MaArcH 16, 1894,

THE ENGINEER

213

INSTITUTION OF NAVAL ARCHITECTS.

TuE annual meetings of the Institution opened at the
Society of Arts on Wednesday. There was a very full
attendance. After the usual routine business had been
transacted, the Chairman—the Right. Hon. Sir John

Dalrymple-Hay, Bart., K.C.B., D.C.L., F.R.S., Vice-
President—delivered the opening address. After refer-

ring to the absence of Lord Brassey in India, and con-
gratulating his hearers on the position of the Institution,
he went on:—Let me now express the deep regret which
we all feel for those of our colleagues who have died since
our last meeting in this hall. In the last volume of our
“ Transactions " interesting notices are published of the
excellent colleagues whom we lost in Vice-Amiral Paris,
who died on April 8th; of Rear-Admiral Long, who died
on April 24th; of Mr. E. A. Cowper, who died on
May 9th; and of Mr. Henry Laird, who died on May 26th.
I trust I may be permitted to add a few words to express
the esteem in which they were held by all who had the
honour of their acquaintance. Vice-Amiral Paris had
been our Associate since 1862, and had taken great inter-
est in our proceedings. Six papers by him are recorded
in our * Transactions,” and all full of varied information.
This able and courteous French seaman joined that navy
in 1822, He had three times circumnavigated the globe.
He served in the Crimean War, and was one of the
captains of the three French armour-clads which assisted
in the capture of Kinburn, the first occasion on which
armour-clad ships took part in a naval engagement. He
early studied the use of the marine steam engine, having
become a pupil of Mr. William Fawcett for that purpose.
He was at the head of the French Hydrographic Office
for several years, and had in 1863 the honour to be elected
a member of the French Institute, and of the Bureau
des Longitudes. Later he was Conservator of the
Museum at the Louvre. He was a copious author on
professional subjects. He and his son, Lieutenant Paris,
were collaborateurs in many scientific inquiries, and I
may be permitted to observe that our colleague, Mr.
White, in his ** Manual of Naval Architecture'—Notes
on Deep Sea Waves, pp. 189, 193, 209—says:—* Of
French observers, the most laborious and distinguished
is Lieutenant Paris, whose able memoir on Rolling—
Revue Maritime, vol. xxxi.—is highly commended.”
Alas! he was cut off in his prime, and left his distin-
guished father to mourn his loss. It is sad to think that
the father's last days were clouded over by the death of his
distinguished son, and that Lieutenant Paris’s future
services are lost to the great French navy, of which both
were such distinguished ornaments. You will remember
that on March 22nd last year our opening paper was read
by Rear-Admiral Long. His intelligence and the great
interest he took in our proceedings recommended him for
the Council, to which you elected him at that meeting.
On April 25th he died of a fall from his horse, and his
early death deprived the Navy and the country of a
young admiral of whom there were the highest expecta-
tions. He was followed on May 9th by Mr. E. A. Cowper,
an early member of our Institution. His scientific
knowledge was of great advantage in our discussions.
He was an early advocate of the compound engine, and
an inventor of many useful improvements of the marine
steam engine. He had filled the office of President of
the Institution of Mechanical Engineers in 1881-82, and
was a founder of the Iron and Steel Institute. On
May 26th we lost a friend and colleague whose name is
known wherever British shipping shows our national
colours. Mr. Henry Laird, who was a Member of Council,
and had been a member of the Institution for nearly twenty
years, was cut off in his prime by the prevailing epidemie.
To the large experience he had enjoyed in the great
Birkenhead yard, he had added the training whic

he

had received when studying in the works of the Messa- |

geries Imperiales at Ciotat. His father, Mr. John Laird,
and uncle, Mr. McGregor Laird, had been the first to
avail themselves largely of iron for shipbuilding, and I
well remember when I was a ycung officer serving on the
Bight of Benin, in 1834, meeting one of the steamers
which had been built at Birkenhead, and in which Mr.
MecGregor Laird investigated the mouths and course of
the Niger. Since that time—1832—every improvement
has been readily adopted by the Messrs. Laird, and none
of jus cross to Ireland without thanking them for our
speedy transit in the splendid vessels with which they
bridge the Irish Channel. To the death of one other
Associate you will expect me to allude. When, by an
inexplicable error, the great catastrophe befell the Vie-
toria, and illustrated for all time the spendid discipline
and stout courage of her officers and crew, our brave
Associate, Sir George Tryon, died with those who
perished at their posts, thus terminating a long and dis-
tinguished career, 'Wounded in the trenches before
Sebastopol, Director of Transportsin the Abyssinian War,
Permanent Naval Secretary, 1882.84, Commander-in-
Chief in Australia, Commanding the Naval Reserves,
prominently skilful in the command of two Squadrons in
our Autumn Manceuvres, he became Commander-in-Chief

in the Mediterranean. The mournful story of his tragic
death is known toall. An able officer, a skilful tactician,
a vast store of practical knowledge has been lost to the

profession and the country by his death.
I think, without exaggeration, it may be hoped that the
- great depression in trade, which has affected the ship-
builders as much as anyone, seems to be passing away.
In Lloyd's Register Shipbuilding Returns for December
31st, 1893, which gives a fair and dispassionate review of
the conditions of the ship-producing industries, I find that,
omitting warships, there is a perceptible increase of the
number of vessels under construction. 269 steam
vessels, of 578,026 gross tons, were under con-
struction on December 31st, 1893, against 227 steam
vessels, of 506,782 tons, on December 31st, 1892,
There is a slight falling off in the number of sail-
ing ships—sixty-four on December 31st, 1893, against
geventy-nine on December 81st, 1892 ; but the total shows

333 vessels of 641,981 tons in 1893, against 306 vessels of
570,741 tons in 1892, an increase of twenty-seven vessels
and 71,240 tons. Of these 333 vessels, 294 are building
under the supervision of Lloyd's surveyors. During the
last quarter, 107 steam vessels of 212,182 tons were com-
menced, and twelve sailing of 21,729 tons; 101 steamers
were launched, and seventeen sailing vessels. Of the
ships under construction, 207 steam vessels of 470,061
tons, and thirty-nine sailing vessels of 48,134 tons, total
246 of 518,195 tons, are building for this country; and
with an addition for our Colonies of two steam vessels of
1250 tons, two sailing of 545 tons, total fcur of 1795 tons,
making 471,311 tons of steam vessels and 48,679 tons of
sailing vessels for the British Empire. The total amount
under construction is 269 steam vessels of 578,026 tons ;
sixty-four sailing vessels of 63,995 tons ; or a total of 333,
as stated above, This wave of industrial recovery has
only as yet reached the Clyde, the Tyne, and the Wear ;
but we trust that other ports may soon share its benefits.
Of this number 60,557 tons of steam vessels are building
here for foreign countries, as well as 46,158 tons, the
nationality of which is not divulged, and it is interesting
to see that these same countries which come to us to
build are only building for themselves 90,370 tons of
steam vessels ; the great shipbuilding firm, Messrs. Cramp
and Son, of Philadelphia, are building two large steam-
ships for the Inman and International Line, of the same
size as the New York and the Paris, and they are build-
ing or about to build two more, exceeding in dimensions
and in horse-power the Campania and Lucania. All these
it is intended to build under the supervision of Lloyd's
Registry. Nor is this the only instance of the friendly
rivalry of the United States of America. All of us must
have admired the pluck of Lord Dunraven, who has
endeavoured to bring away the American Cup from the
best yachts of our cousins. All the skill in design of our
colleague Mr. George Lennox Watson, all the skill in
building of the Messrs. Henderson, all the skill in sea-
manship of Lord Dunraven were in vain, and the Vigilant
beat the Valkyrie—by a very small margin, it is true, but
still by enough to save the Cup for America. I cannot
attempt to discuss the merits of centre-board or no centre-
board ; but I say to this meeting we must look to our
laurels, and see to it that success is not always on the
other side of the Atlantic.

Last year H.M.S. Howe, having grounded at the
entrance of Ferrol Harbour, was considered to be in
peril of total loss. The Admiralty may be congratulated
on her salvage, and that the Howe 1s now an efficient
unit in the Mediterranean Squadron. The skill of the
Swedish Salvage Company who floated her, the persever-
ance and ability of Admiral E. Seymour and his officers,
and the ready assistance of the Spanish authorities
have been becomingly acknowledged. The shipbuilding
programme of 1889 for the Navy is now practically com-
plete. Of the seventy ships then projected all but nine
are completed, and those nine are of the smaller classes
and will be completed shortly. The great exertions of
other nations to add to their navies has awakened a
corresponding desire in this country not to be out-
numbered by any probable combination. The Admiralty,
by producing Return No. 465, has given us an accurate
measure of the relations in which our numbers stand to
those of some other European Powers. Our empire is so
extensive that other navies than those mentioned have to
be considered, if we desire to maintain our trade routes

under all conditions free for the passage of our food
supplies : —

Combination of

Armour-clad battleships, two Powers
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the return No. 465 nine first-class cruisers

may be classed as third-class battleships. 1add
them accordingly :—
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But, in addition to the countries named in Return 465,
to which I have added the United States of America as
possessing first-class battleships, there must be considered
other nations whose battleships of the third class are
numerous, and some formidable. I need not remind you
that twice in recent years our flag in the Pacific was

laced in jeopardy by being hoisted in an unarmoured

rigate. On the first occasion the Zealous and on the
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second the Triumph were sent as flagships to the Pacific,

but too late to enable the Commander-in-Chief on that
station to carry out the orders of the Government, and
to give protection to our trade in those seas. The battle-
ships belonging to these countries are as follows :—Argen-
tine, 1; Austria, 4; Brazil, 3; Chili, 3; China,4; Den-
mark, 4 ; Greece, 5; Japan, 2; Netherlands, 7; Bpﬂ._m.
2 ; Turkey, 15 : total, 50, making of Bea-guing battleships
154, against our 54, or 100 more than we have built or
are building. The foregoing table shows the number of
protected cruisers built and building for our own and
other Governments. ;

It is necessary to take account of coast defence ships.
If Great Britain is superior at sea, and establishes a
blockade, coast defence ships must be counted upon as
able to assist in breaking that blockade. Having rapidly
glanced at the numbers and conditions of the navies of
the world, I need not remind you of the spirit in which
the nation has emphasised the necessity for an addition
to the Navy, and the prospect of employment for all the
various trades and professions connected with ship-
building to be derived from that necessity. I know that
this Insgitution, possessing so many persons skilled in
naval construction, will be ready to co-operate with the
able Naval Architects who serve the country at the
Admiralty in devising means to make our new armour-
clad ships superior, if possible, to those existing, in
unsinkableness and in speed. It also affords some
expectation that our magnificent private dockyards may
find ample employment in the not distant future.

The gold medals of the Institution were then presented
to Mr. G. Calvert and M. Otto Schlick, for their papers
on the measurement of water currents, and apparatus for
measuring and registering the vibrations of steamers.
Mr. Calvert was unavoidably absent; M. Schlick returned
thanks in appropriate words.

The first paper was then read, by Mr. W. H. White,

“ON THE QUALITIES AND PERFORMANCES OF RECENT
FirsT-cLAss BATTLESHIPS."”

This was a very long and interesting paper, made still
longer and much more interesting by Mr. White's
digressions and explanations of rolling, given by means
of a large moving diagram. The paper was so long
indeed, that the latter part of it was hurried over by the
author in abstract, and may be regarded as taken as
read. We give in full, however, that portion which
refers to a most interesting question, the behaviour of
the Resolution in a gale. Mr. White began by describing
the conditions under which eight very large battleships
had to be built, and the paper is an account of the ships
and the results obtained with them. The main con-
clusions of the author may be summarised, that the
ships were quite successful, and that as regards rolling, all
ships roll when the waves fit them. This will be clearly
understood from what he said concerning the
Resolution.

Experience at sea, Mr. White said, with the new battle-
ships has been very limited, except in the case of the
Royal Sovereign, which was commissioned in May, 1882,
as flagship of the Channel Squadron. The sister ships,
Empress of India and Resolution, were commissioned
for service with that squadron in September and Decem-
ber last. The turret ship Hood joined the Mediterranean
fleet in June, 1893, and the Ramillies became the flag-
ghip on that station in October; but except on the pas-
sage out these ships have not had experience in the
Atlantic. It is to the Royal Sovereign therefore that one
must turn for information as to behaviour over any con-
siderable period. Apart from long-continued experience
under various conditions of wind and sea, no fair appre-
ciation is possible of the true qualities of any ship or
class.

He recapitulated the broad conclusions in regard to the
rolling of ships, which have been established by theo-
retical investigation, and confirmed by experiment and
observation during the thirty-four years that have elapsed
since the late Mr. W. Froude brought his new theory
before this Institution. (1) The behaviour of a ship
depends chiefly upon the ratio of her period of oscillation
to the apparent period of the waves which produce roll-
ing. (2) The slope of the waves, their ratio of height
to length, is an important factor in the rate of accumu-
lation of rolling and its maximum amplitude. (3) The
resistance offered by water to the rolling motions of ships
is most influential in limiting rolling, and any means
available for increasing that resistance and the * rate of
extinction " of rolling must be beneficial. (4) For any
ship the condition tending to produce the heaviest roll-
ing is that when the waves pass her at a rate which
synchronises with her natural period of oscillation in still
water. Apart from the action of resistance, the successive
impulses of a regular series of synchronising waves would
increase the amplitude of the oscillations so rapidly that
any ship must be capsized in a very short time. (5)
Every HEi , no matter what her size and period of oscilla-
tion, is liable to this condition of synchronism. It may
occur with a beam sea of period identical with her own,
or it may result from the course and speed being such
as to produce synchronism with waves of dissimilar
period. In fact, allowing for the infinitely varied condi-
tions of sea necessarily encountered, no ship can alto-
gether escape from heavy rolling. (6) Experience has
confirmed the deduction from mathematical investigation
that ships which are slowest in their still-water oscilla-
tions, as a rule, are steadiest at sea. (7) For slow-moving
ships, of long still-water periods, the condition of syn-
chronism is sometimes reached in a long and very low
swell, with imticnll}- no wind. This swell results from
waves which have travelled long distances, from the
storm region in which they were formed, and in transit
have been greatly degraded in height, while retaining
considerable length and period. (8) When rolling is set
up in ships by the passage of waves itmay be anticipated
that the heavier ships, with greater moments of inertia,
will accumulate the largest angles of oscillation. He
then went on to consider the performance of the Royal
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Sovereign, and he gave the following among other
figures :—
Inclinations on Eack Side of the Vertical,
Mean Deg. Max. Deg.

Royal Soverei el g Sl o 115
Empress of Inﬁin e 10°5
Immortalité ... ... .. .. 28 ]
Naroisgos... ... ... .o ses O i
IR i M e e O 132

The Rodney was in company, but did not take
simultaneous observations on the occasion described in
the table. Taking all the observations made at various
times during this day, and disregarding changes which
may have occurred in the course and speeds of the ships,
or changes in the state of the sea, the following summary
represents the facts:—

Mean Inelination on Each Side of the Vertical.

Da%a.
Royal Snﬁmi%n -
Empress of India ... ... .. .. e 04
Immortalité e e R S S S|
Narcissus .. ... e T e N SN e
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In order to illustrate the general character of the
motion of the large ships, the gradual increase in ampli-

i
|
|
i
!
|
!

=
- -

I Sy T —— -l

R LT uﬂl.,p-,.-l'h.-_..q.l L e & " uﬁmfh-f P
T . - drlamiag L | ]I e dsnd | 1.1 : i Alampd Livber

¥ L T TN
Fia. 1.—Midship Sections.

tude, attainment of a maximum inclination, and sub-
sequent gradual decrease, Fig. 11 has been prepared
from a series of actual observations. One feature in the
accumulation of rolling under the trying conditions of
synchronism is the apparent suddenness with which
comparatively large angles of inclination may be accumu-
In.t.mr. Here, again, theoretical investigation anticipates
observation. Apart from the action of resistance, the
passage of each synchronising wave should add an angle
equal to about three times its maximum slope to the
range of oscillation. In the long, low swell which syn.

A—Ordinary
load condit'n

B.—Do. ligh
G.—uﬁh
treme load do.

\

Fic. 2.—Curves of Stability for H M 5, Royal Sovereign.

chronised with the Royal Sovereign class, the maximum
slope was about 8 deg. only, corresponding to an incre-
ment in range, apart from resistance, of more than 9 deg.
for each wave, apart from resistance. There would be
four waves passing in a minute ; and it is easy to under-
stand therefore in how short a time considerable angles
of rolling may be reached, especially in a slow moving
ghip, where resistance acquires no great moment until
there is a good swing. When the Royal Sovereign and
Empress of India were placed beam on to the swell,
and a series of nearly regular waves of synchronis-

A—Ord. load
5 l con. B—Ord,
s . light ditto.

-

Fi1a. 8,.—Curves of Stability for H.M.S. Monarch.

- -

ing periods passed the ships, much larger inclinations
were reached at times than are shown in the fore.-

ing tables, The maximum inclinations recorded
under these very trying conditions were about 25 deg.
to 80 deg., which is undoubtedly heavy rolling, and has
naturally been made the subject of adverse remarks. It
may be well to explain, therefore, that this kind of
behaviour has been experienced long ago, under very
similar circumstances, in vessels having unsurpassed
reputations for average steadiness, and about the same

A—Urdload
con. B—0Ord
light ditto.

F1a. 4.—Curves of Stability for H.M.B. Devastation.

periods of oscillation as the Royal Sovereign class. In
this connection he quoted a condensed passage from his
“ Naval Architecture,” published nearly twenty years
ago. The Hercules, as a rigged ship, was remarkable
for average steadiness of platforma. Yet on some occa-
sions, in a swell very similar to that which set the Royal
Sovereign class in motion, she rolled to angles of 25 deg.
and 30 deg. on each side of the vertical. Similar experi-
ence has been obtained with the Inconstant and other
vessels.

Small changes in course and speed relatively to syn-
chronising waves also produce marked resuls on rolling.
As an illustration I may take a recent observation made
by the Royal Sovereign., With swell abeamn the mean

inclination to the vertical was about 9 deg.,and maximum
—occasionally reached—18 deg. With the swell two
points before the beam the mean inclination was about
5} deg., and the maximum 10} deg. With swell four
points before the beam the mean inclination was about
4 deg., and maximum 9} deg. He then proceeded to deal
with the Resolution.

The Resolution, a newly commissioned ship, left Ply-
mouth at 2 p.m. on December 18th last to join the
Channel Squ n at Gibraltar. On December 23rd, at
9 a.m., she arrived at Queenstown. According to the
newspaper accounts, the ship had been seriously strained
in structure by heavy rolling, reaching to angles of
30 deg. or 40 deg. from the vertical. Dangerous leaks
had been developed, and she could only be kept afloat by
continuous pumping. Considerable repairs were said to
I-'lﬂ
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F16. 5.—Curves of Righting Moments in Ordinary Load Conditions,

be required, and it was alleged that she was in such a
state that she could hardly proceed without risk as far as
Plymouth or Portsmouth before being taken in hand.
Graphic accounts followed of the terrible weather which had
been encountered, of the unsatisfactory behaviour of the
ship, the great discomforts suffered by all on board,
a.mr the immense quantities of water which were
said to have passed down into engine-rooms and
stokeholds. In short, the impression was produced, and

ossibly still remains in many minds, that the Resolution
Ead a narrow escape from disaster, and her behaviour was
considered the more unsatisfactory seeing that the torpedo
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Fi6. 6,~Curves of Righting Moments in Ordinary Light Condition.

boat Gleaner, which was in her company, had pro-
ceeded to her destination, while the big ship put back.
Now for the facts. It has beenstated by the represen-
tative of the Admiralty in the House of Commons that
the captain of the Resolution, in the exercise of his un-
doubted discretion, put back to Queenstown because he
considered it the wiser course, having regard to the
possible continuance of bad weather, and the quantity of
coal remaining on board. The ship proceeded to Devon-
port, and a careful survey was made by the officers of
Devonport Dockyard, who had nothing whatever to do
with tﬁa construction or fitting out of the Resolution.
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Fio. 7.—H.M.B. Resolution, if Inclined at 40 deg. in Smooth Water.

This survey established the entire absence of any work-
ing or weakness in her structure. Various fittings on or
above the upper deck and outside the ship were damaged
or washed away by the sea. The 1::1-i|§J es, which are
merely light superstructures at a considerable height
above the shelter deck, showed some small signs of
movement, but nothing of any importance. There were
no serious leaks anywhere. One or two places were
found where srnall fittings had been attached to the
sides, and the rivets were not absolutely water-tight.
A few local defects in deck planks had permitted
trivial leaks to occur here and there. Some small
leakage also occurred at gun ports, deck pipes, and
other openings provided with covers that had been
thoroughly tested during construction, but were appar-

ently not so well secured as they might have been when
the storm was encountered. In dealing with such fit-

tings, experience counts for much, and a newly commis.
sioned ship is always at a disadvantage. Other fittings
which were in place need not have there under the
circumstances, arrangements having been made for stow-
ing them in safe positions at sea, or when bad weather
was anticipated. The covers to the forward barbette
wells were washed away by the sea, not because they
were not strong unuuﬁua but because they were not
properly secured; and this circumstance led to the entry
of water through the barbette. The best possible
evidence to those conversant in such matters of the trivial
and unimportant character of the defects arising from
this experience of the Resolution is found in the fact that
they were all made good—including repairs to

fittings and renewals of fittings lost—for the sum of £440.
There is no evidence that large quantities of water,
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Fio. 8. —H.M.B. Resolution Broadside on to a 'Wave 600ft. long, 30ft.
high, showing inclination necessary to put her Bulwarks under Water.

much less dangerous quantities, passed into the interior.
Before the hatches were battened down amidships a sea
broke on board, and some water found its way down to
the main deck and into the engine-room, but this did not
recur after the battening down. Discomfort there was,
no doubt, during the three days the ship was battling
with the storm; but that is a common experience, and
not peculiar to warships. It has come to my knowledge
that two large passenger steamers which were crossing
the Bay about the same time had a very similar experi-
ence, but they continued their voyages, and I have not
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Fio. 0.—H.M.8. Resolution Broadside on to a Wave 800ft. long, 42ft.
high, showing inclination necessary to put her Bulwarks under Water.

seen any comments in the Press in regard to their

behaviour, The storm was undoubtedly severe, and the

ﬂ was exceptionally high and steep for a considerable
e.

After passing Ushant early on the morning of the 19th,
the Resolution had a swell on the beam, which caused her
to roll considerably. The wind, which was south at start.
ing, veered during that morning to west, and then to
north-west. She was kept on her course for seven or
eight hours, until about 7 p.m. Two exceptionally heavy
rolls then occurred, and the sea broke over the up
deck amidships. The hatches were not battened down at
the time, and water passed through them on to the main
deck and into the engine-room, as above described.
After this happened the ship was brought head to sea,
gear secured, and battening guwn completed. She then
resumed her course; but, as she again began to roll

considerably, she was once more brought head to sea,

and there kept steaming slowly. This ha ed about
9 p.m. on December 19th. The swell inﬁrm and the
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wind freshened during the night. By 8 a.m. on Decem-
ber 20th it was a whole gale, with tremendous squalls.
Measurements of the waves were made that day with all
the care possible under the circumstances. Accurate
measurement, especially of length, was hardly possible.
The wave heights were obtained by horizon observa-
tions, and are probably more nearly correct. Heights
of 42ft. were observed from the hollow to crest, and
lengths of 300ft. from crest to crest. The exceptional
steepness of these waves will appear from the fact that

extensive observations have fixed the average height of

large Atlantic storm waves at one twentieth of the

length, so that waves 42ft. high would be over 800ft. long.
Similar observations give 15ft. as the average height for
waves 300ft. long. No doubt in this instance, as in many
others, where the wind has veered during a long-continued
storm, there were an independent series of waves running
in different directions and superposed on one another, which
would account for the height and steepness of the waves.
The ship was kept head to sea until four p.m. on
December 21st, when the swell had begun to drop some-
what, but was still from the north-west. Measurements
of waves that morning showed heights of 26ft. to 30ft.,

Fi6. 10.—H.M.B. Resolution Broadside on a Wave 300ft. long, 20ft. high
superposed on another Wave 600ft. long and 20ft high.

and lengths estimated at 280ft.—still a very steep and
heavy swell. A northerly course was then shaped ; and,
as the swell decreased gradually during the night, on the
of the 22nd the ship proceeded to Queenstown.
On arrival she had over 450 tons of coal on board, having

morning

left Plymouth without about 790 tons.
There are two st

report the captain of

kept head to the sea. Her behaviour under these circum-

stances is reported to have been most satisfactory. She
was very buoyant, rode well over the very heavy sea, and
pitched easily. At times she rolled considerably, which is
not remarkable when the state of the sea and its confused
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Fio. 11.—H.M.5. Royal Bovereign. Dingram of Rol
swell on the beam, of ptﬂmi to 144 :juncgundn.

character are taken into account.

reached a maximum, and then
completin

Fig. 11.

the pitching and 'scendi
Unclp A s

with still water, and considerable temporary
in transverse stability, which would account for the occa-
sional heavy lurching. Moreover, there must have been
very severe longitudinal bending moments on the struc-
ture, and it is most satisfactory to find that there was
no indication whatever of working or weakness.

Another fact of great im ce must be stated.

There is no trustworthy evidence of the angles through

which the Resolution rolled on this occasion. The only
observations recorded were made with a short, quick-
moving pendulum placed in the chart-house, at & height

8 to be considered in this narrative.
First, that during which the ship was exposed for some
hours to a swell abeam, described as moderate, but said to
produce occasional heavy rolling. This resembles the case
above discussed for the Royal Sovereign class ; and in his
e Resolution expressed the
opinion that the cause of rolling was approximate syn-
chronism between the period of the ship and that of the
waves. The second stage is that where the ship was

for ten minutes,

It is reported also
that, under these conditions, the oscillations were quite
different from those which occurred when the swell was
abeam. In the latter case the rolling gradually increased,
ually diminished—
a ‘““phase,” in fact, like that represented in
ead to sea the ship is stated to have ** lurched "
at once, or nearly so, to her maximum inclination, and
then to have zmjually lessened her swing in succeeding
oscillations. This is what would be anticipated from the
position she occupied in relation to the short steep sea, and
motions impressed npon her.
er these circunstances there would necessarily be great
variations in the distribution of the buoyancy as compared
reductions

of 85ft. to 40ft. above water. I need not dwell upon the
possible errors of pendulums so placed in a ship rolling
among waves. Cases are on record where the indi-
cations of pendulums, similarly placed in ships of
about the same period, have been twice the true
angles of oscillation, observed simultaneously by
trustworthy methods. In fact, no experienced naval
officer trusts pendulum observations, spirit levels, or
gravitational instruments of any kind for use at sea. One
cannot fix precisely what was the actual error of the
pendulum in the Resolution. But it is certain that its
movements placed at such a height must have grossly
exaggerated the rolling of the ship. When angles of
inclination of 80 deg. or 40 deg. are said to have been
indicated by, or estimated from, the movements of the
pendulum, the actual angles must have been much
less, and may have been only half what was shown
on the scale. It is important to note also that,
even had these great angles of inclination been
reached, there would have been no reason for apprehension
of danger to the ship. The curves of stability—Fig. 2—
show that the maximum righting moment occurs at an
inclination to the vertical of 37 deg., and that instability
is not reached until the inclination exceeds 60 deg.
There is a popular impression, no doubt, although an
absolutely erroneous one, that if a ship is inclined past
her angle of maximum stability she will capsize. To this
Institution I need not explain that even in a ship with large
sail power, and exposed to squalls of wind, there may be
no danger in angles of inclination much exceeding that at
which the righting moment reaches its maximum. But
when, as in the case of the Resolution, there are no sails,
and the inclining force of the wind on the broadside is
relatively so small, there is a much greater margin of
safety. In Fig. 7 a cross section of the Resolution is
given for an inclination, in still water, of 40 deg. to the
vertical. At this inclination the righting moment, for all
practical purposes, may be considered as maintaining its
maximum, and has a value of more than 30,000 foot-tons.
This 1s the greatest angle of roll which, by pendulum or
estimate, has been attributed to the Resolution. For the
reasons just stated it is practically certain it was never
approached. Had it been approached the upper deck
must have been invaded by the sea to a much greater
extent than actually happened.

Among waves, the rise of the sea, as well as the roll-
ing of the ship, necessarily influences the amount of
water which comes on to the deck. This fundamental
truth is often overlooked, and in some discussions on the
Resolution’s behaviour this has been done. Simply to
illustrate the well-known fact Figs.8 and 9 have been
prepared. The latter shows the Resolution beam-on to
trochoidal waves of the heights and lengths said to have
been observed on December 20th, but to which she was
then kept bow-on. The maximum slope of the waves is
26 deg., and an inclination to the vertical of 8 deg. would
then immerse the top of the bulwarks. In this position
the corresponding angle of the curve of stability for
measuring the righting moment would, of course, be 34 deg.
Fig. 8 shows the Resolution beam-on to an Atlantic storm
wave 600ft. long and 30ft. high, the maximum slope
being 9 deg. Here an angle of inclination to the vertical
of 25 deg. would bring the top of the bulwarks awash.
In practice, of course, waves have not the regular forms
shown on the diagrams, nor are successive waves of
identical size and height. The ‘rise of the sea’ on
occasional waves in a series often considerably exceeds
the average rise, and in a confused sea formed by super-
posed series these variations in height are very striking.
Even with my limited opportunities for studying wave.
phenomena, this has been much impressed on my mind,
and experienced naval officers have frequently drawn
attention to the same fact when the assumptions made
in the mathematical theory of rolling have been explained
to them.

Fig. 10 has been constructed on the hypothesis of two
superposed series of waves, oae 600ft. in length by 20ft.
in height, and the other 300ft. by 20ft. in height. At
certain times the ship on such a compound wave, if
broadside-on, might immerse her bulwarks at an inclina-
tion of 18 deg. If end-on, the wave crests passing
rapidly, might also rise considerably above the bu?wa.rka,
and come on to the upper deck. The presence of water
in considerable quantities, at times, on the upper deck of
the Resolution cannot, therefore, be regarded as any
proof that the ship approached the angles of inclination
indicated by the pendulum ; much more moderate angles,
under the circumstances described, would have produced
this result.

It is undoubted that the ship at times rolled consider-
ably, and that the Gleaner, although of small dimensions,
made better weather of it when beam-on to the swell
first encountered. The Gleaner is said to have *‘ risen
over the beam swell and sea like a cork,” which is what
would be anticipated from the fact that she is a quick-
moving ship, her period being only one-third to one-fourth
that of the Resolution. On the swell which synchronised
with the movements of the latter and accumulated
rolling, the Gleaner could move so quickly as practically
to accompany the waves. Everyone knows that under
such circumstances the smaller ship is likely to have an
advantage; but it is equally true that under most con-
ditions the larger and slower moving ship will be better
behaved than the smaller, and more capable of maintain-
ing her speed. The Resolution was, in fact, put to a severe
test at the very commencement of her service, when those
on board had not grown familiar with the vessel, and par-
ticularly with the fittings provided for use in rough
weather. She was not fully prepared when the sea first
broke on board, and the washing away of certain fittings
which were not well secured, or which were left in place
instead of being stowed, permitted water to pass below.
This involved discomfort, but not danger ; and the state-
ments to the contrary are unfounded. So are the accounts
that were published in regard to the straining and leaks
produced by the rolling. As to the extent of the rolling,

there is no exact information, but there was undoubted

exaggeration in the published reports. The rest of the
paper was devoted to the manweuvring clmwurﬂ. and relative
size of the Royal Sovereign class ; and the Centurion and
Barfleur.

The discussion on Mr. White's paper was at once
interesting, instructive, and amusing. The speakers
were nearly all naval men, and they all spoke of what
they knew—of facts occurring in their own experience.
Mr. White, in some of the digressions to which we have
referred above, spoke of certain phenomena as being well
known to sailors, though not to the landsmen who criti-
cised ships and their performances; and concerning these
phenomena the discussion supplied much information.
The first speaker was Mr. W. Laird, who said he had had
some experience on board the Royal Oak, one of the new
class of battleships. She behaved in a very satisfactory
manner in rough weather, at times a gale, and reached
Portsmouth in due time. Her behaviour was equally
good during the gunnery trials. If the Royal Oak and
her sister-ships rolled, the roll was easy; if safety was
secured, the result was satisfactory. There could no
doubt #t smaller ships were needed for certain depart-
ments of the service, but he hoped the Admiralty would
go on building big ships, so as to be able to cope with
any nation, united or otherwise.

He was followed by Admiral Field, who, alluding to
the need which existed for practical information, sug-
gested the expediency of sending young naval architects
from Mr. White's department to sea in her Majesty's
ships, so that they might augment the value of their
theoretical acquirements by sound practical experience.
He referred in amusing terms to the modern Member of
Parliament, who has nothing to learn about ships, guns,
or anything else, knows a great deal more, indeed, about
such subjects than naval architects, or captains, or
admirals, and he thought Mr. White's paper might

erhaps open his eyes to the truth that he did not
Enuw quite so much as he thought. 'We must have
big ships. The small ship, costing 80 per cent. less than
the big one, was, no doubt, a splendid structure to cateh
votes of the Little England party, but it would not do for
Britain to be inferior to any other nations. But he was
not quite sure that Mr. White had not underrated the
merits of the Centurion, as she might be able to carry a
much more powerful wire gun than the 10in. she had on
board. He was sorry that sufficient stress had not been
laid on the true reason why we must have big ships, and
that was that their coal endurance was much greater
than that of small ships.

He was followed by Admiral Morant, who gave details
of his experience in gales with the Achilles, Northumber-
land, and Minotaur. Crossing the Bay of Biscay in a

south-westerly gale, and a heavy cross sea, the
Northumberland rolled 40 deg. each way, and the

Minotaur 36 deg., the Achilles 34 deg., and they took
green seas on board at each side as they rolled, yet these
were described as able and stable ships. All ships are
liable to roll if the impulse of the sea chances to
synchronise with the period of rolling. A very remark.
able instance of this was supplied in his own experience
in Vigo Bay. The Agincourt, Neptune, and Hercules,
were proceeding under steam in nearly smooth water,
when the Neptune began to roll on the swell, and rolled
50 heavily that her guns broke adrift, neither of the other
ships rn]jsi’np; at all.

Admiral Boys said that his experience in the Warrior
in 1869 precisely confirmed Mr. White's arguments, but
it must be remembered that a ship might remain at sea
for months or even years without encountering a sea that
fitted her. She would establish a splendid ¢ ter for
steadiness, and then one day she would find a synchronis-
ing sea, and would roll her bulwarks under. He had
known the Warrior and Achilles without ?p&rent reason
roll heavily for a quarter of an hour and then become
steady again. The Bermuda Dock when being towed
across the Atlantic had rolled 15 deg.

Captain FitzGerald had a somewhat lively and good-
tempered passage of arms with Mr. White. He main-
tained that the Resolution had behaved in a way that her
designers had not expected, and that in consequence they
were going to do now what they ought to have done at
the first, namely, fit her with bilge keels. It was, how-
ever, quite true that ships developed rolling in a very
erratic way. Thus, for example, on one occasion the
Empress of India began rolling in such a fashicn that
before ports could be shut she had flooded her cabins, to
the infinite annoyance of the officers whose Eru erty was
destroyed. He was glad to find that bi eels were to
be fitted even experimentally. As to a slight movement
in the bridge, it was all very well for Mr. White, who
stayed at home, to talk about slight movements, but the
captain had to use the bridge, and he really did not relish
the notion of slight movements in that structure. He did
not hold with those who were always comparing one
British ship with another, and depreciating both.

Mr. Thornycroft dwelt on the fact that big ships could
be propelled at a given speed with less power and fuel
than small ships. They had a much larger range of
operations, and for Great Britain that was a matter of
much importance. Dealing with rolling, he remarked
that a long slow roll meant a large angle, and big ships
in the Navy had very commonly a period of fifteen
gseconds, or four rolls in the minute, which just fitted
heavy waves. He had made investigations and observa.
tions which strongly supported this view. A large ship
and a slow period of recessity went together. As to bilge
keels, Mr. White had no doubt made his case good. They
were, under certain circumstances, of great value, but 1t
had to be proved that they would be of use to such ships
as the Resolution.

After some remarks by Mr. Martell in favour of bilge
keels, and a question by Mr. Henwood concerning liquid
fuel, Mr. Biles spoke. He explained that while a great
fuss was made about the rolling of aili]pa in the Navy now
and then, the same thing went on daily in the mercantile
marine, and no one thought an g of it. As a fact,
most of the great Atlantic liners rolled 30 deg. each way



216

THE ENGINEER.

MaRcH 16, 1894.

—— _

in rough weather. It was taken as a matter of course
than they should do so. No one anticipated the least
danger because there was none. Such rolling was uncom-
fortable, that was all. The stowage of cargo had a great
affect in bringing about such an alteration in the period of
rolling as might, on the one hand, make it synchronise with
the wave period, and on the other might put it out of ste
with the waves, and he instanced one 4000-ton Atlantic
st yamc which was a roller or not according to the way
her cargo was stowed. Various expedients had been
teied to avert rolling by mechanical devices; none had
succeeded hitherto, but he hoped for better results from
Mr. Thornycroft's investigations.

Mr. White, in replying, said that really, as regarded
Captain FitzGerald, he had nothing to apologise for in
the design of the Bhlﬁa he had described, nor did he
intend to apologise. He had only to deal with facts, and
those he had set before them. It was the simple truth
that bilge keels were not forgotten. To fit them or not
had been carefully discussed, and it was decided not to
fit them. Then Captain FitzGerald was not correct in
saying that that had happened which was not anticipated.
In his own—Mr. White's—book on ** Naval Architecture,"
written twenty years ago, he had clearly shown that
under certain circumstances every ship must roll heavily.
It was physically impossible to prevent the rolling save
by changing the circumstances. Certain ships in the
Navy had an excellent character as stable ships; this
stability was due to their rolling period. In designing
the new ships every effort had been made, and with great
success, to secure a similar rolling period, and no more
could be done to get stability. The Royal Sovereign
had been afloat for two years and eight months before
she rolled. It was only under special conditions of wave
length that she would roll. At certain seasons of the
year, and in certain seas, ships with a given period were
sure to roll. This could not be helped. All that could be
done was to get the best average performance. As to
Mr. Henwood's questions about fuel, as it was burned,
the captain could if he liked take water into] the
double bottom, so as to keep the ship down in the

water. He did not hold with the notion. * put a
penny in the slot and the ship will work.” He held
that officers should be left a large discretion. As to

oil fuel for ships of war, that was a subject which
be positively declined to discuss. As to Admiral
Field's suggestion about sending young men to sea, he
assured him that they did what they could, but they were
too short handed at the Admiralty to spare men. For
the rest, his business was to build ships which should
comply with conditions dictated by the Board of
Admiralty, which included the most careful and com-
petent men imaginable. As to the Centurion, they must
remember that she was a very special ship, intended to
go through the Suez Canal. She was sheathed and
coppered, had a large coal capacity, and great speed. Our
ships are not intended to fight each other, and the endless
comparisons of English ships with English was waste of
time; they should be compared with those of other
countries. Mr. White concluded with a warm tribute to
the merits of the Admiralty Board.

A vote of thanks having been passed by acclamation,
the chairman said that as time was short certain papers
would be taken as read. The hall rapidly emptied, and
Professor Greenhill then read his paper on stresses pro-
duced by rolling, which was of far too abstruse a character
to bear abstracting.

On Thursday morning Mr. C. . Ellis, the well-known
Managing Director of Messrs. John Brown and Co.’s
Atlas Works, read the first paper on

“ RECENT EXPERIMENTS IN ARMOUR,"

of which the following is a summary. The writer began
by noting that the adoption of a new type of plate for
three important battleships marks an epoch in the
development of armour, and deserves special notice in
view of the expected increase in our navy. When
M. Barba, of Creusot, read his paper on armour in 1891,
the writer considered that compound armour still held
its own fully against steel, because it resisted projectiles
of medium quality, as M. Barba admitted, better than all
steel, and because 1ts very hard face was specially
adapted to resist shot striking obliquely. In support of
this view the writer compared the results obtained by
the Vickers all - steel and Cammell compound plate,
tested on September 6th, 1888, on board the Nettle. He
noted that Messrs. Cammell had themselves achieved
considerable success with steel plates tested on board
the Nettle, and both Brown and Cammell with nickel
steel plates, used for the secondary armour of the Royal
Sovereign class. These plates, each 4ft. by 4ft. by 4in.,
unbacked, kept out three Palliser 5in. shot, 491b. in
weight, with a velocity of 1200 f.s. For unbacked
lates nickel was most beneficial in imparting toughness.
The writer then noticed the excellent Vickers steel plate
tested at Ochta in November, 1890, the Texel trial of
Schneider armour in August, 1893, and successful trial
of Schneider’s nickel steel armour for the Tri Sviatitelia.
St. Chamond has been singularly successful in the pro-
duction of tough steel armour as well as Harveyed plates.
In Ochta, in December, 1892, a remarkable plate was
tested, made at St. Chamond. The Chatillon Commentry
Company has made excellent deck plates, and has
experimented with Harvey armour with good results.
Krupp exhibited at Chicago several excellent plates,
two of which were illustrated in the paper: (1) a nickel
steel plate, 12ft. by 8ft. by 15}in., which had thrown
back four steel 12in. projectiles and broken up one of
chilled iron; (2) a 10}in. nickel steel plate with a
hardened face, against which five Krupp steel shot had
broken up. The Dillinger Huttenwerke Co. has also
made good nickel steel armour, and steel plates are being
successfully made in Russia, Italy, and Austria, the firm
;f I‘E&\Fitkomtz having been recently successful in trials at
ola.
The above results show that great progr
achieved since the reading of M. Barba's p
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particular matter to notice is the characteristic power of
Harveyed armour to break up armour-piercing projectiles
by imparting a specially hard face to all steel plates.
Captain Tresidder devised a process of water chilling
which was naturally applied to compound plates then
made at Brown's, and which gave very successful results,
steel shot breaking up on impact like chilled iron
rojectiles. The Harvey process, by which steel plates
ave faces highly carbonised on the face and water
chilled, has been still more successful, and having
achieved great results when used by Bethlehem in
America, has been taken up by Vickers and other Brit_mh
firms subsequently, and has been adopted by the British
Admiralty for three important battleships now building.

Speaking of the tests of different nations, American
Lriu.f;, the writer considered, were characterised by
conditions rather more favourable to the plate than to
the shot, while in France the reverse is generally the
case. In English and some foreign trials, he held that
the authorities had accurately gauged the resisting power
of the Harvey plate, as in the Nettle tests of 6in. armour.
These, he considered, indicated a superiority in resisting
power as compared with wrought iron of 183 per cent.,
while in France a superiority was indicated of from 177
to 205 per cent., according to the formula used.

In the United States it has been assumed that, the
nickel plates being found excellent, Harveyed nickel
plates would be better than Harveyed all-steel. In the
Indian Head trials of 1891, a low carbon all-steel Harveyed
Bethlehem plate was beaten by a Harveyed high carbon
nickel steel plate of the same company, but the amount
of carbon affects the question. In Great Britain the cost
of nickel led to a close examination, which led to an
opposite conclusion to that arrived at in the United
States. With a slightly increased tendency to crack, all
steel has shown greater resistance to penetration.
Besides the question of cost, it is found that high carbon
nickel steel is unmachineable, so that it becomes
impossible to drill and tap any small hole that may be
required in the plate face. This difficulty has arisen in
the United States.

Next comes the important question of curving and
shaping hardened plates as required. This has been
regarded as a serious difficulty by both Dutch and Austrian
Governments; but armour makers in this country have
confidence in readily overcoming any difficulty in this
respect, as the Bethlehem Company has succeeded with
the side armour of the Maine, and as we have succeeded
with sample Harveyed plates. As to mechanical tests,a
4ft. by 4ft. by 9in. plate, which had broken up 6in. Holtzer
projectiles without cracking, was tested mechanically, and
it was found that in all of the ten samples taken from the
unhardened portion the metal had not suffered. One
remarkable characteristic of this kind of plate is the
extraordinary power of resistance of small fragments, and
has been conspicuously shown in a Bethlehem 14in.
plate and a Brown 6in. plate.

Altogether the writer held that it had been abundantly
proved that Harveyed armour would be a more efficient
defence to the vital part of any ship of war than any
other kind, and he estimated their power at at least
50 per cent. above the steel and compound plates of
1888. Whether the gain be taken in increased power of
protection on any given portion of the ship or in extend-
ing the protected area, it is a matter of satisfaction that
the British Admiralty have been the first Luropean
Naval Power to adopt the Harveyed steel armour.

In the discussion that followed Mr. Hall, of Messrs.
Jessop and Sons, spoke of the early success achieved by
the firm to which he belonged, in thinner nickel steel
plates, and he expressed such confidence in nickel steel
that he suggested the possible success that might attend
the construction of a small and heavily-plated ram, with
nickel steel spur. In fact, he wished to call the atten-
tion of Mr. White to the value of nickel steel applied to
the ram, whose power had been so sadly impressed on us
in the loss of the Victoria.

Mr. W. Beardmore regretted that his experience in
Harveyed steel armour had not been so successful as he
could have wished. Having made a steel plate, and
having submitted it to be Harveyed, with rather doubt-
ful effect, he had since failed to get the process repeated.
He took this opportunity of deprecating the manufac-
ture of armour being confined to one or two Sheffield
firms.

Sir Nathaniel Barnaby testified to the value of the

aper.
4 Eapta.in FitzGerald, R.N., asked whether the difficulty
referred to the drilling in the face of nickel steel plates
might not be got over by employing the arc light.

Captain Orde Browne suggested that a false impression
might be conveyed by the general statement that
American trials were less severe than English, for all
their earlier trials were considerably more severe than
our own, although more recently we had tested our plates
to destruction. He also questioned whether the gain of
the Harvey process was not at present mainly applicable
to thinner plates, the water-chilling effect being con-
stant in the depth of its action and the carbonisation
difficult to carry deep. He referred also to the disadvan-
tage of keeping all armour for so many daysin a furnace.

Mr. White, the Director of Construction, expressed his

appreciation of the great value of the paper as a complete
record of experiments on ** tested armour.” He said that
the Admiralty had no wish either to keep back facts or
to limit the manufacture of armour to any number
of makers. Early trials had not been published in the
interests of makers who might suffer from publicity being
given to unimportant experimental disappointments.
He testified to the success of the first 2in. nickel steel
plate brought forward by Mr. Riley and to the 4in. plate
referred to by Mr. Hall. He spoke of the value of nickel
in unbacked plates ; but in side armour he fully supported
the author of the paper in advocating the advantage of
Harveyed steel plates containing no nickel. The savin

in cost was very great, but he spoke rather on the actu

superiority of such plates., He said that the arc light drill-
ing suggested by Captain FitzGerald had proved effectnal
in dealing with steel plates with hard faces. As to Captain
Orde Browne's questions, he held that any theoretical
diminution of good effect of treatment in thicker plates
did not matter much, seeing that they had obtained a great
measure of success up to nﬁl thicknesses with which they
were at present concerned, and slowness in work at the
furnace was met by multiplying the number of furnaces.
He held at the present moment England took the lead in
the investigation of armour.

Mr. Vickers observed that Mr. White had greatly relieved
him of work in reply to questions raised. He regretted
the omission of any plate trial in his record, but he had
included all that he thought of as within the scope of
the work, and all he could hear of, not omitting one
unfortunate sample of his own firm's work. As to arc
light drilling, he explained that it overcame hardness
from water chilling, but not that due to nickel. It had
been found also that the tendency of nickel to crystallise
at a low temperature was damaging in the Harvey
process,

HARBOURS AND WATERWAYS.

Tue Grand Canal Company of Ireland has had an increase
of traffic to the extent of £4665 during the past year, and the
directors have advised the payment of a dividend of 3} per
cent. The capital of this company consists of £666,000 ordi-
nary stock. At the meeting of the shareholders an arrange-
ment was approved which had been made for the purchase of
the Barrow Navigation, which extends from a junction with
the Grand Canal at Athy to the tidal way at St. Mullins,
passing through Carlow, Milford, Leighlinbridge, and Bag-
nalstown, and going on to New Ross and Waterford. The
capital of the Barrow Company is £60,00C, and their last {wo
dividends were paid at the rate of 3 per cent. The price of
purchase was £30,000. This does not include the boats,
horses, and other plant, which, at the option of the Grand
Canal Company, may be taken at a valuation.

FEast coast harbour of refuye.—The County Council of the
East Riding of Yorkshire have sent a memorial to the
Government calling attention to the desirability of a harbour
of refuge being constructed on the coast of Yorkshire, the
necessity for which, they point out, was seriously emphasised
by the storm of November last. During the gale referred to
no fewer than thirteen casualties occurred within an eighteen-
mile radius of Flamborough Head. The stream of traffic
which passes along this coast is very large. In addition to
the colliers which are always going to and fro, there are the
vessels engaged in the Baltic and continental trades, and a
very large fishing fleet belonging to different stations along
the coast. The Royal Commission which inquired into this
matter in 1858, after examining 400 witnessecs, reported in
the following year strongly in favour of the construction of a
harbour of refuge at Filey. Filey was also recommended
by a committee which was appointed in 1883 to consider
the best means of employing convicts. Sir John Coode, who
was called upon to report on this matter, held that no site
on the East Coast approached Filey Bay as a harbour of
refuge, as it afforded ample depth of water for vessels of the
largest class in the navy; the nature of the anchorage is
excellent ; there are advantages in favour of economical
construction from the net of rocks known as Filey Brigg ;
and also from the facility for obtaining stone from the
adjacent clifis. The plan he proposed was to carry the
breakwater along the Filey Brigg reef of rocks to the extent
of 1800ft., then curving to the south-east and ferminating
by an arm 1400ft. long bearing S.\W. to W., the total length
being 3200 yards and having the opening bearing nearl
south. The entrance would be protected by the coast, whic{:
trends to the south-east. This breakwater would enclose
200 acres having a 5-fathom depth at low water, and 400
acres having 24 fathoms. The estimated cost was £860,000.
A second scheme having an opening to the north, and on a
more extended, scale was estimated to cost £1,250,000.

Amongst local mariners and coastguard officers Bridlington
appears to be more in favour than Filey. It is contended
that for every vessel that now takes shelter in Filey fifty go to
Dridlington. DPBridlington has the advantage of the natural
protection from northerly gales off Flamborough Head. In
the bay are two shoals, called the Smithies, composed of
limestone, which would provide a foundation for the required
breakwater. Inside the bay, when dredged to the required
depth, vessels of the largest capacity could shelter at all
states of the tide, and in gales from all quarters. One design
would require a breakwater 3} miles long, enclosing 300 acres,
with anchorage of from 5 to 6 fathoms, the same area of
over 4 fathoms, and 1400 acres over 3} fathoms. The
other would provide 300 acres of deep water, and 1000 acres
varying from 2} to 4 fathoms, and require a breakwater
23 miles long.

The formation of a harbour in Tees Bay was reported
upon favourably by the late Mr. Rendel in 1855, and by Sir
A. Rendel in 1883. The former placed the site at Hartlepool,
and the latter at the mouth of the Tees, the estimated cost
being £1,400,000. The next point in favour of this site is the
ease with which slag could be obtained for its construction,
whereas at Bridlington there is no material within ten miles,
Another advantage is that, in the event of war, vessels going
in the harbour could retire to a place of safety up the river
Tees. A harbour outside the Tees would also have the
advantage of obtaining supplies of coal and other materials
from a large commercial centre, and in addition to acting as
a harbour of refuge for ships passing along the coast, would
prove of very great service to the vessels navigating the
Tees, and in these respects be superior to either Filey or
Bridlington.

Cape Town.—The first of the new iron jetties in course of
construction at the docks has been completed. This jetty is
660ft. long and 70ft. wide, and runs at right angles to the
breakwater, having a depth of 30ft. of water, and conse-

uently capable of berthing the largest of the Union
Jjompany’s steamers. The cost of this jetty and attendant
works has been £73,000. The iron was sent out from this
country ready for fixing, and the work has been carried out
in a very short space of time, under the direction of Mr,
Thwaites, the resident engineer, from the plans supplied by

Messrs. Coode, Son and Matthews, who are the engineers of
the Cape Government,

AT the meeting of the Association of Municipal and
County Engineers, on Saturday, April 7th, at Reading, the break-
ing up of macadam by machinery will receive special consideration,
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ON THE CONSTRUCTION |Fig- 278 clearly showing
g | TR MODERK ‘upon a pin fixed in the same table at each end, and

'secured with nut and washer and milled round the

LOCOMOTIVE.
SECTION V.—THE MACHINE SHOP,
[Continued from page 172.]

Tae following are a few operations that can be done by
milling, which 'Berhapa do not adequately represent what
the author wo
and perhaps suggest to some, the extent to which milling
may be ?pliud as far as locomotive or any other work is
concerned.

After the coupling and connecting rods—Iigs. 227,
229, in THE ENGINEER, vol. lxxv., page 223—have been
marked out, they are placed two at once upon the
machine table for milling by two eylindrical cutters,
each 10in. diameter, and 1lin. long, on a 5in. spindle
attached to the cross slide, and supported by three
brackets.
jacket, which is simply a box, attached for the occasion
to the machine table. These boxes have adjusting screws
through their ends and sides, so that the rods can be set
to the centre lines by aid of the surface gauge in the first
instance, but of course after one side has been milled it

acts as a foundation for the opposite. These are parallel '

d wish to convey, but will tend to show, 18 placed u

this. They are then dropped

giiea, cutters being used which leave all fillets and radii
e.

Thestirrup link—Figs. 2537-289, Tune ENGINEER, vol. Ixxv,,

e 223—&?50 for the Joy motion, after being marked out

n a vertical milling machine, and the outside

faces milled up by parallel traverse of the table, then the

pin holes are drilleg and again dropped upon the milling

table, and the profile edges gone over. These, as well as

the swing links and all other work with sides not parallel
but straight tapers, are set so that one side is made parallel
with the cutter or the traverse of the table, milled, and
then the other side done. After each side has been
machined they are put on to the table of a vertical cutter

having circumferential movement, which mills the cir-
Each rod is fixed at its ends by aid of a

cular ends or round corners. The only rough portion
remaining is between the forks, and this is machined by
using the jacket shown in plan and elevation—Fig. 279—
and section A B—Fig. 280—which is held to the table by
aid of the T slots, and the cutter passes to its work after a
very rapid fixing. Finally—Iig. 281—refer also THE

ENGINEER, vol. Ixxvi. page 187, I1g.12563—shows, perhaps |

of jackets, and the steel castings are sent to the

Iminut-e and in. feed per stroke, after which they are

removed to tl}e drilling machine, which really consists of
two radial arms 18ft. 4in. apart, the table for each being
a carriage or trolley on an 18in, gauge capable of free
traverse, which enables the driller to give the frames
longitudinal movement as the work proceeds, the whole

rocess being exactly similar to that adopted for the

arrel plates in the boiler shop, and previously referred to.
Some frames require a set inwards at the smoke-box
end, for radial-wheel clearance, and this is done on the
straightening table by the afore-mentioned hydraulic jacks.

' The cross stay, motion plate, and the foot or drag plate

are first machined on an ending or double-headed rotary
facing machine, which will face up anything that goes
between the frames of an engine. A little imargin is
allowed for adjustment of each head, there being twenty
tools fixed in each disc—2ft. diameter—by wedge bolts,
and speeded to 25ft. per minute, and 1in. feed for steel cast-
ings, and increased to1}in. foriron castings. All the neces-
sary holes for bolting or riveting to the frames, slide-bar
bracke chor links, &c.,are drilled and bored by the aid
grinder to
be scaled. The foot or drag plate has the bearing for the
tender-buffer rubbing blocks machined by an end milling
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cuts, and simple radii, which are formed by the horizontal
traverse of the table and the radius of the cutter, but for
irregular profiles advantage is taken of a former made to
the exact dimensions required, fixed upon a stand at a
convenient distance from the actual work, bearing against
which is a cone, which is kept there by suitable weights,
so that the cutter is able to take longitudinal and trans-
verse feeds without impediment by fixings. This method
is illustrated by Fig. 276, which shows the profiling
arrangements for the joint end of the coupling rods. In
the fixing of this, advantage is taken of the holes for the
crank pins, which have been bored out, so that by fixing
standard mandrils in the T slots of the table, these rods
are very expeditiously set and without trouble, and,
moreover, there is no encumbrance whatever to impede
the progress of the feed when once started. Fig. 277 is
a side elevation and plan of the former and its stand.
After these operations have been accomplished, the bolt
and oil syphon holes are drilled and reamered out, which
finishes the machine work. Nothing now remains but to
finish on the fitting bench, by coupling up the brasses
and straps to the connecting rods, and forcing in the
bulhm;g lhou;° coupling rods, then all is ready for the
‘ L]

The valve rods and anchor links—Figs. 283-35, The ENc1-
NEER, vol. Ixxv., page 228—are first milled upon each side
of the boss, and afterwards the pin holes drilled, two at
once by the aid of a jacket, with case-hardened bushes and
a twist drill. Afterwards they are put on a 2in. mandril
in the centre of the table of a vertical milling machine
and worked round the bosses. Then they are placed upon
the table of a small profiling machine, and milled upon
the flats by the aid of a jnniet, which is secured to the
table, and made specially for this job; they are of suffi-
cient depth and width to receive the ends of two links—

e —__

as well as any previous illustration, the ease with which a
difficult job for a slotting or shaping machine is done.
Now that milling as a class of work has been
dispensed with, it may be advantageous to follow
the rest of the machine shop practice in a more or
less precise order, such as frames and appendages,
wheels and axles, cylinders and motion, &ec. Fig. 282
shows the frame plate as it is received from the mill floor,
also, as it leaves the slotting machine, the centre lines of
buffer, eylinders, axles, and the drilled clearance holes
for the slotting tool. All frames are first put on to the
levelling table, tried over, marked and straightened by the
aid of two hydraulic jacks, which are attached separately
on carriages, or conjointly on one carriage, having longi-
tudinal movement, the jack itself being capable of travers-
ing trans?eraalg. Dealing with frames, it has been found
referable to dispense with the thin template, as it is so
ria.ble to get out of truth by constant use, such as
buckling, no matter how well it is braced with angle
irons, which are always more or less in the way, and the
means adopted in its place is to mark out one frame,
which is a two hours’ job, and proceed in a somewhat
similar manner to that described in the boiler shop prac-
tice—THE ENGINEER, vol. Ixxiii., page 1. This serves as
a jacket for drilling and marking out, until the Jast batch
is finished. They are slotted at a three-head alnttiﬂg
machine, fonr pairs—or eight frames at once—each h
having a drilling arrangement for the slotting tool clear-
ance, the plates being first roughed out by the three
Fn-&ing tools, which are jin. or lin. wide at the point,
eaving lin. for finishing. All bolts and cramps are
slackened previously to finishing, to allow the elimina-
tion of any spring or buckle that may be held by internal
strain, and released by the removal of the roughing-out
pieces. They are then finished, twelve strokes per

or facing cutter. These blccks are case-hardened mild
steel plates, 14in, thick. It is then planed for the various
brackets, for holding such as the brake-shaft carriers, &ec.,
everything being finished to template size. Illustrations of
these castings are given in Tue ExcINEEr, vol. lxxiii.,
page 423, Figs. 66-65; and vol. Ixxiv., page 26, Figs. 87
and 103,

The hornblocks—see Fig. 98, page 26, THe ENGINEER, vol.
Ixxiv.—are first planed for the frame seating to template
a quantity at once, at 21ft. per minute, and then sent to a
vertical milling machine for machining the axle-boxseatin
and the space for the adjusting wedge. Thisisaccomplishe
by placing the casting planed face downwards upon a
jacket, which at once fixes it, and then passing a cylin-
drical cutter over each side, which covers the whole
surface, and afterwards this is removed and a facing
cutter placed upon the same spindle to cut out the

oove for the adjusting wedge. It is then slotted at the

ottom for the keep and also for the wedge bolt hole.
The holes are then drilled through the cast iron jacket
—Iig. 283—having hardened bushes, to standard 1lin.
holes. It then goes to the bench, and the wedge, keep,
J.:l::., are all put together and sent in sets to the erecting
shop.

The axle-boxes shown in Figs. 157-161, Tae ENGINEER,
vol. Ixxiv., pages 884 and 573, are made of phosphor bronze.

teel castings are also used, wrought iron case-hardened
being a thing of the past. The bronze boxes are first put
on to the planing machine twenty-two at once, in two rows
of eleven each, upon parallel strips, and secured to the tables
bg bolting to the T-slots, for machining to gauge between
the jaws for the keeps, the cutting uperatinnnging er-
formed from the cross slide and the feed vertical, Agkr
the keeps have been planed, they are dropped in a gocd
fit and the 1}in. hole opened out for the mild steel case-
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hardened pin which carries the spring link. The boxes | centres are then adjusted by the set screws and rigidly
again fixed on the planing machine attached to a ' keyed up, care being taken that they do not move during
double angle plate, which is secured to the table, and brings | this operation. Fig. 284 gives the longitudinal elevation
them within range of the tool boxes upon each upright, and
besides those on the cross side, thus machining one horn | jack bolt complete.

are

seating and one face of twelve boxes, six on each side, at
one operation, this method being repeated for the other
seating and side. Afterwards they are taken to the
bench, and the lids or caps to the oil and tallow boxes
fitted on. In passing to the erecting shop, they stop at
a handy little shaping machine which puts the oil grooves
in the horn seating, a much neater and quicker job than
chipping; and here it may be mentioned that many oil
grooves in various seatings, &c., such as slide blocks, are
nuilled in at a quick rate by a small circular cutter. The
boxes are burag six at once in a machine located near the
erectors, and dealt with in that section. The speed of
the table for planing is 25ft. per minute, and the feed
in. for each stroke. This speed, compared with that
turning brass, appears very low, but it must be re-

membered that wear and tear, which takes place in a ' on the same head, each the required distance apart,

1

I'ig. 285 the end elevation of these centres, with
The whole arrangement is then
placed in the crank sweep milling machine, which,
inter alia, consists of a disc with about eighty ordi-
nary tools wedged in the periphery, 4ft. 2in. in dia-
meter, and having a circular speed of 10ft. per minute.
The feed can be adjusted so that as a less number of
cutters are engaged simultaneously, it can be increased,
and may average 6in, per hour circumferential speed of
feed, the centre of the crank pin for the radius; or in
other words, the whole space, may be removed in from
eight to ten hours, leaving lin. for finishing the crank
pin. This machine has been described upon more than
one occasion, and is well known. The erank is then removed

to the finishing lathe and completed, four tools being used,

' that is two back and two front slide rests. The webs are

R, e ——— [ ——
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then slotted round, there being two tools in separate boxes |

Fig 282 . Scale £=10

- weight.

of ordinary dogs to the face plate, and this git is removed
by & parting tool, which is made out of steel Jin.
deep, {in. wide at the top, and 4in. at the bottom, jumped
up to fin. wide at the cutting eci%a. While thus fixed
they are rough turned all over, including the wheel seat,
topping on the tread, and also the sides of the balance
They are then re-annealed, and the wheel
seat is bored to the standard size, and pressed on
to the axle. The pair are then turned to gauge
for the tires, the speed varying from 16ft. to 18ft.
per minute. Fig. 287 shows an extremely handy chuck
for wheels of small diameter, say bogie, &ec., which
is attached to the ordinary face plate. The drivers are
represented at A, the bearings for the spokes at B, and
adjustment under the rim at C. This arrangement admits
of the following operations being performed during the
one setting :—Boring the boss or wheel seat, turning the

| tread, and facing upon each side of the rim.

The crank pin seatings are then bored out at a quarter-
centre boring machine, parallel and both at once. This
machine consists essentially of two headstocks, fixed
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high degree upon every reversal of the table, would be
accelerated by any increment of speed.

The crank axles—see Figs. 219-222, Tne ENGINEER, vol.
lxxv., page 157—are first put in the lathe, square-centred,
cut to length over all, and rough turned on the wheel seat
and journal, leaving }in. for finishing and also a square
ridge in the fillets A, Fig. 284, to assist in the adjust-
ment of the quadrant centre plates. They are then
placed on the setting-out table to ascertain the
error, if any, in the twist, which is never more
than }in. Every crank must be tested for this, and
the quadrants accurately set accordingly, for the
finished crank depends entirely upon the initial adjust-
ment and firm fixing of these quadrant centres. The
error itself is discovered by setting level the horizontal
sweep, and then fixing a square up against the ridges in
the fillets A, and marking at the top of the vertical sweep
upon each side, which shows the error to be the forma-
tion of more or less than the right angle. This is then
divided between the two throws, by canting the hori-
zontal sweep in the required direction, which alters
slightly the position of the centre lines, and is
finally eliminated by the slotting machine. It has
never been known sufficient to return the crank to the
forge for re-adjustment, if that were so trouble would
ensue, for the forge twisting template is Wetter looked

which arrangement necessitates only a 5in. stroke, twelve
per minute. Itis fixed for slotting by simply dropping
into a box—Fig. 286—which 1s fixed and secured to the
tables, and has a graduated scale which facilitates any re-
quired adjustment. The straight axle—I'ig. 226 TaE
ENGINEER, vol. Ixxv., page 157—is turned accurately to
gauges, and the same speed is employed as for the pins and
journals of the cranks, viz., 22ft. per minute, with a feed
of {in. to }in. per minute. The key seatings are milled
out at one cut, on a specially arranged horizontal machine.
They then have the wheels pressed on at the wheel press,
a total of one ton to two tons per square inch on a 9in.
ram being employed. This range of pressure is not
in any way due to inaccuracy of turning or boring,
because every axle and every wheel seat, will be
turned and bored upon every occasion to gauge and

' template, as near as any operator’s touch will permit ; but
mostly to a difference in materials, cast iron of course

' requiring the least, and in steel castings some wheel seats

may be harder than others, and a little extra resistance
in the wheel seat makes a large difference on the pressure
of the ram. Afterwards the wheels are keyed up, the
crank pins for the outside rods fixed, and the whole sent
to the erectors.

The wheels—Figs. 91, 04, page 25, Tue ENGINEER, vol.
Ixxiv.—after being annealed and dressed up, come into

||

after than to admit of so much error. The quadrant | the shop with the gits on. They are chucked by the aid |
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upon one bed at a suitable distance apart, and in each is
the gearing for driving the boring bar. The wheels and
axle are placed between the centres, one crank pin seating
below in a vertical centre line, the other seating will then
be either leading or trailing. Between the wheels are
two other standards or frames, for supporting the other
end of the boring bar in a pedestal ; this for the vertical
seating is simply arranged for upward or downward
traverse only, whereas the opposite can be transferred as
required, leading or trailing, with a certain range of hori-
zontal traverse, the boring bar being also capable of simi-
lar re-arrangement. The wheels are now ready for the
tires, which have been bored and grooved to template at
10ft. to 20ft. EE'r minute. These are put on by expanding,
Bunsen jets being the heating medium employed, whic
is simply a perforated tube encircling the tire, and giving
to the whole a very uniform heat. The jin. tapping holes
are then drilled through the rim for the securing bolts by
a double-headed drilling machine, a smaller hole being
drilled into the tire 1lin. deep for the end of the set
screw, it being turned down accordingly.

(T be continwed,)

1THE‘ Towen BRIDGE.—At a meeting of the Court of Common
Council, on the 8th inst., it was announced that the Prince and

Princess of Wales had consented to , .
in June next to be hereafter fized. open the Tower Bridge on aday
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RAILWAY MATTERS.
Tue Great Northern Railway Company has builtrecently

at Doncaster two new express eogines of the famous 8ft. ‘“single "
class, the first constructed for seven years, viz,, since 1887. They have
the latest improvements—sand blast, carriage-heating apparatus,
&e., but in all main points are identical with Mr. P. Stirling's
original design of 1868,

THE convention regarding the cession of the working
of the Bellova-Sarembey section of the Oriental railway to Bulgaria
bas been signed at the Ministry of Puablic Works by the Ottoman
and Bulgarian representatives of the Eastern railways. The
arrangement also comprises the Bellova-Vacarel Railway, which
was seized by Bulgaria in 1888, and provides for the payment of
an annual indemnity. The convention, which holds for ten
years, will now be submitted to the Porte for approval.

Apout 10 per cent. of the electrically welded rails in
Boston have, according to an American contemporary, broken
in service. The experiment proved that a continuous rail, pro-
tected by the pavement, shows no ill effect from expansion ; but
whether the rails broke from contraction or from inherent weak-
ness due to the welding, is yet to be determined. Hereafter the
entire end surfaces, including the head, will be united, and care
will be exercised not to injure the fibre of the metal or to restrain
the expansion due to the heat.

Tae Secretary of State for Foreign Affairs has received
from her Majesty's Consul at Cairo a despatch reporting that the
Egyptian Railway Department will, until the 15th of iﬂ[ny next,
receive tenders for the construction of two bridges over the Nile
and of three lines of railway, namely, Menouf to Achemocun,
Barraris—section of Belcas to Bielah, section of Bielah to Kafr-
Cheikh—and Guirgueh to Nag-Hamadi. The plans, specifications,
&c., in French, may be seen at the CnmmerﬂiaFDe artment of the
Foreign-office, London, 5.W,, between the hours of eleven and six,

AN unusually large number of new raillways were
opened in Russia towards the end of 1893. One of these, 140 miles
long, is an addition to the South-western system ; another, 88 miles
long, east of Warsaw ; a third, 25 miles of narrow gauge line, and a
fourth, the branch of the Vladikaukaz line 166 miles long, cast-
ward along the northern foothills of the Caucasus to the pian
Sea at Petrovsk—the first rail connection of the Russian system
with the Caspian, the line from the Black Sea to Baku being sepa-
rated from the other Russian railways by the mighty range of the

Caucasus, while the Volga has been the only tmnaportat%:n route
to and from the Caspian.

Work on the stations over the West Highland Railway
18 being rapidly proceeded with, and at several places the offices—
of brick and timber for the most part—are nearing completion,
Within the past day or two the general passenger superintendent,
general goods manager, and other officials of the North British
Company, who will have the working of the new line, were in
ing the Helensburgh section with a view to arranging working
details. The railway is expected to be opened in July, according
to present calculations, feature of the new route will be the
running of corridor trains from Craigendoran to Fort William.

THE recent returns of accidents to railway servants
shows that for each of thirteen years for which returns are given, the
servants killed in the emﬁ)iny of each company were as follows:—
(‘aledonian, 1 in 409; North British, 1 in 477; Lancashire and
Yorkshire, 1 in 552; South-Eastern, 1 in 608; London and South-
Western, 1 in 620; Great Eastern, 1 in 646; Midland, 1 in 750;
Gireat Northern, 1 in 754; London and North-Western, 1 in 767 ;
Highland, 1 in 774; London, Brighton, and Sonth Coast, 1 in 787 ;
Great Western, 1 in 882; North-Eastern, 1 in 1129. Why the
Caledonian Railway Company should kill 1 in 409 of its servants
per annum and the North-Eastern only 1 in 1129 is a matter which
causes one to question the whole of the figures,

AccorpING to the report on the Intercontinental Rail-
way by Mr. William F. Shunk, of Harrisburgh, Pa., the distance
from New York to Buenos Ayres is 4300 miles, which could be
reduced to 4000. The cost of the roadbed and bridges on the line
to be built would be £6000 a mile, and for a road and equipment,
ready for operation, £10,000. The northern division of the line
surveyed lies along the Pacific slope from Tehuantepec to the Bay
of San Miiuel crosses the Isthmus, thence to the river Atrato, and
ascends the Sucio, an affluent of that river, to the vicinity of
Antioquia. The southern division ascends the valley of Canca
River for 300 miles, and thenceforward occupies anupland ranging
from 7000ft. to 12,000ft. above the sea, between the greatCordilleras
of the Andes, blocked by occasional cross ridges.

AvMoNG the committees appointed by the Master
Mechanics' Association to report this vear, none is so important
as that on * Boiler and Fire-box Steel.” This committee has had
one meeting, and it is to be hoped that work will not be inter-
mitted. There never was a time, the Railivad Gazette remarks,
‘“ when steel makers were as ready as now to fill any reasonable
specification at a low price. Fire-box and shell steel according to
(overnment specifications bas been recently sold at a price lower
than inferior boiler steels were sold at last year, and now is the
time to make up a standard specification for locomotive boiler
steels that will answer all the practical requirements for a lon
time to come, This is what is expected of the committee, an
there are several railroads which are awaiting the report of the

Committee, hoping that it will contain a recommendation looking
to standard specifications,”

Ax exhibition was given of the two-line railway known
ns the Boynton Bicycle Railroad between Hagerman Station and the
(ireat South Bay, at Bellport, L.I., on the 16th, which was
witnessed by 27 members of the Massachusetts Legislature,
including the members of the Senate Transit Committee, the
Senate Committee on Street Railways, and the House Committee on
Transit. Inaddition to the above there were about 100 prominent
railroad men from different parts of the United States. The road
is two miles long, but in that short distance a s of over fifty
miles an hour was obtained. This is another of those inexplicable
curiosities like the so-called single-rail railway, which always have
at least three rails. This bieycle railroad has two rails, but by
way of varying the monotony of the ordinary railway with two
rnifs on the horizontal plane, and by way of increasing the cost of
construction, the two rails in the Boynton bicycle road are placed
wwar’t.iw::u.l'.li'I one over the other. They are held in position by large
frames through which the carriages pass and which are supported
on columns,

Ox the 20th of January the boiler of a locomotive burst
at the Ringwood station, Melbourne, with terrific explosive effects,
although no person sustained any iojury. The boiler was torn open
like so muc per, and one piece of the boiler plate weighing
¢ cwt, was found 200 yards away from the line. A lamp-room, a
tmall wooden structure—opposite to which the engine was standing
—was completely dﬂmuliuﬁed. Windows wer:?::ken in houses
more than a mile distant by the concussion. Both the driver and
the fireman were on the engine at the time, and the Adeluide
Ubserver gays this accounts for their escape, the force of the explo-
sion being expended laterally. Had they been standing on either
side of the engine they must have been killed, The pointsman had
walked past tﬂ engine Just before the accident; and the guard,
who was making his way towardsit, was called back by the station-
master for some pmuu and delayed for a moment. . To this
circnmstance he probably owes his The engine was built at
the Pheenix Foundry, Ballarat, and had been in use eleven years.
Mr. Richardson, Minister of ways, has decided to appoint a
Board ﬁm experts, outside the department, of acknowledged
skill in fwechanics;-to-inquire into the cause of the explosion.

NOTES AND MEMORANDA.

Ax interesting article on ‘* Homogeneous Division of
Space,” describing the means of dividing any volume of space into
equal and similar parts without residue, and also for dividing any
area into equal forms of varied patterns, the design of which may
be determined, was printed in last week's Nafure.

IN a paper on * The Allotropic Transformation of Iron

under the Influence of Heat,” M. Georges Charpy draws conclu-
sions indicating that the transformation 1s more rapid at the
bigher temperatures, but appreciable time is required, and hence
duration of heating as well as temperature should be regarded in
metallurgical operations,

TreRrE are about 200,000 miles of telephone wire owned

by the Western Union Telegraph and the American Bell Telephone
Companies, says the Chicago Tvibune, and the former company is
said to own a four-fifths interest in these wires. Tbe tarephuna
has a monopoly in about 2000 cities and towns in the United
States, serving 175,000 subscribers and furnishing the means for
550,000,000 talks in 1893, The profits of the company are claimed
to be £5800,000 per year. At an estimated cost of £10 per mile
for stringing a single telephone wire the plant of wire and poles
alone is claimed to represent about £8,000,000, The Bell patent
on the telephone receiver having expired, anyone in America can
now put up his own short line telephone ; but he must still pay as
before for the advantages of being connected with a system which
can afford an extended service.

A pApER on the symuuetrical aplanatic objective was
recently read before the Paris Academy of Sciences by M. Ch. V.
Zenger. The author has constructed systemns of lenses imitating
as far as possible the conditions obtaining in the human eye. He
gives the necessary mathematical investigation. Two lenses, a

lano-convex lens of phosphate crown glass, and a plano-concave of
orate crown glass of less refracting and greater dispersive Enwar,
are combined to produce a system for which it is claimed that
(1) the achromatism is exact for the entire length of the spectrum ;
(2) astigmatism is corrected very thoroughly; (3) spherical

. . . 1 1 ' R B
aberration, with a convenient aperture = to ,1s reduced
pertare( o = 5 ® )

to the minimum value of a second of arc ; (4) the curvature of the
field is absolutely corrected.

THE committee on standard sizes for catalogues, speci-
fications, &ec., appointed at the last meeting of the Master Car
Builders' Association, has made a report recommending the follow-
ing standard sizes. Postal card circulars, 3{in. by 61in.; pamphlets
and trade catalogues, 34in. by 6in., 6in. by 9in., and 9in. by 1Zin.;
specifications and letter paper, 8}in. by 10fin. The matter of
standard sizes for pamphlets and trade catalogues was discussed
editorially in our issue of June 29th, 1803, The 6in. by %in. size
appears to be the mmin%atandard and its universal adoption is a
much desired end. A hbrary of catalogues classified by subjects
is a great convenience, We have often dealt with this subject,
and agree with the Rai/road Gazeite, which says:—*‘ Any variation
in size which hinders grouping the pamphlets on one subject in one
case or compartment 1s a serious hindrance in arranging them for
convenient reference,”

A RrerorT on the discovery of crude petroleum on
the Ashwick Estate, Somerset, was recently prepared by Mr.
Boverton Redwood, F.I1.C., and Mr, Topley, F.G.8. They stated,
as the result of their investigation, that sufficient oil exists in the
locality to warrant the expenditure necessary for boring, and that
the detonations of a few charges of a high explosive in the well
might have the effect of liberating deposits of the eil in the con-
tignous rock and causing a further considerable flow into the well.
This recommendation was acted upon on Saturday last at Ashwick
Court with satisfactory results, an -ounce and a-half dynamite
cartridge being used. The water came up thickly coated with oil.
Mr. Redwood and Mr, Topley state in their report that the speci-
mens of the oil obtained from the well at Ashwick were trans-

arent, of straw colour, exhibited practically no fluorescence, and
End an odour resembling that of refined rather than crude oil. It
bad a specific gravity of ‘816 at 60 deg. Fah., and a flashing point
of 175 deg. Fah. by the closed test.

A1 a recent meeting of the Edinburgh Royal Society
Dr. John Murray gave an address on the floor of the ocean at
great depthe. He discussed the character of the deposits and the
organisms found at the sea-bottom by the Challenger expedition.
Exclusive of the profocoa, certain species were found in Antarctic
waters which corresponded to species found in Arctic waters, while
no such species were found in intervening tracts. This may be
sup to have been due to the production of the same species,
from different origins, under the same conditions; but it is more
in accordance with modern ideas to suppose that they had a
common origin. Dr. Murray suggested that the common origin
was referable to a period when the whole ocean had a fairly
uniform high temperature of perhaps 70 deg. or 80 deg. Under
this condition there might have been a universal fauna. As the
polar regions became colder, similar portions of the fauna became
adapted to the like conditions of the northern and southern tracts;
while the portion which was forced to retreat from the colder
regions was now represented by the fauna of the coral reefs and
tropical waters.

Mgr. JouN AITKEN recently read the third part of a

per to the Edinburgh Royal Society on the number of dust
particles in the atmosphere of certain places in Great Britain and
on the Continent. Observations had been taken at Hytres,
Cannes, and Mentone, There the air was never found to be very
pure, the lowest number of dust particles recorded being 600 per
cubic centimetre. At the Italian lakes the conditions were found
to be somewhat similar. When the wind blew up the slopes from
the walleys, the number of dust particles was ter than when
it blew across the mountain tops. On the Righi it was also found
that the air from the mountain was purer than the air from the
plains, The haze increased with the number of particles. A con-
nection was also observed between the amount of dust and the
appearance of the sunset. When there was much dust, the light
was warm and soft ; when there was little, the lighting on the
landscape was cold, clear, and sharp. A careful series of observa-
tions had also been taken at Kingairloch, which, along with others,
had been used in the determination of constants in equations con-
necting the haze with number of dust particles,

Oxe of the factors in the sell - purification of
water in rivers is regarded by some authorities to consist in the
destruction and oxidation by bacteria of some at least of the
organic material present. Professor I'ettenkofer is of opinion that
the green living algae found in the river Isar also play no unim-

rtant part as puriﬂring agents, Professor Schenck, who has

een making a special study—from this point of view—of the
Rhine in the neighbourh of Cologne, mentions that, to his
surprise, he found comparatively few algic where most impurities
were present, the former being apparently crowded out by the
large masses of bacteria. On the other hand, Professor Percy
Frankland has recently stated that, contrary to what might have

been anticipated, he found a comparatively small number of |

bacteria present in the water of a lock, which was so turbid that
it was practically ﬂfpaqua when viewed in a glass, by reason of the
immense number of algm present. Professor Shenck's investiga-
tions show that the alleged action of green alge as important
water purifiers cannot be accepted without reservation, but that in
the case of each river or stream the nature and growth of these
plants must be studied. He concludes that the sewage of Cologne
may be discharged into the Rhine because the vicinity of the entry

is very suitable for the aggregation of masses of bacteria, and other
purification factors exist,
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MISCELLANEA.

\WEe understand that Mr. J. Harrison Carter is erectin
new works at Dunstable, on the London and North-Western an
Great Northern lines, where be will manufacture flour will, and
his general grinding, crushing, and disintegrating machinery.

AmoNG ordnance experts in the United States the
experiments to be made with nickel steel for guns is being watched
with intense interest, for it is claimed by the nickel people to be
the most important departure in gun manufacture of modern
times, Judging from all the tests so far made, it is believed that
the new nickel gun will exceed in performance all that the most
sanguine advocates of the system have claimed. Time will show.
No sensible man prophecies until he is quite certain.

Tue bicycle geems to have thoroughly established itself
as a trustworthy vehicle for long distances. We learn that on
Saturday last Mr, R. L. Jefferson commenced a journey from
London to Constantinople. He started from Constantinople at
Olympia, and will travel through France, Switzerland, Italy,
Hungary, Servia, Bulgaria, and Roumelia. He rides a ** Swift "’
safety bicycle, geared to 56in., and expects to reach bis destination
about the end of May. The object of Mr. Jefferson’s ride is the_
production of a book on the countries he will pass through.

AN Irrnatinnal IExhibition of the Book and Paper
ri

Industries will be held this year in Paris, from July to December.
This exhibition promises to be very interesting, as it embraces the
various branches of book-making and the manufacturing of paper,
as well as the machinery, implements, materials, &c., used 1n the
different processes. Mr. Gaston Rebours, the Paris representative
of Seribner's Magazine, has been appointed commissary to the
British section, and will be happy to answer demands for informa-
tion or admission, which should {m addressed without delay to his
offices, at 33, Soho-square, London.

SEcrRETARY HERBERT is considering the question as to

who owns the scrap nickel steel which accumulates in the manu-
facture of armour-plates and appurtenances for the U.S. Navy from
material belonging to the Government., The Government claims
that in the manufacture of armour either the scrap should be
employed or credit for its money value should be allowed. On the
other band, the armour manufacturers claim that they cannot use
the scrap steel without going to considerable extra expense, and
that they should not be required to do so without a fair compensa-
tion. he Carnegies, according to an American contem :
now have on hand about 2000 tons of scrap steel, and the Bethlehem
Company has about 2200 tons, and nickel steel costs the Govern-
ment about 500 dols, a ton,

Tue French have discovered, and are actively working,
a coal mine in Tonquin, which promises to produce excellent coal
in large quantities. The mine is situated about eight miles from
Port Hongay, in the Bay D’Along, and a railway bas been laid
down for the whole of that distance. The offices and huts of the
miners are all situated at Hongay, and the workpeople are conveyed
to the mine every day by train, The mine itself is called Hatou.
The length of the seam is given as 16 miles, and it is, according to
the 7'Ymes, nearly 200ft. thick. The s=upply is, therefore, practi-
cally inexhaustible. At present about ﬁ&!’ tons a d,l{ are extracted
by the uim[»:a process of quarrying, the mass of coal baving only a
very thin layer of soil on the top. The miners are exclusively
Annamites, of whom about 200 are employed, but the higher
officials are all Frenchmen, although the capital of the company,
strange as it may seem, is chiefly held by English mercbants at
Hong Kong.

A sH1P canal across Floridais again talked of. Southern
States newspapers say that a final survey will be made shortly.
The canal is intended to be 150 miles long, about 300ft. wide, and
deep enough to accommodate large ships. It will, according to
estimates, reduce the distance from New Orleans to Liverpool
1000 miles. The Charleston News and Courier says :—* Who is
pushing this undertaking is not stated, but it is an interesting nnd
important one, It will shorten the distance from all the chief
Atlantic ports to New Orleans as muoch as from Liverpool to New
Orleans. It will make the distance by water from Charleston to
New Orleans and Mobile less than from Charleston to New York
and Philadelphia. It will revolutionise the commerce of the gulf,
and add greatly to the business of all the gulf ports. It will make
Alabama coal, moreover, nearly as cheap in Charleston as in
Mobile, and Western coal and corn and wheat, &c., nearly as
cheap in Charleston as in New Orleans.”

TuE thirteenth annual meeting of the London Sanitary
Protection Association was held on Monday, March 5th, at the
offices, 21, Great George-street, Westminster, Surgeon-General
Munro, C,B., in the chair, The report showed that during the
past year 488 houses had been inspected for the first time, great
attention being ?'ivuu to thoroughly testing honse drains as to their
freedom from leakage into the surrounding soil. Experience
showed that these drains, though free from obstruction and well
ventilated, were frequently in a most dangerous condition from
bad jointing,and allowed the escape of sewage into the soil heneath
tbe house. The great need of such an association was shown by
the fact that nearly 69 per cent. of the houses inspected for the
first time were in a more or less bad condition. The engineers
have been experimenting with a smoke machine which, it is hoped,
will render the smoke tests for such parts of the drainage system
as are not amendable to the water test more thorough and reliable.

VERY la.rie extensions of the wharves of Karachi Port
are being make by the trustees, and about 2000 tons of material
bave recently been sent out for the purpose by the Leeds Steel
Works. Some of the material is of remarkable scantling. For
instance, in the 2000 tons there were about 600 tons of 5in. and
Bin. round steel bars for piles of the extreme length of 51ft. We
believe this is the first occasion when piles of s0 great a length
have been ag&ﬂied in one piece. Of angles and channels there
were about tons. Of compound pirders, composed of 14in,
joists, with top and bottom plates, and stiffeners at distances a few
feet apart, there were over 300 tons, and of ordinary rolled steel
joists there were over 400 tons. In addition to this there were
abont 300 tons of other work, about half of which consisted of cast
iron pile screws, &c., and the remainder of the various bol
straps, and wrought iron for attachments, The work was carrie
out under the inspection of Mr, Edward Jackson, M.I.C.E.,
London, assisted by Mr, H. R, Jackson, of Doncaster,

Tue North German Lloyd Company, which was at one
time accustomed to entrust the building of all its crack liners
to Clyde builders, has within recent years patronised home firms
for several of the vessels of this class, and at the present time it
is having built by Herr Schichau, of Elbing, Prussia—whose name
as the builder of fast torpedo hoats and of torpedo *‘ catchers " is
as well known as Yarrow or Thornyeroft-—two twin-screw vessels
of 6600 tons for the Southampton and Eastern service, This is the
first time the North German Lloyd has gone to Schichau, and it
is on his part the first time he has been called upon to build such
largo vessels. Notwithstanding this, the works at Elbing were
founded so long ago as 1837 —considerably ahead of the fim
establishment of the iron age in shipbuilding in this coontry—and
from them have emanated no fewer than E—Fﬂ steamers for sea and
river service, many of the latter of high speed ; 190 being torpedo
boats and torpedo cruisers with speeds from 20 knots to 26 knots
per hour ; one, the torpedo boat Adler, baving attsined the excep-
tional speed of 27°4 knote, which is slightly abead of the estimated
speed of the fleet of torpedo catchers this country is at present
engaged producing. Still more notable is the work in marine
engineering executed by the firm. This is rcpresented by 665
engines, of which 305 are of the triple-expansion type, the total
ndicated horse-power being 326,000,
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THE CARGO STEAMER TURRET AGE
MESSRS. W. DOXFORD AND SONS, SUNDERLAND, BUILDERS

(For description see page 221)
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THE TURRET AGE.

THE prescience implied in the selection of the name
“ Turret Age' for the novel type of cargo steamer built last
vear by Messrs. Wm. Doxford and Sons, of Pallion Yard,
Sunderland, is rapidly being justified. This firm, who,
as 1s now well known, are the patentees of this * turret”
type of cargo steamer, have already produced two such
vessels—the Turret and the Turret Age—which are now
in actual service and giving every satisfaction. At the
present time they have three more under construction in
their yard, each of a deadweight capacity of 3800 tons on a
draught of 194ft., while they have also, on order, four additional
vessels, of a deadweight capacity of 5200 on about 204ft.,
and one vessel with a deadweight capacity of 2900 tons on
17ft. This makes in all eight of these steamers now in

progress, and two afloat; a goodly enough fleet when it is |

considered that it is only about eighteen months since
the firm completed the first vessel of the type. The vessels
at present under way, like the two already completed, are for
North-East Coast owners, but the vessels more recently
contracted for are to the order of London owners, a circum-
stance in itself which points to a spread of the favour with
which the turret type is regarded.

On page 220 and above we give external views of the Turret
Age while on the stocks, about ready for launching, and on
page 220 an interior view of the fore-body framework and inner
bottom as seen from near midships. The latter illustration
especially brings out the contour of the vessel's upper works,
which is one of the most striking of the characteristics of
this new type of deadweight carrying steamer.
load water-line there is no material difference between the
Turret Age and any ordinary cargo - carrying steamer
built on the web-frame system with wide spacing of hold
beams—a type so deservedly in favour with shipowners,
adapted as it is to many varielies of cargo, including
machinery of great bulk. Above the load water-line, both in
appearance and actual construction, there is considerable
divergence from ordinary practice. It will be at once
observed that along the vessel's deck line and upper works
there is no sheer, a deviation from ordinary practice which,
although at first sight it may appear odd, soon reconciles itself
to conventional ideas.

Extending fore and aft are an upper central and two lower
side weather decks, affording proper provision for working the
vessel and for the crew obtaining exercise and having facilities
for passing from one part of the vessel to another. In these
respects the turret type of vessel is more analogous to the
original spar-decker with rounded gunwale, having a deck
house all fore and aft, than to the whaleback type of
American lake cargo steamers, to which it was at first incon-
siderately compared. The side weather-decks are principally
for use when in harbour, all the mooring bits, &ec., bein
there situate, but stanchions and rails are provided for the
safety of the crew traversing the decks at sea. The upper
central weather deck occupies ome-third of the vessel’s
moulded breadth, and is of such a width as to admit of a port
and starboard passage clear of the hatch coamings, and
extends completely fore and aft, forming with its strong sup-
surting sides—curved concavely up from the level of the side

Up to the |

' the bow to a point considerably
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length and width, and
windlass, &c.

The freeboard to the lower weather or side decks is 5ft.,
whilst the height from load line to the turret deck at its
lowest point is 10ft. 2in. The provision of a platform of such
height above water contrasts favourably with the conditions
obtaining in many ordinary cargo steamers, especially in the
case of well-decked vessels, many of which proceed to sea
with theirmain decksonly some 15in.or 16in. above the water,

The dimensions of the Turret Ageare :—Length between per-
pendiculars, 311 ft.; breadth, 38-2ft.; moulded depth, 24-1ft. On
a load draught of 19ft. the deadweight capacity is 3700 tons,
inclnding coal. The capacity of the holds for grain cargoes
is 180,560 cubic feet, or a proportion of 130 cubic feet per ton
to the net register tonnage. This proportion represents, in
the Turret Age, an advance of six cubic feet per ton upon the
corresponding proportion in the Turret, the first vessel of the
type, and a still greater advance is likely to be effected in the
case of the vessels now building.

The design of this new type of vessel by Messrs. Doxford
mainly finds its raison d'éfre 1n this large proportion of dead-
weight and measurement capacity relatively to register ton-
nage, but while this consideration naturally appeals to the
commercial instinet of owners, it is certainly not militated
against by any disadvantages attaching to other features.

In the matter of structural strength it will be readily
apparent from a study of the illustrations we give that the
turret design is:superior to most of the popular general
types of cargo-carrying vessels of the present time. The want
of continuity in well-deck steamers, for example, is an evident
source of weakness in regard to provisions for hogging and
sagging strains, a statement which is borne out alone by the
insistance of the classification societies upon local strengthen-
ing in the parts most affected. In the turret design, what
Messrs. Doxford designate the side—or ‘‘ weather "'—decks,
are continuous from stem to stern, formed of plating of the
same thickness as the shell ; analogous, in fact, to the sheer
strake and the deck stringer in ordinary vessels, but which in
this case are curved, by cold flanging, in “O. G."” fashion,
carried up to form the sides of the turret and down to form
the rounded and unbroken line of sheer. The top-edge of the
turret sides, and the deck it supports, extend at one level from
abaft midships, where it 1s
raised and so continues to the after end. The raising of the
turret deck line, which has its raison d'éfre in questions of
trimming the vessel by the stern, involves a very different
problem to the broken fore-and-aft line of the upper flange of
the ¢ theoretical girder,"” which is entailed by the quarter

the attendant steam winches,

| deck in the ordinary cargo steamer of that type. As the side

or weather decks are continuous from bow to stern, as already
explained, this raising of the turret deck only necessitates
provision for strengthening being made good over one-third

g | of the vessel’s breadth. The case to be met is therefore

simpler, and the danger of local weakness minimised. The
assemblage of plating formed by the curved stringer and main
sheer strake are continuous as regards strength—no openings
being cut in the horizontal parts forming the side decks—the
web of the girder being thus carried in unbroken continuity
at the turret deck level.

From elaborate calculations made by Messrs. Doxford

ecks—the turret platform giving title to this type of vessel. | prior to building the first of this type of vessel—calculations
On this eentral deek are the cargo hatches, of abnormal " which pxperience ih fetuhl gervice amply confirm — the

strains likely to be induced in vessels of the type, under
almost all conditions while afloat, were compared with the
stresses known to be sustained by the vital members of the
hull structure of all the most general types ol cargo steamers.
These investigations went clearly to show that the strains set
up under any condition of working in the turret vessels do
not exceed per unit of sectional area those which are allowed
by the registration societies for the various sizes of ordinary
vessels. In other words, the turret type is not only as
strong but even stronger than any other class of vessel 1n
vogue ; and this notwithstanding that the hull structure as
a whole is lighter. This result is due to several more or less
associated causes, of which we may instance :—The general
hull form—a spar-decked vessel of the same general design as
the Turret Age would have from 15 to 20 per cent. less
depth of girder—the superior disposition of material, and the
full utilisation of the superior sections and forms of material
now available for constructive purposes. For example, as
regards the latter point, the main framing in the vessel 1s of
single section bulb-angle. This has been selected in pre-
ference to the riveted combination of angle-frame and
reverse-frame. Again, in the case of the plating which
requid lateral stiffening, such as bulkheads, stringers,
deck-houses, &c., and in many cases where corner connecting
angles are required, the practice of flanging the edge of plates
has been resorted to in preference to adding riveted angle
bars. The great amount of flanged work, indeed, it may be
remarked in passing, introduced into the structure of the
vessel impressed our representative, on the occasion of his
visit to Messrs. Doxford’s, as most noteworthy testimony to
the growing practice of not only bending very heavy steel
plates cold, where easy curves are involved, but of substituting
sharp-flanged plates for riveted connecting angles.

Generally speaking, it will have been made evident that the
turret type of vessel is a strict reversion to the box or cylin-
drical girder principle of construction, the value of which was
so well exemplified very early in the history of metallic con-
struction. In the multitude and complexity of conditions to
be fulfilled in modern shipbuilding and shipping service, this
has not always been regarded as it should have been. In the
turret ships the full section of framing is carried continuously
up to, and even over the weather decks; in other words, to a
height corresponding to the top flange of the theoretical
girder. At the same time the fitting of lower or intermediate
decks is dispensed with, involving, however, increased g.tten*
tion to web-framing and hold side-stringers. The fitting of
intermediate decks as integral parts of the hull structure, and
the stopping of the full sections of transverse framing—that
is, frame and reverse frame combined—at one or other of
these intermediate decks alternately—although still ** accord-
ing to rule "—is a remnant and relic of a bygone condition of
things, and belongs properly only to classes of vessels built
to carry a portion of deadweight cargo and the remainder of
measurement goods. The single section bulb-framing adopted
in the Turret Age leaves a more open interior for stowage of
cargo, and for cleaning and painting of shell. 1t is deeper in
the web than the ordinary angle-frame, but the neutral axis
is the same distance from the outer edge, or vessel's skin, in
each case. It is found in practice that the bulb-angle has
greater rigidity to withstand pressure from within than the
ordinary frame, while the resistance to pressure from without
is the same in both cases. ‘

While maintaining the same characteristics of design,
vessels of the turret description can be built with a dead-
weight capacity of 5500, or even more, without necessitating
the introduction of any second deck, so far as structural
strength is concerned. The advantages of this, of course,
more especially apply to vessels intended, as those already
built are, to deal with large deadweight cargoes carried in
bulk—coal, grain, &c.; but at the same time, when trade
exigencies necessitate the subdivision of cargoes, an inter-
mediate deck or decks can easily be worked into the structure.
The four large 5200-ton vessels now on order, it may be stated,
are all to be fitted with 'tween decks, but this, as the builders
explain, is not in any way essential so far as structural
strength is concerned, the only object being to render the
vessels more suited to the general cargo trade for which they
are being built. The turret design in this way specially
lends itself to the alternative of bulk deadweight carrying or
of miscellaneous measurement cargoes; no very radical
structural modifications being entailed in adapting it to either
kind of service.

While the Turret Age has been constructed more with a
view to carrying wheat in bulk, with a turret providing 5 per
cent. grain-feeding accommodation, it may be pointed out
that this turret feature—as affording scope for the expansion
of liquid cargo and oil feeding—makes the design equally
advantageous for the oil-in-bulk trade. As the engines and
boilers are placed at the extreme after end, both the outward
and homeward bunker coal can be stowed close to the
machinery space and separated from the petroleum cargo by
a double bulkhead of iron filled with water, complying with
the latest requirements of the Suez Canal authorities for
vessels in this trade.

Both the position of the propelling machinery right aft
and the increased height of the turret from about midships,
to afiord additional trunk space aft, have an important
bearing on the trim qualities of this design. The general
tendency of the partial awning-deck type of steamers, which,
as is well known, are the favourite cargo carriers of the
times, is to trim by the bow when loaded with a homogeneous
cargo. In order to meet this they are usually loaded so as to
leave an empty space in the forward ’tween decks. Ir the
case of the Turret Age, however, the vessel can be filled up,
from the collision bulkhead forward to the machinery bulk-
head aft, and she will still be several inches by the stern.
This trimming by the stern, and the advantages attendant
on it, are secured by the additional trunk space afforded by
the raising of the turret as above referred to.

The position of the propelling machinery at the extreme
aft end has an important bearing also on the structural
strength as affected by the special disposition of weights
of heavy cargoes. In ordinary cargo steamers, with the
machinery amidships, a considerable portion of the vessel’s
length is in the position of having excessive buoyancy rela-
tively to the other parts forward and aft when the vessel is
londed with cargo. Displacement is thus far greater than
what is due to the weight carried, and this is especially the
case when the coal bunkers are nearly empty. The light-
midship portion and the heavy ends, therefore, together
operate with the unstable sea outside to set up hngging strains.
These are, of course, the strains most to be guarded against
in cargo steamers, as their counterparts in the way of sagging
strains are less likely to be reckoned with. KEspecially is this
the case where, as in the Turret Age, a double bottom is fitted
throughout, this feature representing a lower member for the
theoretital girder, which in the matter of strength is far in
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excess of the corresponding upper member provided by the
deck. From these general considerations it will at once be
seen that where the cargo weights are mainly located amid-
ships, as in the case of the Turret Age—and of other vessels, of
course, in which the propelling machinery is aft—weight and
hun{]mnj' are better balanced and more evenly distributed.

The cellular bottom of the Turret Age is of the ordinary type,
having a floor at every frame worked intercostally between
continuous longitudinals. There is in addition to the main
central longitudinal, resting on a flat keel-plate a sister
longitudinal on each side, situated half-way between the
central one and the inner bottom wing-plate at the turn of
the bilge. The two side longitudinals are of a distance apart
corresponding to the width of the turret deck, and the hold
stanchions or pillars are situate in the same vertical line
with both the longitudinal and the gunwale or side plating
of the turret. The system of pillaring adopted is novel
and noteworthy, The arrangement of side weather decks
and central turret deck is such as affords a very much
greater degree of strength than the ordinary flat deck,
and this dispenses with the necessity for so many

illars. They are placed at intervals of from 18ft. to

t. apart, as compared with the 4ft. intervals in
ordinary flat-deck steamers. The gain in lightness of
structure thereby secured is considerable, whilst there are
also very obvious advantages as regards stowage for bulky

oes. The hold stanchions themselves are of a new sec-
tion, Instead of the ordinary round pillar stanchions there
are two channel sections riveted back to back. This per-
mits of the connecting brackets at junctions being fitted
between, thus aflording a very secure fastening with large
surface for rivet attachments. The inefficient manner in
which round pillar stanchions are usually connected to the
main structure is often an acknowledged source of weakness
in ordinary ships. Cross-tie beams occur at the same inter-
vals with the stanchions, and are connected thereto, and to
deep plate-frames at the sides. Two bold sidestringers in the
depth are fitted, intercostally, between the deep plate-frames;
but in the vessels now under construction a new method of
fitting side stringers and longitudinals is adopted, whereby
the break in continuity at the web-frames is abolished, and
construction is at the same time facilitated.

The absence of decks, and the arrangements of the fore-

ing features—in some measure the equivalent of decks—

ve an important bearing, like the location of the propelling
machinery aft, on the stowage and carrying qualities of the
turret vessels. It is, as has already been indicated, in the
case of grain cargoes in bulk that this design of vessel shows
the greatest advantage. It will be readily apparent from the
character of the contour of the turret sides and the open
nature of the hold, that in pouring grain into the ship,
through the free and ample bhatch accommodation pro-
vided, there will be a very direct and general flow to all
of the hold. There is thus every guarantee that
the vessel can be filled quite full at starting, and that the
feeding facilities of the turret can be unfailingly brought
into play as the vacancies occur due to shrinkage of the
cargo. In the case of ordinary vessels fitted with decks,
stringers, and other obstructions, due to the style of con-
struction, the number of spaces left unfilled originally is
excessive, and the resulting shrinkage in cargo is a circum-
stance to be seriously reckoned with. The amount of shrink-
age acknowledged by Act of Parliament is 2 per cent. In the
turret vessels, for reasons already explained, the shrinkage 1s
considerably less than this; but even allowing this percentage,
the distance through which the grain can shift is consider-
ably reduced, owing to the vacant space occurring solely within
the confines of the turret casing, comparatively near the
centre line of vessel. The distance of shift is little more than
one-third that which would occur in ordinary vessels. This,
it need hardly be pointed out, means a very large difference
in the heeling moment. The effect of water on the deck of
the turret vessels, where the deck rounds up to form the
turret, is to form a righting moment counterbalancing the
heeling effect of the grain moment. Owing to the curved
nature of the surface, however, no water really lodges on
deck save in the case of the vessel taking a permanent list.
In this respect, as will readily be understood, the turret
vessels present marked advantages to steamers with ordinary
flat decks, perhaps with close bulwarks.

As regards questions of buoyancy and general stability,
both theory and the result of actual experience are distinetly
favourable to the turret type. The motion of the vessels
amongst waves has been found to be exceptionally easy and

. From theoretical investigations into the stability
of the type, as compared with ordinary vessels, the righting
moment at all angles of heel, under proper conditions of
loading, redounds to the superior safety of the turret type.
The vessels already built and those under construction
receive the highest class in both the Bureau Veritas and the
British Corporation Registry of Shipping, and are built under
their special survey.

The engines and boilers of the Turret Age are also the
production of Messrs. Doxford and Son. The engines are of
the triple-expansion type, the boilers providing steam at
160 1b. pressure. Further particulars of the propelling
machinery we must, however, reserve for a future issue, when
illustrations of the machinery will be given.

—a

THE INTERNATIONAL CONGRESS OF HYGIENE AXD DEMOGRAPHY.
—The Fralimimry arrangements of the eighth International Con-
gress of Hygiene and Dem phy, to be held at Budapest from
the lst to the 9th of September this year, are already far advanced,
The mme of its scientific part has been favourably received
abroad, and many communications have been received at the

eral secretary’s office from eminent scientific men abroad, who
ave already promised papers to the various sections. A com-
munication from Dr. C. ﬁ?il!ar, the general secretary at Budapest,
says there are 362 hygionists and seventy-eight dama{gmpha already
inscribed, who will read 440 papers. These are only the foreign
scientists who have up to this moment—i.«., six months before the
opening of the Congress—sent in their adhesions.

MEessrs, WiLLaxs A¥D RopiNsox, LiMITED.—A company under
this title has been formed to take over and extend the business of
Messrs. Willans and Robinson, engine builders, of Thames Ditton,
Surrey, which has been carried on with increasing success for the
past thirteen years, The business was converted into a private
company in 1888, Owing to the great increase in the demand for
the company’s engines, it is found necessary largely to extend the
works and plant. The company has accordingly been reconsti-
tuted opon a wider basis, and it bas been decided to offer
preference and ordinary share capital for public subscrip-
tion. The directors propose to provide increased facilities for
the manufacture of engines of a large class, and at the same time
they propose to commence—upon a small scale at first—the manu-
facture of gas engines and of water-tube boilers, th classes of
work can be nndertaken with only a small outl®* upon special

lant ; and both will work in advautageously with the present
nsiness,

KEATS' MARINE GOVERNOR.

Tuis governor, invented by Mr. R. F. C. Keats, of Garnier-
street, Fratton, Portsmouth, consists of a small vertical
inverted engine with a fly-wheel, which works at a constant
speed of 600 revolutions per minute, and drives a screw of
very coarse pitch, which is coupled to the crank shaft, at the
same speed. On the screw is fitted a nut wheel, which is
driven by the engine to be governed by means of a sprocket
wheel, nuuntaraga.ft and chain, at the same speed as the
screw. By means of this multiplying gear, whatever the
required speed of the main engines may be, the constant
speed of 600 for the nut wheel can be obtained. To this nut
wheel is attached a lever, which is connected to the slide
valve of a steam cylinder, fitted with a piston and piston-rod,
which is connected directly with the throttle valve of the
main engines. The lever is also attached to the piston-rod,
and so adjusted that when the piston has travelled the
distance required by the travel of the nut wheel on the screw,
the slide valve is closed again.

Roag leading

For ships of the Royal Navy, the Board of Admiralty is
the responsible authority in the selection of , and deter-
mination of the numbers to be built of each type. Since
actual experience in modern naval warfare is almost entirely
wanting, differences of opinion necessarily arise respecting
the relative values of different types, the best methods of
protection, the most suitable armaments, and other features
of construction, In the ancient fleets of unarmoured sailin
vessels, long-continued experience in actual war, associa
with practical stagnation in the construction, armament,
and propulsion of warships, made the selection of types an
easy matter. Now the progress of invention is rapid, and
change follows fast upon change, so that the decision of
fighting and sea-keeping qualities is a difficult undertaking.
Whatever is done is certain to be challenged or criticised.

The Admiralty has many advantages in its action as a
“ Committee on Designs.” On the Board are a number of
experienced and distinguished naval officers. The largest
war-fleet in the world is under its orders, and from the
service afloat come many reports, suggestions, and records of

experiment. What is being done at home
and abroad in the construction and arma-
ment of ships; the improvement of
ordnance, ammunition, armour, torpe-
does and other matters of importance, is
well known and carefully considered.
Use is made of the best engineering
talent of the country in devising im-
roved t of propelling machinery,
Euxﬂinryﬂ:;nhnnicﬂpe appliances, glg-
mountings and other portions of the
equipment. When considered desirable,
distinguished naval and professional men
are called into council. But the final
decision as to the characteristics and
qualities of each of her Majesty's ships
necessarily rests with the Admiralty.

Universal experience in all navies and
at all periods shows that there must be
a considerable variety of types in any
fleet. No single type can be trusted to
perform all the services required at a
given moment. Progress in invention
and consequent change in type neces-
sarily introduces further variety. Iron
and steel-hulled ships have great dura-
bilicy. On the ‘“ Effective List " of the
Royal Navy still remain specimens of
the earliest sea-going ironclads, now over
thirty years old; and examples of sue-
cessive types which during that long

eriod have made their appearance as

rst-class ships, only to paes gradually
into lower classes, and finally into the
Reserve., Obsolete as many of these
ta vessels are in engines, guns, and armour,
rotlc they are practically as strong as they
ever were. Should a war take place, and
serious engagements happen between the

more modern ships on each side, it is

“Tuz Ercing=sn"

KEATS' MARINE GOVERNOR

When this governor is connected with the main engines,
and the latter are travelling at their required speed, the screw
and nut wheel are revolving at the same speed; but directly
the main engines commence to go faster or slower, the nut
wheel begins to travel on the screw, and opens the valve of
the cylinder at one end or the other, as the case may be,
when the piston-rod travels backwards or forwards, and so
shuts or opens the throttle valve. If the main engine is
working at 75 revolutions per minute, the nut wheel is
revolving eight times as fast. When the main engine gains
one sixty-fourth of a revolution, the nut wheel gains one-
eighth of a revolution; when it gains one thirty-second of a
revolution, the nut wheel gains one-quarter of a revolution,
and works the throttle valve accordingly. When the main
engines gain one-sixteenth of a revolution, the nut wheel
gains one-half of a revolution, which then shuts off all steam
from the main engines. When the nut wheel has gained or
lost one-half a revolution, it becomes disconnected from the
screw, so that the speed of the small engine is not interfered
with., It will thus be seen that this governmor is very quick
in its action, and thoroughly adapted to the requirements of
a marine engine. The governor has been fitted with highly
satisfactory results in the Sunderland ships Advent and
Wear,

THE ROYAL INSTITUTION.

THE MAKING OF A MODERN FLEET.

AT the weekly evening meeting on Friday, March 9th, 1894,
Mr. William H, White, C.B. &c., read a paper “ On the
making of a Modern Fleet,” of which the following is an
abstract : —

The special programme of war shipbuilding embodied in
the Naval Defence Act of 1889 is now approaching its com-
pletion. Of the seventy ships therein provided for, all except
eight or nine will be completed and ready for service at the
end of this month, when the five years' period contemplated
in the Act will terminate. The few remaining ships will
then be far advanced, and in the Navy Estimates for 1894-5
Jess than £300,000 will have to be provided for their comple-
tion. What has been done constitutes an unprecedented
feat, whether it be considered on the basis of expenditure, or
in the addition made in a comparatively short time to the
naval strength of the empire. No other country in the world
could rival this performance, which furnishes an object
lesson, on a large scale, of what has to be done whenever the
making of a modern fleet is undertaken.

Regarding the transaction from this point of view, the
principal steps may be summarised as follows:—(1) The
selection of types, and the number of ships of each type to
be built. (2) The preparation of designs Eur each type, ful-
filling the conditions laid down for offensive and defensive
powers, speed, and coal endurance. (3) The making of esti-
mates of cost; these estimates including tke unit costs for
each type, the aggregate cost of the whole scheme, and the
incidence of expenditure on each year of the period of con-
struction. (4) The allocation of orders, so that the actual
construction of ships, machinery, and armaments may be
completed within the stipulated period,

quite conceivable that the so - called
‘““obsolete "' ships of the Reserve may
play an important part in the final
stages of the conflict.

Apart from the variety of type
produced by lapse of time, there is the variety arising
from the necessities of service. By common con-
sent & modern fleet, like the ancient fleet, must have
a squadron of battleships as its backbone. @ With these
must be associated cruisers of various kinds—the ‘‘eyes
of the fleet'—and vessels of the torpedo flotilla. Opinions
differ as to the most suitable proportion of cruisers to battle-
ships. Some advocate three cruisers to each pair of battle-
ships; others would have two cruisers of different types to
each battleship; and others consider that, to complete a group,
there should be a battleship, two cruisers, and a torpedo vessel,

The Naval Defence Programme provided for seventy vessels
—ten battleships, forty-two cruisers, and eighteen torpedo
gunboats. Most of the designs were novel in character.
Eight of the battleships are 380ft. long and 14,150 tons in
displacement. They are the largest completed ships in the
Royal Navy, and the most powerfully armed. Each vessel
carries four 67-ton guns, ten 6Gin. quick-firing guns, and
twenty-eight small quick-firers for use inst torpedo boats,
as well as in action with other ships. The maximum smooth
water speeds are 17} to 18 knots. In protection, armament,
8 , and coal supply they surpass all their predecessors.
The ships are of high {reeboard, carry their guns at a great
height above water, and are specially adapted for service in
the Atlantic. Two of the battleships are of less dimensions
—360ft. in length and of 10,500 tons displacement. In speed
and coal supply they compare well with the larger vessels.
They are inferior in armament and protection. The heaviest
guns are twenty-nine tons each in weight, and the largest
quick-firers are 4'7in. These vessels were designed especially
for service on distant stations, and can pass through the
Suez Canal. There are four distinct types of cruisers. Nine
are of the first class, 360ft. long, and from 7350 to 7700 tons
in displacement. They have maximum speeds in smooth
water of 20 to 21 knots, and large coal supplies, powerful
armaments, and good protection to guns, gun crews, and
vitals. The heaviest guns weigh twenty-two tons each, and
the main armament consists of ten 6in. quick-firers, with
seventeen smaller guns, Twenty-nine vessels are second
class cruisers, eight being of one type and twenty-one of
another type. They are 3001t. to 320ft. in length,and 3400 to
4400 tons in displacement. Their maximum smooth water
speeds are about 20 knots, and they have good coal supplies.
The armaments include Gin. and 4-7in. quick-firers, besides
smailer guns, and they have fair protection. Four eruisers of
the third class are 265ft. long, and of 2600 tons displacement.
They are about a knot slower than the smaller second-class
cruisers, and not quite so well armed, but they are equal in
protection. Tﬂrgadu gunboats are of comparatively recent
introduction, and are the smallest sea-going vessels built to
Accompany fleets. In length they vary from 230ft. to 250It.,
in displacement from 750 to 1100 tons. They have a light
gun armament, and a powerful torpedo armament, the
maximum smooth water speeds range from 19 to 20 knots.

Experience has proved them to be excellent sea-boats in the
heaviest weather.

It will be noted that all these vessels are of high speed, and
capable of acting together as a fleet. - :

Further, that the
Naval Defence Programme provided not merely for the

largest proportionate number of cruisers to battles ips above

Swaun Eno

' mentioned, but gave a considerable margin over and above
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those requirements available for service in the protection of |

commerce or in other ways. Ifa fully constituted fleet were
formed from the Naval Defence ships, including all the
battleships and the equivalent number of cruisers, it would
surpass in speed and fighting power any equal number of
completed ships of similar classes that could possibly be
brought against it from existing navies. Having been
created rapidly and simultaneously, it is more homogeneous
in character and better equipped for manceuvring at high
speed. Its armament, also, is of the most modern descrip-
tion, being distinguished by the I’l‘ﬂpﬂﬂdt‘.‘fﬂﬂﬂﬁ of quick-firing
guns. These guns can be fired about thrice as fast as guns
of equal calibre but earlier patterns, and the supplies of
ammunition have been proportionately increased.

In the fleet 1342 guns are mounted. Of these 776 are
G-pounders or under, and over 500 are Gin. and 4-Tin. quick-
firers, while 56 are from 9-2in. in the cruisers up to 13:5in.
in the large battleships. Torpedo armaments, including sub-
merged and above-water discharges, are carried in all the
ships, but are subordinated to the gun armaments, except in
the torpedo gunboats. There are 322 torpedo ejecting tubes
in the seventy ships. All the larger ships have their bows
strengthened for ramming. That method of attack, however,
involves special risks, icularly since torpedo armaments
have been so considerably developed. Electric search-lights
and internal lighting, net defences and all other means for
protecting the ships against torpedo-boat attacks have been
adopted in the larger cruisers and battleships. The smaller
cruisers and torpedo vessels have no net defences. Mechanical
appliances of all kinds have been freely employed to reduce or
assist manual labour. In habitability and sanitary arrange-
ments the ships surpass previous construction.

The aggregate total weight of the ships, fully equipped,
exceeds 335,000 tons; the total power of the propelling
engines, working under conditions of maximum development,
is about 600,000-horse power. This proportion of power to
weight—averaging nearly two-horse power to each ton—is a
clear proof of the relatively high speed of the Naval Defence
fleet. Until ten or twelve years ago the maximum speeds of
battleships in smooth water ranged from 14 knots to 15 knots,
and of swift cruisers from 15 knots to 17 knots. Comparing
these figures with those iiven above for the Naval Defence
ships, it will be seen that a great stride has been made.
Improvements in marine engines have greatly aided progress,
but there has necessarily n a considerable increase in
engine power. As speeds increase, so does the rate of growth
in expenditure of power increase most rapidly. A first-class
battleship, for example, can be driven 10 knots an hour by
2000-horse power. At 14 knots 5500-horse power is necessary ;
at 18 knots, 13,500-horse power. To gain four knots from
10 knots means an increase of 3500-horse power; an equal
gain in speed from 14 knots involves an increase of S8000-horse
power.

Modern ships depend solely upon steam propulsion, and
are practically destitute of sail power. Their range of action
and power of keeping the sea depends, therefore, entirely
upon their coal supplies and rate of coal consumption. By
the use of higher steam pressures and greater expansion, the
rate of coal consumption has been greatly reduced in the
last thirty years. A first-class battleship of 1860 required to
burn about 51b. to 54 1b. of coal per indicated horse-power
per hour, whereas a ship of similar class in the Naval
Defence fleet burns 21b. to 2} 1b. only.

On the other hand, in recent ships great demands are
made on coal for various auxiliary pur s formerly non-
existent. Large quantities of sea-water have to be. distilled
for use in the boilers. Internal electric lighting makes con-
siderable inroads on the coal. The multiplication of auxili-
ary machinery for all purposes does the same, whereas in
earlier ships most of the operations now done by such
machinery were performed by manual power,

Taking a broad view of the situation, it may be said that
modern ships have much larger coal endurance, and can
steam over longer distances. When cruising at sea or
making passages under ordinary conditions warships proceed
at moderate speeds, Comparisons of coal-endurances are,
therefore, commonly made at the speed of 10 knots. A
battleship of the first class built in 1861 carried 750 tons of
coal, and could keep the sea steaming continuously at 10
knots for six days. She had auxiliary sail-power also, and
could economite coal under favourable circumstances of wind
and weather. A first-class battleship of the Naval Defence
fleet leaves port with nearly twice as much coal on board,
and can steam continuously at 10 knots for twenty to
twenty-one days before her coal is exhausted. She has no
sail power ; her machinery and propellers are duplicated for
the sake of greater safety against disablement and better
utilisation of the engine-power at high speeds.

The armaments of modern ships have been made propor-
tionately heavier, not so much in the way of increasing the
weight of the most powerful guns, as by developing the
secondary armaments of quick-firing guns and increasing the
supplies of ammunition. It will be remarked that the
heaviest guns mounted in the Naval Defence fleet are sixty-
gseven tons in weight, whereas preceding ships of less size
carry 110 ton guns. Indeed, had there been a satisfactory
12in. gun of about fifty tons available in 1889, it would pro-
bably have been adopted by preference. Since that date such
a gun has been produced, and has been made the principal
armament of the Majestic class.

A distinctive feature in recent battleships is the great
power and efficient protection of the secondary armament of

uick-firing It is within the truth to say that with

this portion of the armament alone, a ship of the Royal
Sovereign class could make a good fight, having to
the rapidity of fire and the energy of the projectiles. A
6in. quick-firing gun delivering five or six aimed projectiles
per minute, with energies sufficient to perforate a foot of iron
armour at close range is clearly a formidable weapon.

Armour protection in the Naval Defence ships has been
most carefully considered. No other leature in warship con-
struction has given rise to greater controversies than the
proper method of disposing the armour. On the whole the
system adopted in 1889 has given general satisfaction. It
involves large proportionate weights and costs. On a ship
like the Royal Sovereign, the thick vertical armour weighs
about 3000 tons, and costs over a quarter of a million ster-
ling. Great improvements in armour have been made in
recent years, increasing its defensive power for a given thick-
ness and weight. But in view of remarkable developments
in explosives and ordnance, there is no disposition to diminish
weights of armour on battleships. In fact, increased protec-
tion to secondary armamentsgsinvolves greater weights in
proportion to displacements.

Since modern warships have higher speeds, greater coal
nurplian, more powerful armaments, and better protection, it
is ineviteble that they should be of greater size and cost than

their predecessors. In the mercantile marine, also, the
demands for higher speeds or greater carrying power have
involved considerable enlargement of dimensions aand addi-
tional first cost. The largest passenger and cargo steamers,
as a matter of fact, axea;g in dimensions and displacements
the largest battleships and cruisers. Their costs are less than
those of the warships, because they are much less elaborately
fitted and carry no armaments. On the transatlantic ser-
vice there are employed passenger steamers from 525ft. to
G0Oft. in length, and from 15,000 to 20,000 tons displacement.
The largest battleships yet laid down for the Royal Navy—
the Majestic class—are 390ft. long and of 14,900 tons displace-
ment. The largest cruisers—the Powerful class—are 500ft.
long and of 14,200 tons displacement. Analysing the designs
of warships, and comparing them with merchant ships—as
far as comparisons are reasonable between vessels built for
entirely different services—one is forced to the conclusion
that the sizes and cost of recent warships are relatively
moderate.

If size and cost are to be reduced, as some persons strongly
urge, then it will be absolutely necessary to reduce some or
all of the qualities associated in the designs of the large
ships; to accept lighter guns, less weight of protection, lower
speeds, or lessened coal supplies. In other words, to produce
fighting machines of smaller individual power, comparing
badly with the ships of most recent design built or building
abroad. There would be no difficulty, of course, in producing
a larger number of less powerful ships for a given expenditure.
But it would be a new departure in British naval policy to
deliberately ucuﬁ]ilt individual inferiority in our ships to
foreign ships for the purpose of securing greater numbers. If
the necessary expenditure is faced, superiority in numbers as
well as in the powers of individual ships can be secured; and
the weight of public and professional opinion undoubtedly
inclines to that side.

If the constitution of the Naval Defence fleet is considered,
it will be noted that only the ten battleships are really of
large dimensions out of the total number, seventy. This is
an illustration of general practice, although the advocates of
moderate dimensions frequently proceed on the hypothesis
that only large ships are built. As a matter of interest the
ships built or building from my designs, since I took office in
1885, have been classified. Out of a total of 131 ships, only
15 are above 10,000 tons in displacement, 12 from 7000 to
9000 tons, 46 from 2500 to 5600 tons, 11 from 1000 to 2500
tons, and 47 are 1000 tons or under,

Warship dimensions and cost are not to be regulated by
arbitrarily chosen limits. The proper procedure is obviously
to decide what qualities shall be possessed by each type, and
to produce ships possessing those qualities. No better guide
under existing circumstances, and apart from actual experi-
ence in naval warfare, can be found than in making provision
for meeting the possible attacks of foreign fleets, and securing
superiority in numbers and in fighting efficiency in each
class. Since British ships are built for operating on an
enemy's coast, it is the practice to give them larger coal sup-
plies, more stores, equipment, and ammunition. Hence they
are, class for class, of larger displacement than foreign ships.
They are not, however, of greater cost than foreign ships of
less displacement. A Royal Sovereign can be produced in a
Government dockyard for a net cost, excluding armament, of
about £760,000. - The corresponding cost for a French, Rus-
sian, or American battleship of the first-class is from £900,000
to £1,000,000. Consequently in the matter of money value
risked on each ship we have a distinct advantage, thanks to
our more economical construction.

Taking armament and stores into account, one of the
larger battleships in the Naval Defence fleet represents in
round figures a million sterling when equipped for sea. It is
a great responsibility to command such a costly and compli-
cated fighting machine. Naval officers have, however, risen
to the occasion, as it is their habit to do. As regards man-
ageability and manceuvring power, the big ships have proved
most satisfactory, being as thoroughly under command as
much smaller ships. It is a very striking thing to see one or
two men steering a ship of 14,000 tons moving at high speed,
with the aid ofa steam or hydraulic engine. The huge mass
answers every motion of the helm, and can be made to
reverse its course at full speed in 3 to 3} minutes, and in a
path whose diameter is about five times the ship’s length.

A modern fleet requires large expenditure for its construc-
tion and equipment. The seventy ships of the Naval Defence
programme will cost about 22§ millions, including arma-
ments. Excluding armaments, ammunition, and reserves,
the cost has been about 18 millions, or an average cost per
ship of more than a quarter of a million sterling. This
average cost exceeds the cost of the largest unarmoured screw
three-deckers, carrying 121 guns, which were the most power-
ful ships in the Royal Navy thirty-five years ago. It is more
than double the cost of the largest sailing three-deckers built
about eighty years ago. What has been said above furnishes
the explanation of this remarkable increase in outlay on
modern ships. The range of net cost in the dockyard-built
ships is from about £780,000 for a first-class down to £50,0C0
for a torpedo gunboat.

Allowing for alterations in designs, changes in the rates of
wages to dockyard workmen, and variations in systems of
accounts that have been made since the scheme was first
framed, there has been a remarkably close agreement
between the original estimate and the actual outlay. That
estimate was 214 millions, the probable expenditure 22§ mil-
lions, and specific causes of increased cost represent about
one million. There are few engineering works of great mag-
nitude where the agreement between estimate and expendi-
ture has been so close.

The work of construction has been divided between the
Royal dockyards and private firms. Ten millions represent
the value of the contract ships and their armaments; 12§
millions the corresponding outlay on and for the dockyard
ships. As a matter of fact, the real expenditure on the dock-
yards has been on labour, representing about 33 millions.
Materials, machinery, guns, gun-mountings, and other items
of equipment have been made outside the dockyards. These
figures indicate how large an employment of the manufac-
turing and industrial resources of the country has been
involved in carrying out a programme which adds greatly to
our naval strength.

It is the more remarkable that the programme should bave
been practically carried through as proposed, when it is
remembered that the five years over which it has extended
have been years of unprecedented activity in merchant ship
construction. No better proof could be given of the sur-
passing resources of this country for shipbuilding and engi-
neering. The great requirements in guns and gun mountings
have also been met with ease, One incidental result of the
Naval Defence Act which deserves mention is the enlarge-
ment of our resources for the manufacture of ordnance,
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many eminent firms baving undertaken and satisfactorily
executed important contracts, and the guns having been
ready in time for the ships. A necessary condition of rapid
construction is, of course, thorough prevision and pre

arrangement in all departments, so that there shall be nc
hindrance of work while waiting for portions of armament or
equipment. Rapid construction also means ample financial
provision, adjusted to the greatest rate of progress obtainable.
Unless such %l;uviﬂinn is made the work must linger on, and
progress will be regulated by the means available.

In this brief summary of what is involved in making a
modern fleet, it has been impossible to dwell upon the many
difficulties that have to be met in connection with warship
designs. Warships are primarily fighting-machines. Fight-
ing efficiency dominates their designs, and more particularly
the arrangements laid down as necessary for armaments and
protection. Every cubic foot of internal space has to be
appropriated to and fitted for some special purpose. Accept-
ing these fixed conditions, the endeavour of naval architects
is to fulfil them in ships which shall be strong, stable, and
seaworthy, possessing the speeds and coal supplies specified
for various tyges. If complete success is not attained in all
cases it ghould be remembered that the problems which have
to be s6lved are of increasing difficulty and complexity.
And, on the whole, it may be claimed that the designers of
modern warships, with the aid of their collaborateurs—
marine and mechanical engineers, electricians, artillerists
and metallurgists—have achieved remarkable results. Speeds
have been greatly increased, offensive and defensive powers
developed, and sﬂﬂ.-kﬂaging qualities maintained.

Those who have to design and build wa.rslsidps, as well as
those who have to fight them, may be pardoned if they
sometimes wish that earlier and simpler conditions had
continned. But the progress of invention and the constant
struggle for maritime supremacy demand continuous effort,
in order that her Majesty’s ships shall in no sense be inferior
to those produced in other countries.

At the close of his lecture Mr. White had thrown upon the
screen a number of very interesting photographs. One, that of
H.M.S. Centurion, attracted a great deal of attention. We
reproduce it from a photograph by Messrs. Symonds, of Ports-
mouth, She is a second-class battleship, one of two specially
intended for service in foreign waters, and designed to go
through the Suez Canal.

PUMPING ENGINES, BOMBAY SEWAGE WORKS.

Ixn Tae ENGINEER, vol. Ixxvi., we described and illustrated
some very large Worthington sewage pumping engines which
have recently been constructed and erected Messrs.
James Simpson and Co., London, for the Bombay Muniecr-
pality, at the Love Grove sewage pumping station. The
enginesand pumpsare capable of dealing with from 60,000,000 to
78,000,000 gallons of sewage per day, and we have now received
information concerning some carefully made tests carried
out by the Bombay Commissioners in accordance with the
terms of the contract. For the purposes of the trial care had
to be taken to ascertain accurately the slip on the pumps,
and in an extract from a letter from Mr. James, the drainage
engineer at Bombay, it is stated : —**In the trials that have
been taken, the sewage discharged has been measured not
only by the pumps but by observation in the outfall sewers,
ancf the discharges as taken by floats and by inclination due
to surface of sewage come out rather more than the discharge
taken from the pumps, less 5 per cent., and show the slip of
the pumps with good valves to be about 3 per cent.

The tests extended over a period of four days, and during
this time the total lift of the sewage was only 22:85ft. to
27-69ft. The pumps lifted from 104 to 13 per cent. more
sewage than was guaranteed, and the quantity of coal used
shows that the consumption was only 2:81b. to 2:91b. fer
pump horse-power per hour. This result on so Jow a head is
considered exceedingly good, and it is assumed to be due to
the high efficiency which the system of construction of the
Worthington engines adopted secures. We have seen a
report giving general details and figures of all the trials, and
in concluding it Mr. H. A. Acworth, the Municipal Commis-
sioner for Bombay, writing to Messrs. James Simpson and
Co., states :—*‘ I have therefore great pleasure in now inform-
ing you that the engines have, to the best of iny knowledge,

erformed their contract work throughout; that is to say, they

ave each lifted at least 15 million gallons of sewage in the
twenty-four hours, and have never consumed more than 4 1b.
Welsh steam coal per developed horse. power per hour.” These
engines have been put down to replace some large beam
engines which could only deal with 8,000,000 gallons per day.
It must be noted that in comparing the figures given by these
pumping trials with any taken from other engines, it must be
remembered that the duty mentioned has been obtained on a
very low lift, with, of course, a correspondingly low possible
duty. It must further be noted that the duty attained was
in pumping sewage, not water.

TRENT NAVIGATION.—A meeting, called by the Mayor of Not-
tingham, was held last week, to consider the improvement of the
navigation of the Trent so as to make it available for sea-going
veesels. The Mayor of Nottingham was supported by the Mayor
of Grimsby and influential representatives of the trading interests
in the district. The following resolution was carried :—'* That in
the opinion of this meeting a good navigation between the ports of
Hull, Grimsby, and Goole nnﬁ the town of Nottingham and other
towns in the Midland districts, is of the highest importance, not
only as providing a cheap method of transit for the use and deve-
lopment of inland trade and agriculture, but also as a means of
keeping the railway rates between the localities named reazonable ;
and thbat, if such a waterway conld be made so as to adwit a
regular service of boats from 100 to 200 tons burden, great pecn-
niary gain would accrne to manufacturers, colliery proprietors, and
consumers.” A resolution was aleo adopted in favour of an exypert
being appointed to make a survey and estimate.

NAVAL ARCHITECTURE.—As a requel to an extensive investiga-
tion undertaken by Mr. Edwin J, Wilking, naval architect, of Wiven-
hoe, he is engaged in writing a work—now nearing completion—
treating upon the mathematical theory of naval architecture,
which 1s intended to demonstrate from actnal practice the matbe-
matical principles controlling the correct combipation of the
‘“elements ” in ship design, and to assign a relative value to eack.
In naval architecture no rules are at present formulated decrecirg
the proper variations in dimensions, and chief areas, relatively to a

iven volume to produce varions forms or types of vessels ; and in
esigning those various forms the naval architect is left to follow
entirely the dictates of his own judgment, based upon observation
and experience. A conclusive mathematical solution of these moot
ints, and the reduction of naval architecture to a positive system
y the appraisement of the fundamental elements in design, wounld
therefore be most acceptable as forming the necessary pre-requisite
for the accurate determination of resistance due to varied form ;
and we await the publication of this work with interest,
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PFETROLEUM IN SOMERSETSHIRE,

IT is now some time since paragraphs began to appear
in the daily press concerning the find of petroleum at
Ashwick in Somersetshire, and many and sage have been
the comments on the importance of the discovery. It
may be well before entering upon & consideration of the
commercial significance of the results which have been at
present obtained, to trace briefly the history of the whole
matter, in order that all the grounds for an interim
opinion may be stated and appraised. The presence of
petroleum in the house well at Ashwick, which has sud-
denly found itself famous, is no new thing. Successive
occupants have complained of the objectionable flavour
of the water from time to time, but this peculiarity
obtained only local notoriety. The first considerable
outburst which received attention was during the long
drought of last year, and immediately subsequent to a
slight earthquake shock, when the quantity of oil pumped
up with the water was sufficient to render the use of the
mixture impracticable for domestic purposes. Evidence
of the oceurrence of this outburst has been collected in as
trustworthy a form as is possible in a non-judicial inquiry,
witnesses of the event and its consequences having been
examined and cross-questioned with much the same care
and skill as would be employed in a court of law, with
the result that there is good ground for believing in the
substantial accuracy of the story. The spirit of impar-
tial inquiry in which the investigation was conducted
was rendered specially necessary by two faets, viz., that
the well is situated in strata not usually considered to be
petroleum bearing, and that the oil itself is not of the
quality commonly characteristic of crude petroleum. The
whole matter first passed into expert hands when a small
sample of the oil was submitted to Mr. Boverton Red-
wood some months ago. From this point, therefore, the
evidence of casual witnesses is replaced by the observa-
tion of the trained chemist, and the record of ascertained
facts is substituted for the weighing of probabilities.

With regard to the geological situation of the oil, to
which reference has already been made, it may be said
that the carboniferous limestone in which the oil is found
has not hitherto been identified with the occurrence of
petroleum. Proximity to coal measures, such as exist in
the neighbourhood of Ashwick, is characteristic of some
petrolenm fields, but the balance of geological evidence is
certainly against the existence of petroleum in the Ash-
wick strata. The chemical characteristics of the oil are
also different from those of most crude petroleum, the
samples examined more nearly resembling a distillate of
the crude oil than crude oil of normal quality. In this
connection it must be noted that the possession by a
natural petroleum of the qualities of a distilled product
may mean simply that subterranean distillation has taken
place, and that an alteration of the oil corresponding with
that effected in an ordinary petroleum still has occurred
from natural causes. One of the chief indications
that the Ashwick petroleum has undergone distilla-
tion in some way or another is that it contains a
notable percentage of hydrocarbons of the olefine
series, whereas most crude petroleum is chiefly
composed of paraffins. The existence of petroleum of
this anomalous quality is not, however, unprecedented.
Several cases have been met with by Mr. Redwood, but
they are not so common as to cease to be abnormal.
Bearing these facts in mind, it is obvious that the first
impression received from the examination of the locality
of the well and the character of the oil was that the
petrolenm had filtered from a leakage in some store of
the commercial oil in the vicinity of the well, and that
its source was to be looked for in America, Russia, or
Scotland, rather than in Somersetshire. The isolation of
the house, the credibility of the witnesses to the occur-
rence of the oil throughout a long period, and the
persistent though fluctuating nature of the yield, all
tended to contradict the hypothesis of extra-Anglian
origin, and made the prosecution of a further search
advisable. Quite lately, therefore, it was decided to try
the effect of a moderate explosion in the well, in the hope
of increasing the flow of niE A small charge of gelignite
was employed, and a perceptibly larger quantity of
petroleum thus won. The salient points in the history
of the discovery of the petroleum, and the reasons for
supposing that it 1s actually a native product having been
recounted, it remains to consider the quality of the oil,
and the degree of importance to be attached to the find.

The petroleum found at Ashwick is a yellow oil of
specific gravity 0'815, having a flashing point—close test
—of 175 deg. Fah. It is sufficiently free from both
the heavier and lighter constituents — e.g., petroleum
spirit and tarry bituminous matter—present in most
kinds of ecrude petroleum, to allow it to be used without
previous distillation, as an illuminant. Indeed, it is
stated that during a considerable outburst of the oil
which happened before the matter came into Mr. Red-
wood’s hands, several barrels were collected, freed from
the accompanying water and filtered through a pad of
cotton wadding, becoming by this treatment quite fit for
use in ordinary household lamps, The high speecific

gravity and flashing point of the oil detract somewhat
from its value as an illuminant, the figures quoted above
being a good deal higher thanthose of common kerosene,
and approximating to these of heavy lighthouse oil or of
the heavier grade of luminant obtained from Russian
petroleum. These heavy burning oils, although serving
a useful purpose when perfect security is especially neces-
sary, are not as saleable as kerosene of somewhat lighter
grade—e.g., 100 deg. Fah. flashing point—on account of
the need for burners and wicks differing from those in
general use, in order to consume them to the best advan-
tage. In spite of this drawback, it is probable that in
distilling the oil some 75 per cent. of good burning oil
could be obtained without having recourse to * cracking.”
Of the good guality of the Ashwick oil there can be no
doubt, and the value of its discovery consequently
depends upon its abundance. It would be rash in the
extreme to prophesy definitely either favourably or un-
favourably concerning the future of Somerset re-
garded as a petroleum district. All that can be
done at present is to indicate towards what conclusion
the evidéffee now at our disposal tends. In arriving at
this conclusion, due weight must be given to the fact
that petroleum imported into this country is a wonder-
fully cheap commodity. How cheap it is let the dying
Scottish shale oil industry tell. With advantages in the
shape of valuable bye-products, and with a market for
the whole output of the trade at their doors, firms once
flourishing have become moribund or defunct in spite of
strenuous efforts to cheapen the cost of production by
improved methods and plant. The days when petrolenm
was sold by the ounce for medicinal use are gone, and a
well to pay must have a yield of which the content of a
tank steamer is a convenient unit of measurement. Of
course nothing approaching this quantity has ever been
yielded by the Ashwick well, but deep boring for petro-
lenm is the rule, and a copious supply may be tapped
when once the drill has been set to work. Should even
a moderate amount be obtained, further exploration may
be expected, for the fame of the Somerset discovery has
brought news of the existence of similar wells from which
both water and oil can be pumped in Wales and York-
shire. However that may be, the necessary expenditure
for sinking a bore-hole at Ashwick is certainly warranted,
and money thus sunk may be regarded as risked in a
perfectly legitimate speculation in which the chance of
return is slight, but in the event of a favourable result
the amount of return is temptingly great. With all the
facts before us we are of opinion that the quotation of
English petroleum in *“ prices current' is a somewhat
remote contingency, but that no stone should be left
unturned to bring that possibility about. The enterprise
has, at least, the advantage of being under able super-
vision.
BOILERS FOR TORPEDO CATCHERS.

IN the course of the series of articles which has recently
appeared in our pages on water-tube boilers, we defined
an express boiler as one which, while very small and
light, would produce a great quantity of steam. In other
words, an express boiler is a generator which weighs
very little and occupies a small space as compared with
normal or well-known boilers. The express boiler—using
the words in their full significance—is a recent or latter-
day creation, rendered possible only by the use of distilled
water. We have dealt with the subject as though an
express boiler must of necessity be a water-tube boiler;
but it is not certain that this is an invariable rule. Many
years ago an exceedingly ingenious boiler was made
and patented, we think by Hancock, for use in a
steam road carriage. It consisted of flat sheets of metal
on which were stamped hemispheres or circular protuber-
ances. These, when the chambers were built up in a
frame, abutted against each other, and prevented the
chambers from opening when pressure was exerted inside
them ; the hot gases passed up between the chambers.
This boiler was very light and very efficient, and it is
quite possible that the idea might be developed in the
present day with advantage. Be this as it may, we have
no reason to doubt that while a very light boiler may be
made not necessarily wholly composed of tubes, the
lightest possible boiler must be made of tubes and of
nothing else.

It is commonly taken in the present day that, if one
indicated horse-power can be got out of two square feet
of boiler heating surface, the result is very satisfactory.
This means an evaporation of about 101b. of water per
square foot of surface per hour. If it were possible to
double this and get an evaporation of 201b. per square
foot per hour, the advantage would be so great that it is
worth while to do much scheming, and inventing, and
experimenting to reach the required end. But it must not
be forgotten that in no boiler can all the surface be heat-
ing surface ; and we might have a boiler which was very
eflicient in one sense and very heavyin another, because the
heating surface bore a comparatively small relation to the
whole quantity of metal in the boiler. Thus, for example, a
large so-called * locomotive boiler "—a true locomotive
boiler has never yet been tried at sea—weighing under
steam 13} tons, will make steam for a triple-expansion
engine indicating 800-horse power. This gives nearly
38 Ib. per borse-power. Two square feet of heating
surface 1n tubes would only weigh 201b., allowing one-
half their surface to be inefficient. It is easy to see that
the best result cannot be got out of a locomotive boiler,
There is far too much flat surface to be stayed. About
the maximum performance for this type has been got,
we think, by a Thornycroft boiler, WEiEh evaporated
10,840 1b. of water per hour. The total heating surface
was 620 square feet; 781b. of coal were burnt per square
foot of grate. But the air pressure in the stokehold
reached 6in. of water. The evaporation per square foot
of heating surface was very nearly 17:51b. The total
weight of the boiler without fire-bars could not have been
much short of five tons. Taking the power as 500 horses,
we have 22'4 1b. of boiler per horse-power. This does
not include fire-bars or other adjuncts, and the work is
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too severe to be long continued in that special type of
boiler. Reverting, then, to tube surface, we have to
consider how it shall be used. The first essential is that
both sides—in other words the whole surface—of each
tube shall be fully heated, and not one side only. The
next is that care shall be taken that an ample supply
of water shall invariably be provided to take up the heat.
If we have a long tube of small diameter, say an inch,
and a very fierce heat, so much steam may be made
in the bottom of the tube that all the water above will be
blown clean out of it. Then water will rush in from
below or above to fill the space, and this in turn will be
ejected. We could name more than one wa‘er-tube boiler
which behaved in this way when hard pressed. The
makers called the action * circulation," butit was not circu-
lation in the legitimate sense of the term ; a boiler worked
in this way will soon be burned out and eannot fail to
prime heavily. This * gulping” action is exceedingly
injurious, and to be strenuously avoided. Bearing in
mind the stipulation that the whole surface of each tube
shall be heated, it will be seen at once that it is ex-
pedient that the tubes should be short. It is also evident
that they must either be vertical or very steeply inclined.
Any approach to the horizontal will result in disaster
unless the tubes be very short and at least 2in. in
diameter. It may be taken as a rule that the fiercer
the heat the more closely should the tube approach the
vertical.

Experiment goes to show that so long as a tube is
made of metal not too thick, and abundantly supplied
with water, it is quite impossible to burn it. We have
already in a former impression cited Mr. Maxim's experi-
ments in this direction. Years before Mr. Maxim thought
about flying machines, Mr. Pope carried out experiments
with tubes made of common tin-plate soft soldered. These
were buried in ablacksmith's fire, and everything possible

was done to destroy them, but fire capable of putting a
welding heat on a 3in. bar could not melt the soft
golder on the tube. We may take it for granted,
then, that we cannot produce too hot a furnace.
In this direction, no doubt, torpedo boat builders have
proceeded a long way, and when 701b. or 801b. of coal
are burned per square foot of grate per hour the tem-
perature is very high. But something still higher can
probably be got with petroleum. The maximum tem-
¥:rat-ure to be had with proper arrangements and oil

el will probably suffice to melt fire-bricks of good
quality much like sealing wax. If, now, there is prac-
tically no limit to the rate at which water will take up
heat, it seems to be not at all improbable that an
evaporation of 201b. or 251b. of water per square foot
can be had. The notion that the water will be driven
away from the tube surface and assume the spheroidal
condition has no foundation in fact. But very great care
must be taken to prevent the clinging of steam to the
surfaces. An evaporation so rapid means, as far as the
tubes go, only 5 1b. of boiler, and allowing 5 1b. more for the
rest of the boiler, and other 5 lb. forwater, we have 15 1b.
per horse-power, or for 800-horse power 12,000 lb., or,
say, 5'5 tons instead of 13'5 tons; and, allowing a ton
for fire-bars and funnel, we still have a boiler which
gives us 100 to 120-horse power for considerably less
than a ton. That such a boiler can be produced we
have no doubt. That it has yet been madﬁa we doubt,
although results of trials made in the United States
gseem to show that engineers have got within measur-
able distance of it at the other side of the water, and
on & comparatively small scale. The boiler of the Yankee
Doodle is said to have 300 square feet of surface, and to
weigh only one ton under steam. Fig. 14, on page 87,
illustrates it. It will be seen that we have made a
tolerably liberal allowance of steam per horse per hour,
and certain very excellent performances accomplished in
this country are more fo the credit of the engine than
the boiler, a fact not to be forgotten.

If our readers will examine the designs of any express
boiler, or will set about scheming one themselves, they
will quickly find that there is a great deal of surface—in
other wnrgs, a great deal of steel plate—that is of no
use for generating steam. Not only does this weigh, but
it takes up room which can ill be spared. ILet us suppose
that we use vertical tubes 3ft. long; under them come
the feeders, say, 1ft. in diameter, and above them the
receiver, say, 2ft. in diameter. As the feeders must
be below the grate level, there is less than 3ft. left
between the grate and the bottom of the receiver, and
even then the whole boiler is at least 6ft. high. The
steam receiver and separator over the fire is the
great offender. If it could be suppressed or put in
another position, considerable advantage would be gained
as regards height. It is held, of course, that it is essen-
tial in order to get dry steam. If it satisfied this condi-
tion, and if nothing else would satisfy it, then we must
perforce have it. DBut it may be shown that the hori-
zontal cylinder of considerable diameter. lying along the
top of the boiler, is not necessarily the only expedient by
which steam may be got, and that, in point of fact,
unaided it will not give dry steam at all. There are
various ways in which steam may be dried without the
use of an unwieldy and heavy cylinder holding a great
deal of water. It is true that each steaming tube must
deliver a very large quantity of water mixed with steam.
The steam can scarcely fail to fill the whole diameter of
a lin. tube, and in any case its upward rush will entrain
much water. If the tubes deliver against a flat plate,
the concussion will knock much of the water out of the
steam, and various devices are available for getting rid of
the remainder.

It must not be forgotten that all we have just written
applies to a very special and peculiar type of generator, in
which a great deal is sacrificed for the sake of getting
the largest possible quantity of steam out of the smallest
and lightest possible boiler, and it is not to be expected
that such aboiler can compare in economical efficiency with
others. If we took an ordinary railway antive boiler
and cut most of the barrel and tubes off we should have
a very efficient generator left, but it would not be very

economical. Let us suppose, for example, that we burned
801b. of coal per square foot per hour i the grate;
that the boiler tubes were 12ft. long; and that a certain
weight of water was evaporated per hour. If, now, we
cut away all the barrel, save enough to leave tubes 2ft.
long, then the evaporation would still be nearly 75 per
cent. as great as before. There would be a loss in
economy of fuel, but there would be an mmense saving
effected in weight and in space. Furthermore, the reduc-
tion in the length of the tubes would permit us to reduce
their diameter, and the economy and efliciency of the boiler
would both be helped by that alteration. Thereis, indeed,
no reason to suppose that an express boiler must be dread-

fully uneconomical ; but, on the other hand, any attempt
to make it thoroughly economical will end in failure,
unless indeed it is intended to use the boiler only for very
short periods, in which case the spaces for the discharge
of the products of combustion may be made contracted,
but only by incurring the risks of sooting them up and
ruining the draught.

There are, we have no hesitation in saying, possibili-
ties in view which, made use of properly, will give us
boilers of hitherto unrealised lightness and smallness.
The principles to be observed are very simply stated.
The first is that the heating surface, and indeed the whole
boiler, shall be as far as possible tubular, The second is
that every inch of surface not used for generating or dry-
ing steam shall be regarded as waste. The third is that
great care should be taken to secure a regular discharge
of steam from the heating surface. If the steam has any
chance of hanging or clinging to the metal disaster will
follow. When we come to work with enormous tem-
Feratureﬁ there is no time for the correction of an error.

f, for instance, a tube should boil itself dry, in less than
five seconds it would be white hot and would burst.
Fourthly, special arrangements must be made for getting
the water out of the steam. To comply with all the
requisite conditions is very far from being a simple matter.
So much has been done, however, that more can no doubt
be done, and we do not despair of seeing a boiler which,
complete, shall only weigh about 151b. per horse-power,
and nevertheless shall be sufficiently durable to satisfy all
lagit.}i:.lma.ta demands that can be made on a torpedo
catcher,

LONDON WATER SCHEMES.

Tae London County Council, intent on obtaining pos-
session of the metropolitan water supply, and yet acting
with what appears to be a certain crookedness of pur-
pose, has passed a resolution by which it professes an
intention to enter into negotiations for the purchase of
the undertakings of the London water companies, accord-
ing to sundry conditions of its own making. At the same
time the Council is seeking to introduce a Bill into Par-
liament, by which it is to be enabled to take preparatory
steps for bringing a supply of water to the metropolis
from distant sources, situated anywhere in Great Britain.
For the (Ii)resent the Bill is hung up over a question of
the Standing Orders, but it may be taken as an expres-
sion of the policy of the County Council, though at
variance with the proposal for purchasing the existing
undertakings, ‘““or one or more of them,” concerning
which the sources of supply are in the watersheds of the
Thames and the Lea. The proposal for purchase is also
encompassed with such stipulations, that it is difficult to
understand how the County Council can expect to nego-
tiate at all on the basis which it has laid down. One
Ernvisu alone is sufficient to constitute an insuperable

arrier, fatal to any idea of a voluntary and amicable
arrangement between the Council and the companies.
Itis thus specified that in the proposed negotiations ‘* no
monopoly rights” on the part of the companies are to
be recognised. The companies are to be treated as
though they had no Acts of Parliament by which they
were established, and by which certain powers were
conferred upon them. They are thus called upon
to surrender their birthright for a mess of pottage, and it
1s perfectly certain that they will do nothing of the kind.
There are other conditions attached to the proposed
negotiations, all of such a nature as to render it impos-
sible that the companies will enter into any parley on the
subject. Hence, if progress is to be made, it must be by
means of compulsory powers, such as the County Couneil
signifies it will seek in the course of next year if its
gracious advances are repelled in 1894, DBut the pretext
of purchase, though based on impracticable conditions,
is to serve an immediate purpose, however much it may
fall short of its ostensible object. It is to place the
Council in a better position for opposing the Bills brought
forward by the East London, the Southwark and Vaux-
hall, and the West Middlesex Water Companies. These
Bills, as we have previously explained, especially in
the case of the two former companies, are adapted
for giving effect to the recommendations of the Royal
Commission which has recently reported on the
subject. The County Council wishes to upset the whole
of these Bills, but the necessity for enlarging the
water supply of the metropolis is so pressing in its
character, as shown by the Council itself, that something
must be done; and if the companies are to be stopped,
the Council must be prepared to go on. DBut the latter
has no scheme ﬁmpared, and accordingly the professed
intention to purchase has to be brought forward, in order
to combat the plans devised by the water companies.
The Committee which has reported to the Council on
this subject has distinetly said that whether the London
Water Bill, now promoted by that body, is proceeded with
or not, ‘the necessity of action by the Council is not
the less real.” Takingthis view of the case, the Committee
has recommended the scheme of negotiations.
In aletter from Mr. Brayley Hodgetts, to which wegave
insertion last week, it is urged that the project brought
forward by the Southwark and Vauxhall Company is
not in accordance with the recommendations of the
Royal Commissioners, seeing that it differs from the

plan to which they gave the preference as compared

with two others. Of the three plans thus submitted for

drawing an enlarged supply from the Thames or its tribu-
taries, there is no doubt the Commissioners selected the
best. DBut the choice was limited, and it seems like
carrying the conclusion too far to assert that nothing
worthy of acceptance could be designed outside the three
projects on which the Commissioners passed their opinion,
The approval expressed with regard to a system of reser-
voirs at Staines was not absolute in its character, but
relative, as expressed by the words in the report:—
‘‘ Broadly speaking, and without committing ourselves to
details, we may say that the conception of this Staines
scheme of storage commends itself tous as the best which
has been suggested.” The Southwark and Vauxhall
scheme does not pretend to do the great things proposed
by the plan which Messrs. Hunter and Fraser have so
ably prepared, but, proceeding on similar lines, though on
a reduced scale, it ?mviden for an important addition to
the supply taken from the Thames, while securing an
adequate flow over Teddington weir. There appears no
prospect that the rejection of this scheme would lead to
the adoption of the plan which has been &rﬂpusﬂd by
Messrs. Hunter and Fraser, however much the failure of
the Southwark and Vauxhall Bill might promote the
designs of the County Council. The fact that the Staines
project, estimated to cost ten millions, is not before Par-
liament, is an essential feature in the case, and some
weight must be attached to the cireumstance that if the
County Council is opposed to the lesser scheme much
more would it resist the larger. That which is practicable
has to be borne in mind, and not only that which may be
desirable.

It must be acknowledged that the companies are acting
consistently. The water supply of the metropolis must
be extended, and the companies come forward with plans
for giving such extension. The Council seeks to prevent
the execution of these plans, though at the peril of
leaving London short of water. This will never do, and
Mr. Binnie, the chief engineer to the Council, has forcibly
pointed out the situation in areport which he has addressed
to that body, in the course of which he announces the
undoubted fact that, whatever may come to pass later on,
London must continue to take its supply from the
Thames and the Lea for the next ten or fifteen years.
As there is immediate need for enlarging the supply,
somebody must set to work, either the Council or the
companies. Mr. Binnie of course prefers the former,
and recommends that the Counecil should now buy up,
not all the companies, but some of them, and proceed to
carry on the supply from the existing sources until some-
thing of a more ambitious character can be accomplished.
The point aimed at is to furnish * a proper and sufficient
supply of water" to the entire community which the
Council represents. It is true that the resolution of
the Council proposes as an alternative the purchase of
‘“one or more " of the existing undertakings, but this is
prefaced by a proposal without limit, and there can be
no doubt it is intended to make the entire water supply
of the metropolis the property of the County Council,
any lesser arrangement being merely a temporary
expedient. We can only say that if the people of London
are to be benefited by such a change, by -all - means
let the Council sooner or later step in, provided no
spoliation is perpetrated on the pretence of promoting
public interests. Unfortunately, the present aspect of
affairs is more that of a fight than anything else, and
a considerable amount of money is being spent in the
conflict which might be turned to a better purpose.
Economically, the prospect is rather vexatious. In some
way or other, and at a date to be fixed by-and-bye, the
undertakings which at present supply London with water
are to be bought up, apparently for the mere sake of being
superseded by something else. A double charge will thus
rest upon the metropolis, one for the supply that is to go,
and another for that which is to come. Sir John Lub-
bock has admonished the Council that it already has quite
enough to do without undertaking the work of the water
companies, and at the same time he has warned the
ratepayers that if the water supply passes into the hands
of the Council, the scale of charge will be increased.
This must necessarily be the case, even if the present
works are bought up on terms ruinous to the shareholders,
seeing that whatever is paid for the old works must be
added to the cost of the new. That there must be a buy-
ing up in order to make way for a fresh enterprise is
clearly apprehended by Mr. Binnie, who tells the Council
in his report that he is aware of no instance in which
Parliament has permitted a municipality to acquire rights
of water supply, without arrangements being first of all
made for a fair bargain with the existing company.

The position of the County Council in reference to the
water companies of the metropolis is complicated by the
manner in which some of its official staff eriticise the
report of the Royal Commission. A similar line is taken
by the Water Committee, and, on the whole, it is evident
that the authorities at Spring Gardens are not satisfied
with the conclusions at which the Commissioners have
arrived. Objections are also taken to the plans of the
water companies, as set forth in the three %illa coming
before Parliament. Of course there is an advantage in
s_trmgh_f,furward and independent ecriticiem, but it is a
little difficult to see how the Council, having avowed its
dissatisfaction with the existing waterworks, can come
forward with proposals to purchase them. Although the
Commissioners have declared that the water supply, in the
condition in which it reaches the consumer, is excellent,
the Council pays special attention to the impurities which
are described as polluting the open stream. The deep
wells of the Kent company, and the wells possessed by
other companies, are accepted as yielding pure water ; but
1t 1s argued that the quantity to be obtained in this way
i insufficient. Much is made of the alleged lowering of
the water level where the wells are in operation. Allow-
ing that there is reason for proceeding cautiously in
drawing from underground sources, and that greater care
ought to be exercised in preserving the purity of the
stream, there is the fact that the Royal Commissioners

'believe in the practicability of drawing from the rivers
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and subterranean waters in the Thames and Lea water-
sheds a sufficient supply to meet the wants of 12,000,000
of people, a number exceeding by about three-quarters of
a million the population which may be expected to
depend on such a supply in London and its environs in
1931. There is also the e tation that a large amount
of water may be obtained from the chalk area lying east-
ward of the Kent Company's district, But if all this
stands good, why should the County Council disparage
the present supply ? If, on the other hand, the supply is
seriously deficient in quality or quantity, or likely to
become so, why should the Council seek to purchase it ?
Another question now comes up for consideration, and
adds a further element to the conflict. There is the
Thames Conservancy Bill, a scheme of enormous dimen-
sions, and calculated to stir up a host of opponents.
Several of the clauses relate to the metropolitan water
supply, and the County Council objects to that part of the
Bill which confirms certain agreements by ijch some
of the Thames companies are allowed to draw what is
considered an enlarged quantity of water from the stream,
But it is obvious that if the recommendations of the
Royal Commissioners are to be carried out, or, in other
words, if the future wants of London are to be duly
supplied, the quantity which the Bill allows to be taken
from the stream must be considerably amplified, A
eatly increased contribution to the Conservancy Board
rom the water companies is proposed by the Bill, and to
this it is objected that the burden will fall on the con-
sumer. Yet if the companies are already charging the
consumer to the top of their scale, as we find generally
asserted, we may rather assume that the shareholder
will be the loser. Lord Farrer, speaking in the Council,
has expressed apprehension with regard to the stringent
powers to be exercised under the Conservancy Bill for
preventing the pollution of the Thames. His lordship
pictures to himself a whole army of inspectors watching
every rivulet and stream in the watershed, the cost being
thrown on the water companies, or, as he suggests, on
the consumers; and after all this has come to pass, the
County Council may be called upon to buy up the under-
takings of the companies at the increased value given
to them by such purification. If this argument is to
have a practical bearing, it would appear to mean that
the Thames is to remain dirty, in order that the Council
may buy up the water supply cheap. We can hardly
suppose Lord Farrer intends such a procedure, yet it
seems to agree rather closely with the general policy of
the County Council. Taken altogether, the problem of
the London water supply seems to be growing more
intricate as time goes on. If * fair and reasonable "
terms could be arranged for the purchase of the under-
takings of the water companies by the County Council,
one part of the quarrel would come to an end. The next
would probably be a quarrel between the Council and
the ratepayers. The consumers, as such, might be satis-
fied, but if so, there would most likely be a deficit to fall
on the rates.

+od

COAL-CUTTING MACHINES IN NOVA SCOTIA.

THE report of the department of mines for Nova Scotia has
some features that are of interest to engineers. That Province
is one which is enlarging its yield as a coal producer. Instead
of an uutgut of about 568,000 tons, as it had in 1870, its pro-
duction has risen to about 2,000,000—the exact figures for
the ﬂaat year not being available owing to the closing of the
fiscal year with September. Cape Breton County is one of the
leading parts of the producing district, its coal sales last year
being over 792,760 tons. In it the coal-cutting machine of
one form or other seems increasingly used. At the Gowrie
mines ten coal-cutting machines of the Ingersoll type have
been added to the plant last year, with an air compressor of
20in. by 24in. cylinder. In the Caledonia mine five more
machines, and now out of the eight in use, seven are Inger-
soll-Sergeant, and the other, Harrison. In Little Glace

Bay mine there are ten Ingersoll machines; a Stanley
Header is in use at old Bridgeport, as well as Ingersoll
machines. Some of these collieries are of considerable extent,
judging by the reported number of miners employed; the
Dominion Coal Company having 1793. The report gives, as
do the reports of our own Inspectors of Mines, a list of the
accidents, but it adds also a statement of the timber and
explosives used in some of the collieries—in one, for instance,
300 1b. of powder and 106 1b. of dynamite were used in the
first nine months of last year, whilst another inspector gives
a return of the kinds of explosives used: ‘ 29,3261b. of
powder ; 11,700 lb. of flameless powder ;: 2818 1b. of roburite ;
501b. of dynamite ; 85,100ft. fuse, and 128 boxes of squibs ;"
so that there are details given that enable the reader to
estimate the relative proportions of the explosives that are
used. Of course, as a comparatively new contributor in
gt::utity to the coal-production of the world, Nova Scotia

had the experience of others to guide it in the form alike
of its legislation and of its reports. It is now sellin very
little of its coal to the United States—not a tithe of what it
used to sell—but it finds an increasing market for its produce
for its own needs, and especially for Quebee, so that with the
growth of the Dominion of Canada it is probable that there
will be an enlargement of the output of the Nova Scotia
mines, and probably an increased employment of machinery
therein, for the results seem to be satisfactory both in the
extent of the yield, and in the facility and comparative
safety of the working. There may perhaps be differences of
opinion as regards the desirability of the introduction of
machines in the older collieries and very different pits here ;
but there is no doubt that alike in Nova Scotia and in the
larger coalfields of Illinois there is an increasing and useful
employment of several types of coal-cutting machines, and
that employment does seem to suggest at least the possibility
of greater attention being paid here to the introduction, The
subject has had intermittent attention and ex

periment, but
not on a scale such as in proportion it seems to have had in
different parts of the

elds of America.

SUBSIDENCE ON CALEDONIAN RAILWAYS NEAR GLASGOW,

A pAxGEROUS subsidence of the Caledonian main line near
Hallside Junction, a few miles east of Glasgow, occurred on
Tuesday morning last week ; the early passenger express from
the south ha a narrow escape from serious disaster. The
line at the spot indicated is carried on ap embankment some

35ft. high, along the south side of which the river Calder
runs for a short distance before passing, by means of a large
culvert, under the line on its way to the Clyde. The subsi-
dence took place at a point midway between this culvert and
the ;Ll:.ca where the stream first approaches the line. It
may be mentioned that the embankment was here pierced
by a 12in, cast iron main used by the Steel Company of
Scotland to convey water from its pumping station on the
Clyde to the Hallside Steel Works, Under ordinary weather
conditions the Calder is & mere brook, but the long-continued
enormous rainfall had swollen it to an unprecedented extent,
causing large volumes of rapidly moving water to surge
almost continuously against the embankment for several
weeks before the accident. Under these circumstances the
railway officials had for some time been keeping this portion
of the line under close observation, and though no serious
mishap was anticipated, a gang of surfacemen were kept in
constant readiness for any emergency. On the morning of
the 6th, the postal train passed at 6.15 without anythin
unusual being noticed, and a quarter of an hour later a light
engine also passed in safety. Almost immediately afterwards,
however, a large portion of the embankment suddenly col-
lapsed, leaving the rails of both the up and down lines
suspended over a chasm some 60ft. long, and of considerable
depth. The fall was so sudden and unexpected that several
of the watchers had narrow escapes from being overwhelmed
and carried into the Calder with the débris. At the time of
the accident the early express train from the south was
almost due; but fortunately some of the workmen were able
to reach Uddingston Station, a mile to the east, in time to
have the train stopped, and so to prevent a catastrophe to
the express, which carried a large number of passengers.
Owing to the facilities possessed by the Caledonian in the
way of alternative routes between Glasgow and Motherwell
and Hamilton, the accident caused little delay to the general
assenger or goods traffic, and the breach in the line was
ed before the end of the week, abundant supplies of
material for the purpose being easily obtained from the
neighbouring iron and steel works. The exact cause of the
occurrence has not been, and probably will not be, ascer-
tained. The district is undermined with coal workings, and
this, coupled with the phenomenal rainfall, and consequently
swollen state of the Calder, may be sufficient to account for
the mishap. Some of the railway officials are inclined to
attribute it to the bursting of the Steel Company of Scotland’s
water main, but though the pipe was found to be fractured
after the collapse, it seems probable that this was the result
rather than the cause of the failure of the embankment. In
any case the officials of both companies may now be relied
upon to fix the pipe in such a way that its failure is not likely
to result in the closing of a line accommodating over 300
trains per day, and the suspension of productive operations
in a large steel-making establishment.

THE REVIVAL IN TRADE.

THE evidences of an improvement in trade are increasing,
and prospects for the iron and steel masters of Scotland and
the northern counties of England, and for the marine
engineering and some other of the engineering centres are
better at the present time than they have been for many
months, The position is one which has long been waited
for, and now that unmistakeable proof of revival is forth-
coming, it is natural that the better appearances should be
matter of great satisfaction. Everything goes to show that
it is to the increased demand for iron and steel shipbuilding
that the country is mainly indebted for the trade conva.
lescence. The booking of new orders for vessels continues
alike in Scotland and on the Tyne, the Tees, and the Wear.
It is calculated that over 100,000 tons of new work has been
contracted for on the Clyde alone since the beginning of the
year. Shipbuilders on the West Coast have a good programime
of work before them, and are anticipating the receipt of
additional orders very early. As the contracts that have
been given out in all the centres arc nearly all for steamships,
the activity is being carried into the marine engineering
works. Some of those who build the largest types of marine
engines, and who have had of late Government work that is
rapidly being exhausted, it is true, need more business. But
most of the firms, alike on the Clyde and North-east Coast,
have now booked their output for some months ahead. One
large South Durham engineering establishment has, we are
informed, orders that will occupy them for fully a year. The
effect of this revival is seen also in a quickened call for
castings and for boilers. In Cleveland the marine engineers
are so busy that certain of them are finding it necessary to
run their establishments nights as well as days. Five per
cent. rise in prices is quoted by various firms upon the rates
of last quarter. The Scotch and Northern steel masters are
all very busy upon steel plates, angles, and other sections,
and full work is assured over the next six months certain,
and probably longer. A great revival in demand is to be seen
in the Glasgow locomotive engine building trade; stationary
engine builders in Lancashire have some good orders in hand
for Eastern markets; and with Russia and the North of
Europe a valuable trade is being done in machinery from the
Midlands.
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The Principles of Walterworks Engineering. By J. H, Tups.
pErY TUurNeEr, B.Se., M. Inst. C.E. and A. W. BRriGaT-
more, M.Sc. AM.I.C.E. London: E. and F. N. Spon,
1893.

TeE engineering of the water supply of towns is already

represented by a goodly array of books and a larger

number of papers in the transactions of engineering
societies, but from time to time new departures are made

in the practice of waterworks engineering which form a

sufficient basis for the text at least of a new book, and

often of one which grows to be of larger dimensions than
the authors originally intended. The book before us may
be said to be one of high class on a limited number of
the subjects which might be included in itstitle. Itdeals
very largely with principles, as the title suggests, but it
departs very considerably from them in order to describe
specifically certain mechanical details connected with the
water supply and distribution. The first chapter deals
with the sources of water supply, and herein are treated
several of the questions concerning percolation, sub-
terranean water levels, effect of pumping on these ; and
similar questions which recently formed the sub.
iect of mueh inquiry by the Royal Commission on the

ject, and with the general formule relating to flow and
the gauging of rivers, with special reference to modern
instruments and apparatus. The third chapter relates
more to the collection of water, and particularly to
the interception of surface waters, lakes and rivers,
catchwater drains, filters and wells ; but the chapter also
includes references to several kinds of pumps, the theory
of which is interesting, though in practice they are obso-
lete, and several pages which are occupied with remarks
concerning steam engines and testing engines would have
been better occupied with an extension of the chapter on
the storage of water, which deals particularly with the
selection of sites for and the construction of dams and
reservoirs, both impounding and service reservoirs. Here
again the treatment is of the principles which guide the
waterworks engineer, on those questions which in the
early stages require so much investigation before decisions

g | are satisfactory ; and special reference may be made to

the investigations concerning and summary of the
knowledge of to-day relating to the sections of reser-
voir dams. The purification of water and the con-
veyance of®yater, occupy the fifth and sixth chap-
ters, and both are w considered, and comprise
in 120 pages a great deal of judiciously selected informa-
tion on these subjects. The latter chapter quite desirably
gives, either admittedly, or as can be inferred, a good
deal of the sort of information which became very neces-
sary in connection with the designs and arrangements for
the construction of the great Vyrnwy Aqueduct, its
balancing reservoirs, its railway, and river crossings. In
the chapter which follows on the distribution of water,
the principles are first dealt with and then some of the
small practical details, while the concluding chapter is on
the maintenance of waterworks, and herein amongst
many things will be found a sufficient treatment of the
waste water meter system originally devised twenty years
ago by Mr. Deacon, although the subject is for some in-
comprehensible reason, that upon which a paper was read
by the Institution of Civil Engineers last Tuesday. The
book is well got up, and will no doubt soon be found on
the shelves of every waterworks engineer. It may be
mentioned that since the publication of this book, the
name of the first author has changed to J. H. Tudsbery
Tudsbery.
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PARLIAMENTARY NOTES.

Oil fuel at sea.—Mr. Bowles asked the Secretary of the
Admiralty whether his attention had been called to a state-
ment on the 22nd February last that the British steamship
Baku Standard had arrived at Philadelphia after having
made the passage across the Atlantic under steam generated
by oil fuel alone, and whether the Government were carrying
out any experiments with the view to ascertain the adapta-
bility of oil fuel for use in her Majesty's ships. Sir U,
Kay-Shuttleworth replied that mothing was known at the
Admiralty of the statement in question, and that no
experiments with oil fuel were now going on in her Majesty’s
ships.

Supplies for Indian State Railways.—A question was put to
the Secretary of State for India by Sir A. Hickman on the
above subject. He asked, in particular, whether Les Usines
et Fonderies De Baume et Marpent of Belgium had supplied
10,000 axle-boxes to the Indian State Railway, and whether
he would use his influence to induce the railways in future
to procure their supplies of such articles in this country.
Mr. Fowler replied, that so far as he could ascertain no order
for axle-boxes for Indian State railways had been given to
the Belgian Company. According to the existing practice of
tlie Department, a general preference is always given to firms
in this country.

Irish light railways.—The latest information in the pos-
session of the Government shows that 1285 men are now
employed on the Galway and Clifden Railway, and it is

[etropolitan Supply. e second chapter is on the
measurement of water, and deals fully with this sub-

hoped that the entire length of it will be ready for opening
about September 1st next, |
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HIGH-PRESSURE AIR COMPRESSORS.

TrE air compressor which we illustrate above and on
page 229, is one of a type introduced and constructed by
Messrs. Elwell Fils,
of Paris.

The machine con-
sists in effect of two
double-acting com-
pressing pumps, in
which the air is
compressed in four
stages. The capaci-
ties are so calculated
that the pressures
shall be equalised on
each side of the
pistons. The pistons
are provided, it will
be seen, with trunks,
and the first stage
raises the pressure
to about 57 1b. In
the second stage this
is brought up to
1421b., in the third
to 430 lb., and in
the fourth stage to
1430 1b. per square
inch. The two com-
pressing cylinders
are cast together,
with a casing or
jacket to contain
water, in which are
placed two coils of
piping.  The first
gerves as an inter-
mediate receiver for
the first cylinder,
and the second coil,
connected with the
small cylinder,
serves to cool the air
before it is delivered
into the storage
reservoir. The air
to be compressed is
drawn into the large
cylinder through eight valves

Tis Cncrime=n"

the same time, while a small quantity of oil is drawn in
from the lubricator on the top of this cover,

When the piston ascends it compresses the air in the por-
tion of the cylinder marked A. When a cerlain pressure has

Swamw Eno

E E in {18 cover, and kept | been reached the valves F F in. the piston are forced down,

sides of the cylinder and the trunk. On the return stroke
the air is forced into the coil H through the valve G. The
action of the two pistons is identical. The process just
described is repeated in the small cylinder. It is to be
noticed that the water introduced into the first cylinder
passes through all the stages and is always above the valves.
It is claimed by the makers that this is a feature of much
importance in machines running at a high speed, because
then there is no danger of knocking a cylinder end out, or
breaking a piston if too much water should chance to be
admitted.

It is in reality a quadruple compression engine, the final
pressure attained amounting to 1400 lb. per square inch.
The machines are made in several sizes. One to deliver
17-65 cubic feet of air per hour at the stated pressure, has
the following dimensions:—

Diameter of large air piston 7lin.
Diameter of trunk L. G2,
Diameter of small piston .. 2fin.
Diameter of trunk .. .. . Lifgin
Dinmeter of steam pistons N R i Ll
Btrokeof allpistons .. .. .. <o .o s 2 s = N
Revolutions per minute B i 800 to 350,

Nteam pressure S Tk b g 43 1b. to 71 1b. per inch.
The following advantages are claimed for this system : —
(1) The use of a low pressure to begin with reduces the loss
due to clearance: (2) the division of the work into four
stages permits the air to be effectively cooled between the
two cylinders; (3) the last stages of compression being
effected by a very small piston it is easy to make the piston
tight, and the space over which leakage could take place is
reduced to a minimum : (4) the whole machine can be taken
to pieces and put together again in a very short time; (5)
the delivery of the machine is independent of the pressure in
the storage reservoir.
The quantity of water admitted amounts to about 15 cubic
inches for every 200 cubic inches of compressed air delivered.
Our illustrations are so complete that we do not think any
further description is needed to make the action of the
machine intelligible.
It only remains to add that it has been specially designed
for charging torpedoes, and has, we understand, been adoptad
by the French Naval authorities for that purpose.

LOCOMOTIVE FIRE ENGINE.

Messrs. MERRYWEATHER AND SoNs have brought out a
useful modification of the fire engine. On January 26th we
described a floating fire engine for Egypt, in which the vessel
was propelled by two streams of water direct from the pumps.
On the 10th inst. a fire engine, arranged to be carried on a
locomotive, was satisfactorily tried at Southampton.

The machine is the invention of Mr. John Clark, the engi-
neer to the Southampton Docks, and consists of a treble-
cylinder steam fire engine, with double-acting gun-metal
pumps, and mounted on a strong wrought iron frame.
Brackets provided with grooves are permanently fixed to the
front buffer-plate of a locomotive, and the back of the frame
slides in these grooves, so that it can be dropped into place
in a few seconds. Connections are then made with the
steam and exhaust pipes of the locomotive by means of
flexible tubes, and the suction, which is also flexible, is
coupled on and taken to the nearest water.

The trial took place on a line of railway in the docks. The
fire engine, which weighs 10 c¢wt., was suspended from a
crane by two rods passing through holes in the top of the
frame. It was put into place, the steam and exhaust pipes
connected, and four lengths of suction pipe joined together
in forty-five seconds. Four 2fin. fire hose, with 13in. nozzles,
were operated simultaneously, and directed streams of water
over the roofs of some adjoining warehouses. We are in-
formed that the engine is capable of delivering 750 gallons
per minute to a height of 160ft. The pumps, when at full
speed, make 250 revolutions a-minute, with a boiler pressure
of 1001b. to 1201b.

Messrs. Merryweather were represented at the trial by Mr.
Jakeman ; the South-Western Railway Company by Mr,
Govett ; and the Southampton Harbour Board by Mr. Dixon.

In docks, railway stations, or large factories, where there
are usually several shunting engines under steam, it will be
possible by fitting them all with slides and with connections
to the steam pipe and exhaust, to have a powerful steam fire
engine in working order and ready to proceed at a minute's
notice to any place where the rails are laid.

This invention should be even more useful in the United
States than in England, but on account of the central bufier
and ‘‘ cow-catcher " it would require to be modified in shape
before it could be used on American locomotives,

THE GENERATION AND DISTRIBUTION OF ELECTRICITY.—At the
monthly meeting of the Leeds Association of Engineers, the Presi-
dent—Mr. Alfred Towler, M.ILM.E—in the chair, a paper was
read by Mr. Chas, J. Hall, on ** The Generation and Distribution
of Electricity,” He said that although electrical science dated
back to 600 years B.c., it was only within recent times that it
had reached the stage of rapid development. He alluded to the
researches of Galvani, Volta, Amptre, Faraday, and others, and
showed that in the discovery that an electric current could be
generated by passing a wire across the lines of force in a magnetic
field, the principle of the modern dynamo bad been arrived at.
The continuous current machine was useful for light, power, and
storage, but with the alternating current machine storage was im-
possible. This type was useful for light, power, and heat. Mr,
Hall described the method of distribution on the two-wire low-
pressure system, A pressure of 100 volts could not be exceeded
for incandescent lamps. In cases where the quantity required was
large, the mains would necessarily be of great size, and when once
laid down would be difficult to get at for alteration or repair,
This was the more objectional when the current had to be conveyed
to a considerable distance. By the employment of three wires the
pressure in the mains conld be doubled,and their size reduced four-
fold, whilst at the same time the maximum pressare of 100 volts
passed through the lamps. For distribution over large areas the two-
wire high-pressure system was the best. For this it was essential
to use the alternating current, the intensity of which could be
diminished as required by passing it through the coil of a trans-
former. With a voltage of 2000 in the mains, intead of 100, their
size could be reduced 400 times. The saving in material was there-
fore enormous, and the leads being conveyed in pipes could easily
be drawn out for examination. Mr, Hall explained the construc-
tion of dynamos and transformers, and described the methods of
insulation, by which high-pressure currents were rendered harmless.
The paper was illustrated by numerous di ms, models, and
articles of manufacture, including a meter made by the Westing-
house Eump:}ny, of America, which Mr. Hall said would not vary
more than 2 per cent. in working. A discussion followed. in
which Messrs. Towler, Hartnell, Atkinson, Wood, and Bowers
took part. A vote of thanks was accorded to Mr, Hall. The
members of the Association have since visited the works of th
Yorkshire House-to-House Electricity Company, Aire-street, Mr.

closed by helical springs. A spray of water is introduced at | and the air then enters the annular space B B between the R, W. Eddison kindly conducted them round the plant,
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LETTERS TO THE EDITOR.
(We do not hold ourselves responsible for the opinions of our

correspondends. )

MODERN HEAT.

SIR,—I am much obliged to Dr. Lodge for giving me *‘a clue to
an exit from a very thin fog.” I am notaware myself of the exist-
ence of the fog, and [ have failed to find any clue. I understand
perfectly what [ want to say; Dr. Lodge does not; consequently he
contradicts himself. Let me recapitulate a little. In my firstletter
I said that a gas could not expand under certain conditions—which
I described —unless its temperature was raised. Probably if I had
said, that ** without an increase of entropy motion could not take
place,” Dr. Lodge would have been content; but I prefer not to
use the word *'entropy.”

Dr, Lodge, entirely failing to grasp my meaning, hastened to tell
me that a gas cou/d expand without any rise in temperature. The
correction was wholly irrelevant, as I bad never said that it could
not. I explained what I meant, and now Dr. Lodge hastens to tell
me that a gas cannot expand against a constant resistance without
becoming hotter. Now, I frn.ﬁly admit that the word *‘constant”
De. Lodge quotes, apparently conveys an erroneous impression,
Furthermore, however, Dr. Lodge seems to have entirely failed to
grasp my meaning, and with your permission I beg to explain.

If a gas is supposed to expand and do work, it is possible to
supply so much heat to it that its temperature will not fall,
and the whole of that heat will be converted into work. By a
shp of the pen I wrote ‘' expand against constant pressure.” That
is, of course, wrong. I should have said ‘‘falling pressure.”
The resistance must decrease as the gas expands. Before the
piston conld begin to move, the temperature and pressure of
the gas must be raised ; and do what we will, at the end of the
stroke the gas must be hotter than it was just before the stroke
commenced. This heat is so much dead loss. It isso in the Carnot
cycle, and the *““cold body " is used solely to take away this heat.
By just so much as the heat left in the gas at the end of the stroke
exceeds the heat in it at the beginning, by so much will the engine
fall short of absolute efficiency. The heat received by the gas and
converted into work never appears as temperature at all in the gas.

Let us suppose that a piston carries a definite load. Air is
expanded beneath it, and causes the piston to rise. The piston
cannot begin to move until the air has been made hotter. If now
the load on the piston is steadily reduced, and the supti:l}r of heat
is steadily maintained, the air will go on expanding, doing work,
and retaining the temperature at which it started, the pressure
falling, and a certain quantity of heat will be converted into work.
Let the heat be called T. But before the piston started there was
a certain elevation of temperature, brought about by heat imparted
which I shall call . The total heat imparted was T + . Then in
any practical anEina t must be wasted, That is what I said in my
first letter, to which Dr. Lodge took exception.

Now let us imagine that we have a loaded piston as before, but
that the load is kept constant. Once more we bave T, and also ¢,
and we have besides ¢,, which is the extra heat required to prevent

the pressure from falling as the gas expands. The total heat
imparted to the airwillbe T + ¢ + ¢;, and ¢ + ¢; will represent dead
loss, This, again, is what Dr. Lodge's diagrams mean. 1 quite

fail to see where the fog exists,

The only ﬁoint remaining worth discussing seems to have been
raised by Mr. Wiseheart, as to what ‘‘temperature” means.
Apparently it is the equivalent of work. It is the measure, other
things being equal, of the intrinsic energy of a When we heat
a gas and do not allow it to do work, the heat remains as heat,
that is all. Maxwell was disposed to regard it not as a quality, but
as a quantity, On page 44 of his treatise on ‘“ Heat " he says:—
‘“ A temperature, o far as we have yet gone in the science of heat,
is not eonsidered as capable of being added to another tempera-
ture, so as to form a temperature which is the sum of its com-
ponents. When we are able to attach a distinct meaning to such
an operation and determine its result, our conception of tempera-
ture will be raised to the rank of a quantity. For the present,
however, we must becontent to regard temperature as a quality of
bodies, and be satisfied to know that the temperatures of all bodies
can be referred to their proper places on the same scale. For
instance, we have a n'fht to say that the temperatures of freezing
and boiling differ by 180 deg. Fah.; but we have as yet no right to
say that this difference is the same as between the temperatures

deg. and 480 deg. of the same scale,"”

I hope this will be of service to Mr. Wiseheart, but I doubt it.
It is not difficult to see that Maxwell had not quite satisfied him-
self as to what the word really implies. We have only to read page
45 to satisfy ourselves on this point, M. A,

Woodstock, March 12th,

BALANCING LOCOMOTIVEES,

SIr,—Referring to your interesting article last week on the
above subject, may I point out that the centrifugal force in such a
case as you quote would be only about 65 W, instead of 80 W.
Taking your own data: Vector of balance weight = 36in., and
pumber of revolutions per minute = 252—as you say nothing of
allowance for gipﬁthu augmented velocity in usnal units = PEEQ

g — L] " ; = :
and C. F. = (5050 x 8) W= 6488 W.

As a matter of detail, however, a lune-shaped weight of 224 Ib,

net in a 6ft. 8in. wheel would—allowing 5in. for tire and rim—

have a rad-vector of about 31}in., then C. F. = @%' x 6488 W

= 5677 W. Also, the weight at 36in. rad. required to balance P Ib.
at 12in, crank would not be ; P, as you say, but much less,

Assuming that you refer to an inside-cylinder engine, and taking
centres of cylinders as 28in, and centres of weight as 60in., the

weight required to balance 672 at crank = 78 x E;2= 174*721b,

This is the weight in each wheel, and at its proper angle, and its
C. F. at 32in. rad. = 4'b tons. Deducting its weight when on to
centre, and addiog it when on bottom, we get a vertical upwa
pull of 4422 tons and a thrust on rail of 4578 tons. here
remains an additional constant load on rail equal in amount to the
counterweight put in, 174 Ib. in this case. In fore gear, however,
the upward pull is diminished and the downward thrust increased,
by pressure of connecting-rod—depending on boiler pressure and
cut-off —whereas, in back gear the pull is increased and the thrust
diminished.

I do not think that 6721b, would be more than the revolvin

of such an epgine as you are taking, the cranks woul

undoubtedly be hooped. I do not think it is a logical deduction
that the Americans are more troubled with 1 lar wear of tires,
because they say more about them, than the English do of theirs.
Perhaps they are more candid than their English brethren. All
eredit to such an institution as the Chicago Western Railway Club,
where superintendents meet and discuss the failings, so to speak, of
their engines—that is the way to ameliorate them. Wehave cognate
gatherings, where, however, the object of each appears to be the
a ndisement of his own productions, and not to invite criticism,
or be grateful if he gets it. If nnlvthing remains to be discovered
on the balancing question—which 1 much doubt—it will not remain
long in the dark, with men like J. N. Barr and W. H. Lewis on the
war-path,

Pr]:nisin'z thus much, I will now say that undaubtad}iy the
Americans do have more trouble with their tires, and not due to
the “hammer-blow"” particularly, as yon imply, but to the slip,
caused by vertical pull of that part of counterweight put in to
balance the piston, &c. This should be so, foggwo reasons—their
reciprocating parts are much heavier, and their wheels, generally
speaking, are smaller; and as thecentrifugal force variesasthe square

speed and equal per-
and thrust are
eir roads are of a

of the number of revolutions, with a given
centages of reciprocating parts balanced, the
greater in their case. Also, I believe some of
very sandy nature. _ .
rom what I can gather, and speaking generally, English officials
are very conservative in this matter; they are content to do what
has always been done, forgetting that rules that obtained when
reciprocating parts were a third of their present weight ought now
to honourably shelved. As to steady running, some of the
steadiest I was ever on had only one-fourth of reciprocating balance
altogether. This is, however, a smaller amount than I advocate. 1
gave my opinion a week or two back in a contemporary. As
regards reading a paper on the subject, this is emphatically not an
armchair matter, as has been the treatment of it before to-day.
One requires facilities for making observations, both on the foot-
late and in the shops, when the engines are in for repairs; these
acilities, as a matgr of course, do not fall to the lot of those
interested in the question and willing to cultivate it.
Brighton Works, March 12th, H. RovLFE.

[We have caleulated the centrifugal force by the formula

= 3;;: .  We have taken the velocity of the centre of gravity
of the balance weight at 88ft. per second, or sixty miles an hour,
and a little under 3ft. radius from the centre. The figures can
only be approximate until we know the disposition of the weights.
Bury, Curtis, and Kennedy balanced their engines by extending
the hubs of the driving wheels opposite the cranks.—Ebn. E.]

FIREPROOF BUILDINGS AND SOUND.

Sirn,—The past few years have seen very material advance in
the methods of so constructing buildings as materially to diminish
the risk of fire, It cannot be said, I believe, that this has been
in any sense wholly averted, It has simply been redcced. But
even this is a great point gained, and further experience may
advance our knowledge, both in construction and of materal, so
as to ultimately insure practical entire immunity. The present
gain, however, has not been obtained without the incurrence of
certain disadvantages, and these in some cases of such strikin
importance that it is questionable whether it may not be force
upon us to return for a time to more primitive methods of con-
struction if these disadvantages are not to operate most injuriously
to very important interests. It seems unfortunately to be the case
that the present system of constructing so-called fireproof floors
lends itself to a liability to the transmission of sound to an extent
unknown with cruder forms of construction. This system is now of
exceedingly wide use. The numerous immense buildings erected
for letting in flats, that one now sees springing up in every quarter
of London, invariably have their floors designed upon this prin-
ciple. In all our monster hotels of modern bulding it also
always receives adoption. Now my own recent experiences
with both such classes of residences has led me to question
whether the assumed immunity from fire has not as yet only been
secured by a sacrifice of comfort, and of such a d of this as is
only compatible with the preservation of health. As regards the
modern hotel, I recently ed a week in one of these that had
exercised the ingenuity of its designer in every possible way, and,
it is only fair to say, with the achievement of an enormous amount
of success. KEvery comfort, every convenience, every luxury, and
every sanitary provision had been secured for the inmates, by
whom they were evidently highly appreciated. But, alas! when
night came this pleasing picture received a sad reversal. The
sleeping-rooms of this modern palace little deserved that appella-
tion. Every sound made by the occupant of the apartment over-
head was almost as distinctly heard as if occurring alongside. It
was my fate to bave above me an elderly gentleman who snored
throughout the night as surely elderly gentleman never snored
before. Had his head been pillowed alongside of my own, his
stertorations could not have been more distinetly h than they
were in the sound-trap I occupied.

It wonld be a work of entire supererogation to point out how
seriously this defect, which was common throughout the vast
building, must militate against public resort. The disability will
be at once acknowledged, and in only a slightly lesser degree is
the annoyance felt by those occupying flats sharing the same
principle of construction. In the case of the hotel to which I bave
referred, the architect had been called upon to suggest a remedy.
He confessed himself unable to do so, and the wverdict of the
numerous visitors at the hotel was that they would rather submit
to the chances of fire than have to night after night under the
condition of broken rest. The system of fireproof construction
adopted at this hotel was the well-known one of iron girders,
supporting concrete arching. Upon this bearing the ordinary
system of joists and planking is laid. There are therefore
numerous points of contact; in the first place with the hard
concrete itself —almost bell-like in its qualities—and through this
with the metal of the iron girders, the ends of which rest upon
the brick main walls of the structure. Now the finer the material
used in these last the more complete must be the diffusion of
sound. Every inch of wall area throws off vibrations; and, in
the desire to secure incombustibility of material, it is rarely if
ever the case that any sound-deadening substance is placed between
the iron girders and their bearing upon the brickwork. Endeavours
should, 1 think, be in the first place made to reduce the number of
points of contact between the timber-work of the flooring and the
concrete, in which the iron girders are to all intents and purposes
embedded. A very slight additional depth to be added to the
flooring could be made to secure this in varions ways that will
readily snggest themselves.

Having reduced the number of such sound transmitters, mani-
festly the next point towards improvement should be to avoid
direct contact between two such resonant materials as iron and
brick. 1 know that the objection held to the interposition of
deadening material is lest this should tend to impair the fireproof
qualities of the structure, and be the means of communication of
fire from one floor to another. But surely it cannot be im ible
to devise means free from such chances. I would suggest that the
asbestos packing so largely used in mechanical work might furnish
a material adequately sound-deadening; nor would it be difficult,
perhaps, to suggest alternatives equally efficacious in that respect,
and equally free from liability to combustion. Sawdust chemically
treated, for instance, might fill a cavity in the masonry for the
girder ends to rest upon. 1 do not pretend to dogmatise as to the
character of the remedy to be applied ; I only know that one must
be found if the remedy inst fire is not to prove in residential
cases almost worse than the disease. To the modern caravanseries
at our seaside resorts flock thousands of jaded inland residents in
search of health. How can the latter be secured if nightly repose
be made impossible! The instance to which I have referred as
affording my own experience is, | well know, by no means a
solitary one. If we are to secure ordinary comfort in these fire-
proof buildings it is manifest that some material change must be
made in the system upon which they are at present designed,

March 12th. F.

TESTING PORTLAND CEMENT BY HIGH-PRESSURE STEAM.

Sir,—With reference to Mr. Henry Faija's letter on the above
subject, of 20th February, the necessity or reason for which I fail
to see, will you kindly allow me to give the following data, in
order to avoid any misunderstanding on the part of your readers,
Dr. Erdmenger's method for the detection of faults in Portland
cement dates as far back as 1879; or, correctly :!peakinf, his
observations on this subject were published at that date. In the
Thon Industiie Zeitung of March 11th, 1882, he gave a full deserip-
tion of the apparatus, which in its main features is yet unaltered.
I regret that no results of Mr, Faija's method of tr{linti the sound-
ness of cement are given, and a comparison with those of the
high-pressure steam test are thus impossible. T

cannot refrain from adding a protest against the designation

of Dr. Erdmenger’s experiment as “made in Germany,” which,
though innocent in itself, by being put between in commas
conceals a sneer, as unbecoming as it is unjust where scientific

researches are concerned, CHi. ENGELHART.
(For F, L. Sminte axp Co.)
18, Parliament-street, London, S.W.,
March 12th,

Sir,—I bave followed with much interest the correspondence
upon the above subject in your valuable journal. Permit me to
point out, as a result of my extensive experience, that even in cases
where one is satisfied that all the well-known standard require-
ments to arrive at correct results have been complied with, yet it
is possible to bave a most untrustworthy and comparatively worth-
less cement., . T. PARRACK,

171, Queen Victoria-street London,

March 6th, .

THE ACTION OF PULLEYS,

Sir,—A discussion has arisen in our drawing-office. We are
unnhl'n to settle the point at issue, and have agreed to ask you to
submit it to your readers. It is this:—Is the action of a pulley
the same as that of a lever, or 18 1t not !

In treatises on mechanics it is either regarded as a lever, or its
action is left unexplained. Now, 1 am

of the party who hold that its action
is not that of a lever. In the sketch
A we have a pulley and a cord, and
two racks and a toothed-wheel in B,
The cord is fixed at one end, and the
force is applied at the other, in the
direction of the arrow. The same
with the racks. It is quite plain that
in B the action is that of a lever, and
the power gains two to one on the
weight.

At first sight the case A may seem
the same, but it is not, because the
effort of the rope is not aﬁahad at C,
as in the case of the racks; and, in-
deed, the cord being very flexible, it seems to me that the whole
upward effort is referable, not to the rim of the wheel, but to its
centre, in which case th:hr-u is r.;lf m“ﬂll no lever ai.;cttllimln.t a.llt: fnt.

Again, if we suppose the pulley to be parted a e lowes int
it ﬂgl?ld be pnlladP:undar but for the rope. No action of this
kind takes place in the tooth pulley. In order that the rope émlluy
may act as a lever, the rope ought to be fixed to the rim at C,

I think I need not make this letter any longer by giving expla-
nations. I hope some of your readers will discuss the point.

Stafford, March 7th, Bavive

L]
AT

SHIPBUILDING AT HIGH ALTITUDES,.

Sii,—In reference to your issue of March 2nd, page 179, it
would be of interest to know from Messrs. Hunter and English
what is their experience as to the cost of production of steam

wer at 13,000ft. above sea level. I should esteem it a personal
avour if they or any reader could inform me of any practical
treatise or paper containing experiences of the behaviour of
steam in engines at high altitudes. ENQUIRER.

Bradford, March 6th.

e =

SOME EXPERIMENTS WITH TRIPLE-EXPANSION
ENGINES AT REDUCED POWERS.*

By Mr, D. CroLr, Member.

Tue following experiments were undertaken with a pair of
triple-expansion engines of the usual three-crank type, and of the
following dimensions:—Cylinders, 13}in., 2lin., and 35}in.; stroke,
2lin.; steam pressure, 160 lb.; diameter of boiler, 11ft. 4in.; length
of boiler, 9ft, 1}in.; heating surface, 1129 square feet; and grate
surface, 41 square feet. %ha object was, in the first place, to
determine the most economical plan of working the engines at
from 250 to 300 indicated horse-power; and secondly, to obtain
data for getting the maximum results upon the full power trial.
The cut-off in the high-pressure cylinder had for practical reasons
been made about 075, which was a greater admission than the
boiler could continuously supply steam for. So it was evident
that we should have either to reduce the boiler pressure, to
throttle the steam, or to draw vp the link. 1 bave, as far as

ible, given results which can be accepted as correct, and have
ept back any figures which appeared doubtful; hence some data
have not been given.

I wish to point out that the figures in the column giving the
steam pressures in high-pressure casing are not quite rehable,
owing to the oscillations of the gauge pointer. They are given to
show, to a certain extent, the of throttling by the stop-
valve. | have also to state that :Ea trials were carried out in a
comparatively narrow basin, and the state of the tide exercised a
considerable influence upon the relation between revolutions and

wer, For the purposes of the experiments this, of course, was
immaterial. 1 am quite aware how difficult it is to draw general
conclusions from the results of a single set of engines, 1 think,
however, that we may safely venture upon the following dedue-
tions :—(1) Not only is the triple-compound engine singularly
inelastic, but also highly sensitive to wrong adjustment. Com-
paring trials Nos. 6 and 8, we find {hat in the one case 301 indi-
cated horse-power could be developed, against 2635 indicated
horse-power in the other, with practically the same consumption
of steam. It therefore appears certain that it will pay well to
supply steamers which have to work at reduced powers with an
arrangement for measuring the feed water in order to enable the
engineer to find the most economical adjustment. (2) Comparin
all these results with those obtained by Mr. Inglis in the case o
the Iveagh, it appears unlikely that working triple compound
Enfmes as double compound will lead to any satisfactory result,

have also given a table showing the percentages of feed-water
unaccounted for by the indicator diagrams. These percentages
have been calculated for various stages of the expansion through
the three cylinders. The only explanation of the cause of these
enormous losses appears to be condensation and re-evaporation in
the cylinders. I take it that a fairly acceptable view of this
process is as follows :—Sup&:&ing a piston to begin its stroke with
a temperature lower than the steam entering, it is evident that the
steam will first heat both piston and cover faces, and in doing so
deposit a film of water upon them. After the steam is cut-off and
the pressure lowered, the deposited water will partly become steam
again; but when the exhaust is opened and the still
further lowered the remainder will evaporate much more rapidly,
and in doing so cool the piston, cover, and cylinder walls, so that
with the following stroke the cycle is again repeated. It is worthy
of remark that in a triple cnmdpound engine the steam produced by
re-evaporation in the high and i tarmecfi"ate-prmnm cylinders may
possibly be usefully employed in the low-pressure cylinder, any
water on the covers and pistons of the latter, however, is upon re-
evaporation rejected as steam to the condenser.

It appears to me to be a most important point to note that, if
we assume 30 per cent, of the total feed-water deposited as water
on the low-pressure piston and covers, the thickness of this water
film will but amount to ;1,th part of an inch. Having, therefore,
to consider films of such infinitesimal thickness, it seems worth
while to inquire whether the nature of the surfaces with which
the steam comes into contact may not have a considerable influ-
ence upon the amount of the condensation, As far as we know at

" Institution of Naval Architects, March 16th, 1894,
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resent, the cylinder walls are best made of cast iron or steel
E_lghly puhnhaci which allow the piston to move without, com para-
tively speaking, any friction. In a low-pressure cylinder of a
modern marine engine, where the diameter is about one and a-half
times the stroke, we find that the exposed surface of pistons and
covers 18 50 per cent. greater than that of the working surfaces of
the barrel, and it is to the former that I wish to direct your
atigtiun. .
mitling that the greater the re-evaporation, the greater will
be the cooling of the surfaces, and, as a unnaequéncu, Eha greater
the initial condensation, we must look more closely into the ques-
tion whether the use of rough cast iron and steel or polished
surfaces may have anything to do with the widely diverging results

obtained from different engines of the same type, which apparently

:;? well designed, and offer no peculiarities to account for some-
10g

like 30 per cent. difference in economy,

1f we wish to shape a body which will readily absorb heat, we
give it as large an area as possible to be ex sacf to the hot gases,
A fn.mllmr‘mstapca isa “Serve” tube. Also, if we wish to shape
a body which will readily part with its heat to the substance which
15 to be heated, we do the same : for instance, the ribs and collars
which are cast upon pipes for heating purposes. Passing to the
rough surfaces of cast iron and steel, we may easily conceive that
an almost imperceptible difference in the conformation of the
surface may make an immense difference in the area exposed to
the steam. Consider an element of piston area enclosed in an
equilateral triangle; suppose equilateral triangles to be raised
upon each of the sides, and joined at the top to form a tetra-
hedron ; it is evident that the area now ex will be three

times that of the unFma.l‘ i trumq le. If we divide the original
triangle into four equal triangles, by drawing a line parallel to the
base at the half of the height, and joining the points where this
line intersects the two upright sides with the middle of the base,
we can raise four triangular pyramids upon each of these parts,

which will each expose an area of three times their bases, and,
collectively, of three times the area of the original element. This
operation can be indefinitely continued with the same result, viz.,
that the a::_tvoaod area is times the area of the metrical
plane. A little consideration will show that the principle involved
in this rudimentary case can be largely extended if we choose to
build up other forms, and make surfaces analogous to, say, coke,
or even the rough, rasping surface of some st:gl castings. With
these considerations before me, it struck me forcibly that in my
own practice the most economical results were obtained with cast
iron pistons and covers, and the worst with those made of cast

| . however, to submit a few facts bearing on the question, and
(1) I made a discon-
necting paddle engine, in which each wheel could be driven by a
i In the starboard engine
rt one
given
ad to content myself with observing at
sea that, whereas we were occasionally tronbled with water in the

rt engine, the starboard one was apparently perfectly dry.
2) In my experience excessive condensation has always occurred
* istons and covers; in one case
this was so marked that the top of piston would not give a card at
of rough cast steel, and
combining with the top of piston to absorb the heat of the steam.
(3) Torpedo-boat engines, which have turned and polished pistons,
polished covers, are quite remarkable for the
wers, and, at all events, are very
free from water in the eylinders. (4) A pair of high-speed engines

which I venture to think confirm my views.

rerfactly independent compound engine. _
had all internal parts turned and polished, and in the
the pistons were left rough ; unfortunately no time could
for experiments, and I

in combination with rough steel

all, which I attribute to the cover being

and in some cases
economy of steam at nearly all

designed by my friend Mr, Martin, of Flushing, gave practicall

land engines of Messrs, Sulzer, of Winterthur; the pistons and
covers are carefully turned and
1173 1b. of steam
with their triple-expansion vertical type
siderations leat?

of engine.

economy, we must turn and polish the surfaces of

covers, or else seek a meth

reject heat,

LUBRICATION,

monthly meeting of the Birmingham Associa-

A1 the Februar
tion of Machanica{
on ‘‘ Lubrication ;" the president, Mr. E. Hazel, in the chair,
ing force which always acts to prevent or retard the relative
motion of one particle or body in forced contact with another.
There are three kinds: sliding, rolling friction acting between
solids, and fluid friction acting between particles of liquids.
Friction, whatever kind considered and whatever its cause,

the same results in economy at full power and at one-tenth of full
wer, The pistons and covers were turned and polished. (5) The
ighest results known to me are obtained by the carefully designed

lished, and a consumption of
per indicated horse-power bas been obtained
These con-
me to the conclusion that if we wish to make really
high class machinery, which will give the highest results in
pistons and
of coating these surfaces with a
metallic layer which will diminish their tendency to absorb and

Engineers a paper was read by Mr, H. Ra]lingu

The lecturer first called attention to friction, that familiar resist-

ways

leum, olive, rape, and cotton seed. Ordinary machines, lard oil,
heavy mineral and other vegetable oils. Steam cylinders, heavy
mineral oil. Having called attention to the lubricant best suited
for bearings usually to be met with in engineering, attention was
next called to the necessity of special lubricants for cylinders,
especially under the high pressure of steam now in use, and the
heat that severely tries the oils used in gas engine cylinders. The
lubricant specially set forward as best sni for such was that
treated by the system of superheated steam to 1400 deg. Fah.
The oils treated by this heat are mineral oils, sometimes called
hydrocarbon oils, the process driving off the volatile oils ; it is then
repeatedly filtered through charcoal, &c., until all solidsare removed
without the original structure of the oil being in any way damaged.
This class of oil, although dearer than the black oils in use, is much
ckeaper in the end, when it has been proved again and n that
by the sight-feed cylinder lubricators that are now so perfect, that
as few as two spots per minute will be ample to lubricate an engine
of 200-horse power, Having treated all points in cylinder lubrica-
tion, he turned his attention to some of the ways the lubricant was
applied to ordinary bearings. The wick feed was shown as haﬂnﬁ
ood points, but in the hands of careless attendants the wick coul
Ea fitted too tight, and prevent the supptjring of oil from the
reservoir. The needle lubricator has great advantage over the
other, because it was automatic, and was one that conld be seen by
any one, whether full or empty, preventing guesswork ; but these

also in the ds of careless men could remain inactive if the
body of the oil was greater than the space allowed for its
steady flow. A change of oil causes these to require a little
adjustment,

e next best is the sight-feed spotting lubricator, where the
oil, whether thick or thin, can be spotted at any desired speed ; the
oil can be caught and set aside for other pu The best
form is the Eeanu known as ‘‘Mohler's” aalf-lubriutin%;
this is also known by the name of ‘‘patent bearing.” It
has a well of oil, and the collar in the revolving shaft lifts
the oil by capillary attraction, and when at the top a epreader
in the cap spreads it over the whole length of the bearing,
and will do this for one month with one charge of oil, so 1s
always in action and requires no attention day by day as others
do. Some bearings, especially large main bearings of engines and
main shafts, where oil is pumped in a continous stream with small
revolving EumEa, this is exceedingly good, but unlg nsbplimhlu to
heavy work. He next devoted some time to semi-fluids for solid
oils, also how they were chiefly vsed, the sﬁ»:cial forms of Jubrica-
tors to use this grease, but was particular to point out that,

steel. Upon inquiry among my engineering friends, 1 found that | results in the conversion of an amount of energy measured by the | although in some instances these greases were doing service,
those nn?m‘u which were troubled with water in the cylinders had | work of friction into heat. This production of heat occurs in every | yet there was not the automatic and reliable feed as there was with
cast steel pistons, and in cases where covers and pistons were of cast | case in proportion of one British thermal unit for each 772 foot- | liquid oils. He most strongly urged the members that had under
| ) __1*_ tage of food-wate ted for by indicator di
o ercen of feed-water unaccoun or by indicator diagrams
Mean prossure, Indicated H.P. (mean of top and bottom cards).
Bolle ressure s _ _Felld L. s Moan
cr in Cut-off . — — —— .  Tempera-| Lbs. feed e .
pressury . ut-o ] pressurc | No. ' H P LP ! L.P
No. H 1. H.P. referred ravola: (Vecuaml, Sore ]Zln:r S = 4 8
steam EF“.IH[HI'. H.P. I.P. L.P. to H.P. LY, L.P. 1 tions. feed- 1.H.P. - | |
o hest cylin- | cylin- | cylin- cylin- | cylin- | cylin- | Total water. | per hour. At At | At | Mcans.
. chest. {e : 3 L.P. | | At At wr At
r. er. er. er. | der. er. cut-off,  Opening | S . | ope HE eut-off. | npﬂntl.;{
' *  exhaust. *  exhaus exha
lbe. | Ibe | Ibs | | | | Irs. | Deg.C. E
1 140 35 0°7h 24 71 | 86 | 9-66 27| 11| 25| T88| 85| 2 30 2002 - ~ — - - — -
2 100 101 0-75 52 15°8 78 | 2052 675 40°5 65 | 182 858 20 150 2002 0* 225 020 020 0°21 080 0° 220 0°227
[
o 1) 100 0°75 526 | 164 772 f 2126 71°0 | 535 71 195°5 | 88 (3 24} 30 15458 01903 0°1738 0167 0 16 0°302 | 0240 () 208
1
4 106 04 0°75 82 | 20064 | 7365 | 92+6 6| T25| T3 | 206 | 956| 26 — | 19624 — - - - — - =~
o 100 06 075 06 | 21028 | 765 | 2341 83 [ i 238 | o8'6| 25 — | 18064 0222 0184 0184 0°218 | 0°358 (33 0240
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|
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. | '
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steel it had occurred that no diagrams could be obtained through
the wetness of the steam.

Personally, I was troubled with a low-
would hard { give cards, and I thought I should cure it by smooth-
ing the steel piston with some kind of varnish. Having
in getting a composition which was =said to stand the temperature,
I thought it advisable to try some experiments on a small scale,
and made a hollow cube of brass sheets about (\in. thick. One
side was polished, and the other covered with the varmish, The
cube was then filled with water at different temperatures, varying
from 105 deg. to 140 deg. Fah. ; a jet of steam was turned against
the faces of the cube, and when a film of water was deposited, the
steam jet was turned off, and the time noted that was required to
ro-evaporate the film. The mean times were respectively, 368
seconds for the polished surface, and 128 seconds for the varnished
one. The great difference in the re-evaporative power of these
two surfaces was to me incomprehensible till the chemist who had
supplied me with the varnish pointed out that, under the influence
of the heat applied, the varnish would crack into an almost infinite
number of minute fissures, and thus present an enormous surface
for ru-aﬂﬁoutiun, although the varnish remained apparently
smooth. However this may be, the broad fact remained that two
surfaces, apparently equally smooth, showed an enormous differ-
ence in re-evaporative power. It need hardly be said thal the
result did not encourage me to try the ramiag on the piston in
(uestion. A more conclusive experiment ap to be the fol-
lowing : —A cylindrical cast iron cup was bored out till the thick-
ness of the metal was about lin. ; part of the outer surface was left
as it came from the mould, and another part opposite was polished.
The cup was filled with water at temperatures from 170 deg. to
180 deg. Fah., and it was found that the mean times required to
re-evaporate the water from the steam jet condensed upon the
surfaces were, respectively, 43 sec. for the rough and 83 see, for
the smooth face.

I would now summarise the ment as follows :—The greater
the re-evaporative power of the material in contact with the steam,
the greater will be the cooling of the surfaces, and the greater the
initial condensation ; the re-evaporative power of a body is
increased by an increase of surface ; a fairly smooth surface may,
nevertheless, have a very much greater area ex than the
metrical plane, which it is taken to represent; the total con-
ensation in a steam-engine is a question of v
water, and the structure of the surfaces ex to the steam,
merits our closest attention. As far as can be seen from the above
ex a polished surface is far su to that of ordinary
cast iron as it comes from the mould, a rough steel casting is
probably about the worst material that could be chosen ; it appears,
therefore, advisable to carefully turn and as far as ible
all of the stecam cylinder which come into contact with steam
orming work. [ should have been glad indeed if I had been
able to lay before you conclnsive tumini and polishing
w

covers, &c., had ‘g'iﬂn o results which 1 am con-
dent may be expected from it. e difficulties connected with
such experiments on marine

“Eh es are great, and I have not had
cases before me in which I could carry them out to my satisfaction,

ure cylinder which |

succeeded

thin films of

R —

unds of work absorbed by friction., The amount of heat pro-
nced may therefore be calculated by dividing the total work
of friction for any given case by this ‘‘ mechanical equivalent
of heat.” Thus one-horse power expended in friction results
in the conversion of work or ene into British thermal
SR e P . 43 BTV,
i

The friction of solids was dwelt upon, and attention was called to
the necessity of smoothness of bearing surfaces, the proper space

' to leave between shaft and bearing, just to allow of proper flow of
lubricant, the length of journals in proportion to their diameters,
and several hints how to convey the lubricant to reduce the fric-
tion. He next dwelt upon the lubrication best suited for the
surfaces above referred to, taking as his model machine ‘* Man,"
noting that all joints of the body were supplied with an oily fluid,
“ Synovia.” T{:a glands being supplied with blood-vessels, and
the blood ing through them, they select properties and convert
it into this oil for lubrication ; the greater the exertion "or hard
work on these joints the ter the tlow of oil. The viscosity of
the lubricant played an important part. If the load forcing in
contact the surfaces were not kept apart by a lubricant of right
 viscosity, a partial rubbing of surfaces is the consequence, causing
' aheated bearing, which is oftentimes believed to be due to neglect
" or other causes. If the body of the lubricant is in excess of the
' force working on the surfaces, the friction is practically nel.
' The lubricants are of three classes — solids, semi-solids, and
' liquids. He saw no necessity to call their attention to solid
' lubricants, or to the semi-solid lubricant, although in many cases
doing good work when well attended, but particularly called the
attention to the liquid lubricant, He said the liquid should have
at least five important points:—(1) Enough y or viscosity to
keep substances between which it is in from coming in
contact, under maximum pressure ; (2) the greatest fluidity con-

' sistent with preceding requirements, i.c., the least fluid friction ;
. (3) the maximum capacity for receiving, transmitting, and carrying
away heat; (4) the entire absence of acid, or other properties
liable to injure the material with which they may be brought in
contact ; (5) a high temperature of evaporisation and of decom-
position. Oils should not be liable to gommpouition by heat or
wear ; the quality of the oil is usually of more importance than the
quantity. Sperm oil is one of the best-known lubricants, but its
high price precludes its use. Other oils are cheaper, but have less
Iulgricnting power ; others are good reducers of friction, but do not
wear well.
they cannot be used. Some cannot be used at a low temperature
because they co ; and others cannot be used to lubricate
steam ecylinders use they decompose, He advised every
' user of lubricants to resort to some method of identification
of the material by giving some method of testing it and ascertain-
ing whether under the conditions in his practice it will serve his
purpose, The best lubricants are the following for nslal conditions
met with in practice, undervery t pressure with slow speed :—
Graphite, soapstone, tallow, and other greases. Under heavy
pressure and high speed :—Sperm oil, castor oil, and heavy mineral
oils, Under light pressures and high speed :—Sperm, refined petro-

units per minute., For example,

Castor oil 18 one of these ; others gum so seriously that |

their charge large ]?Inntu requiring lubricating, to read Professor

Thurston's work ** Friction and Lost Work ;" to this valuable work

he is indebted for much help on lubrication. He quotes thal

Professor Woodbury reports an instance out of several where a
in of power of 33 per cent. was effected by a change of

or a light oil, the loss in cost of lubricant being comparatively

unimportant.

Attention was called to reserving all used oils and filtering
them, and using over and over again. Also to a simple test to
Emva the good and bad oils. In conclusion, he trusted that what

ad been placed before them would assist them to decide on the
lubricant whether for heavy or light work, and that it be the best
consistent with price, and to give the preference to oils that vn]l
not char or , and to be sure to see oil tested from bulk is
same as sample supplied, and that for cylinders to have the best
mineral oil money can procure, especially as it is for so vital a
o decide upon good lubrications such that can be seen in action,
then something will be done to assist in saving coal and labour,
and satisfy yourself that you have given rpeﬁ attention to one
important matter, ‘‘ Lubrication.”

he discussion was postponed to the next meeting. A cordial
vote of thanks was duly proposed to the lecturer, to which he suit-
ably responded.

THE GeEOLOGISTS' ASsOCIATION.—The programme of the Easter
excursion of this Association has been issued, and provides for a visit
to Bournemouth, Barton, Swa , Brockenh Poole Harbour,
Boscombe, &c., commencing on %Lumﬂn}r, the 22nd inst. Mr, J.
Starkie Gardner will be director. The p mme can be obtained
;Eum cﬂ;‘ ‘EI;.PLaight-un, Lindisparne, St, Julian’s Farm-road, West

orwood, S.E,

Tae Cost or SILVER PropucTioN,—Io an article in the New
York Times of the 11th inst., giving the history of American
silver mining, with the growth of the production and the temporary
checks from declining prices, the author concludes that as trans-
portation facilities and the mining methods are cheapened there
will be a constant decline in the cost of silver production ; that if
the output is checked at 60c. per ounce because few mines pay,
this is probably only temporary ; and that the steady reduction
in the cost of mining indicates that there is no minimum price
below which silver cannot be profitably produced which can be
called fixed or absolute. This minimum, in fact, constantly
changes, every reduction in the cost of transport and every cent
taken off the cost of food and supplies at the mines contributing
towards reducing the cost of putting silver on the market.
Electricity, as yet only partly developed, may further cheapen the
cost of mining, enabling America to produce silver profitably, not
ot 60c. per ounce, but at 50c. or 45c. The writer according to the
T'vmes Philadelphia correspondent, says :—** The repeated congresses
gathered to help silver will always fail, because they try to get a
certain result from uncertain facts, The only way to control the
price of silveris,” he adds, *“ to curtail the production. There is no
other way."” :
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TRACTION ON HIGHWAYS.

FoR some time there has been a need of data giving the tractive
power required to move wagons with broad and narrow tires on
American streets and roads, We are all familiar with the English
and French experiments made early in the century, but they are
not so applicable to the light, springy American vehicle as is desir-
ablai. Consequently Studebaker Brothers Manufacturing Company,
of South Bend, Ind., conducted a series of tests in June of the
current year, which are highly instructive and valuable. The
g;nt!am_an in charge were Vice-President J. M. Studebaker, Master

echanic C. M. Collins, General Superintendant H. D. Johnson,
and C. M. Haeske, Superintendent of the Wagon Department.
'he tests were conducted by attaching a Fairbank's dynamometer to
the doubletree and making the team pull the loa through this
instrument. The scale of the instrument was carefully calibrated
pafurt: ttlhﬂ tests, The leading results are given in the accompany-
ing e:—

din., set for four 5ft. blows of a one-ton ram, and showed a sketch
of a continuous action steam pile driver, used to drive a large
number of cast iron piles,

The author then mentioned the enormous blow given in America,
when driving a large number of piles, and the effective blow which
the pile would receive at the moment of impact, the large blow
causing many of the pile tops to crush. The author having stated
what he would consider as a safe load on a wooden pile driven in
such strata, as he had already mentioned, as that in which a very
large number of piles had been driven under his superintendence,
showed a diagram which he had recently got out, and which was
the result of an enormous number of calculations, by which the
safe load on unsupported cast iron columns might be easily and
rapidly found,

The author, in conclusion, gave some comparative figures as to
the cost of driving a wooden pile, a cast iron pile, and making the
smallest workable excavation and concreting the same, showi
that the cast iron pile cost about three and a-balf times as muc

Results of Traction Eiperiments.

California wide track, Nwrrow track,

Wagon, type. Thimble skeir, 8}in. ksl il
Wheels, diameter .. .. 8ft. Siv. and 4ft. Gin. | Sft. 6in aud Sft. 10in. 8ft Sin. and 4ft. gin. 3t Sin and
Tire, width .. ,, din. | 1jin. 4 n. i, l4ia. Iin. | Sin, dir, 1{in. l}ln.

Jbs, | 1bs, 1bs, 1Lx, | | Ihs Ihs, 1bs. Ihs, s,
Total weight .. .. 1345 1285 4260 4700 050 | 8500 1510 5280 5250 5130
Weight, inch of tire .. R 260 °81 | 67 o83 383 440 To4 783
2 £ [ Block pavement 3540 AUM) TLL — R — — M) ) 40)
— = | Good sund roads .. 700 725 | 700 — 700 — 00 SO0 00 0
-3 lﬂmd gravel roads . . 00 | Vi | 750 — . — — T 00 S0
=% | Muddy roads .. .. SN (MX) ! 10040 — L — —_ 1050 1250 1000
28 [ Block pavement 100) | 180 (0 ‘ 126 ‘ ) I 125 100 Th 100
— @ | Good sand roads .. h 00 850 800 350 450 351 400 300 825
=5 ‘lﬂmd gravel roads .. 175 | 175 ' 250 —-— I 200 — - 2(H) 175 150)
& £ (Muddy roads .. . 55 500 G50 450 550 - - ) 700 700

= e

The information to be gained from this table is so varied that we
will only attempt to point out some of the most important features,
Oae of these is the remarkably small influence the width of tire
has on the draught necessary. Taking the third and fifth cases,
where the weights per inch of tire were 266 Ib, and 6751b. respec-
tively, the percentages of total load required to start the wagon on
block pavements, sand, and mud were 14, 16}, and 23} in the
former case, and 12}, IF;L, and 22} in the latter, while the percent-
ages of load required to keep the wagon moving when started on
these surfaces were 3}, 8}, 154, and 3, 8}, 13}. There is not a
variation of 2 per cent. in these results even on muddy roads.
With the wide tire, iron axle California wagon, if muddy roads are
excluded, the narrow tire was found to be the better, and even
where there was mud the difference in draught was less than 5 per
cent. The figures alsoshow the value of large wheels in diminishing

draughtin starting, although thereis little difference in the traction |

required to move the vehicles after they were started.

It will also be seen that the average proportion of load required |

as a pull to start a wagon on a block pavement was 10 per cent.,
16 per cent. on good hard sand roads, 18 per cent. on good level
gravel roads, and 21 per cent. on muddy roads, while to keep the
vehicle moving on the same classes of roads 2}, 7}, 4, and 13 per
cent. of the load was required.
_ Home other results were obtained in this series of tests which it
1s unnecessary to tabulate. It was found that under the conditions
of weight and tire given in the first case a pull of 10501b. was
requi to start the load in mud from 1Z2in. to 14in. deep, and
3301b. to keep it moving. Under the conditions of the third tests
from 3001b. to 1600 Ib. wererequired to move the load on muddy dirt
roads filled with ruts., On sandy roads, where the wagon given in
the fourth case cut into the road to an average depth of 3in.,
the pull required was 650 1b., and on level sandy roads, where the
tires cut into the sand to an average of 4in., 11001lb. were
required to start the wagon. In order to ascertain the effect of
narrow and wide tires in driving across fields, the wagon and load-
ing of the seventh test was chosen. With the tire cutting into the
for an average of 1lin., 12501b. were required to start the
wagon with a 1}in. tire, and 1100 1b. with a Jin, tire, and to move it
at a dead pull 6501b. and 5501b. respectively. On good hard roads
the wagon with a 1)in. tire was started with a pull of 8501b. and
drawn with 3501b., while to start the wagon with a Jin. tire
aired 7001b., and 3501b. to keep it moving.

o start the California wagon with a 3in. tire on roads with deep
ruts a pull of 1500 Ib. was needed, and to keep it running about
4501b. To start it on good sod, where the tire cut in about lin.,
8001b. were needed, and 6001b. to keep it running, while with a
1{in. tire 1000 lb. and 5001b. were uired on the same field.
The tire did not cut into the sod any more with the narrow than
the wide tire.

The gentlemen conducting the tests conclude from them that on
hard roads and pavement there is no strong argument to bring up
in favour of wide tires, for on such surfaces a narrow tire is to be
preferred as griving less 1esistance and friction. Neither in soft mud
or slush do they find any ad vantage in wide tires as regards draught,
although on the ground that a narrow tire will ent through and a
wide one will not, the latter is preferred, and, generally, the con-
clusion is reached that wide tires are vetter for farm use and
narrow tires for streets and pavements.— Engineering Record,

SOCIETY OFF ENGINELERS.

AT a meeting of the Society of Eogineers, held at the Town |

Hall, Westminster, on Monday evening, March 5th, Mr. G. A.
(roodwin, president, in the chair, a paper was read by Mr. Henry
('Connor on ** Pile Driving.”

The author hbaving remarked upon the difference in the formul
suggested by different engineers for calculating the weight required
to sink a pile further in the ground, exhibited a disgram givin
the result of these calculations for two piles, which showed that by
one formula only seventy-two tons would sink the pile further,
whereas by another formula it would take 300 tons. This great
difference was accounted for by the various strata of the ground
through which the pile was driven, and which, the author said, was

\
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as tl‘;]a wooden one, while the excavation cost about eight times as
I‘.].'I“'E w

| AMERICAN ENGINEERING NEWS.

(From our owa Correspondend.)

Bicycle vailivay.—An electric railway on the Boynton *‘ bicycle "
system is being built on Long Island, and will be about fifteen to
twenty miles long. The cars are narrow, with cross seats wide
enongh for two passengers, and rest upon two wheels running on a
single rail. The journals are attached to vertical posts passing u

through the car and carrying at its upper end small horizon

guide wheels running on either side of an overbead wooden rail.
' An experimental line built a few years ago had two-storey
cars and steam locomotives, but the new line will have electric
motive power, the conductor being a light 12 Ib. steel flange rail
inverted and placed inside the overhead guide rail, and thus pro-
tected above and on each side, while the trolley wheel ntta.chms) to
the guide wheel brackets runs along the head of the rail. The
motor car, seating twenty-four people, weighs six tons, and the
trail car, seating fifty people, weighs four tons. The cars are 51ft.
long, 4ft. wide, and Tft. hl%l‘z; hey pass with ease round a curve
of 640ft. radius. The car body is supported on springs attached
to the vertical columns, so that it rides easily without its motion
affecting the wheels. The motor is of the Gramme type, with a
Gramme ring bolted to the driving-wheel, the wheel and ring
rntating while the field, bolted to the framework, remains station-
ary. The wheel is 5ft. diameter, ring 3ft. Tin. diameter, develop-
ing about 75-horse power. The plant consists of a steam engine,
boilers, switch-board, and four-pole Westinghouse dynamo of 100-
horse power. Thereturn current is carried back along the track rail.
Advtificial fuel,—One means for utilising the waste anthracite
coal on the culm banks at mines is to crush it to powder and to
mix it with a cementing material to form blocks or lumps of fuel.
The ‘‘eggette” coal is made in this way, and being passed between
rolls having half egg-shaped pockets, the material is delivered in
the form of lumps about the size of hens' eggs. There are three or
four plants in operation, and the fuel is said to be very satisfactory,
The question is an interesting one to all mine owners and workers,
and has been the subject of several investigations. KEven lignite

can be treated in this way, and makes a commercially useful fuel.

THE Juxior ENGINEERING SoCIETY.—On the 24th ult. the
Tottenham and Forest Gate Railway Works were visited by the
members, a party of about 100 being present. To facilitate the
inspection, a train of wagons, kindly supplied by the contractors,
Messrs. Lucas and Aird, conveyed the party from one end of the
line to the other, stoppages being made ¢« roufe to examine the
numerous features of interest., The railway, which is about six

miles long, forms a connection between London and the Midlands.
Starting at South Tottenham by a junction with the Tottenham
and Hampstead Railway, it passes through Walthamstow, Leyton,
Wanstead, West Ham, and East Ham to Forest Gate, making a
junction there with the Tilbury line. Incloded in its len are
seventy-two steel bridges, in the construction of which 4000 tons

- of Siemens-Martin steel have been used. Of these bridges fifteen

are over and fifty-seven are under, and of various types and spans,
no two being alike. The line for about balf its length is carried
on embankment and in cutting, and three miles of it consists of a
vianduet of brickwork arches of 30ft. span, The amount of the
contract is £264,422, exclusive of station buildings. The engineer
is Mr, Arthur C. Pain, whose representative, with Mr. Jackson
and Mr. J. G. T. Browning, representing the contractors, showed
the members over. Mr, Browning bas had charge of the diver-
sions of sewers, roads, &c., and bas, we understand, now been
appointed resident engineer for the Eastwood and Greasley drain-
age scheme, in the county of Nottingbam. Before the party dis-
rsed, their thanks for the arrangements made were expressed by

r. P. J. Waldram, the chairman of the Society. Ata numerously
attended meeting held at the Westminster Palace Hotel on the
9th inst., Mr. Percy J. Waldram in the chair, a paper on *‘ The
of Boilers f:r Locomotive

Engines,” was read by Mr. G. F. Burtt, of Brighton. In deciding

not sufficiently allowed for, and showed a sfutam which he had | the type of locomotive to adopt for the particular work it had to

adopted of finding out the resistance of each layer of the ground.

and the force required to withdraw a pile.

The author describes the steam pile driver used to drive the piles
which afterwards had to be withdrawn, and then touched upon the
breaking load of a pine pillar, and the side pressure, which would
be exerted at the moment of impact, and the method of obtaining
the resistance of the ground, which would be offered to the pile
when it had been driven home. He mentioned some experiments
he bad made on the force of the blow, from a monkey falling
different heights, and pointed out that the friction
guides of the pile driver reduced the blow which the ordinary
caleulation for a falling weight would indicate. The aathor
described the difficulty which had been recently experienced at
Beckton, in getting a large number of cast iron piles to stand a
specified test, and showed various shoes for fitting on the bottom
of the piles, to prevent them sinking through the thin stratum of
hallast which was found there, He then pointed out the shape
which the pile was afterwards made, and which had the desired
¢ffect ; he then passed on to the effect which the interposition of a
hard wooden dolly bad upon the blow given by a falling ram, and
showed the results of certain experiments to asertain the loss of
effective blow upon the pile. He then gave the result of a test
load placed upon a cast iron pile, which he had driven to a test of

against the

perform, it was shown that conditions of loading and gradients
were guiding considerations; from them the requisite power was
determined. Water and fuel consumption, heating surface, grate
area, &c., were dealt with, the necessity for a reserve of power
being strongly urged. As to material, the author was of opinion
that iron, owing to its greater durability, was much preferable to
steel. Details of construction were described, comparisons being
drawn between varions methods, and theoretical points in connec-
tion were referred to. The Belpaire type of fire-box was included
in the descriptions, avd by the aid of a model its superior
characteristics were explained. Riveted joints, tubing, staying,
and boiler fittings, formed the next sections of the r, the
varying strains induced by expansion and contraction being con-
sidered, Alluding to questions affecting economical and successful
working, inferior economy was shown to be largely due to the
necessity of being prepared to work effectively in any of the many
varying conditions of weather, Testing, maintenance, and preven-
tion of explosions were referred to in conclusion. The paper was
illustrated hy an extensive series of diagrams, and an interesting
collection of specimens, In the discussion which followed, Mr.
B. H. Jw, Mr. F. 8. Page, Mr. W. J. Tennant, Mr. E. Gobert,
Mr. R, W. Newman, Mr, L, W, Gates, Mr, H, Fraser, and other
members took part,

THE IRON, COAL, AND GENERAL TRADES
OF BIRMINGHAM, WOLVERHAMPTON, AND
OTHER DISTRICTS.

(From our own Correspondent.)

BuUsiINESS is rather more active, as is customary prior {o the Easter
holidays, and this state of things was reflected on 'ﬂhlnﬁmto-dly
—Thursday—in Birmingham and yesterday in Wolver ton.
In manufactured iron the increased travsactions are chiefly on
home account. In the pig iron market inquiries are to hand for
delivery over the ensuing three months. Hot-blast all-mine pigs
were quoted 55s, to 67s. 6d. and 60s. according to makers ; part-
mines, 44s, 6d. to 45s.; and common, 38s. to Jg& Cold blast iron
moved fairly well at 97s, 6d., there being an augmented demand
from heavy ironfounders for chilled rolls and other ironworks and
general engineering castings. Waelsh forge pigs were on offer at
55s, to O6s., which quotation was mostly Emhibiﬁ*ru, and there
were some consumers who stated that they bad obtained supplies
at 53s. Vendors of Northampton and Derbyshire makers asked
44s. to 44s. 6id., less 2} per cent.; and of Lincolns, 44s. 6d. to 45s.
net at stations, or a shade more,

In manufactured iron, hoop makers reported an increase of
American competition for the custom of Canada. Prices on this
market are quoted £6 10s., and gas tube strip is £5 15s., marked bars
continue £7 10s, The L.W.R.0O, brand is 5,% 2s, 6d.; innt, £9 10s. ;
double best, £11; treble best, £13; and treble best crys,
£13 10s. Angles of the same make are £5 2s 6d. for ordinary
%unliﬁan, £10 best, £11 10s. double best, and £13 10s, treble best,

lack sheets, doubles, are in some cases to be obtained as low as
£6 158, to £6 17s. 6d. Galvanised sheets of 24 gauge are £10 to
£10 7s, 6d.

It is this week announced that the ironworks at Moxley, formerl
belonging to Messrs, Rose, have been leased to Messrs. J
Tinn, of Bristol, for the manufacture of sheet iron, and will
restarted shortly.

The amount of work in hand at the various engineering esta-
blishments is larger than when the year opened, but there i1s still
plenty of room for further improvement before the trade can be
said to be at all brisk,

Tangyes Limited are fairly engaged in some of their depart-
ments. Their gas engines continue to secure considerable favour,
and so do their pumps., They bave recently made two pairs of
Tangye's continuous flow pum%i‘ng engines for the Newcastle and
Gateshead Water Company. This machinery is capable of deliver-
ing 3,000,000 gallons per day. The firm are supplying also two
18in. centrifugal pumping engines to the Edwards Shipbuilding
gﬂp:pany, Ifnr use on one of the pontoon docks of the Manchester

ip Canal.

iplm indebted to the Oldbury Railway Carriage and Wagon
Company for particulars of some of the work on hand, briefly
alluded to in last letter. The company have in hand for the Great
Indian Peninsular Railway 1000 sets of automatic vacuum brake
fittings for their coaching stock. They are supplying all the gear
complete, and it will be sent out and fitted to the existing car-
rianges in India. These fittings are made of the bhighest

uality of Yorkshire iron. They have also an order for the Assam

engal Railway, including completely equipped samples of first-
class lavatory and sleeping carriages, of nger brake vans, and
of horse-boxes., Accompanying them are the necessary materials
for the erection in India of eight first-class lavatory and sleeping
carriages, and for ten m;gar brake vans, and six horse-boxes,
This rolling stock will be fitted with the vacuum automatic brake,
The firm are making eight carriages for a narrow gauge Norwegi
line of only 2ft. 5}in. gavge. These comprise second and third-
class composites, third-class carriages, and third-class lug
vans. They are on steel underframes, and run on small two-wheel
bogies. They are constructed with end platforms and gangways
down the centre, and they have central buffing and draw gear,
The firm lately completed a large contract for cattle wagons for the
Cnge, with special brake arrangements.

onsiderable dissatisfaction 18 expressed in Birmingham at the

Intest reply of the War-office to the representations made to them
from this city in opposition to the Et;npuaal to remove a large
Earhnn of the machinery from the Government rifle factory at

parkbrook, Birmingham, so as to permit of the repairing work
being executed there now that the E.gnt-atrﬂct repairi actory
has been closed. The De ent announce that they are unable
to to the proposal from Birmingham to make an addition to
the present Sparkbrook buildings, and that the original intention
will bave to be carried out. It 1s feared that the result will be a
considerable curtailment of Government work for Birmingham.

More work for Midland minting machinery has just been secured
from Europe. Advices from Rome state that the Italian Govern-
ment has concluded a contract with Mr. Otto Haupt, the repre-
sentative of an Eniliuh firm in Birmiogham, for the coinage of
I;l{fmaﬂf ﬂ%ﬂ ?a;r nii:uat:m ma:r;uey r?cantly authorised, Of the total
20,000,000 of lire will be coined in Birmingh
10,000,000 in Italy. = B,

_hiidinnd manufacturers note with interest the endeavours which
Sir Alfred Hickman continues to make in Parliament on behalf of
trade. This week he asked the Secretary of State for India whether
the De Baume and Marpent Company, of Belgium, have supplied
10,000 axle-boxes to the Indian State Railways, and whether he
would use his influence with the department to induce them
in future to secure their supplies of such articles in this
country., The new Secretary of State for India — Mr. H. H,
Fowler — replied that so far as he could ascertain no
order for axle - boxes for the India State Railways bad
been given to the Belgian company mentioned. He ad ed, “I
am informed that according to existing practice, general prefer-
ence for business orders is always given to firms in this country.”
Midland manufacturers reading this episode in the papers are
expressing the wish that the preference really was as stated.
Unbappily there has of late been reason to think the opposite.
The matter derives additional interest from the recent questions in
Parliament as to steel sleepers and steel tires being placed in
Belgium instead of in this country. It is noteworthy that the
attention of Parliament to this last-named matter—tires and
sleepers—was called in response to a complaint emanating in the
first instance from the Patent Shaft :né Axletree Company, of
Wednesbury, who objected to work going abroad, '

A very serious situation has arisen in the iron and steel, engi-
neering, and manufacturing industries of Wolverhampton undngu
district, by reason of a new assessment which has Just been made
by the Union authorities of the manufacturing properties of the
borough. Upon the old assessment, which was made twenty-five
years ago, the valuations have been enormously increased, in man
cases being doubled and trebled, and in some even qua.druplndi:
The course which the overseers have taken has aroused t
alarm among manufacturers, and at an important meeting, held in
Wolverha mpton on Wednesday, a committee consisting ‘anmu of
the most influencial firms of the district was appointed to take
:tt:[: to oppose the new rating. It is declared tgolt the present

- of trade warrants nothing like the increases which have been

NOTES FROM LANCASHIRE,

A (From our own Correspondent.)
Hanchester.—The outlook is gradually losi
which prevailed at the mmmnummeu{ n!nﬁ:a year, when the
Eﬁli:]mL :ﬂﬂ?:ﬂ ;I:;m'id to be thaththe engineering, iron, and
ed ndustry were on the eve of rapi 1
?:t::i:]:n:a "E?d u; I:l!l: d:r:dﬁmhu were anxious h?tf;. Fhm‘;;g
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sanguine a tone as to the f * wi
87 very cautions abca t.' uture ; with the result that users of

that hopeful tone

iron

further buying, and prices are gradually
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receding from the advance which the temporar

y rush of business
enabled makers to put on. Another significant feature in the

situation is that the coal trade is steadily drifting into a state of
depression, which threatens to bring prices back to almost as low a
t as ever, and for the present forward contracting for fuel is

or the most part held in abeyance.

The Manchester Iron Market on Tuesday was fairly well attended,
but there seemed to be more sellers than buyers, and the weight
of business mthmugh was in very small. Users of pig iron
are holding back from buying further, in the expectation of still
lower prices, and, as far as possible, are going on with deliveries
that have yet to come in on account of contracts already placed,
whilst iron in second hands is being pushed upon the market at
under makers’ quotations. Lancashire makers are still holding
with firmness to their late rates, but these are only being got where
they have favourable rates of carriage, such as Warrington and the
neighbourhood, where they are enabled to deliver forge qualities
at about 43s. 6d., less 2}, but in the Manchester market they are
again being cut out by district brands, makers of which are
rather weakening in their prices, forge Lincolnshire being now
obtainable at 41s, tid, to 42s,, net cash, delivered Manchester,
Foundry brands, both of local and district iron, are maintaining
their price better than forge qualities, and local makers are getting
about 45s, 6d., Derbyshire about 5ls., less 2}, and Lincolnshire is
quoted at about 43s. to 43s. 6d., net cash, delivered Manchester,
Outside brands offering here are a shade easier, and can be bought
through merchants at about 3d. to 6d. under last week's prices,
Good foundry Middlesbrough does not average more than 429. 6d.
to 45s., net cash, delivered Manchester, and Eglinton can now be
readily brought at about 47s., net cash, delivered at the Lanca-
shire ports.

Fimished iron makers are in the position that altho
a moderate weight of work to kee
new business coming forward, antr the immediate outlook 1s any-
thing but satisfactory. There is no actually quoted redaction in
prices, but these are scarcely so firm as they have been where any-
thing ilike tavourable specifications are concerned. Delivered in
the Manchester district, £5 12s. 6d. remains the average fignre for
Lancashire bars, with £5 17s. 6d. quoted for North Staffordshire
qualities. Lancashire sheets remain at £7 0bs. to £7 7s. 6d.;
Staffordshire, £7 7s. 6d. to £7 10s,; Lancashire hoops, £6 for
random and £6 Js. for special cut lengths, delivered Manchester
or Liverpool.

Nut and bolt makers report trade in a very depressed condition,
and there is a keenness in competing for any orders to be got that
is forcing back prices to as low a point as ever.

In the steel trade raw material continues quiet and weak in
price, good foundry hematites scarcely averaging more than 53s. 6d.
to H4s., less 2}, whilst ordinary st.ena'jr billets are scarcely fetchin
£4 2s, 6d. net cash, delivered Manchester. Manufactured steel,
however, is firm with a hardening tendency, £6 12s. 6d. being the
minimum for steel boiler-plates of good quality, with tank and
bridge-plates quoted at £6 7s. 6d., and good qualities of steel bars
£6 10s. per ton, delivered here.

There is still no very appreciable change to report as regards
the engineering industries, any improvement beiog only very slow
in development. The returns as to employment issued by the
Amalgamated Society of Engineers for the past month seem, how-
ever, to indicate that even the very limited increase of activity in
this district is more than equal to the improvement which is re-
ported from other industrial centres, except, perbaps, one or two
of the large shipbuilding districts, Throughout the Society gene-
rally there has been no appreciable reduction during the month in
the unemployed members in receipt of donation benefit, the
number remaining at a little over 9 per cent. of the total member-
ship ; but in the Manchester district there has been a fairly sub-
stantial reduction of out-of-work members, and, as s the
percentage of unemployed to the local membership, this imme-
diate district is in rather a better position than other districts of
the Society. Generally, the reports from various districts continue
bopeful as to improvement in the future, although nothing
tangible is set forward in this direction. With regard to the eight
hours’ movement, voluntary concessions by firms here and there
continue to be reported, but, so far as the Society itself is con-
cerned, no steps are at present in contemplation for attempting to
force a general adoption of the eight hours’ day.

A noticeable feature in the discussion at the meeting of the
Manchester Association of Engineers, on Saturday, on Mr. Webb's
paper on ‘‘Steel, and its Maoufacture,” a summary of which bas
already been given in THE ENGINEER, was the ?er{ general
recognition of the importance and superiority of this branch of
manufacture in the United States. ith regard to the American
output, referred to in the paper, Mr. Saxon thought the large

uction in America was due to the ter amount of
money spent on the plant, in order to obtain the maximum
output as com with lish practice. Mr. Adamson
remarked that in America they bad excellent material, richer
ores, &c., whilst the blast furnace practice there was much
superior to the English, both as to the material turned out, and
the plant. Mr. Percy, of Wigan, said his views were ant.irui;f in
accordance with those expressed by Mr. Adamson as to the quality
of the American production. Mr. Webb, in replying upon the
discussion, said notwithstanding the improvement in steel castings
referred to by some of the members, he thought he was quite
right in his words of caution as to the indiscriminate use of steel
castings. As aluminium used in steel castings, anything
beyond a small quantity of aluminium was undesirable, as it made
the steel very brittle. It should not be used in castings which had
thick parts; it was useful in small castings which cooled quickly,
there neutralising the tallisation,

At a meeting of the Northern Society of Electrical Enginzers,

held in Manchester on Monday, the important question of under-
ground electric light mains, and the best methods of laying these,
was discussed in a couple of papers read respectively by Mr. John
H. Rider, electrical engineer of Bolton, and Mr. S. B. Clirehugh,
of Manchester. Mr, Rider, in the course of his paper, divided the
two systems of laying mains into ‘‘ drawn in" and *‘ built in,” the
former having the advantages of easy inspection and readiness
with which cables could be added or withdrawn, whilst the ** built
in" re-:}mrad less space, was easier to lay, and there was no
danger from gas or water, whilst the prime cost was less, He was
of opinion that a combined system of ‘' drawn in" for the feeders
and ““built in" for the distributing mains offered a number of
advantages, and a properly constructed and ventilated subway
system under the streets would much simplify the question
of laying electric mains ; but the danger arising from gas and
water pipes bursting, to say nothing of the enormous cost, stood
in the way of its adoption. Mr. Clirehugh divided the systems of
underground mains into insulated cables in conduits, armoured
cables, and bare copper in culverts. Armoured cables might, how-
ever, be dismissed very briefly. The principal object in their use
was their supposed cheapness, which, however, was over-rated,
whilst the bare wire system was only suitable for low tension., The
conduit system seemed to combine most of the desired qualities,
but it its drawbacks like others ; firstly, in great cities it was
imgauihlu to find room, and then recourse was had to insulated
cables ; secondly, the bursting of a water main might possibly
cause a stoppage of the supply ; and thirdly, gas was apt to
accumulate in the conduits, giving rise to explosions.

At the quarterly meeting of the Manchester Association of
Eogineers held on Saturday, the follo ntlemen were elected
members of the Association :—Messrs. A. Collins, Tangyes' Limited,
Manchester ; T. Horsfield, Kendall and Gent, Salford ; T. Hilditch,
Sir Joseph Whitworth and Co., Manchester ; J. S. Miles, and E. G.
'gﬁg , G. Richards and Co., Broadheath; G. H. Sowter, Page-

, Wigan, ordinary members; Messrs. J. Donnelly,

Journal Box Com{ml{; Pendleton; F. H. Carter, Oxford-street

Manchester ; B. wland, Luke and Spencer, Ardwick ; and
R. B, Creak, Manchester, honorary members of the Association,

The position in the coal trade is gradually getting more and

ugh they have
them going, there is very little

more unsatisfactory ; alldescriptionsof round coal are bad to sell, and
with plentiful supplies from local collieries, notwithstanding they
are working scarcely more than four days per week, and surplus
supplies competing from other districts, prices are gradually being
forced back to very much the level at which they stood prior to
the protracted stop of the collieries. Since the commence-
ment of the month there has been a general reduction of quite 9d.
to 1s, per ton, and, as compared with the prices quoted when the
pits resumed work, there has been a giving way of quite 2s, 6d.
to 3s. per ton. (ienerally there is such a weak, irregular tone
throughout the market that it is difficult to give really definite

prices ; but the best qualities of Arley may be said to
range from 12s, 6id. up to 13s. 6d.; Pemberton four-feet, and
second qualities of Arley, 11s. up to 12s.; common house coals,

9s, 6d. to 10s.; with steam and forge coals obtainable from 8s, per
ton upwards. The very restricted production of slack, owing to
the depressed condition of the muu’ld} coal trade, of course has the
effect of limiting the supplies of engine fuel in the market, and
consequently hardening prices for these, good qnalities of bu
being quoted at 8s. to gﬂ 6d., best slack 6s. 3d. to Gs. 0d., wit
some special sorts fetching 7s. to 7s. 3d., and common sorts Ds, to
Os. 6d. per ton, at the pit mouth.

The shipping trade remains in a very depressed condition, with
exceedingly low prices ruling. The official quoted rates of the
Lancashire Coal Sales Association are now 9s, to 0Os, 6d. per ton
for steam coal, delivered at the ports on the Mersey, and these
maﬁ-ﬂba taken as representing the maximum prices in the market.

rrow.—There 15 no change to note in the hematite pig iron
trade. The business done during the week by makers of pig iron
has been far from all, and the orders booked are for the most
art for steel makers in the district. The inquiry on general
ome, continental, and foreign account lacks life, the business
offering being small, and it does not appear at present, at all
events, that there will be much change for some time to come
from these sources. Prices are unchanged, and makers are quot-
ing 46s. per ton net, f.o.b., for ¢ls of mixed numbers of Bes-
semer iron. The price of warrants is 45s. 2d. per ton net cash.
The orders in hand, in some instances, are fairly good [in some
cases, but in others little is in hand, and in West Cumberland the
production has been decreased to the extent of one furnace, leaving
thirty-one furnaces blowing in the district.

For the first week this year there has been a decrease in stocks
of hematite in warrant stores, Every week there has been an
increase in stocks, which are now 32,315 tons more than on the
23rd of December last year. The reduction in stocks this week
amounts to 3815 tons, and there is now in hand 126,938 tons. Of
course, makers hold large stocks as well. But it is evident, as
there are no pressing requirements for pig iron, purchases are
being made in view of a rise, and this may be taken as an indica-
tion of better trade in the immediate future.

In the steel trade there is not much doing in the way of new
business, The demand for rails is only quiet, and makers are not
in receipt of new orders. Heavy sections are at £3 15s. per ton,
light sections at £5 10s., and colliery rails, £6. Sbip-plates are
quoted at £5 7s. 6d., angles at £5 10s., and boiler-plates at £6 per
ton. Makers are having some inquiries for shipbuilding material,
but little business is offering. The rail mills at Barrow are prett
well employed, and are making good outputs. The plate mills
are also working. The demand for general sections is quiet, and
prices are unchanged. Hoops are at £6 15s. ; blooms, £4 ; billets
and slabs, £4 s, each ; tin bars, £3 17s. 6d.; and wire rods,
£6 12s. 6d. to £6 15s.

The demand for iron ore 1s quiet, and average sorts are quoted
at 8s. 6d. to 9s. 6d. per ton net at mines.

Coal and coke are in consumption.

Shipbuilders are ually becoming more and more busy every
week. No new orders are reported, but the work in hand is con-
siderable, and the pr which is being made with it is satisfac-
tory, considering the difficulty which exists of getting supplies of
material—one of the results of so many shipbuilding orders beine

laced at one time. The British and Irish Ehannul steamer Lady

olseley will be launched from the yard of the Naval Construc-
tion "and Armaments Company, at Barrow, on the 22nd inst,
Marine engineers and boilermakers are very busy, and orders for
repair work are receiving much attention.

g?:irpments of hematite pig iron from West Coast ports during the

t week show an improvement, being 8405 tons against 6945 tons
in the corresponding week of last year, an increase of 1460 tons.
The shipments of pig iron this year to date represent 69,857 tons,
compared with 54,603 tons in the corresponding week of last year,
an increase of 15,204 tons. The shipments of steel last week
amounted to 7607 tons, compared with 5474 tonsin the correspond-
ing week of last year, an increase of 2133 tons. The total ship-
ments of steel this year to date represent 64,266 tons, compared
with 84,496 tons in the corresponding week of last year, a decrease
of 20,230 tons.

THE SHEFFIELD DISTRICT.

(From our own Correspondent,)

THE total weight of coal sent to Hull by Yorkshire collieries last
month was 145,120 tons, an increase of 23,560 tons on the corre-
sponding month of 1893, although a considerable falling off when
com d with the second month of 1802, when the quantity was
153,272 tons. For the two months the tonn was 200,128, as

ainst 255,232 tons in the corresponding period of last year, and
321,080 tons in the similar months of 153. The north-country
coalfield, having obtained part of the Yorkshire trade during the
sixteen weeks' stoppage, seems likely to keep it, as Durham still
ranks in the return for 5640 tons, enaby Main heads the list of
collieries sending to Hull, its weight having been 12,616 tons, an
increase of 4256 tons. In the export trade, the principal customer
at Hull was Sweden and Norway with 16,973 tons, Germany comin
next with 6287 tons. Russia had evidently obtained all she wan
in January, as nothing was sent there last month. The total
exports reached 37,415 tons, against 25,144 tons in February of
last year.

The coal trade is going from bad to worse,
collicries are working four days a week, but the rule is about
three. Prices are falling. Competition for orders is excessively
keen. One Derbyshire colliery company is advertising good house
coal at 1ls, 6d. and 9s. 6d. per ton, delivered free 14 miles from
Sheffield and Heeley stations, the latter a suburban station.
Messrs. Newton, Chambers, and Co., Thorncliffe Collieries, have
issued a reduced price list this week. Best Mortomley is now at
17s. 6d. per ton : Mortomley Brights, 14s. 2d.; Mortomley nuts,
158. 5d.: seconds, 12s, 6d.; thin seam, 15s. 10d.; Brazils, 14s. 7d.;
Tankersley house, 12s, 11d.; Parkgate softs, 10s, 10d. The coal
sent to London is at present under the average ; the supplies are
now much in excess of the demand. Pit prices are as l’:}“nwa —
Silkstones, 12s. 6d. to 13s. 6d. per ton ; nsley house, 1ls, to
12s.: seconds, 9, 6d. to 10s. Steam coal, in rather firmer request,
at 11s. to 12s, per ton for Barnsley hards, other sorts making from
9s, 6d. per ton. Manufacturing fuel as before, good slack fetch-
ing from DB5s. to Gs. per ton ; small coal, 2s, 6d, to 3s. per ton;
mﬁe, 11s. 6d. to 13s, 6d. per ton, A quiet business in coke.

No change is reported this week in iron or steel, Hematites are
about H3s. to 0ds, per ton at Sheffield ; Derbyshire pig, 47s.;
Lincolnshire, 43s. 6d.; Bessemer billets realise £5 10s.; bar iron
from £5 12s. 6d. to £5 15s. Crucible steel is in better demand,
some orders having come in from the Continent. The railway
material irms are fully employed, and fresh armour plate work 1is
expected soon.

o = -=

WALES AND ADJOINING COUNTIES.

(From our own Correspondent.)
AxoxcsT the many benefits conferred upon the colliery district

Several of the

Provident Society, and I am %]ml to note that the last quarterly
meeting, held in Cardiff on Saturday, and presided over by the
originator, showed most satisfactory results, The membership
now totals 63,182, an increase of 418/ for the quarter. I'he con-
tributions from ordinary members amounted to £11,561, and pro-
prietors’ percentages . It was announced that £575 bad been
paid on the death of members, £2050 to widows, £1859 to children,
and £5275 to disabled members. The working of the society 1s
admirably managed, and the only requirement is that there should
be annual collections at churches and chapels on the plan of
““ Hospital Sunday.” Only those who know the working of the
society are aware of the relief it has afforded to the ratepayers of
the colliery district, and this should be practically acknowledged.

Moderate business and tolerably firm prices for best coals con-
tinue to be indicated at Cardiff. Some days a "!Eghtl}* easier
tone,” is the comment one hears on 'Change, followed by firmer
quotations, Large, best steam, is now at 12s. 9d. to 13s. dd., and
best small quite in full demand up to 7s. 3d., while ordinary small
realises s, 6d, to 6s, 9d, It is in seconds that a slight weakness is
shown, some kinds gelling as low as 10s. 6d. Monmouthshire coals
are quoted at 11s. 3d, to 11s, 9d., and Cardiff seconds best up to
12s. 6d. In house coals there is little or no change; No. 3 Rhondda
is selling at 12s, to 12s. 3d.; brush, 10s,; small, 8s,; No. 2
Rhondda, 9s. 3d. to 9s. 6d.; throogh, 7= 9d. to 8s.; small, Js. 3d.
to bs. 6d. ; anthracite, Swansea, 9s. to 13s. 3d. Good cargoes of
this left for San Francisco last week.

Taking g@mntity into consideration, and the gales, the coal ex-
ports from Monmouthshire and South Wales have been well main-
tained, and the compilers of statistics say that the totals so far
promise more than an average year. January and February totals
show an advance of 12 per cent. over corresponding months of "93,
and the forecast—somewhat illusory with nine months in front, it
must be admitted—is 15 million tons for the total of "94 from Cardiff
ports alone.

One of the largest, if not the largest steamer which has ever put
into Cardiff, is now in Roath Basin. This is the Maroa, one of the
fleet of Crome, Rudolph, and Co., Live l. She is chartered to
take out 9000 tons Powell Duffryn coal for Bombay, and 2000 in
bunkers. Local agents are Guthrie, Heywood, and Co., Bute
Docks. It shows favourably for systematic output, railway arrange-
ments, and mechanical appliances at docks, to add, that coaling
began Wednesday, and before the week ends the vessel will be on
ber way to India.

A slight improvement is taking place in the iron and steel works
in at least a fgw branches, Dowlais Cardiff, for example, is now
delivering large quantities of excellent Bessemer into the Swansea
district at prices, I hear, which shut out imported iron.

I bave all along regarded the full development of the Cardiff
works as the trying epoch in the duration of many competirg
works. With ore delivered from the sea to the furnaces, and rail-
way rates of twenty-six miles saved on the raw and manufactured
article, the company will have enormous advanlages over others.
This week, at Old %owlaiu, an important steel sleeper order is
being run off, and some ship-plates and rails; and the fact that
the large blast furnace No. 3, at the lower works, was started on
Monday after a long inaction, and that No. 19 at the Ivor works
is being put in order, promise well. Cyfarthfa continues an
average make of tin bar, and pros are hopeful if the ex
revival in tin-plate takes place, and which the advance of block
tin by £4 suggests,

Any one who had the pleasure of seeing the Ebbw Vale exhibits
of steel manufacture at the Manchester Exhibition will not be
surprised to hear that there has been no falling off either in the

wSit. or variety of make at these works, and I am glad to find
Ehat. the management has gone in vigorously for steel and is
well placed for orders.

The pig iron and steel bar make at Briton Ferry last week was

uite up to average, and the demand is well sustained, OnMonday
three mills out of six were started, and Vernon, Baglan Bay, and
Gwalia have been busily employed. I am glad to see that the
long-desired siding connection with the Rhondda and Swansea Bay
Railway has been completed this week.

In the Swansea district larger shipments have taken place of tin-
lates, the total last week being close upon 60,000 boxes. Make is,
owever, in excess, and stocks are now & 49?) boxes.

That there is still faith in the certain revival of the trade is

shown in some districts, though alarmists are predicting that
unless an improvement sets in speedily, more mills will be * laid
off.” One favourable sign is the starting of the *‘ National Tin
Plate Company,” with a capital of £25,000 in £5 shares, The sub-
scribers are prominent men at Swansea, Morristown, and Neath.
Latest metal quotations at Swansea Exchange were as follows : —
Glasgow pig, 43s. 1id.; Middlesbrough, 3 &d ; hematites,
44s. 71d.; steel rails, heavy, £3 15s. to £3 17s. 6d.; “Eh £4 10s.
to £4 15s.; Welsh bars, £4 15s.; Bessemer steel bars, £4 2s. 6d. to
£4 5s.; Siemens, £4 5s. to £4 7s. 6d.; sheet iron, £6 10s. to
£6 15s.; steel, £6 10s. to £7 10s. Tin-plates : steel coke, 10s. to
10s. 3d.; Siemens, 10s, 3d. to 10s, 6d.; best charcoal, 11s. 8d. to
12s, 9d.; ternes, 28 by 20 C, 20s, to 24s, Block tin has advanced,
£67 178, 6d. to £68. e lowest price quoted for this article was
£52 10s. in October, 1878.
A resident from Cornwall visiting Wales lately commented on the
fact that though greatdistrictsthere present an exhausted condition,
some are still in a vigorous state, The duration of our coalfields
has been the subject for surprise, a cen baving left some
valleys still in moderate work ; but what shall be said of our tin
wealth, which has been worked since the time of the Greeks, two
thﬂuanniidyaﬂru ago !

Pitwo rices are maintained, and quotations in Cardiff are
15s. to 15s, 6d. for best wood. Coke is in better demand., Cardiff
prices this week were: Furnace, 16s. to 16s. 6d.; foundry, 17s. 9d.
to 18s. Jd.; while special foundry touched 21s. Swansea prices:
Coke from 13s. furnace; 18s. best foundry. Pitwood, 16s. 3d. to
16s. 6d. into trucks. Patent fuel from 1ls. Iron ores, Tafua,
11s. 6d. The patent fuel trade continues to be moderately .
[.ast week Swansea shipped 3450 tons to France, 1000 tons to Italy,
and 1215 tons to Algiers,

The Lady Margaret Collieries, Treherbert, the property of the
Marquis of Bute, was re-started this week after a stoppage of two
years.

At Treorky a colliery dispute on the question of timber has
been settled amicably,

The coal trade in the Forest of Dean is in anythi

ing but a satis-
factory state, and a reduction of wages is threatened. The sale of

the Severn and Wye Railway has prompted an agitation amongst
traders and the general public in the Forest, to Eromnta improved
railway arrangements, by which it is thought the coal trade will

be benefited.

Land subsidence in the colliery districts is on the increase, Both
in the Taff and Cynon Valleys it is very marked, and this week it
occurred at Abercarne, affecting the Great Western Railway near
Cilynen Colliery.

@ Taff Vale Railway management has now carried out
effectively the arrangements for doing away with overtime, and
though at first attended with some apparent losses to employés, it
is expected to work satisfactorily in the long run, an average
work of sixty hours per week being secured per man.

The annual meeting of the Monmonthshire and South Wales
Coalowners’ Association was held on Tuesday at Cardiff, Mr,
G%lnlﬂ!. Powell Duffryn, in the chair., Mr. James Lewis, of the
Abernant Collieries, was elected one of the trustees rice Lord
Swansea, resigned, and Mr, Jobn Roberts, minin ineer,
member of the Sliding Scale, instead of the late Mr. Nettle, Mr.
Edward Davies, Ocean, taking the vacancy on the Finance Com-
mittee, The following was the output of the Associated Coalowners
for 1803 : — Cardiff districts, 16,244,783 ; Newport, Mon,, 6,425 848 :

by Sir W, T. Lewis, none exceed in importance that of the Miners’

Swansea, 1,227,808 ; total, 23,808 439, or an increase of 1,077,501
tons over that of 1892,
It has been arranged that the new branch railway between the

Great Western Raillway station, Cardiff, and the dock, shall be
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opened April 2nd. The Great Western extensions, contract for
levelling the ground, and for the foundation of the new lines,
necessitated by the increase in the Bute Docks traffic and the new
industries, such as Dowlais-Cardiff works, have been let to Messrs,
Pauling and Elliott, Victoria-street, Westminster.

consignments of iron ore bave come in this week for
Cyfarthfa, Dowlais, Ebbw Vale, and Blaenavon, Messre. Crawshay
imported from Bilbao and Dudda,

THE NORTH OF ENGLAND.
(From our own Correspondent.)

ON the whole a more favourable report cun be given this week
with respect to the metal and allied trades of this district than was
ible last week, business a rs to be recovering after the lull
which followed the spurt, which was so marked a feature in the
early weeks of the year, and the tone of the market is cheerful,
buyers in general exhibiting more confidence. That lower prices
for pig iron are not likely is the almost universal opinion, for the
dullest period of the year is past, and with the opening of the
shipping season a time of considerable briskness will be experi-
enced. The improvement in trade is shown very well in the
receipts of the rnilwn{(mmpnny which has the monopoly of the
carrying traffic of the North-East of England, for their receipts so
far this year are £54,971 greater than those of the correspondins
1:;1:':! of last year, when trade was not interfered with by any
strikes,

In addition to this the exports are much above the average, there
have been nothing like them in March for many years, especially to
oversea ports ; in fact, our foreign trade in pig iron this month has
been double what is usual at this time of the year. The mildness
of the weather is allowing of the earlier re-opening of the ports of
the Continent that have been closed during the winter, and alread
a considerable quantity of iron has been sent to Baltic ports, an
continental consumers and merchants are distributing their orders
more freely than since last autumn. On this account the shipments
of pig iron from the Tees this month to Wednesday night reached
36,477 tons, inst 34,231 tons last month, 27,960 tons in March,
1803, and 30,450 tons in March, 1892, all to 14th. A smaller quan-
tity 1s being sent to Scotland, but that was to be expected when
the Scotch furnaces resumed operations, The decrease in Scotch
requirements has been chiefly of hematite qualities. A satisfactory
feature of the market is that stocks in the public stores after
increasing almost without any interruption for months past, have
during several days been decreasing.

The increase in the production of pig iron in this district has
not now the detrimental effect upon the market that it bad, for
its extent can be estimated, seeing that all the furnaces that are
likely to be re-lighted for some time to come are now at work,
with, perhaps, one exception, and there, if one furnace is blown
in, another will be blown out, It is calculated, with the ship-
ping business in full swing, that makers will bhave no difficulty
in disposing of the increased production. Three furnaces have
been blown in this month, viz., one at Tees Bridge Works, one
at Newport Ironworks, and one at Clarence Works; and if one
is re-started by Messrs, Bolckow, Vaughan, and Co., another will
be blown out which has been in operation some twenty years and
needs relining. Altogether, since the year opened, eight furnaces
have been re-lighted, and the output of pig iron in the district
will have been increased by between and 5000 tons per
week. Recently Messrs, Palmer’s Shipbuilding and Iron Com-
pany blew out for re-lining the large furnace at Jarrow which
they built after the American system.

'ﬂm prices of pig iron have been firm all the week, and the
lowest that has been taken for prompt f.o.b. deliveries of No, 3
Cleveland, G.M.B., has been %s.; Eut. very little can be had at
that now, either from merchants or makers. In fact, the latter
seldom accept less than 36s. 3d. for this month, and 36s. 6d. up to
the end of April ; but from second hands, a little conld be had for
next month's delivery at 36s, 3d. Generally buyers’ and sellers’

rices are very near, and there is a distinct desire shown to do

usiness, Ciu*raln.nd' warrants have been in more request, and the
igher than last week, the lowest

rice has on the whole ruled hig
goin 36s. 11d. cash, while the closing figure on Wednesday was
ednesday the stock of

36s. 3d. In Connal’s warrant stores on
Cleveland iron was 111,042 tons, the increase for the month being
only 781 tons, so that the comparatively large increase in the first
week has been neutralised by the better return this week. No. 4
Cleveland foundry pig is quoted 35s. 9d., and grey forge 30s, 6d.;
but a good many firms hold out for 3d. more than these rates and
can get it, because the supply of these qualities is very small, and
it is reported that the tnulp stock of grey forge in the district is not
over tons,

The demand for East Coast hematite pig iron is good, for though
undoubtedly a quieter state of business is reported by the steel
manufacturers, yet orders booked are so plentiful that the con-
sumption of pig iron is as t as ever. Not less than 44s, 0d.

r ton f.o.b, will be taken for mixed numbers of hematite iron,

t the general quotation is 45s. The higher price of Spanish ore
is maintained, per cent. Rubio being quoted 12s, 9d. per ton
delivered Tees, which means 7s. 3d. per ton f.o.b. Bilbao, the
freight from that port to the Tees being 5s. 6d. per ton, and the
tendency in freights is upward, because steamers are finding work
in other trades now that the Black Sea and Baltic ports are being
re-opened. Average quality Durham blast furnace coke is steady
at 12s, 6d. per ton delivered on Tees-side, the blowing in of more
furnaces having strengthened the position of coke makers, for the
are called upon to supply to the Cleveland ironmasters alone 4
tons per week more than were being sent towards the close of last
ear,

g Both for finished iron and steel the demand has become quieter,
and prices are generally easier. In a t measure this is due to
the intelligence respecting the shipbuilding industry, it bein
re that orders for a number of steamers have been cancell
—thirteen in the Tyne district alone, these orders being given out
by owners who ex to get the necessary capital subscribed by
the investing public, but finding that they were not to be drawn,
the vessels are not now to be built. The prices of plates and
angles are lower in consequence ; steel ship plates can be got at

£5 2s. 6d., less 2} per cent. f.o.t., and even less, though £5 Js. less
24 per cent. is still generally quoted, while iron ship-plates may
be bought at £4 17s. 6d., less r cent. Iron ship angles have

been sold at £4 12s. 6d., less 2} per cent. f.o.t., and steel at
£4 17s. 6d., less 2} per cent. Bars are not affected, and the price
for common bars is still £5 2s, 6d., less 2} per cent. f.0.t., with
£5 12, 6d., less 2} per cent. for best.

The Darlington Forge Company has just completed the second
= l::%l the;,rrtn{a constructed for the first-class

of two steel rams whi :
British war vessels Majestic and pificent, Each ram is 40ft,
aggie Brothers, of Gateshead,

long, and weighs 27 tons. Messrs, ;
have completed what is claimed to be the ]nnﬁaat wire rope ever

made for nnderground purposes. It is upwards of six miles long,
weighs 34 tons, and hupn. circumference of 34in. Messrs, Doxford,
of Pallion-on-the-Wear, have this week launched the s.s. Turret
Bay, the third vessel of the turret-deck type built by the patentees.
She has a deadweight capacity of 3800 tons, with a gross register
of about 2200 tons. Messrs. Doxford also supply triple-expansion
engines, 23in., 37in., and 60in., by 42in, e vessel is for the
Guildford Steamship Company, Newcastle-on-Tyne. : L

A series of addresses on the ‘‘ Extension of Indian Railways = 1s
being delivered to the Cleveland miners by Mr. Joseph Walton, of
Middlesbrough, and the miners are practically unanimous in urging
the Government to proceed much more rapidly with the develop-
ment of railways in India, both in the interests of India itself and
also in our own interests. Mr, Walton is to deliver an address on
““Indian Railway Extension: its Relation to the Trade of India
and of the United Kingdom,” before the Socighy of Arts, at the
Imperial Institute, on nnd;( evening next, the chair to be taken
by Sir James Kitson, Bart., M.P.

The traders on the Stockton and Darlington section of the North-
Eastern Railway held a meeting on Tuesday to consider the ques-
tion of presenting a testimonial to Mr, Wm. Swith, of Darlington,
late district manager, on his retirement after fifty years' service.
Mr. G. W, ett, Mayor of Darlington, presided. It was
decided that a testimonial be presented, and that the contributions
from individual firms should not exceed £5. A committee was
appointed, which inclnded Sir Raylton Dixon, Mr. W, Anderson,

ayor of Thornaby: Lieut.-Col. J. G. S, Davies, Bolckow,
Vaughan, and Co,; Major Ropner, and Mr. Thomas Wrightson,
M.P. Mr. Wm. Hanson, of the Newport Ironworks, was
appointed chairman, and the Mayor of Darlington treasurer.

he engineering and ironfounding industries are maintaining
the improvement that has been recently noted. Another consider-
able order for locomotives has been placed in this district, and
generally the prospects in this branch are very fair, Gnmpiainta
continue to be made of the scarcity of trucks on the North-
Eastern-Railway, notwithstanding that the coal trade is much less
brisk than it was. At the annual meeting of the Middlesbrough
Chamber of Commerce an ironmaster said his firm bad to ship
their iron, as they could not get trucks to convey it inland. When
they asked for twenty trucks they got five. No doubt they asked
for more than they really required, in order to get something like
the number they wanttd’. e President said that so long as they
sent coke to the furnaces in coal wagons, the supply could not be
considered satisfactory. The company have ordered 2000 new
wagons, but it is contended in the district that this is not nearly
enough to meet the needs of their district.

The death took place a few days ago of Mr. John Readhead, of
South Shields, a well-known shipbuilder., He was tha&rjnci 1 of
the firm of Messrs, John Readhead and Sons, West 'k, South
Shields. The business was established in 1865, and was carried on
for years by Messrs. Readhead and Softley. When the Ea.rtner-
ship was dissolved Mr. Readhead continued to conduct the business
as an engineer, boilermaker, and shipbuilder. The ﬂhiihui]ding
yard is now very extensive, and includes a graving dock, &c. The
firm construct all their own engines and boilers, and employ over
1300 bands in the various de ents, The late Mr. head
took his sons into partnership a few years ago, all of them being
practical men,

NOTES FROM SCOTLAND,
(From our own Correspondent.)

THERE has been a considerable business in the pig iron market,
At the beginning of the week an easier feeling prevailed, but the
market subsequently improved and a large quantity of warrants
changed hands. Scotch warrants sold from 42s. 114d. to 4ds. 2d.
cash ; Cleveland, 36s, to 36s, 2d.; and Cumberland hematite, 45s.
to 45s. 14d. Middlesbrough hematite was done from dds, 6d. to
44s. 7hd. cash, being afterwards quoted at 44s. 43d. cash buyers,

The market prices of makers’ pig iron are as follow :—G.M.B.,
f.o.b. at Glasgow, No. 1, 44s. 3d. per ton ; No, 3, 43s. 3d.; Carn-
broe, No. 1, 46s.; No. 8, 45s.; Clyde, No. 1, 49s. 6d.; No. 3,
46s. 6d.; Gartsherrie, No. 1, 61s.; No. 3, 47s. 6d.; Summerlee,
No. 1, 53s.; No. 3, 48s.; Coltness, No. 1, btis. 6d.; No, 3, 5ls.;
Calder, No. 1, 52s.; No. 3, 48s.; Glengarnock, at Ardrossan,
No. 3, 47s, 6d. ; Ila]mullingon, No. 1, 47s.; No, 3, 45s.; Igillint.un,
No. 1, 46s, 6d.; No. 3, 45s.; Shotts, at Leith, No. 1, . 6d.;

rts in the past week

No. 3, b0s,

The shipments of pig iron from Scottish
amounted to 6425 tons, compared with 8639 in the corresponding
week of last year. There was dispatched to France 451 tons,
Germany 380, Australia 360, India 113, United States 25, Italy 50,
Holland 80, Spain and Belgium 40 each, China 50, other countries
305, the coastwise shipments being 4551 tons, against 3382 in the
same week of 1893,

There are 65 furnaces in blast, as compared with 69 at this time
last year, and of the total 30 are producing ordinary and special
brands, 23 hematite, and three basic iron. As many of the
furnaces were improved during the time they were out towards the
end of last year, it may be taken for granted that the aggregate
output of pig iron is now about as large as it was twelve months
ago, and t{;era is a prospect of it becoming greater soon. Several
of the special brands are still practically out of the market, and
for the better class of iron it is thonght that good prices will con-
tinue to be obtained. The consumption of hematite pig goes on
increasing, but as the supplies are well kept up, and the competi-
tion between English and Scotch makers fairly active, prices
scarcely show any movement. The tendency, such as it is, indi-
cates a little more strength.

In the steel trade there is very little change to note, but it is
satisfactory to be able to say that whatever variation has occurred
bas been in a favourable direction. The demand on the part of
home consumers is steadily expanding, and is chiefly for mild
steel to be used in nhip‘huildinﬁ; Of this material very large
quantities will be required, but the cnracit}r of the works is so
great that it is thought all demands will be readily met at reason-
able if not moderate prices.

The finished iron trade is still in a somewhat halting condition,
Both the home and export branches are lacking in firmness,
Makers are not without hope, however, that an early revival may
be experienced.

The shipments of manufactured goods from Glasgow in the

t week included locomotives worth £1500, sewing machines
Bﬁ.mo, general machinery £13,740, steel goods £13,048, and mis-
cellaneous iron goods £28,6350.

The coal trade is displaying a considerable amount of weakness
in various directions. Merchants have been disappointed with
continental business, and they are holding back on account of the
markets abroad being so well supplied that fairly remunerative
prices are practically unobtainable. The past week's coal ship-
ments are 11,000 tons better than in the corresponding week of
1893. Compared with the preceding week, however, they show a
decrease of 13,848 tons, At the same time, the decrease has been
quite recent, for in the past ten weeks of the current half-year the
shipments of coals from the whole of the Scottish ports show an
incrense of 202,376 tons. Prices are easier, the quotations at
Glasgow harbour being as follows :—Main, 7s. 3d. to 7s, 6d.; ell
and splint, 8s, 3d. to 8s. 6d.; and steam, 9s, 3d. to 9s, 6d. per ton.

NOTES FROM GERMANY.

(From our own Correspondent.)

THE reports that come in from the various iron markets state
that a more hopeful feeling prevails, not only in the finished iron
trades, but also in the pig iron department, A fairly steady tone
generally characterises prices ; for some specially favoured articles
quotations have even been slightly raised.

On the Silesian iron market the tone of business this week is less
despondent than it has been during previous weeks; indeed, it may
he said that there iz some imgm?ament noticeable, which is partly
caused by the more favourable prospects regarding the German-
Russian commercial tariff. There is decidedly more doing in the
pig iron department, forge and foundry, pig being in lively request,
In the malleable iron trade bars and sheets meet with a fairly
inquiry, while plates remain neglected. There is also not much
doing in the steel trade, and quotations remain depressed.

Foundries as well as wire mills are again in satisfactory employ-
ment, orders coming in regularly. At the Tarnowitz lronworks
another blast furnace will be blown in next week. Only a moderate
amount of business has been done this week on the Austro-
Hupgarian iron market, but as producers are generally well
situated for contracts, prices bave been well maintained and the
position of the trade may be considered as fairly satisfactory. In
the malleable iron department the demand for bars and plates has
considerably decreased ; prices are fluctuating. Girders have been
reported in somewhat better request,

Th;]iirun ti;?m in France continues to be '.iln a qt:ri:; fI:ntlt.
generally satisfactory position, Pig iron is regularly inqui or,
and the finished iron m steel m:fuhctmu are also doing fairly
well. The condition of prices is reported to be a pretty favourable
one, considerable firmness being exhibited in almost all branches.
On the Belgian iron market the slight improvement which had
been noticeable here and there during the last weeks has

without having in any way influenced prices. On the
contrary, there is again much depression noticeable in quotations,
makers l':naing compelled to grant concessions if they wish to get
their order-books filled.

At a recent tendering for 105 freight cars 42 were offered
at 3200f., another lot of 42 was offered at 3280f., while for
the remaining 21 3300f, were asked; in November, 1801, a
similar order was given out at 6500f., which shows a difference of
about 50 per cent. There is not much business doing on foreign
account at the present moment. In the be{uning of the year
there were rather more orders coming from abroad, the returns
for January showing an increase in export for almost all articles.

On the Rhenish-Westphalian iron market the business that is at
present being transacted in the iron and steel trade is but small,
although inquiries are coming forward more freely, es ly in
the finished iron department. Prices are, on the whole, pretty
firm. The shipbuilding and engineering industries are but irregu-
larly emplu}’m; just now, but they will soon improve to some
extent, as a large volume of business is ex in the ning
of next quarter. For pig iron there is but a moderate demand
coming forward, but prices are, with few exceptions, pretty firmly
maintained. There i1s nothing specially interesting to note con-
cerning the different sorts of pig iron ; the belief is erally
entertained that a further stiffening in prices will soon take place.

The finished iron and steel manufacturers report only a small
amount of orders to be coming in, while the condition of prices is
universally complained of. rs are in quiet request. cept a
fair inquiry on home account, there has also been but little doing
in the girder trade during the week, and prices are still very low,
and in no proportion to those of the raw materials. The same
may be tﬂltf of hoops, which continue in dull request ; if the prices
for that article have not changed, it is simply because they cannot
possibly go down further, while an improvement is quite out of the
question under present circumstances., A fair activity is being
maintained at the plate and sheet mills ; and although there have
been but few orders of importance coming in lately, demand and
inquiry are considered as pretty satisfactory, and decidedly better
than present notations, which in most cases leave almost no prof.t.
The wire trade remains neglected, both drawn wire and wire nails
being weekly called for. Business in the iron and steel trade con-
tinues extremely dull, and quotations are still much depressed.
Just recently some rail orders have been secured, but the prices
stipulated are far from satisfactory. An order for 6000 t. rails for
the Dutch railways has been secured by l{mip, Essen, at 50 florins,
free Amsterdam. The rolling stock for the Anatolian railways
has likewise been granted to Rhenish, Westphalian works,

The value of mining products which Germany exported during
the year 1893 was, in million marks:—

Erport,

1898, 1802,
Coal mnd colcl .a oo sii vaw n s teav AERAT i Jean 2ELA
Iron and iron manufactured goods .. .. 263'2 .. .. 284°4
Ores and precious metals .. .. .. .. 2024 .. .. 2871
Copper and copper ware.. .. .. .. .. 04’8 .. .. 5§62
Zincund zine WaAr® .. .. o2 ex sa . SI'8 ., 32'0
Tinand tinarticles .. .. .. .. s s 47 45
Instruments, machines .. .. .. .. .. 121" .. 1197

Value of import was:—

1808, 1892,
mmﬂ mkﬁ e L - L] L L L] FE'E' L] L gﬁll
Iron and iron manufactured goods .. 321 . 38711
Ores and precious metals .. .. .. .. 29083 «» 8178
Copper and copper ware.. .. .. .. .. 210 . 023
Zincand zinc wWare ,. .. s ss  ss s 6'0 .. 50
Tioandtin wares .. .. i <«c <o o W4 .. .. 1IT0
Instruments, machines .. .. .. .. .. 322 s S2°8

NavaL ExciNEer ArroINTMENTS.—The followin apguintmauia
have been made at the Admiralty :—Engineers : David Peacock,

to the Gannet, to date March 6th ; Charles W. Bolt, to the Snapper,
to date March 9th. Assistant engineer: John Bowing, to the
Hawke, to date March 6th. Probationary assistant engineer :
Raymer Davis, to the Victory, supernumerary, to date March 1st,

THE CIviL AND MECHANICAL ENGINEERS' SOCIETY,—A paper on
the subject of ** Electric Lighting in Country Houses " was read by
theauthor, Mr. Sydney A, Court, A.M.1.C.E., at an ordinary meeting
of the Civil and Mechanical Engineers’ Society held on Thursday,
the 15th inst., at the Society’s rooms in Delahay-street, Westmin-
ster. Commencing with the consideration of the various sources of
power suitable for generating electricity, the author referred to
an interesting installation at the private residence of Mr. H, C,
Brush, in America, where a self-regulating windmill is in use,
charging a huge battery of storage cells, Motive-power derived
from water, gas, and o1l engines was discussed ; and attention
drawn to the necessity for the proper training of the electrician in
charge of works, who, although as a rule in sole charge of plant
and apparatus costing from £1000, is often not paid more than 30s,
a week, while his want of knnwleciga or carelessness in attending
to the storage battery alone—an expensive item—may occasion its
loss in a very short time. The design of small installations was
next considered, and stress laid upon the necessity of their being
under the control of a consulting engineer; who by his inde-
pendent position, and freedom from connection with manufac-
turers and contractors, is able to consider each case strictly on its
local requirements and conditions, Examples of the annnal cost
and working expenses of small installations were given, and atten-
tion drawn to the advisability of using incandescent lamps of high
efficiency, as the doing so effected a considerable economy in the
vearly cost of working.

HuLr ANp DisTRICT INSTITUTION OF ENGINEERS AND NavaL
ARCHITECTS,—On Monday evening, the 5th inst., the members of
this Institution assembled to hear a paper by Mr. W. Pemberton
on ‘* Boiler Management and Inspection.” e lecturer dealt with
the respective systems that are at present in practice, and rule
boiler management and inspection ; how far it was desirable for
the State to interfere with steam users, on the ground of safe
working as a mitigation of loss of life from explosions ; the magni-
tude of the surrounding interests involved, and the best means to
be taken to insure the most efficient and satisfactory system of
management, &e., and the responsibility of issuing certificates of the
safe working pressures. He maintained that existing Boiler In-
surance cpmsamen who had in their employ practical and scientifi-
cally trained Inspectors, and at their head, chief engineers who,
from a varied experience were enabled to deal with the fixing of
pressures in a prompt and considerate spirie, were the most likely
to give satisfaction to steam users generally. By means of

raphical illustrations of the number of boiler explosions and acei-
dents and corresponding death rates for the last forty-three years,
it was shown that systematic inspection by competitive com-
panies was the best means to prevent accidents, The lecturer
upheld that whilst it was desirable that all boilers should
be under inspection, in the interests of efficiency and safety,
steamn users should retain the full control over their boilers, 1n
Erefargnce to compulsory inspection, which would be extremely

arassing ; but at the same time, in cases of explosions and
accidents that could be traced to negligence or ignorance, he would
impose very severe penalties. In conclusion, he ventured to hope
that the further adoption of the conditions that are in force under
the present boiler inspection and insurance companies would benefit
steam users in particular and the nation in general, through the
further minimisation of accidents and consequent loss of life. A

bearty vote of thank :
b Socticia 8 was accorded Mr, Pemberton at the close of
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LAUNCHES AND TRIAL TRIPS.

THE s.8. Maroa, built by Messrs. Wm. Doxford
and Sons, Sunderland, for Messrs. Crow, Rudolf,
and Co., Liverpool, left the Wear on Wednesday
ith, mmpla a satisfactory trial trip, and sailed
for Cardiff on the 8th, where she will load for
Bombay. She has a capacity of 9560 tons dead-
weight.

On the 7th iust, the Montrose Shipbuilding and
Engineering Company launched the remaining
two of six barges named Jupiter and Neptune,
which they have been building to the order of
Mr., Joseph Constant, London. The Company
has just concluded contracts to build three cargo
steamers, 130ft. by 25ft. by 12ft., with engines
with 15in. and 32in. cylinders, with 24in. stroke,

The s.s. Turret Bay, the third vessel of the
turret deck type, built by the patentees, was
launched from their yard at Pallion on Thursday,
the 8th inst. She has been built to the order of
the Guildford Steamship Company — Messrs,
Petersen, Tate, and Co.,, managers. She has a
deadweight capacity of 3800 tons on 19ft. 7in.
draught, with a inm register of about 2200 tons,
and net about 1375, and is fitted with triple-
expansion engines of 23in., 37in., and 60in., by
42in., with two boilers by the builders,
Messrs, Wm. Doxford and Sons. During con-
struction the vessel has been under the special
survey of the British Corporation and Burean
Veritas, and will receive the highest class in both

istries,
n March Sth Messrs, Furness, Withy, and

Co., launched from their shipbuilding works
at Hartlepool a large steel screw steamer,
the Manm , built to the order of Messrs,
Sivewright, n, and Co., of West Hartlepool.

The vessel is a very substantial type of a modern
boat, measuring over 300ft. in length, and
hﬁ' t throughout of Siemens-Martin steel, with a
hma measurement and deadweight capacity, and
built to the highest class at Lloyd’s. To get as
much stre as possible the greater portion of
the shell plating 1s in 24ft. lengths, this platin
being efficiently backed up by strong sectio
framing carrying the strength to the top of the
vessel all fore and aft, the topside plating being
extra thick to withstand the heavy Atlantic trade,
also the bottom plating is thicker in way of all
ballast tanks to allow for the vessel lying aground
whilst taking in cargo. To allow for corrosion
the whole of the weather decks, tank tops, floor
plates, &c., are of extra thickness, there being
y no thin steel in the ship. She has
extra large sized hatchways, which will take the
bulkiest descripton of cargo, and would be especi-
ally suitable for carrying machinery, large guns,
to o boats, &c. A new design of bilge inter-
keelson is fitted in the holds—Sivewright's
tent. By this new arrangement very much of
Eﬂ dunnage and damage to bag cargo is avoided,
there being no pockets or receptacles for loose
grain, coals, dirt, &c., consequently these keelsons
?n be much more %ﬂhpidly c!la:?ﬁn:{) down Jhen
Ccargo. @ vesse e rigged as a
rom“hmmr, and to make her available
or bridge and canal work the topmasts are tele-
scopic. The machinery has been constructed by
Messrs, T. Richardson and Sons, Hartlepool, and
are of the triple-expansion type, with two large
high - pressure single - ended boilers. To get
economy and to prevent condensation of steam
the high-pressure cylinder is jacketed by Morison's
patent arrangement. On leaving the ways the
vessel was named Maoningtry by Mrs. W. J.
Bivewright, wife of the senior partner of the firm.
On Saturday, the 10th inst., Messrs, Wigham,
Richardson, and Co, launched the s.8. New
Londoner from their Neptune Works, Newcastle-
on-Tyne, which they are building to the order of
the Tyne Steam Shipping Company, for their
r service between the Tyne and London.
]FE steamer is 270ft, in length, 334ft. beam, and
18ft. in depth. She has an upright stem and an
elliptical stern, and will be rigged as a three-
masted schooner. She is also amply supplied
with water ballast, having 170 tons. She will
have two complete decks, viz., the main deck and
lower deck, and also a long poop deck. The last
will form a spacious promenade for the first-class
mun, whilst those of the second class will
ve the forecastle,. Numerous improvements in
the nature of the passenger accommodation have
been introduced, which we ex will be much
lm:miatad by intending travellers. The first-
¢ accommodation will be situated amidships,
on the saloon and main decks. On the saloon
deck will be a house containing a ladies’ saloon,
smoke-room, and the staircase leading to the
remainder of the first-class accommodation,
besides the captain’s room and the chart-room.
The ladies’ saloon will be of polished mahogany,
with richly decorated panels. It will have sofas,
swing chairs, mnhoFu.ny tables, mirrors, &e¢., and
the uvpholstery will be of tapestry of an olive
green tonme, with gold-coloured curtains, The
smoking - room, in the same house, will be
upholstered in green morocco leather, with
curtains like those in the ladies’ saloon. Between
these two rooms is situated the entrance to the
ing saloon, the panelling of which will be of
polished teak, and the staircase will be of the
same material, the newal being v
handsomely carved. The dining saloon will
be l.n;. th;d main iT:k, and winll c?n:ut ﬁ:f
it airy saloon, capable of seating
ﬂfa-twu people at dinner at the same time
without any crowding, and containing two
bandsome sideboards and a good piano. This
saloon will be furnished with armchairs, and sofas
with spring backs and seats, which, like those of
the ladies’ room and smoke-room, be con-
verted into very comfortable berths at a moment's

ry here will be of grey
Utrecht velvet with cream coloured hgtr_r
ins, and the walls will be of beautifully
figured oak with tastefully carved panels. The
floor will be covered with thick Axminster ta,
of the dining saloon, and on the same deck,
the first-class state rooms, each contai
y fronted berths, and furnished wi
those in the dining saloon, lavatories,
&e. The upholstery here will be
with curtains like those in the
ng saloon. On the same deck, in the forward
of the ship, is part of the accommodation for
second-class passengers. It will be divided
one for wen, and the other for

i

;
]
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women, as also is the remainder of this aceom-
modation on the lower deck. The woodwork of
all this quarter is to be neatly painted, grained,
and varnished, and the upholstery is to be of
handsome rep. The officers and engineers
will be placed in very comfortable quarters on the
main deck aft, close to the engines, where also
the firemen will be, whilst the sailors will be
berthed on the main deck forward of the second-
class accommodation. The propelling machinery
will consist of a set of very powerful triple ex-

nsion engines, constructed by Messrs, Wigham,

ichardson, and Co., placed aft, and supplied
with steam by three large single-ended multi-
tubular boilers by the same builders, In these
engines all the most improved appliances for
facilitating their working are being provided.
Amongst the other comforts to be provided for
the ngers on board this vessel, may be
mentioned a complete installation of electric
lighting, the dynamo being placed in a con-
venient position in the engine-room, steam heat-
ing throughout, efficient ventilation, electric bells,
and an ice-room of ample size, Attention bas
also been lPaid to the efficient handling of the
ship and of the cargo. For the former, a steam
windlass, steam steering gear, and a warping
winch will be provided ; and for the latter, four
powerful steam cranes, two at the forward hatch
and two at the main hatch. The launch was
witnessed by a large number of visitors, amongst
whom were Alderman Stephens, Stephenson, and
Holmes, Mr. R, Welford, Mr. James Leathart,
Mr. J. T. Dobson, Mr. W. W. Pattinson, and
many others, The vessel was named by Miss
Stephenson, daughter of Alderman W. H.
Stephenson, Newcastle.

THE PATENT JOURNAL.

Condensed from ** The Nluatrated Oficial Journal of
Patenta,"”

Application for Letters Patent.

*.* When patents have been ** communieated™ the
name and address of the communicating party are
printed in italics.

lat Mearch, 1504,

4316. Braces, Bevrs, and the like, T. Barker,
Manchester,

4317. Pxeuvmaric Cycre Serixo, R. Harrington,
Wolverhampton.

4318. ImrrovEDp Tars for Barmers, J. A. West,
Huddersfield.

4319. Rainway Permasest Way, W. D. Hodkinson,
Nottingham.

43§u. HoLpers for Caxpres, W. Godfrey, Notting-
A,

4321. DisrraviNG the Paces of Books, F. E. Suddard,
Germany.

4322, Fruswinag Cisterns of WATER-cLOSETH, R, Holt,
Live 1

4323. Prevesting AccumMvraTtiox of Dusr, P. Hook-
ham and A. Fennings, Birmingham,

4324. TRANSPARENT Puotoararns, J. C. Bhannon, Bir-

minﬁhn.m.

4325. ErecTro-DErOSITION of Arvsasivm, A, H. Harris,
Birmingham.,

4326, Imvrovep Lasmrs, T. Bamber and O, Bamber,
Acerington.

4327. HanpLE for Rearine MacHiINES, 8. Peace and
Sons, Sheflield.

4328, PyevmaTic CyLinpERs, W. F. and W. A. Garbutt,
Gateshead-on-Tyne.

4320. Casivo BoiLers, W. G. Todd and A. Borchert,
Birmingham,

4330, MaTcH-STRIKER to be Fixep on UMBRELLAS,
W. F. Garbutt and W. A. Garbutt, Gateshead-on-
Tyne,

-IESIF.nFAHﬂ:Hln for Sunsrapes, C. A. Plenning, Man-
chester.

4332. 8BicaT-rEED Lusricators, W. H. White, Man-
chester,

4383. Evecrric LiaatT Frrmiscs, W. H. Johnson,
Bournemouth,

4334. Conxveving Materiar, A. T. Fletcher and M.
Graham, London.

4335. Propucivo ALuMINIUM, J, Stuart and J. Mason,
London.

4386. ArrarAaTUS for MEasURING Liguips, J. Tabtel,
Berlin.

4337. Pxevmaric Beps for Suirs, &c., 8. Dawes,
Rugeley.

4838. BorizostaL SBirming Macming, W. Bubge,
London.

4389, Comrressgp Air Moror, A. W, 0. Hampe,
London.

4340. Honrsesuoes, W. L. Wise.—(R. Zapyy, Germany.)

4341. Maxuracture of Ammoxia, &c., Fouler,
London.

4342. ImproveD Latis for RorLer Brixps, C. Chipps,

London.
4348. Frower-ror and Bavce Coven, J. R. Collins,

London.
&c., Tuses, J. E. Amold,

4344. BroxcroTOMY,
London.

4845. Mecnanism for BEwing Macmines, V. Witte,
Lendon. ;

4346. Puorocravming in Covours, F, Slavin and 8,
Pollastrini, London.

4347. Daxcer Siosars for Mives, F. Slavin and 8.
Pollastrini, London.

4348. Boors for Smor Wispow Daeessivg, J, Hill,
London.

4349. Rork Cuecks for Winpvow Brisps, P. Robertson,
London.

4850. Arranratvusfor ConpENsING WATER, A. Normandy,
London,

4851. MaNUFACTURING PxEUMATIC Tines, C. K. Welch,
London.

4852, Race Bavr Bearixc for Cvores, F. Haselock,
London.

4353. Re-rropvcens of Proxoorarns, A. W. Carter,
London.

4354. Carwoxacrovs FiLtering Mepia, J. Wetter.—
(M. Weinrich, United States.)

4355. Warer CincuratioN in Houses, A. W, Hussey
and 8, W. Kelsey, London. .

4856, CLizomeTen, T. Oblein, A. W. and V., E. Hall,
London.

4857. Proseotines or Torpepoes, L. Gathmann,
London.

4358, ProtectinG the Backs of Books, G, B. Hayward,
London.

4850. Arramatus for Lirmisa Weiours, W, Seeling,
London. :

4360. Improven Burrorts for Pires, J. N, Greenhall,
London.

4861. Covrriwos for Rainway Venicres, L. A. Beck-
mann, London,

4862. Drawing Ligoor, F. H. and H. Nalder, C. W. 8,
Crawley, and A. Soames, London. \

4368. SHArRPENING the BLapes of SHEARs, &c, N, L.
Willard, London.

4364. Pepar Craxx for Bicvcres, &c¢,, H. P. Boyd,
London. _

4865. Fne Currnive Macmises, J. Boeche, jun,,
London.

4866. Dyxamo-prectrRic Macmises, A. J. Boult.—
(Coapagnie de ' Industrie Eleclrique, Satzerland.)

4367, Framss of Bicycies and the like, C. Binks,

Liv L
4368, 'munm:: for SHARPENING Scissons, M. Barr,
Manchester,

4360. Tvee, E., 8. Biggins and H. C. Jenkins,
London.

4870, Arraratus for Comkina Borrres, A. Hindle,
Manchester, |

4871. CarvBoArRDp Boxes, A. J. Boult.— (€. Duvid and
Eon, Avaslrin.)

4372. Hooxks for Lavies’ Dresses, M. A. Keeliog,
London,

4878. Corourinc Matrers, H. E. Newton.— (The Far-
benfabrikben vormals Friedrich Bayer and Co., Ger-
many.)

4874, ImproveEp DPerrorevm Lawes, P. DBonnet,
London,

4875. Roap Locomorives, T. L. Aveling, London.

4376. Nionr-Licuts, H. Palmer and E. Spain, London.

4877. Coastrucring Fire-rroor Froors, R. Astley,
London. -
4378. Manuractvre of Steer Fiues, J. Smillie,

London.

4379. Imrrovep Bep Tasre and Rest, C. J. Stocker,
London.

4380, Wasmixa Coar, W. O Wood and C. Burnett,
London.

4381, VENTIIATING
London,

4882, Pickerivae Homrses, H. R. Newburgh.-Stewart,
London.

4888, Coxxecrixe Draiss to Leap Prees, A. T.
Carley, London.

4384, Lamrs for Heamino Purroses, A. T. Carley,

London,

4385, RexperiNG Brock Ice Sgvemrasig, H. V. W‘,
London.

4886. TrassmitTiNG the Power of Aimr, A. Heupel,
London,

4887, Trace ArracaMesTts, G. G. M. Hardingham —
(E. C. Hawkskar, India.)

4388, StmiNoEp IssTrRoMeNTs, &c., H. Lindemann,
London .

Grins or Gramings, C. Kite,

2id March, 1804,

4380, INLET VexTiLATOR for Sewens, M. Martin, East-
bourne,

4390. Trrrive Bucker for Coars, &c¢ , W. T. Andrews,
London,

4301, Presgrvation of Lime, &c., Juices, J. B, Rose,
London.

4302, InsTRUMENT KEvs for the Buinp, W. R. Larkins,
Bromley. !

4303, SrriNG Tires for Cvores and VERICLES, J, Barlow,
Nottingham.

4394. Carpivo Excixes, J. Haley, G. Blamires, 8.
Jackson, and H. E. Et:ngwn Halifax.

4305, Boxes for BorrLes, J. Nall, Halifax.

4306, Froom-crotns, J. 8, Farmer and H. L. and 1. H.
Storey, Manchester.

4397, Toy, A. Roberts, Manchester,

4808, PwevsmaTic Tire for Bicvores, W. F. Bowen,
Bolton,

4800, Gas Lamrs, R. Brown, Bradford.

4400, BoiLers, F. and A. Craven, W. and F. Pinder,
and P. H. Stansfield, Bradford.

4401. Smow case for PHorogral vs, &c , J. Hetherton,
York.

4402. An Erectriciry Meter, H. G. Rea, Richmond,

Hurr;y.

4408. Winvow WeicaTs, J. Clegg and G. Parkinson,

H'I:ﬂckpurl:.

4404. Fuer Ecoxomisgr and Water Heater, J.
Pimbley, Lancashire.

4405, TwisT-LACE MacHines, F. R. Radford, J. Cults,
jun., and W. Parker, Notttingham,

4406. View Fisper with Rrmovasie Mirror, W.
Tylar, Birmingham,

4407. TueatrRe Cuairs, A. R. Dean, Bi s,

4408, GasvionT Sprreaper, T. B, Jack, London.

4400. Reservorr Pexs, E. L. Blake, R. H. Platt, and
8. lor, Manchester.

4410, ATER-CLOSET CisTeErys, G. Hunt and D,
Sutcliffe, Burnley.

4411. ApsustaBLe SuneniNe Excruper, E. Johnson,
Stockton-on-Tees.

4412, Warer-tupe Boner ATTacHMERT, W. Marriott,

G:mm.

4413, ARY Steam, Air, or WaTeErR Moror, R. C.
Mollon, Exeter.

4414. Wueers for Maxuvre DistrigvToRs, W. Ander-

son, Glasgow,

4415. Sarery VaLve for Kitcpexy BoiLers, W. Parker,
London.

4416, Har Svepexper, H. Wilkins and T. Vaun, Bir-
mingham,

1417. Fiuino of Parers and DocvmesTts, H. 8, Perkins,
London,

4418, Camxey Cowrs, W, McCaig, Glasgow,

4419. Merrop of Fastenino Exverores, E. J. Lloyd,
Tondon,

4420. CoxstrUcTiON of IRON WaATER Pires, W. Moore,
London,

4421. AxLE Grir and Srrixe Pratrors, J. Wicks,
London.

4422, LireE-saviNG ArrLIANCES, T. W. Bewers and A.
Glaser, London.

4423. PrEraraTiON of Hyprocew, R. Wolffenstein,
London.

4424, MetHop of Hixcive MeTAL GRATES to Brong-
waARE GuLLies, J. Duckett and Son and A. Duckett,
London, :

4425, Braces for Tumsixa Birs, E. Alpaugh, Bir-
mingham.

4424. O1L Excines, J. P. Lea, London.

4427, MovaeLe Dorry SvsrespEr, A. 8. Anderson,
Neweastle on-Tyne.

4428, Mixiya Macmises, W. G. G. Bharp and W.
Sharp and Sons, London,

4420, ELECTRICAL SwitcH MANUFACTURE, A. Metzger,
London.

4430. Air Prorevpers, C. Groombridge and W. A.
South, London.

4431. Pap Fraues, W. W, Bmith and W. W. Smith and
Co., London.

4432, PortaprLe Mup Guarp for Cyores, B. Hobbs,
London,

4433, TraxsiT Evaroratonr for BaccHarINE, J. McNiel,
Glasgow,

4434, ArraraTyus for Coarving BrEamers, A, Thomson,
Glasgow,

44856, Durcn Ovexs, W. J. Porter, Bim‘ml}i‘:lnm'

4436, Rouxp Bars for FIRE-ORATES, G, P, enbroich,
London.

4437. Cruers, J. Crombie, London,

4488, Lock-stitcn Sewine Macuines, J. Graham,
London.

4430, BoiLer Funxaces, 8. Bond and J. Pickerill,
London.,

4440, CravAT FastExers, P, d'Espagnat, London.

4441. CoxstreerioN of Grass Roors, &c, 8. Deards,
London.

4442. Arrriasce for CormivaTiNg Lasp, €. A. Ash,
London.

4448, ArraraTus for StEEmiNG, &c., SHIPs, G. Sollitt,
London.

4441. MaxvracTure of FeLt Hate and Cars, R. Forge,
London,

4445, Rams, J. Molas, London.

4440, Mowixo and Rearixa Macmines, 8. B. Bamford,
London.

4447. Draix Pire Burrort, H. C. Jury ard H. E.
Cockell, London.

4448. MeTarric Burrons, G. F. Cotton, London.

4449. Texsiox or BusrexsioNn Waeers, C. K. Welch,

London.

#450. Porismivoe Preciovs Srtoxes, A. Neydeck,
London.

4451, BavsacE-riLLixc Macumines, W. Echeffel, Ger-
many.

4452, Nars, Tacks, and Scruws, A. T. Fullicks, Great

Marlow,

4453, Praxmine Macmxes, G. and A. E. Watson and
A. McLaren, London.

4454, Prartes for Mezzonint Exoravive, It 8, Clouston,
London.

4405, WHinLs for BoLe Sewixne Macuixes, F. W. Farr,
Loudon.

4456, PrevexTiNg Tines from Puscrure, H. Foster,
London.

4457, Geyser Heamixa Arparatus, J. Winterflood,
London.

1458. A1r Boors and Suors, W. Howard, London.

4450, BaLts, 8, B. Boulton, T. B. Heywood, H. E.
Boulton, and H. Fergusson, London. |

4460. CoLour so Martiers, O. Imray.—(The Sociely of
Chemical Indwatry in Basle, Switzerland.)

4461. Recerracres for PreserviNGg Jam, A. Fjolstrup,
London.

4462. Macmises for Currinag Grass, T. Eichhorn,

London.
4468, DEroT for Exrosing BampLe Goops, H. Bristow,

London.
4404, VESSELS Boswxeg Liguips, F. Chavand,

London.

for
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4465. Power TiL1ep Macmise Hamuer, C, Marshall,
Wakefield.

4466. Varves for Pxgunartic Tyres, R, Harrington and
J. W. Holland, London.

4467. Comprsep Hyciexic Dovcme, &c., M. Herbert,
Nottingham

4468. Gas Geseraton, H. and 8. H. Hawkins, Ports-
mouth,

4460. DaeBiva DBrusnes, J. P. Heaton, J. H. Beaver,
and A. Bailey, Keighley.

4470. AriTamomeTERS, J. Williams, Keighley.

4471. Cax Orexer, T. Littlehales, Birmingham.

4472. Erectrorytic Processes, T. Parker, Wolver-
hampton.

4478. Macxeric Comprass, W. J. Turner, London,

1474. Fastesivas for Groves, &c, T. Banford, Bir-
mingham,

4475, Bewino Macmises, D. Jones, Birmingham.

HMHEIDI PraTE, &c., for Locks, J. Waine, Willen-

4477. Avtomatic Reouvrator, J. and T. Hesketh,
Blackpool.

4478. FLvers of BLuspine Frames, G. Paley, Preston.

4479. Foc-sioNALLING APPARATUS, W, A. and G. A.
Stephens, London.

4480, SareTy RecerracLe, F. Taylor, Manchester

44581. Treative Dyep Texmice Fasrics, A. Droew,
Burnley.

4482, Horse-maik Crotu for Garrers, &c., W. Avmcs
and H. W. Loads, Norwich.

4483. DetacnasLe RerLector for Lames, J. A.
Hartley, Daubhill, near Bolton.

4484. ErLecTtro-mMacoNETICc BwitcHine, G. Michaelson,
Berlin.

1485, CorrecTioN of an Evectric Bein ,G. Michael-
son, Berlin,

4486, Mexvu Canps, Proorammes, &c., T. Mason,
London.

4487, Curtaixy Rops, E. H. Heideloff, Edinburgh.

4488. TiLrs for RecisTERING PavMENTs, J. Baker, Bir-
mingham.

4489, gtmmcu. OreraTiNg CuAlrs, H, G. Leisenring,
London.

4400. Cammsey Tors, G. Housden and F. J. Puteman,
London.

4491. Scuice Varves, R. Blakeborough, Brighouse,

4492. Basma-sars for Grass Roors, H. C, Lassam,
London.

4408. Parer Fastexers, A, W. Montgomery-Moore,
London.

4404, EEW‘TI FE.H.HIH. G. P?*u ﬁdﬂm' Glasgow,

4495, ms, J. Gregson, .

4406, R:m&:aannn Burter, LArD, &c., J. C. Reese,

ﬂl.n.ﬂﬁow.

4407. Bevtivg, J. Tullis, jun., Glasgow.

4408, CeNTRIFUGAL MacHines, J. Laidlaw, Glasgow.

4499. REvERsiNg Gean for WasHine Macaives, J. W.
Crabtree. Bradford.

4500. Vevocirepe Tires, E. A, Gerard and A. J. Picon,
London.

4501. Pocker for Breecues or Trovsers, H. J. Tautz,
London.

4502, O1L Stoves, J. H, Ross, Birmingham,

4508. Water Pires, 8. W. Meyer, :

4504. Gas Mevers, W. J. Warner and W. Cowan,

ﬂhﬁw.

4505. ComrosiTion for VaArRNisHING or PoLisming, J. 8,
Macarthur, Glasgow.

4506. TrEaTIXG and Urinisisc Gases, R. Dunlop,
Glasgow.

4507. Ovex Dism Staxp, D, Lewis and F. W. Oaten,
Cardiff.

4508, MeTaLLic Buckers, C. W. Roberts and E. A and
D. W. Cooper, Birmingham,

4500, BuockLes for Braces, &c., H. Halladay, Bir-
mingham.

4510. %oo'r and Suoe Fastexer, E. A Mepham,
London.

4511. Wixpows, A. E. Wynn, te.

4512. CosstrucTiox of Sprixe Hooks and SwiveLs, P.
Bull Walsall.

4518. Bicvore Ting, A. Meyer and F. W, Klipper,
London.

4514. ParER - MAKING MacuiNery, D. N, Bertram,
Glasgow.

4515, Eom Door for Carriaces, R. K. Wood,
Oldham.

4516, GoLr Crum, W, and D. Auchterlonie and A. W,
Crosthwaite, St. Andrew's,

4517. SToves for HEATING Purroses, J. G. Calvert,
London.

4518. ArparaTUs for Rearivo Cuickens, C. E, Hear-
son, London.

4519, LicuTine and Hearixa Apraratus, J. F. Foveaux,
London.

4520. BLiver Cans and Miuk Caurxs, J. W. Mills,
London.

4521, TurpiNes and CexTrirvoaL Pomres, G. T. SBeydel,
London.

4522, EvectricAL Crocks, A. J. Boult.— (H. Campicl+,
Swcifzeriand.)

4523, Ixrratiox of FoorsaLps, &e¢., R. W. Francomb,
Liverpool.

4524, MEcuANICAL STOKERS and Fire-sans, A, T, Cass,
Manchester.

4525. Kiuxs for Bursixa Bricks, W. P. SBheppard,
London.

4526, MetTaLLic Roorine Tives, W, P. Thompson.—(F.
and T. Koch, Ernum;fy.}

4527. BTRAIGHT-BAR KMITTING FRAMEs, G. A. Cmat-

25 Fapoun Bara K C. H. Coles, London.
4528, Varour Bate KerTLE, C. H.
i‘.c.. J. McKay,

4520, ArrrLiaNcE for IxsipE of Hars,
London.

4580, VExTILATING ArPLiANcES, J. Chadwick and E. J.
Preston, London.

4531. Fixixo Srtraxps for Gorr CappiE-pacs, J. W,
Price, London.

4582, LusnicaTons, W, Grimes, London.

45388. MouLps for Castiva Compouxp Ixcots, T. Harmyp-
ton, Shefficld.

4584. FryeEns for Srusmxe Frames, J. Sparks and J.
Moorhouse, Manchester,

4585 Varves for Pxeomatic Tires, N, Knowles and

W. Philipson, London.
45686. Corrox Srixnens, T. Perks, W. E. Perks, and E.

Perks, Birmingham.

4587. MaxvuracTURE of B T. Bradlord, London.,

4588, Lame Kiuxs, J. Hall, London.

4589 Joixt for ﬁllﬂ, W. Dieselhorst and Siemers
Brothers and Co., London.

4540. Coxtact Bams, Siemens Brothers and Co.—

(Messrs. Siemens and Halske, Errmnnré) ———
. H. ey,

4541. Waeeers for VELOCIPEDES,
London.

4542. Masvractvre of Corovmixe MarrEr, R. E.
Evans, London.

4548. BuoxeLess Exrrosive Courounn, E, de Poorter,
A. Walton, and T. H. Andreal, London.

1544, .ﬁ.l;t-{:m. M. Pulvermann.—(F. Langenkan, &' r-
FrLERTL BF .

4045, BeLrows, J. J. Harvey, London,

4546, Hn::mnmu of Twist Lace, &c., E. Cope,
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547, Varve for REGuLATING STEAM TRAPS, W. Burley,
4348. Sumsmitures for Burrer and Larp, J. Raschen,

4540, Evarorarivg Liquips, W, Smethurst and The
Smokeless Heat and Light Syndicate, LA,, London
ﬂij;linmm of Ones, P. M, Justice.— (. F, Ayton,

4551, AntiriciaL Fries for Fismivo, W, and J. J. Hardy,
l&?:.ﬁdl'!::ml for Hoipiva Liquins, J. 8. Wood,
4558. DousLE Boarp for Pranoronre, O, von Straalen,

4554, Terernony, C. A. Randall. London.
1556, Warcn Protecrors, W, F. Smith and G. Harm n,

1556, ProvecriNe MacuiNes, W, F. Smith and G. Har-

lnu* London,

‘:: ;mm]: and ScrewiNe Macuives, F. H. Royce,

] 1IELD GuN-moUNTING2, H. H, L . .
m""‘ hm } i Il-k‘ '—{J. 8 G A

4550, Cartripaes, C. Bonnardeanx, London.

1500, BrorreriNG and OrENING BorrLes, C. A. Dainesi,
London.

1561. Looms, H. 8chilrmann, German

4502. Brantivg CarRIAGES, A. de la !{nnhuluut-amuﬂ.
London.

1563. Curaviva Borrees, T. Wendling, London.

Gth March, 1894,

4564. Borvers for Ramuway Purroses, C.
Sheffield.

4565. Rivg Gour, F. Kinloch, Edinburgh.

4566, Warerrroor LeccinNes, J. Salisbury, Barrow-in-

Walton,

Furness
4567, Curring-or¥ the Heaps of Bovurs, L. E. Clark,
London.,
Hﬁﬂt;l! Ell.fuun Ksittine Macmines, W. I. James,
1569. Poacuer and Turer Scarer, G. R. Bray'shay,

South Wales
4570, Cuarrs, T, Ashman, Frome.
15?;31. BorrLe-riLLio MacmINg, A. Niel and J, Coats,
w.
1572, TeverioNic Transwmitrers, C Adams-Randall
Londo 0 ‘

n.
HE!. Maxvracture of Cauvstic Sopa, W. Garroway,
w.
4574. VarLves for Pxeumaric Tires, F. Creasse .
tingham. ' g
4575, Ececrricar Taamways, E. E. Vaughton, Bir-
;nl ham.
4576, Automaric CaxpLE Hovpers, J. Farm d J.
¥ g o T
5 KING BorrLes in S8ririT Staxps, &o., M. W.
ﬁulmnTn, unuthu&. g
(] RAINING Horses to Ster, J. A. by
Elliott, Lancashire. A and O
4579, ;ml.. Tﬂﬂ' G. ‘}?right, Bheflield.
1580, Excrupivag Dost from AXLE Bo R. Hyde
e s niae oy
1 LE-BARS for CycrLes, W. P. Theermann, W.
Crookell, and G. C. Elliott, Manchester.
4582. IxviaToms for Cvcres, W. P. Theermann, W.
mﬂmﬂknﬂ. and %ﬁ Elliott, Manchester,
ECURING DLES to Broo W. H. Haslam,
‘;mghutcr i ;
k. INDIA-RUBBER SorLvTion INseEcTO W. Bown
- a;.;ll:l Bﬂ ﬂlpu::u. Birmh;ghnm. "
. BRAKE PARATUS for Roap VeHI y
“i‘“&’hﬂhﬂh f cLEs, G, Peet,
oL¥ Hore for use on Lawwns, M. W. Skinner,
R :
i. StEERING MecHawism of Canoms, H. Ha
Scarborougls. e
4588. Makixa Caxs, J. Banbury, Oxfordshire.
4580. Meaxs of InLuvminaTiNG Crocks, 8. Goldstone,
Manchester,
4500. Fivivo Cases, C. Chivers, London.
4%01. Cookiva Raxoes, T. Bamforth, Glasgow.,
4592, Leap Weicur, J. H. Allcock, Redditch.
4503, WneeLs for RoLLine Stock, R. N. D. Bruce and
A. Norton, London.
4504, Bip and Stor Cocks for Warer, J. H. Jefferies,
Wolverhampton.
4595. Tracriox Exoiye Wueers, 1. W. Boulton, Ash-
ton-under-Lyne.
4596. Hypmavric Locomorive Exarsg, A. E. L.
Lheurcux-Bouron, France,
4507, TevLescoric Bionrs for ORpNANCE, L. K. Scott,
Farnborough,
4508, CrLEANiNG Minens' Savery Lavrs, B. H, Halstead
and L. Kershaw, London
4509, Process for Iwprovizg Mustarp, J. Bland,
London.
4600. Ovexs, R, Poore, London.
4601. CountErBALANCE BLiND-cORD HoLDER, J. Court,
London.
4602, PHOTOGRAPHIC

Hawkins,
London.

4603. Dmivine Beurs, T. H. Wainwright and G. A.
Williams, Liverpool

4604. SHIRTS, L. Adler, London.

4605. Famgics, E. de Puss.—(J. €. McLauchlin and A.
A, Hand, United States.)

4600. SexsiTivE Prates and Fioms, C. E. Pettitt,
London.

4607. Brake ArparaTos for Rarnwava, R, Mitchell,
London.

4608, Bagcaok BappLE and Packing Strars,J. Murphy,
London

4809, Maxvracrorivoe HoLvow Merar Goops, F. Andd,
London,

4610. TEMrERATURE REcvraTing Device, E. F. Moy,
London.

4611. Bream Tursine Waeer, E. Beger, Loudon.

4612, BurrortiNng Winpows, H. C. Willings and E.
Eaton, London.

4613. Pyevmaric Tires, G. C Bond and F. Baddler,
London,

4614, Skare and Gorring BoLe Fasresivas, F, W.
Hilliard, London.

4615. Prevestivg WaTER Prres Bunrstivg, W. Flavell,
London,

4016, Prateny Printivg Macnines, 8, Thacker, London.

4617. Rore Grirs for Havrace Porroses, J. H. Craven,
London.

4618. Baskers for Doos and other Awimars, A. M. V.
Clavering, London.

4610, SkeLETON PAcKiNG Cases and Crates, H. Sutton,
London.

4620. SaiLs and Masms of Vessers, G. B. Vassallo,
London.

4621. Larcuss, T. E. Boonar, London.

3, Arraratus for PoriryiNo Liguips, R. Andrew,
London.

4623, Caimyeys and VextTivaTing Snarms, T. Lishman,
London,

4624 Cvore Hanpre Bars, C. A. Jensen.—(F. Hof-
meialer, Gerinany.)

4625, Wueer Tires for Vevocirenes, F. T. Moison,
lL.ondon,

4626. An Exrprosive ComrosiTioN, A. Maurette,
London.

1627, Maxuvracrvre of Paoroomaraic Fiums, T. H.
Blair and The European Blair Camera Company, Ld.,
London,

4628, CowstrUcTION of CLoTHES Hooks, C. Feldbacher,
London.

4620, Corovrivg MatTERs, H. Imray.—(Baslc Chemical
Works Bindschedler, Switerlamd.)

4680. Cowovming MatrERs, H. lmray —{Basle Chon-
ische, Fabrik Bindschedler, Bwitserlamd.)

4681. Measvrivo Liquips, W. A. G. Schonheyder,
London. | g :
4632. Asuestos CemEnT CovErINgs, H. Kuhnewein,

London.

4083, ““Fernis ' Recreation WaEeL, W, B. Basset,
Londor.

4684. Bumarino, &o., AvimaLs, C. and H. Buﬂn,
London.

Camgras, E. C.
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4635. GarLvanic Barreries, H, Wehmann, London.

4630. PreveENTING Brostaneous Comeustiox of Coat,
H. H. Lake.—(J. H. C. Behnke and The Chemische
Falrik in Biltwarder vorm. Hell and Sthamer A.6G.,
Gerany, )

4637. Buckies, J, Smith and G. B. Fletcher, London.

4685. Ramsing Sunkex Smirs by Air, W. Howard,

X

{ﬂgﬂ Dml;]rrnun Tovy Brickwork, M. L. Tucker,

4640, Pnl..*ﬂun: and Houper, G. A. Oliver, Guild-

ford.
Oeh March, 1504,

1641. Recurarive TenreraTvreof Kiss, G. Reynolds,
Burton-on-Trent

4042, StreETcHER for CARRYINO PERsows, J. H. Boycee,
Sandown.

mLsm ?:H:;luﬂuh of WatEr-cLoser Pass, E. Cotton,

4644. NEEDLE-THREADER, H. C. Davidson, Wrotham.

4645. CurTtaix Hoox, H. C. Davidson, Wrotham.

4646. Locks, J. Kaye and T. Emmott, Bradford.

4647, Erxcrric Lionting, T. R. Burrell and F, Fowkes,
Ambleside,

4648. Manporins, G, M. Tarrant and W. Birkbeck,
London.

4640, VaLves, C. F. Gough, Redhi L

4650. BorrLE SeaLs, G, A Boyden, London.

1G51. Hat SweaT Baxps, &c., W. F. Beardslee, Man-

chester,

4652. Woven Wire Marrnesses, S. 1. Whitfield,
Birmingham,

4653. Bruenes, H. G. Benwell and E. N. Kent,
London.

4654, DravenT Excruver, F. Harrop and W. Boyles,
London,

4655. CoLovrep Mosarcs, 8. M. Collyers, Moreton-

1656, EnaBrivyog Cyornists to Seg Owgcrs BEHIND
Taem, W. P. Theerman, W. Crookell, and G. C,
Elliott, Manchester,

4657 Spears, W. P, Theerman, W, Crookell, and G. C,
Eilliott, Manchester.

4658. Macuine for DistrisuTing Mancre, T. Evaus,
Bristol.

4650, Dovcue, D. Juckson, London.

4660. Wuir HoLpers, G. Sargent, London.

4661. Coar-oas and WaTER-Ggas, A. M. Laine, Belfast.

4662. Fruit Stanp, J. H. R. Paterson, Edinburgh.

4063. PrEParING MacmiNery for Frax, T. J. Porter,
Halifax.

4664. MacmiNes for Fexpine Fisrg, J. Erskine,
Halifax.

4665. Gic or Can Sapore Oursipe Skirt, T. Hill,
Shefheld.

4666. MaiL Cants, &c., E. D. Currall and T. Harris,
Birmingham.

4667 Device for RETaiNiNg Scarves, A. J. Morris,
Birmingham,

4668, DsinvecToR, C. Tyrell, London.

4669. Preparine Heews of Boors, W. H. Dodmun,

Stafford.
4670. Brick Kiwns, 8. Holgate and L. Whittaker,
Liverponl,
4671. WaeerLsarrows, H. Houldsworth, Junior,
Keighley.

4672. Wovexy Wire Marrresses, J. H. Moorhouse,
Manchester.

4678. Burs for Honses, J M. Verity, Leeds.

4674. MixErs' Picks, Hammers, &c., F. J. Hute,
Manchester.

4675. "' VExEErInG " FeLr Hat Bobpies, J. Radcliffe,
Manchester.

4676, Wasa-stanp, W. Wardell, Halifax,

4677. RErLs for Fisnine-rops, G. Bailey, Leeds.

4678. WiNpow - cLeaNive Devices, W. C. Morison,
Lympstone,

4679. Currvixa Sxkinsg, H. Walker and J. J. Wilson,
Leeds,

4680. SurrLvING DisincrusTaNTs to BorLers, J. A,
Morris and W. T. Hatch, Manchester.

4681. WueerLs for Bicvoues, &c., J. L. Corbett,
Glaaﬂaw.

4682. Broap-cast Bowixg Macuines, R. G. Garvie,
Glasgow,

iﬁ%ﬂ. MacuiNne for Bcrewing Stups, A. Green,
oW,

4684. Suoe CLirs for PorTmaNTEAUS, &c., C. Maude,
London.

4685. RorreErs for Winxpow Buisps, F. Bmale,
London.

4686. FastExine GENTLEMAN'S CoLrams, C. Sears,
London,

4657. FasTtENERrs for Boxes, &c., C. A. McEvoy,
London.

4688. Gas Brackems for WaLws, &c., E. Goddard,
London.

4680, Packinc Cuemicar Cowrouxps, J. R. C. Gale
andJ. W, T. Cadett, London.

4690. IurroveEp Boxes for LEtTERs, A. Campbell,
London.

4691. Coxnectizg EvecTrical Circuirs, A. P. and G.
C. Luudbur%. and G. Pegg, London.

4602. Joixts for Pires, J. B, Leclaire and A. E,
Thomine, London.

4603. Sasu Fasteser, E. J. Lording, Westminster,

46904. Haxp CoveErs or Batn Groves, J. H. Nunn,
London.

4605. Knives, G, Sharpe, E. and J. F. Atkinson,
Sheffield.

4696. TesTivg GELATINOUE MATTER, A, Zimmermann,
—(The Chemische Fabrik awS Actien vormals K.
Schoring, Germany,)

4607. TreEAaTING Tissves, A, Zimmermann.,—(J. Ho'fert,
(ferimany.)

4608, Groves for ArrLyiNg Emerocatiox, J. J. Btone,
London.

4690. Aprraratvs for Haxomxa Mais, B, J. Mills.—
(P M. Point, France,)

4700. CoxverTiNGg ORDINARY BurNERrs, L. B. Burnett,
London.

4701. Vevocirepes and other Vemicies, C. A. lves,
London.

4702. Fruip MeTeER and Excive, W. A. Schonheyder,
London,

4703. MeTHOD of FasTENING AProNs, E. Andrew,
London,

4704. Brakes for CvoLes, A. J. Boult. —(H. Rothmann,
Germany.)

4705. Snaring Strirs or Baxps of Feur, E. Gaiser,
London.

47%51. EIILH{'EHIHG ToorLs or INsTRUMENTS, J, Dyson,

v

4707. REmovaL of Froor Boarps, A. H. Bagnold,
London,

4708. ImrroveED CHiMyEYS and the like, J. Chadwick,
London,

4709, BoLpErING Lamrs, W, P. Thompson.—( Ferbecck,
Briquet, and Co., Belgium.)

4710. CvcLe Breemina Locks, G. Bailey and J. E.
Fletcher, London.

4711. Scuoor or similar Brares, J. W. Williams,
London,

4712. Bcanves, &e., W. I'. Thompson.—(E. L. Koch,
Germany )

4713. Tosacco Prres, 8. F. Baint-Jermain Steadman,
London.

4714. Pormsuiza Macmixes, W. P. Thompson.—( T«
Moore Carving Machine Company, Uniled Stales.)

4715. Gas, Air, and Oi. Burxers, R. Pemberton,

0T,

4716, Macmines for Epoixe Nors, G. Dunham,
London.

4717. Dust CorLectors, W. P. Thompson.—(G. &
Wilson, United States.)

4718, JAcQUARD APPARATUS, J. Verdol, London.

4710, PoriricaTioN of Gas, E. Fleischhauer and M.
Bernstein, London,

4720. Overcoars, T. Burberry, Londou.

4721. RoastiNo and Mixivo Correg, &c., A. Pavitt,
London.

722, Croar Horpers and Bumokers, R. D. Gates,
London.

4728, Fine-exTiNguisHers, H, H. Lake.—(. T. Mac-
Lavthlin and J, Nalor, jun., United States.

4724. BECONDARY BaTrERIES, O, March, London.

4725. BorrLe-sToPpERs, H. H. Lake.—(N. F. 1. Hunt,
United Etales )

4720, Prant for Porirvize Warer, H. Riensch,

London.
4727, PurwrviNe Waste Warens, E. H. L. Ostermann,

London,

4728, Drepoixc ArparaTus, R. Haddan.—(C. Guil-
mann, Uniled States )

4720, Unroavino RaiLroap Cams, G. H. Hulett,
Loudon.

4780, Postar Wrarrers, H, E, Hudson, London.

4731, Device for use with Pyxeumaric Tines, J. H,
Tattersall, London.

1782. Hoops of Iscaspescext Gas Borsers, L. K.
Biolim and T. € Crawford, London.

1798, Fax, J. Ettlinger, London.

4784, Bocare-wHEELs, J. C, Fell.—(E. A. Locke, Uniled
States )

4785. Bizocvrars, W, H, Wood, London.

4786, VALVE-GEAR for STEAM Examnes, H. H Lake. —
P. Avnay, Russin )

4737, PreveEsTiNe Friction on Buirs, J. Thomas,
London.

1798, Removixa the Tors of Eaos, A. C. Granville,
London.

4789, Screw 'rorPELLERS, G. F, Redfern. —(C. Meismner,
Germany. )

4740. PortaeLe FLoonivo, E. A, Keen and J. Goddard,
London.

4741, Packing of Tea, J. II. Moore and J. Inger,

London,

4742. PortasLE Foroes, M, M¢hu, London,

1748, DECORTICATION of Praxms, H. H. Lake.—(/. J.
irard, Frnm::.ﬁ

4744. Forsaces, H. H. Lake. —(E. Jolicard, France.)

4745, Feeping Mecuaxiss for Drives, B, Ljungstrom,
London,

4746 RatcHET BRACES, B. Ljungstrom, London.

4747 Varves for Steam Excives, O, Wynn, J. Smith,
aud W, H. R. SBaunders. London.

4748, JeweLLErY, T. W. Offin, jun., London.

4740, Dress Tires, T W, Offin, jun., Loendon.

4750. Boors, T W. Offin, jun., London.

4751, CarriaoE Lames, T. W, Offin, jun., London.

47562, Vevocirenes, P. J. Molliet, London.

47538, MepicivaL MixTure, G. Gale, London.

Tth March, 1894.

754, Arraratus for Ramsizg Laguips, 8. H. Adams,
York.

47556. Groves, F. W. Burnham, Leicester,

4756. BowsTERs, G. Leck and H. aud G. E. Walker,
Radcliffe,

4767. Mivitary Bereey and Tewst, C. T. V. Fosbery,
Lowestoft.

4758, Storrers, G. D. Harrison, W. D, Parr, E. H.
Crapper, and W. Horrox, Shefield.

14759, MorticE Locks, T. Benton and J. W. Benton,
Birmingham.

4760. Bospix or ReeL for Cotrox, &c¢ , W. Bush, Bir-
mingham.

4761. DerosiTiox of METaLs, C. T. Oppermann, Man-
chester,

1762, Mixcixe apd other Macmines, W. Hairtcliffe,
Manchester,

4768, Macuives for CorLEp WiRe Fasrics, A. Biddall,
Halifax,

4764. TurroveEp Warst Berms, A. A. F. Kennett,
London.

4705, Arraratus for Recorpina Time, O, Schulze,
London.

47066, ReversipLe Savery Wixpow, E. H. Francis,
Nottingbam.

4767. CvcLe Bappres, G. Salter and J. Walker, Bir-
mingham.

4768. Opraivize Momive Powen, R. J. Urqubart.—(D.
Browne and J. B. Steinfort, Belgriwm.)

4760, Boxes, W. Stenning. London.

4770, Reversing CvcLE Gear, W. P. W. Weatherill,
Manchester,

4771, Parer-Making MacHives, D. N, Bertram,
ﬂl.n.n%uw.

-ITB:!. MprOVED Locks for Doors, J. McAllister,

W,

4778, Moror Ewscives, J. D. G. Thomson and J.
Sturgeon, London.

4774, Vevocirepes, C. W. Wheeler and W, H. Parkes,
Coventry.

4775. Neckries, Broocues, and Bracerers, J. Cass,
Manchester.

4770, Furnace Fine-sans, L. Delaney. Bradford.

4777, Diararacms, T. Morton and J. A. Sprason, Bir-
mingham.

4778. Kyitrine and other Macmives, G. H. Milward,
Manchester.

719, Lrrrnograrmic PrixTing Press, E. T. Beal,
London.

4780. Coix-rREED ArPARATUF, R. A, Sloan and J. E. L.
Barnes, Liverpool.

4781, CaMERA-EAG and CHANGING-BAG, C. Thompson,
Birmingham,

4782. Awustive Dricrep Articues, A. Hatton, Bir-
mingham.

4783. Faxs, E. R. Storr, London.

i?:l-u. DovesLe-praveHT IiPE, G. R. Brayshay, Lang-
IATNE,

4785. Domestic FIREPLACE APPARATUS, J. Robinson,
London,

4784, Roor Gurrtess, C. Berger and J, Thywissen, Bir-
mingham.

4787, CurLing Hatr Pin, C. J. Croft and B. Perkins,
London.

47588, Boxes, F. H. and H. Nalder, C. W. 8. Crawley,
and A. Soames, London.

4780, CHILDREN'S CARTs and PERAMBULATORS, W, Head,
London.

4790, Tosacco Pire PuririeR and Coeaner, T. Wilkes,
London. Y

4701, BreacHing PreraratTioN, &c, H. Wichter,
London.

4792. Hair CurLErs, E. M. Gaskell and 8. Lawrence,
London.

4703, Horsesnors, F Cavill, London.

4704, TurwxiNc over Leaves of Music, H. D), Corbett,
London.

4705. Cuaroivc Exrrosive Sneves, J. W. Graydon,
London.

4706. Cuanciyoe Exrrosive SseLws, J. W. Graydon,
London,

4707. Caarcing Exprosive Sueurs, J. W. Graydon,
London.

4708, Suapes for Lieat, M. T. King, London.
4790, Boor and SmoE Lace Tao, &c., A. E. Davis,
London.
4800. SioxaLs H. Harris,
London.

4801. Broowms, W. H. Bennoctt, London.

4802, VarLves, J, E, Foxlee, London.

4808. Tomacco Smoking Pives, 8. H. Davey, London,

4504, Hair Pins, L. H. Cockburn, London,

4805, Erectric Cyore Lawmres, J. M. Klingelsmith,
London.

4806, Ramsivg Veserian Brisos, W. Deag and D. L,
Knight, London.

4807, Svspexpivg Pexcits from Burrox-noLes, W. J.
Sparks, [ ondon.

4808, Prevestive WitEDRAwING of Drawens, R. W.
Milne, London.

4809. A1 Varve for Times of Cvcres, W. Caie,
London.

4810. Foo SiowaLs, J. W. Dyer, Kent.

4811. Carppoarp Boxes, A. J. Boult.—(d4. David,
Austria.)

4812, Arragatus for BeraraTiNg Gases, W. P, Thomp-
son, Liverpool

4818 Srorivae of Hyprocarsox Oirs, 8. G. Homan,
Loundon.

InsTRUCTION DBoARD,

MarcH 16, 1894,

llﬂlﬁ.{:lmf‘mmhhmﬁm-ndl.l.

-I-ﬂl'i. t.lmdn?. Ra v G. L. Laving
vpLiNGs for Rainway VeEricues, G. ving-

ton and E. A. Wright, London.

4817, Cuser, A. Forster, London.

4818. Brrino Borr Hivoe, M. Birschfeldt, London.

4810. Prerarino &c., Mixep Powpers, A. Blackie,
London.

4820, Macmines for Crusmine Rock, J. Culley. —(L. J.
Cadiell, United States.)

SELECTED AMERICAN PATENTS.
From the United States' Patent Office Official Gasetle.

510,202, Warca Bavaxce, 6. H. Smith, Lancaster,
Ohio,— Filsd Janwary 19th, 1808,

Claim —(1) The mmbfnlthn, with a watch balance

having slotted arms, of sliding weights placed in the

slots of the arms and fitted closely to the sides of the

slots, and a screw journalled in the slotted arms and
es in the weights for ad mﬁng‘tuhn
ATTDS, BU

fitting threaded h
weights lengthwise of the slot

510,202
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as specified. (2) The combination, with a watch
hﬂuiﬂu; Erﬂij ﬂ:hdlnrn tndinallj;d slotted arms, of
w longitu ¥, threaded internally and
counter-borod, leaving the I:imml at the nut.urrﬁndn
thereof, and screws journalled in the rim and arm of
the balance and fitted to the threaded holes in the
weights, substantially as specified.

510,404. Device vorR ArJusTiNG SpPINDLEs, IV, A.
Chandler, Lowell.—Filed Felrruary 18th, 1808,

Brie/.—To raise or lower the spindle the bolster is

raised out of the angular recess at its lower end and
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turned in thwwr direction to raise or lower the
screw-threaded step, the upper end of which is received
in the angular aperture at lower end of the bolster,

510,412. LataE Dog, F. C. Derby, Portland, Mich.—
Filed February 25th, 1893,
Lﬂﬂh;:.-lu A Illl-lh-l s the combination of a :hm;
, with aperture, for ho shaft, a cente bar B,
secured thereto by set mﬁf in lower end {::Ii:fntaring

bar B, and adjustment nut C, with collar working i
groove in clamp A, with thumb screws D D for aine

necessary adjustment, and holdi terin
position, Mlhltnl]ﬂ!.“;j: ns dﬂcﬂbgg.m iy

Errs's CocoA.—GRATEFUL AND COMFORTING.—'*

& thorough kmowledge of the natural laws whi
guvum the operations of tion and nutrition, n:é
¥ a careful application of the fine es of well
sclected Cocoa, Mr, Epps has provi for our break.
fast and supper a delicately flavoured which
may save us many heavy doctors' bills. It is by the
judicious use of such articles of diet that a constitu-
tion may be gradually built up until strong enough to
resist every tendency to disease, We IAY e8ca
a fatal shatt by keeping ourselves well !mﬂf:dmwlt:{
pure blood and a properly nourished frame."—ivil
dervice Gozette.—Made simply with boiling water or
milk. Bold only in pnukﬂtah'hr Grocers, labelled—
L)

“Jamrs Errs anp Co, Ltd. Chemists
Cocoaine or Cocoa

4814. Unnurerras and Parasors, 8B, J. 8. Bucknall

Liverpool.

london, —Also makers of Epps’
Nib-Extract: A thin m:f full flavour, now

| with many beneki ially taking the place of tea.—ADYT,
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