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GUNS VERSUS ARMOUR-PLATES,

No more disquieting news from a naval point
of view could conceived than that which is
recorded in the tabular report on page 724, accom-
panied by illustrations which we publish on o8

51720 and 721 of this issue; for it establishes

beyond any question the fact that armoured
plate manufactured according to the latest pro-
cess, including cementation and subsequent har-

22| dening by chilling the face, has been defeated

by modern guns and projectiles. A 6-in. plate
and one of 12 in. in thickness have been attacked
by the Vickers 6-in. and 7.5-in. calibre guns, with
Johneon capped shot and shell, and on each occasion
when these projectiles were used the plate was
completely perforated ; and, apart altogether from

o7 | the destructive power of the high explosives ad-

mitted in such shells into the interior of a ship

¢g | through armour - plating, there is the equally

disastrous effect of having the hitherto invulner-

2| able water-line glating open to the sea. The ship’s
99 | crew, the mec

anism protected by armour, and
the buoyancy of the vessel are consequently
endangered, and that, too, by the attack of guns

—  ——
moderate in size and weight and in power, because
it is obvious that weapons of higher calibre—9.2 in.
and 12 in.—are proportionately more powerful.
The importance of this triumph of the guns will
be more fully appreciated when it is remembered
that our m emgmtbleships, already completed or
in course of construction, are clad on the broadside
with armour of corresponding resisting power to that
defeated, but limited in the thickness to9in., 8 in.,
and 7 in. ; Lord Goschen's ‘‘mighty” cruisers,
now being delivered, and representing a cost of a
million pounds each, have only 6-in. armour,
while in course of construction we have sixteen

% | armoured cruisers of the Kent and Devonshire

classes, most of them with 4-in. armour, and the
others with 6-in. broadside belts. The fact that
foreign Powers—notably the United States, Russia,
and Germany—have been striving, with the same
energy as has been displayed by the Vickers Com-
pany, to develop a similar effect does not in any
way lessen the anxiety with which these results
will be received.

The Vickers Company have for several years
been experimenting, with most satisfactory results,
towards the increase of ballistics in guns, without
which even the capped projectile could not avail ;
and with their 6-in. gun they have succeeded in
developing a muzzle velocity of 3000 ft. per second,
while for some reason which is not quite explicable
our warships have been fitted with weapons in
which the velocities have been limited to from
2160 ft. to 2600 ft. per second. The difference is
most marked, meaning, as it does, a striking energy
at 2500 yards range of 2922 foot-tons as compared
with from 1615 to 2023 foot-tons for the Service
weapons. Corresponding superiority might easily
be recorded in connection with guns of higher
calibre, but this one instance will here suffice.
Moreover, the Admiralty are open to criticism in
not realising the immense potentialities of a gun of

Rail- | greater calibre, notably that of 7.5 in., where a

striking energy at 2600 yards range of 6627 foot-
tons can easily be realisedywithout any inconvenient
increase in weight, since the United States Govern-
ment, a8 well as some of the European Powers, have
adopted, for the secondary armament in warships,
guns more powerful than the largely utilised 6-in.
piece in British ships.

But an important contribution to the defeat of
modern hardened armour is the fitting of the ehot
or shell with a forged steel cap, which experience
has proved protects and supports the point of im-
pact upon a hardened plate, and enables the projec-
tile point proper to find its way into the armour.
Ten years ago Russia entered upon experiments with
a so-called magnetic shot, in which the cap was
secured to the projectile by magnetic attraction ;
but the Johnson cap has proved itself much more
satisfactory, and the plates which have been per-
forated with this projectile, fired from a Vickers gun,
establishes the success; an essential feature, of
course, is the high-striking energy. The Johnson
cap is of forged steel, cylindrical in form, with its
bottom corge out to fit over the nose of the projec-
tile itself. In the front of our engraving of the
gun (see page 720) there will be seen two shells
with this cap in position, while on the same plat-
form ordinary projectiles are being placed ready
for use by a gunner. For securing the cap there is
cut round the projectile a small groove, having at
one point of the circumference a slight nick, so that
when the cap, by hydraulic pressure, is forced to

rip into the groove, the nick prevents any ten-
gency to rotation, which would be prejudicial to
the effective absorption of the force of impact by
the cap. The regroduction of the photograph of a
6-in. shot which has passed through a 6-in. Krupp
cemented plate, given on page 721, illustrates
the efficiency of the capped projectile itself, and
shows this circular groove by which the cap is
attached to the shell.

Turning now to the trials which have estab-
lished the triumph of the Vickers gun and capped

rojectiles over the modern armour-plate, it may
Ee noted first, as regards the latter, that it was
manufactured at Messrs. Vickers’ works, where com-
pletely new plant has been recently laid down for
the hardening of armour-plate according to the
latest process, and both the 6-in. and the 12-in.
plates tried and perforated were manufactured
according to British Admiralty specification. More-
over, the first shots fired at these plates were
arranged to exactly correspond with the Admiralty
tests prescribed for the wceﬁtance or rejection of
such plates. Thus the attack was by a 6.in. gun,
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firing armour-piercing shot of 100 lb. weight,
without a cap, and having a striking velocity of
1960 ft. per second, with a corresponding energy
of 2664 foot-tons. As is shown on the engravings,
the shots with this energy, and without the caps,
made practically no impression upon the plate,
excepting the usual surface abrasion, while at the
same time the &ojeotilee were broken into many
pieces. The first shot fired against the 6-in.
?lata was broken up, the point only remainin
used in the plate; but there were no cracks, an
no sign of buYge at the back. Against the 12.in.
late the 6-in. shot in the fifth round developed the
ﬂigh velocity of 2827 ft. per second, with a oorre-
sponding energy of 5542 foot-tons ; but having no
cap, the shot was completely broken up, although
the point, which penetrated 3 in., remained fused
in the plate, and a large piece of the projectile re-
bounded to the extent of 20 ft. from the front of
the plate. These results prove that the plate was
equal to the ordinary Admiralty requirements.

As to the effect of the new shot fitted with the
Johnson cap, the engravings of the plates carry
convincing proof, and clearly establish the triumph
of the gun, with its new projectile, over the latest
rlates, and that, too, when developing relatively
. low velocities. Taking first the 6-in. plate, the

third round was ﬁreg from a 6-in. gun with a
Vickers shot fitted with the Johnson cap, the total
weight being 106 1b. The initial velocity was
2007 ft. per second,and the striking velocity 1971 ft.
ger second, corresponding to a striking energy of

829 foot-tons, with the result that the plate was
con‘tSletaly perforated. This in itself is an iinportant
result, but more remarkable is the effect obtained
from the 7.5-in. gun, which fired the second projec-
tile at this plate. The striking energy here was 6795
foot-tons, and the result established the immense
superiority of this gun for cruisers as well as for
the secondary armament of battleships—a point we
have already referred to ; because, not only did the
shell perforate the 6-in. plate completely, but the
point of it, weighing 92 lb., was subsequently
picked up in a sand heap at the rear of the target,
baving, after going through the plate, ploughed its
way for 20 ft. into this sand. One can quite easily
picture the effect of such a shell, with its burstinﬁ
charge of 6 1b. of explosives, finding its way throug
the 6-in. belt of one of our many modern cruisers, and
exploding its lyddite charge intheinteriorof the ship.

ferring now to the 12-in. plate, three roun

were fired on May 9, also in presence of high
Admiralty officials, with results corresponding to
those attained with the 6-in. plate, and recorded
in our Table on page 724 ; but it will suftice here
to ‘“point the moral ” of the attack by the 6-in.
gun on Friday last, when, as mentioned in the
detailed results on nSage 724, several members of
the Board of Admiralty were present at the trials.
The fourth and fifth rounds against this 12-in.
plate not only establish the high velocity of the
Vickers weapon of this calibre, but also the efficacy
of the Johnson cap, and incidentally proved the
advantages of nitro-cellulose powder as compared
with cordite. Burning more slowly, it exerts a longer
aud therefore a more powerful propelling effect upon
the shot, and at the same time does not erode the
gun as in the case of other compouunds containing
nitro-glycerine, whereby the ballistics are greatly
reduced, as has been proved during the Transvaal
War. Rounds 4 and 6 were fired from the same

un, the only difference being that in the one case
fRound 4) the Johnson cap was used. With the
cap the shot passed completely through the plate,
but was held up by the wood backinggbehind, and,
as shown in the engraving, the rear end of the shell
was about 9 in. from the surface. All the evidences
point to the fact that water would be admitted in
such case, as the wood backing and the steel plate,
corresponding to the skin of the ship, badly bulged.
But, as will be seen in the engmving, a 7.6-in. siell
with a cap—the third round—defeated even this
12.in. plate.

Without entering further into the details em-
bodied in the official tabulated report, it may be
deduced that a capped 6-in. projectile will com-
pletely perforate a 12-in. plate if such a velocity
as 2800 ft. per second is developed, and this
the Vickers gun can easily attain ; whereas with an
uncapped shot, even at this high velocity, the plate
undoubtedly triamphs, the extent of penetration
being only 3 in. As for the 6-in. plate, which is
much more extensively adopted in our armoured
cruisers, it has been fully demonstrated that a 6-in.
shot, when capped, will effect complete penetra-

tion, even with a striking velocity of about 1971 ft.
per second ; and in the series of experiments
carried out by the Vickers’ Company there are
several examples of such plates being perforated
and the shot remaining intact. Even at the risk of
repetition, it is progor to point out that the 6-in.
grojectiles we have been referring to are not shell,

ut with the 7.6-in. gun on these trials shells were
used containing the equivalent of a 6-lb. bursting
charge, and these completely perforated the 6-in.
modern cemented platewith a velocitycorresfonding
to a range of 2600 yards. It may be thus taken that
such a gun using lyddite shell with a Johnson cap
could perforate the water-line armour of all the
battleships of the Canopus and Duncan classes, as
well as all the armoured cruisers we are now build-
ing, making a very considerable hole and causing
much internal destruction; while the 6-in. gun
at a range of 2000 yards could similarly defeat the
4-in. armour of the Kent class.

There can be no question about the earnestness of
the present Board of Admiralty and of their strong
desire to bring the Navy into the first rank of effi-
ciency, and we can only hope that the serious
significance of the results attained will enable them
to carry their desire more fully into practice. The
nation itself will gladly ‘‘ foot the bill,” and no
diﬂicult{ should be experienced in securing the
financial aid necessary. Lord Selborne has em-
barked upon a commendable policy of re-arming
some of our ships which otherwise are fairlyefficient,
and it is incumbent ug:n him to ensure that not only
will all the vessels supplied with capped shot
and shell, but that the guns will be ﬂtte(i)ein such
a way as to attain the high velocities necessary to
ensure the fullest penetrative power for such pro-
jectiles. The difficulties are unimportant, and no
armour-piercing shot now in store need be discar-
ded, because the Johnson cap can very easilybe fitted
to any projectile at little cost, and with the result
of increasing their efficiency by 30 per cent. even
ab moderate velocities. Since the French, Russian,
German, and United States navies have adopted such
caps, thereis the greater need whyour naval weapons
should be thus brought into line, and for ensuring
that the new guns to be fitted to our battle-
ships and cruisers should be improved in their
ballistics, while at the same time the 7.5-in. instead
of the 6-in. gun should be adopted as the secondary
armament of our battleships. This is the more
important as these guns are not only of very
great power, but attain a high rapidity of
fire. At the trials to which we have been
referring, a test was made to ascertain their quick-
firing qualities, and it was found that, firing at a
target 1000 yards away, five aimed rounds were
discharged within 31 seconds, representing a rate of
fire of nine aimed rounds per minute. No more
opportune time could be chosen for a spirited
naval policy ; the country, still smarting under the
sense of impotence displayed in connection with the
Transvaal campaign, will welcome any well-defined
and liberally-prosecuted policy by Lord Selborne
and his Board, while our great ordnance-manufac-
turing firms are in an admirable position for carry-
ing out extensive gun-construction work, as they
are not, and have not been for some time, fully
engaged upon such work.

NAVAL ENGINEERS.

THE letter addressed to us by ‘‘Expert ” last week
(see page 677 ante) puts forward very clearly the
reasons why the Admiralty experience so much
difficulty at the present day in getting suitable can-
didates as naval engineers, amf the siifts that the
Board have been put to in order to fill up vacancies.
Why a young man, or the parents of a young man,
should elect that he should enter the Navy as an
engineer, to receive at the age of twenty-four 7s. 6d.
per day, when by entering him as a doctor he could
get 14s. a day, it is difficult to imagine. Even pay-
masters of the Navy, who ocertainly do not need
so exhaustive an education as engineers, soon
overtop the latter in regard to the remuneration
they receive for their services. The Table which
our correspondent gives is extremely instructive,
and is a good explanation of the fact that, according
to Mr. Arnold-Forster’s own admission, 85 vacancies
remained to be filled in the entry of engineer officers
through Keyham. It is also a commentary on the
fact that no candidates were forthcoming for assistant
eﬂfineers for temporary service in January, whilst
only two presented themselves in March, of whom
one was successful. The appointment of tempo-

rary engineers from outside is, of course, one of the
shifts to which the Board of Admiralty have been
put by the failure of sufficient number of engineer
officers through the orthodox course at Keyham.
At best it is a poor shift, but even at that it has failed.

The time ﬂ’: arrived when the Admiralty must
face the problem of engineer officers seriously,
unless we are to abandon our sea supremacy, if it
is ever challenged. This is an abasolute fact, re-
specting which those best acquainted with marine
engineering have come to a conclusion ; and it is,
we believe, recognised by a large number of young
officers, as well as by some of the older ones, of
the executive branch. The oourse of events
has thrust this conviction upon naval officers
chiefly through the torpedo flotilla, where the
exeoutive officers are brought more in contact with
the engine-room than in larger vessels, espe-
cially in cases where they have no one in the
engineering branch of higher education and
authority to degond upon. It now se2ams possible
that we shall have a somewhat extensive flotilla
olf) subxﬁu]ilne boats, and u;) li;he maa.gement ﬁ:
these high engineering ability will again
spesially needed.gm Every effort has been made in
the past, and is still being made, to avoid this issue.
It is repugnant to the sentiment of some elderly
naval officers either that engineers should exercise
authority, or that executive officers should undergo
efficient training as engineers. The introduction
of steam into the Navy was opposed fifty years ago.
It is a sentiment that will have to be subdued if,
as we have already stated, the British Navy is to
remain supreme, no matter how many ships may
be built, or what other steps may be taken.

A way in which it has been endeavoured to
avoid this paramount issue in naval administra-
tion has been by attempting to give naval officers
of the executive branch a smattering of engineering
education, with a view of rendering them capable
of undertaking a certain amount of direction,
whilst the actual work was to be done by an
inferior grade. We have made reference to this
endeavour of the Board of Admiralty on past
occasions when proposals of the kind have been
tentatively put forward ; but within the last few
weeks an effort, of a determined nature, in this
direction has been made. It has been stated that
orders had been issued by the Admiralty that
the care and maintenance of gun - mountings
and torpedo appliances on boarg His Majesty’s
ships should handed over to lieutenants.
A committee, consisting of the Captains of
H.M.S. Excellent and Vernon, respectively the
gunnery and toxipedo-training schools, together
with the Chief Iuspector of Machinery at Ports-
mouth, was instructed to report on the best way
in which the proposed order could be carried
out, it being understood that it was the wish of
the Board of Admiralty that the changes should
take place as quickly as possible. The meeting of
the three officials was delayed by the illness of
the engineer member; but his absence does
not appear to have been considered a very serious
matter, as the two captains drew up a report, to
which was attached an appendix describing pro-

osed qualifying course. e course of engineering
or qualifying gunnery and torpedo lieutenants or
engineers was one whole month (!) and we cannot
help saying that the recommendations contained in
this valuable document were framed in a manner
which displayed an iﬁnonnce of engineering sub-
jectswhich we should have thought no one connected
with the Royal Navy could have possibly displayed.

Wae are loth to the use of strong language, g’ut our
duty calls on us in this matter to use plain speech.
The captains’ report was, no doubt, forwarded to the
Admiral Commanding at Portsmouth in the ordi-
nary course, together, lpresumably, with a separate
report from the Chief Inspector of Machinery. The
Commander-in-Chief sent them to the Admiral
Superintendent of the Dockyard for his views. At
any rate, the reports were sent on to the Admiralty.
Exactly what reception they received at White-
hall is not known. One would suppose that the
Chief Inspector of Machinery was communicated
with, and, if so, it is to be presumed that he would
disagree entirely with the reasons of the Captains
of the Excellent and the Vernon. At any rate, a
statement appeared in the Times of April 19 last
to the following effect: ¢‘ The recently issued
instructions with regard to the care and mainten-
ance of gun-mountings and torpedo appliances on
board His Majesty’s ships were yesterday with-
drawn, and for the present the engineer officers
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not have thought that any excessive amount was
spent on the rolling stock.

Next Professor Carus-Wilson takes the receipts
and expenses per niile of line, and embodies them
in Table II. given on the previous page.

A note to this Table says ‘‘ Per mile ” meaus
mile of line regardless of the number of parallel
tracks, and this, unfortunately, goes far to destroy
the value of the Table for purposes of comparison.
‘We have not the information at hand to show what

ro?ortion of the Italian lines are double, but pro-

ably it is not more than 10 per cent., if 8o much.
The Great Northern Railway, in December, 1900,
was 820 miles in length, of which 176 miles were
single, and 649 miles ¢ double or more.” As there
are four roads on much of the distance from London
northwards, we shall not be very far wrong in
taking all the 825 miles as double, and all the
Italian lines as single. We then get the Great
Northern expenses per mile as 1211!. against 4211.
in Italy, and the receipts as 3230l. against 1605!.
However, this point is not of much importance, as
the remaining calculations are based on train-miles.
On the Lecco-Colico line the passenger receipts are
only 380L. a mile ; on the Sondrio-Chiavenna, 2201.;
and on the Milan-Varese-Arona-Laveno lines, 600l.

There has been a very large increase in the
train service on the electrified lines. The old
trains hauled by steam locomotives have been re-
placed by trains half their weight, and capable of
carrying about half as many passengers — that
is, 166. From Milan to Gallarate the schedule
speed has been nearly doubled, and the frequency
increased 3.5 fold. From Gallarate to Varese the
speed has been increased 76 per cent., and the
frequency about fourfold. The carrying capacity
of the ‘line, in passenger miles, has thus been
increased about 70 per cent. On the branch line to
Arona and Porto Ceresio the speed has not been
much increased, on account of the gradients. Pro-
feasor Carus-Wilson estimates the cost per train-
mile for the new service at 12.7d. per mile against
20.7d. for the steam trains (see Table I.). Coal
is reduced from 5.3d. to 3.4d., the stoker is saved
and a cheaper man taken as driver; the wages of
the conductor work out to less per mile on account

(For Description, see Pages 717 and 724.)
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of the increased speed, and repairs are halved
because the trains are reduced in that proportion.
On the other hand, there are wages at the gene-
rating and converting stations to be allowed for,
the net result being a saving of about 8d. per train
mile. But the train mileage has been increased in
the proportion of 8 to 28, and thus the cost per mile
of line has risen from 510. to 1110l. In addi-
tion, 6000.. per mile have been spent on the electric
equipment, which at the very inadequate interest
of 3; per_cent. would add a charge of 175l. per
mile, making the total increase 776l. per mile.
The present passenger receipts are 600l. per mile,
hence the passenger traffic must be increased 129
per cent. to pay the interest and increased cost of
running, assuming that the old fares are main-
tained. When the hydraulic power plant is complete
and coal is no longer required, the cost per train-
mile will be reduced to 9.3d., and the traffic will
only need to be increased by 80 per cent. to pay
expenses.

n the Lecco line the service of steam trains
was about half as frequent as on the Varese line,
and the proportional increase will be about the
same. The increase of the cost of running, with
transformer sub-stations, will be about 150l. per
mile per annum with water power. The passenger
receipts per mile per annum are, as stated, 380!.
for the section Lecco-Colico, 220l. for Colico-
Sondrio-Chiavenna, and 330l. for the whole line.
Thus an increase of 325l. per mile per annum will
require an increase in the passenger traffic receipts
of 128 per cent. If the fares are reduced, as is
contemp‘l’:ted. a further additional increase in pas-
sengers will be required. These figures appear to
assume that the goods and miscellaneous traffic
will be worked by electricity at the same rate as by
steam, and that the locomotives will be practically
scrapped. Probably such assumptions err on the
side of safety. If all the capital cost of the electric
installation is debited to the passenger traftic, there
should certainly be a small saving on the goods
traffic, for the repairs and rerewals of electric loco-
motives cannot be as high as those of steam motors,
the boiler being the chief cause of expense.

Professor Carus-Wilson then attempts to apply

the same principles to an English railway—the
Great Northern—and calculate what extra traffic
will be needed on a branch having eight trains per
day to pay for the cost and maintenance of electric
working. He makes the cost per train-mile to be
8.16 pence against 13 pence for steam, the weight
of the train being reduced to one-half and the :geed
about doubled. The saving is largely attained by
halving the repairs and renewals ; in addition the
cost of driver and stoker is cut down from 3.8 pence
to 1.5 pence, on the assumption that only one
man will be required. It is, however, generally
understood that the Board of Trade will not allow
a train to be run by one man. One man is allowed
on a tramcar, but that is at a speed not exceeding
12 miles an hour. On the other hand, on the Isle
of Man electric tramway, which is dpmctioally a
railway, only one driver is employed on a train,
but possibly the Isle of Man lines are not under
the control of the Board of Trade. The wages of
the conductor are written down from 1.5d. to 1.2d.
per mile on account of the increased speed, and, on
the other hand, there is rather more than a penny a
mile added for wages at the generating and con-
verting stations.

From these assumptions Professor Carus-Wilson
arrives at the conclusion that the running expenses
of a line with eight trains per day each way are
3201. per mile, and that if tge servioe is altered to
28 trains per day of about half the weight and
double the speed, driven by electricity, the cost
will be 960l. per mile, made up of 680l. running
expenses and 280l interest on plant. The net
result is that the passenger traffic must be in-
creased by 61 per cent. to cover the increased
expenditure.

" We perfectly agree with the professor's contention
that electric workinﬁ will not pay without increased
traffic, and have already put that view forward
several times in these columns. We, however,
find a difficulty in accepting all his figures. The
3% per cent. he allows on capital outlay is cer-
tainly too small, but it might pass if an adequate
amount were added for depreciation and renewal.
He allows 1.2d. per train-mile for repairs of
motors and generating stations, and inferentially
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for sub-stations and line equlgment, as these are
not mentioned elsewhere. This sum, on the basis
of his traffic, works out to 100l. per mile per
annum, or 1.2 per cent. on a capital expenditure of
8000l., making for interest, depreciation, and
repairs, 4.7 per cent., or less than half what it
should be. Locomotive power usually averages
about 94d. per train-mile on railways, or 800l. a
year on a 20,000-mile running. Of this 3d. to 33d.
is for renewals and repairs, which, on a basis of
20,000 miles a year, amount to 250l. annually on
a capital expenditure of 2600l., or 10 per cent.
annually. We need to add at least 400l. a year
to Professor Carus-Wilson's figures, making them
1360l. a mile in place of 960l. Passenger receipts
he takes at 43d. per train-mile ; hence, according
to his calculations, it would require an addition
of 61 per cent. of passengers to pay the extra 640l

a mile required yearly ; and, according to our cal-
cula.tlions, an addition of 100 per cent. to pay 10401.
a mile.

Averages are, however, apt to be delusive, and it
would be safer to take the cace of a line which cor-
responds more nearly to the Italian Railways than
does the Great Northern. We might select the
Isle of Wight Central, which, as many people know,
is not distinguished for speed or convenience. It
comprises 41 miles of single road, and its total pas-
senger receipts in 1900 were 26,162[., or 638l. per
mile. The total gross revenue is 44,055l., the net
revenue 14,152l., and the return on the 586,734..
of paid-up capital about 2.4 per cent., of which the
shareholders get nothing, the debenture interest
swallowing the whole. To electrify the line at
5000l. a mile would cost 206,000l., involving an
annual charge of 20,000l. a year for interest,

6-IN. PROJECTILE AFTER PASSING THROUGH 6-IN.
PLATE.

renewal, and repairs. Now, it is evident to the
blindest that it is absolutely impossible to reduce
the present gross expenditure of 29,903l. by the
sum of 20,000.. by any system of workini that
can be devised, and consequently it is only by an
increase of traffic—and that a large one—that
electric traction can be made to pay. If the
present eight or nine trains each way per day were
maintained as at present, and no alteration made
in frequeuncy or speed, then the passengers would
need to be increased nearly 80 per cent.; while if
there were a substantial increase in train-mileage,
the proportion of new passengers must be still
greater. :

All this sounds very diwouraxfin% and seems
to suggest that there never will be any elec-
trification of our branch railways. But in spite
of it the Italians are pressing forward with their
work, and are doing so with the full assurance
that it will pay. There is a great deal of travelling
capacity in this country not yet provided for,
especially away from main lines. The instant
success of electric tramways and light railways
shows this. If the Isle of Wight Central Railway
were worked as a tramway, there is but little doubt
it would be a success. Its present capital is only
about 14,000. a mile. If gOOOl were added to
this for equipment, the total would still be below
20,000{. This is by no means an excessive capital
for a tramway. For instance, the Potteries line, of
19 miles, has cost 558,000l., and is paying well.
The Blackpool, St. Anne’s and Lytham tramroad,
of 5% miles, cost 129,000l., and earns nearly 4000l
a year net profit. The Rossendale Valley Tramway,
of 6} miles, cost 67,876l.,and has 3000{. net receipts.
Other more a.gposito instances might be found were
it not that the latest figures available are nearly a
year old, and it is only recently that electric tram-
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ARTILLERY VERSUS ARMOUR.

We re})roduco on pages 720 and 721 photographs
taken of cemented armour-plates (Krupp prucess)
after being attacked by the Vickers 6-in. and 7.5-in.
guns and various types of projectiles, also manufac-

tured b{l Messrs. Vickers, Sons, and Maxim, Limited, -

while the accompanying Tables eet out the official
results in tabular form. The plates, as shown on the
engravings, are 6 in. and 1143 in.—practically 12 in.
—in thickness, and were manufactured to Admiralty
sﬁeoiﬁcations. The first of the trials took place on
the

9th inst.,, when the Controller of the Navy— ' )

Admiral May-—and other naval officials were present.
The remainder of the shots were fired on the 23rd
inst., when practically the whole Board of Admiralty
was present, excepting the First Lord—Earl Selborne
—who was prevented at the last moment from attend-
ing, owing to the suddenly-convened meeting of the
Csbinet to consider peace proposals.

The attack on the 9th inst. was against the 12-in.
plate, and the results are set out in Table I.
The first round from the 6-in. gun, with a capped pro-
jectile at the high striking velocity of 2799 foot-seconds,
completely perforated the plate, although the projec-
tile was broken up. The second shot, without cap,
})enetrated 32 in., and the third, an explosive shell
rom the 7.5-in. gun, was buried deep in the plate, as
shown ; a probe could be inserted round the edge
to adepth of 7 in. On the 23rd inst. two further
shots were fired at this plate, both from the 6-in. gun,
as recorded in Table II., the one with a cap going
t,hrough the plate, and remained in the backing; but
the fifth shot, without a cap, was broken up, and
measurement showed that it had only penetra‘ed to a
depth of 3 in.

The attack on the 6-in. ghte on May 23 con-
sisted of three rounds, the firat and third from a
6-in. gun, and the second from the 7.5-in. weapon.
Bhoth lg.uns using capped projectiles completely defeated
the pi i
the greater part (92 1b.) was discovered bedded in a
sand heap beyond the target, but the 6-in. shot without
a cap did not make any Impression on the plate.

te, the 7.5-in. explosive shell passing through it; | :

ENGINEERING.

TESTS OF 6-IN. AND 7.5-IN. GUNS AGAINST 6-IN. AND 12-IN. CEMENTED (KRUPP)
STEEL ARMOUR-PLATES.

TABLE L—F1gst, SEcOND, AND THIRD ROUNDS AGAINST 1143-IN. PLATE.

| MAY 20, 1902.

| CliARGE. ’ Velocity. | Temperature of ohnge 80 deg. Fahr.
Rouad. ' I Projectile and Fuze. ; Thermometer { DWreyt, :“lb:s »
' Nature. " Weight. ' ‘ nﬁ::{:' ' Barometer.. . .. 80.25in.
| T n o T Titeme. | 8V " 8E  Ramm —g.-
tt.-sec. ft.-tocs | in.
] R.R. 384, Nitro- 34 Vickers 6 in. A.P. shot, fitted with 2856 2799 5706 41.65
cellulose Johnson cap 105 1b. |
2 ! Ditto 34 Vickers 6 In. Algo :‘I)lot. without 2880 2820 . 5613 { 41.66
| CAp . ' !
30 . Vickers 7.5 in. A.P. shell, fitted with . |
3 Cordite % 43 Johnson cap, mﬁ' b, i 2480 X 2444 ) 8192 ! 66.75

| l |

toatl

Rounp 1.—Completely perforated plate. Projectile was broken up. P measured 18 in. to base of
shot, after removing its fragments the penetration measured 23} in. Extent of injury by scaling, 18.5 in. H.xl:g
20.5 {p. V. No cracks. Diameter of hole 6 in. This shot struck exactly in front of a horizontal H. girder, and bul,
it back 13 in., otherwise it would have gone completely through.

Rouxp 2.—Projeotile completely br.ken up. Penetration about 3% in., but point of shot remained fused in plate.
Extent of injury by scaling, 183 in. H. by 19 in. V. No cracks. Diamever of portion of shot in hole = 8 in. There was no
trace of bulge at back, or any displacement of backing.

Rouvxp 3.—Projectile broken ur. but all the point portion, including 2 in. of core, remained in plate ; it was not, how-
ever, fused in as in Round 2, for a feeler could be inserted in many places round the periphery up to 7 in. from face of rhte.
Penetration to front end of cyre was 5 in.; if, thorefore, the goaint pressrved its profile, the total penetration would be
9} in. Base portion sst up and part flowed in molten state into the tront of core, moulding itself to its contour. Extent
of injury, 23.56 in. H. by 21.5in. V.

TABLE II.—FouRTH AND Fi1rTH ROUNDS AGAINST 11}§-IN. PLATE.

Date : May 23, 1902. Firing at Eskmeals range for trial of Vickers 6.in. umour-giproin shot fitted with Johnson

i Vickers 12 in- K. O. plate, No. 4865. Ordnance No.: 1037a, 6-in., Mark B. Mounting : Naval
pedestal. Present : Lord Walter Kerr, Admiral May, Admiral Fawkes, Captain Foote, R.N., Colonel
‘L. E. Vickers, Mr. Albert Vickers, Mr. Douglas Vickers, Lieutenant Dawason, Mr. Malcolm Ha , the
Hon. 8. P. Bouverie, and Major the Hon. A. Lambart,

‘ |

Velccity. I

CUARSS.
4 |Temperature of e . 80deg. Fahr
Round. - - © 7 77 Prejectile and Fuze. 7’ ermometer {l‘?vrg; ulb 56 »
L 4]
Nature. Weight. len:?e. Barometer .o 30.8 im.
i T D t.-sec. 8.V, SE | Ramming
ft.-sec. ft.-tons | in.
4 R.R. 384. Nitro-cel 84 6-in. Vickers A.P. shot 2841 2786 £676 41.75
luloee fitted with Johnson cap. ,
} Weight, 105.5 Ib.
5 Ditto 34 /6-in. standard A.P. shot 2887 2827 5542 417
without cap. Weight,
100 Ib. |

Three rounds had previously been fired at this glm on May 9, 1902,

Rousp 4.—Shot completely perforated plate, but did not get un-ou¥h the wood tacking or skin-plate. The shot re-
mained in backing, the rear of base being 9 in. from surface of plate ; a feeler could be inserted along the outside of shot to
a distance of 18 in. from surface of Qhu. The extent of injury by scaling was 20 in. H. by 22} {n. V.

Rounp 5.—8hot pletely b up. Penetration 3in. Point of shot remained fused in plate. A large piece of
shot rebounded and was touné 201t. in front of plate.

TABLE IIL.—TRIALS AGAINST THE 6-IN. PLATE.

1902. Firing ab Eskmeals range for trial of Vickers 6-in, armour-piercing shot and 7.5-in. armour-
ell, both fitted with Johnson caps, againsd a Vickers K.C. plate, No. 4126, 8 ft. by 6 ft. by 6 in.

rdnance: No. 1037A, 6-in., Mark B, and No. 10174, 7.5-in., 50 calibres. Mounting: Naval vdeatd.
Present : Lord Walter Kerr, Admiral May. Admiral Fawkes, Captain Foote, R.N., Colonel T. E. Vickers,
Mr. Albert Vickers, Mr. Douglas Vickers, Lieutenant Dawson, Mr. Maloolm Hay, the Hon. S. P. Bouverie,
and Major the Hon, A. Lambart.

Date : May
iercing

i
CHARGE. . Yelocity.
| . eloclly Temperature of charge .. 80deg. Fahr.
Round. - T Projectile and Fuze. ‘Thermometer { alab“!b . g‘: »”
» ”"
Nature. ’ Weight. , le:z:?e. Barometer .. .. 30.3 in.
1b, ft.-sec. 8.V. | S.E. Ramming
| ! 6. -sec. ft.-sec. in.
1 loordite 2, Lot119| 125  6in. A.P. shot (Vickers), 2034 1095 266 41.25
i 17 | ;volou;gut cap. Welght, '
i 3
2 Cordite 0 Lot117 | 35.8125 '7.5-n. A.P. shell, fitted 2201 2188 6795 66.75
, 30 with  Johnson cap.
i % ‘ Weight, 205 Ib,
Cordite “’,Lot119 | 12.24 lB-ill. A.P. shot (Vickers), 2007 1971 2829 41.31
| 17 fitted with Johnson cap. !
i ‘l Weight, 105 1b. |

Rouxp 1.—Projectile broke up, point remaining fuzed in plate. Extent of injury by scaling, 24 in. H. by 22in. V.
There were no crac There were sigus of a bulge at the back.

Rouxp 2.—Complete perforation took place ; no pieces of shell, except the base-plug, were found. The size of hole was
8.76 in. by 8.5 in. Extent of scaling, 14.5 in. H. by 14.6 in. V. The point of shell of round, weighing 92 1b., was subee-
quently recovered, having penetrated 20 ft. into sand at rear of target.

RoUKXD 3.—Complete perforation took place. Projectile broke up, pieces being found in rear. Size of hole, about 6} in.
Extent of injury by scaling was 18 in. H. by 14 in. V.

A series of five rounds was then fired from she 7.5.in. gun at a t 1000 yards off. Starting with the gun
{)oage;l, t‘lrne time to preesing trigger for fifth round was 31 seconds. All the rounds hit within a space about 6 fs, H.,
y b ft. V. .

TuE NORTHERN COALFIELD.—A report of Mr. J. M. | during the early part of the year trade was brisk, and
Hedley, His Majesty’s inspector of mines for the New- consequently a considerable number of additional per-
castle éiatriot, for 1001, has been issued as a Blue Book. ' sons were en, . The demand afterwards fell off ;
Although the returns show that 3452 more persons were ' but instead of any hands being discharged, all she men’s
employed, the outpub of voal—viz., 24.416,672 tons—fell  names were keps on the books and the pits worked short
below that of the previous year by 75,745 tons. Cum- ) time. The quantity of mineral per person em-
berland and Durbam showed an incresased output of‘ployed was : In Cumberland, 323 statute tons per employé
86,887 tons and 59,687 tons respectively, but there was a | below ground, and 243 above ground ; in Durham (North),
falling off in Northamberland of 222,319 tons. The fall- | 380 tons below ground and 302 tons above ground ; in
mﬁ: off in the output was not altogether unexpeoted, | Northumberland, 345 tons below and 279 tons above
although it is somewhat anomalous to find it coupled | ground ; making an average for the districs of 357 tons
with an increase in she number of persons employed. owand 285 tons above ground, as compared with 375
The inspector explains the decline by pointing out that ' and 297 tons respectively in 1900.






