

FINDER. 

Stated briefly, the fundamental principle of the 
wireless direction-finder is the rotation about a 
vertical axis of a plane vertical loop or its equiva
lent in space. The electro-motive force induced in 
such a loop by an arriving Rtream of electro
magnetic waves is proportional to the eosine of the 
angle between the plane of the loop and the 
direction of the waves. a:s the loop i:s rotated 
about itR vertieal axis the :strength of the reoeived 
signal varie:s frorn a maximum to a minimum or 
zero, in aooordance with the well-known figure-of-
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eight pobr diagram. A consideration of this 
diagram flhOwfl that the rate of change of signal 
strength wit,h rotation is greatest at the minimum 
po:sition, whic:h is therefore always ·used for 
direotion-fl ncl in g. 

(n) Awu:rrwy of the Direction-finder.-There are 
:-;everal rnanufanLured form" of direction-finder 
employing the above prim:iple, and their accuracy 
when used under the be:st c:omlitionfl may be 
said to be about 1°. Under rno:st pmntinal condi
tions, however, the instrument i:s subjec:t to eertain 
errors in determining the direotion of a cli:stant 
transmitter. ln part these: errors may be due to 
an actual deviation of the waves from their recti
linear path in crossing a coastal boundary, for 
example, when a maximum deviation of about 5" 
may be produced for wave-lengths of the order 
commonly used in marine direction-finding. On 
the other hand, the errors may arise from the 
presenee of local conditions near the direction
finder, such as trees, metalwork, and overhead 
wirefl, the currents induced in which result in 
:sec:ondary field" being superimposed on the primary 
wave field and flo produee a minimum signal in a 
false po:-;ition of the direetion-finder. As a result 
of several year:s' invefltigation theRe errors are 
now well mHler:stood, and in most circumstances 
they may be avoided or eompens;1terl for after 
reduction to a minimum. 

(b) Position of the Direction-finder.- In the 
application of direction-finding to marine naviga
tion, a point of some debate has been the most 
deRirahle location for the instrument, on shore or 
on board ship. When erected in suitable surround
ings, the flhore direction-finder has an accuracy 
:superior to that of the ship installation, for in the 
latter ea:se the wirele"" bearing is taken relative to 
the ship, and referenc:e must he made to the com
pass in order to determine the orientation of the 
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ship at the instant the bearing was taken. More
over, the ship direction-finder is subject to a local 
error of a quadrantal nature due to the currents 
induced by the arriving waves in the metalwork, 
hull, stays, etc., comprising the ship itself. On 
the other hand, it is natural to find that the average 
ship's navigator does not care to entrust himself 
to the observations of an individual on shore with 
whom he is not in personal touch ; and particularly 
at critical times in stormy or foggy weather, he 
much prefers to have the instrument, on board ship 
and operated under his immediate control. 

Furthermore, the ship fitted with a direction
finder is enabled to take bearings upon the trans
missions from other ships ; and at least one instance 
can be quoted in which a ship in distress, after 
signalling its inaccurately estimated position, has 
been found at a position one hundred miles away 
by means of a direction-finder on the rescuing ship. 
A possible future development of the ship direc
tion-finder is the provision of a safeguard against 
collisions at sea in times of thick fog. 

(c) Conditions for Freedom from Night Errors.
It is now well known that wireless direction-finders, 
even in the most favourable situations, are subject 
to a variable error under certain conditions of 
transmission, which chiefly occur at night. These 
errors are due to the reception of waves deflected 
in the upper atmosphere, which therefore arrive 
at the direction-finder travelling in a downward 
direction. So long as these waves are polarised 
with their electric force in the vertical plane of 
propagation, the true bearing will be read off on 
the direction-finder. But if, as is frequently the 
case, the plane of polarisation of these waves is 
rotated, then the resultant magnetic field produced 
at the earth's surface will not be perpendicular to 
the plane of propagation and an apparent error 
will be recorded on the instrument. 

The actual value of the error will depend upon 
the relative magnitude of the down-coming waves 
and the waves transmitted directly along the 
earth's surface, since it is determined by the 
direction of the resultant magnetic field due to 
both sets of waves. Close to the transmitter the 
ground wave predominates and no error is pro
duced. At a distance of about 30 miles overland, 
the strength of the ground wave has become 
reduced, and the angle of incidence and relative 
strength of the downcoming wave have increased 
sufficiently to introduce an appreciable error in 
bearing at night. Fortunately for marine naviga
tion, however, the attenuation of the ground wave 
is much less when travelling oversea, and the down
coming wave does not become effective until the 
distance from the transmitter is about 80 miles. 
Thus when, as is usually the case, the ship's direc
tion-finder is operated on transmissions which are 
entirely across the open sea, the bearings are equally 
trustworthy by day or night up to distances of 
80 to 100 miles. 

FIXED BEACON STATIONS. 

Concurrently with the development of the radio 
direction-finder on board ship, the United States 
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lighthouse authorities have proceeded with the 
establishment of radio beaeons, or fixed trans
mitting stations which send certain code signals 
automatically when once set in operation. A 
number of these stations are already working, and 
others are proposed or in eourse of erection. The 
majority are located on light vessels or near shore 
lighthouses in the vieinity of the chief harbour 
entrances, but others are situated on the Great 
Lakes in the north of the United States. Each 
station has a characteristic signal easily recognised 
by an untrained ear and distinctive from any other 
in the vicinity, and all the stations are clearly 
marked on charts at points well known to navi
gators, so that a radio bearing can be definitely 
identified and plotted on a chart with the same 
facility as a visual bearing. 

It is interesting to note that while the number of 
British ships fitted with direction-finders is con
siderably greater than that of any other country, 
there was, until recently, no fixed radio beacon in 
the British Isles officially working for the use of 
these ships. Quite recently, however, the first of 
a general scheme of fourteen wireless beacons has 
been erected at Round Island, in the Scilly Islands, 
by the Trinity House authorities. Other beacons 
are in course of construction at Lundy Island and 
the Casquets. The Round Island beacon, now in 
operation, is situated near the lighthouse and em
ploys a simple valve transmitter of moderate power 
working to an ordinary open aerial. The running 
of the station is entirely automatic, even to the 
replacement of the transmitting valves in case 
of failure ; and the installation is maintained in 
working order by the staff of the lighthouse. 

DIRECTIONAL TRANSMlSSION. 

(a) The Beam System.- In recent years the 
arrangement of groups of antennre and reflector 
wires to give a concentrated beam of radiation has 
been developed to a considerable extent and is now 
coming into extended use for long-distance com
munication. If such a beam is made to revolve 
about a vertical axis, the device becomes analogous 
to a lighthouse, and signals are detectable at a dis
tance only as the beam flashes past the receiver. 
By arranging a code of sigi:n1ls in such a way that 
they are transmitted automaticaJly in succession 
as the radiating system rotates, then a vessel at 
sea would, in any position, receive a distinctive 
signal from which its bearing from the transmitter 
can be immediately ascertained. In order that 
such a scheme may be realised in practice, it is 
necessary that the dimensions of the aerial and 
reflector system shall be made reasonably small, 
which implies that the wave-length is correspond
ingly short. Up to the present, two stations have 
been equipped with such rotating beam trans
mitters ; the first at Inchkeith, in which a para
bolic reflector was used, and the second a.t the 
South Foreland, at which the antenna and re
flector systems were in the form of plane grids or 
curtains. The wave-length employed was in the 
neighbourhood of six metres, and the limited range 
obtainable, together with the necessity of providing 
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special short-wave receivers on those ships using 
the device, have probably accounted for the un
popularity of the system. 

(b) Rotating Loops.-An alternative method of 
directional transmission is to invert the direction
finder, and set up a closed loop or frame.coil, 
supplied with oscillatory current from a suitable 
transmitter. If the loop be rotated uniformly 
about a vertical axis, then the signal obtained at 
a distant receiver will vary according to a cosine 
law, passing through a zero or minimum when the 
plane of the loop is perpendicular to the direction 
of tranr;mission. The orientation of the loop at this 
minimum signal position can most easily be deter
mined by a timing method. A chanwteristic 
signal is emitted when the minimum radiation 
from the loop is in either the north or east tlirec
tion, and by measuring the time interval between 
the reception of this signal and the passage of the 
signal through its minimum intensity, the bearing 
of a distant receiver from the transmitter can be 
easily obtained. Other and somewhat more com
plicated methods of deduning the bearing have 
been suggested, and consist in imparting to the 
radiation some charaeteristic which depends upon 
the orientation of the loop ; for example, the wave
length may be varied continuously during rota
tion. 

'l'he rotating loop transmitter used with a timing 
method has been developed to a high degree in 
Great Rrit1tin by the Air Ministry, and its applica
bility to marine working is now under investigation. 
The method has considerable attractions, in that 
it ean be operated on the wave-lengths usually 
employed in ship and aircraft communination, and 
in merely requiring at the receiving end a suitable 
wateh and the ordinary type of wireless receiver. 
A further advan1,age lies in the fact that the 
directional part of the system is located in a fixed 

position on the ground, and that the observed 
bearings are independent of the direetion in which 
the ship or aircraft is pointing, and are almost 
entirely immune from any disturbing conditions 
local to the receiver. It is therefore likely that 
this method will play an important part in the 
future of navigation wireless. 

(c) Oourse Setters.-ln concluding this survey, 
brief mention may he made of the so-called wireless 
course setter. The use of the directional trans
mitter baR considemble advantages for the naviga. 
tion of aireraft in that it can be installed at the 
home station, and the aeroplane has then merely 
to fly on a constant bearing line to arrive at its 
destination. To assist in this object an arrange
ment of a pair of loop transmitters was devised 
some years ago in Germany, the loops being 
identical and fixed together at some convenient 
angle. The loops may either be excited alternately 
at intervals of once a second, or they may be 
excited together, but each loop is arranged to emit 
a Morse signal which iR complementary to that 
given by the other. 

When the receiver is located on a line bisecting 
the angle between the loops, both signals will be 
received of equal intensity and will thus be in
distinguiRhable from each other. On either side of 
these biseoting lines the signal from one loop will 
predominate over that from the other. Thus, 
while such a scheme is only available over definite 
courseR or air routes, it has the advantage over 
other directional methods in requiring no Rpecial 
<1pparatus or timing arrangements, and it gives an 
immediate indicat,ion of any departure from the 
ooursc caused by drift from wind or tide. Such a 
method has received considerable attention in 
America, where it is propoRed to establish a network 
of wireless beacons along the main civil aviation 
routes. 

Obituary_ 

Galloway, which 
e in Cardiff on Nov. 2, 

f*:Ah"tigure in the development of 
scientific coal- 1n , Galloway made a number of 
important oonC ibn ons to methods of coal-mining, 
but he will ohiefly be remembered as the originator 
of the theory, now everywhere accepted, that the 
great explosions which used, in the absence of 
proper precautions, to sweep through the roads 
and workings of collieries, are due to the combustion 
of coal-dust raised into the air. 

Galloway was born in 1840, and belonged to a 
well-known family associated in the west of 
Scotland with and engineering enter
prises. After studying at Giessen, and later at 
University College, London, he became a junior 
Inspector of MineR, first in Seotland, and afterwards 
in South Wales. HiR attention was thus directed 
to the causes of explosions. He soon saw that the 
theory then everywhere accepted, that the great 
explosions are propagated by the combuRtion of 
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fire-damp, was quite incapable of explaining the 
actual facts ; and in a series of papers published in 
the Proceedings of the Royal Society between 1875 
and 1887, he formulated and supported the coal
dust theory. His conclusions were derived mainly 
from an analysis of the evidence afforded by actual 
explosions, and the demonstration from this that 
fire-damp could not have been present in appreciable 
proportion along most of the track of each explosion. 
The rest of his evidence consisted in the results of 
experiments on the r;urface in a gallery constructed 
for the purpose at a South Wales colliery controlled 
by his friend and countryman, Mr. A. Hood. 

At first Galloway was only able to obtain ignition 
of a coal-dust eloud when about I per cent. of fire
damp was present in the air ; but later he sueceeded 
without the addition of fire-damp. The gallery was 
too short for the development of the extreme 
violence often <lisplayed in underground ex
plosions, and it was only in the long experimental 
gallery built in 1905 at Altoft's Colliery under 
Sir William Garforth's supervision by the Coal 
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